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Ilpusedenvi  pesynomamvl — 1a6OPAMOPHO2O — ONBIMA N0 U3YYEHUIO
Kaautipukcupylowell.  CnocooHocmu — mpex — 6U008  yeisi  PAIIUYHOU — CHeneHu
Memamopgpuzayuu (anmpayum, KameHHwill, OYpblll) KPYNHeUuwux MecmopoxtcoeHuil
3anaonou Cubupu, a maxosce 1ecCOBUOHO2O CY2IUHKA U CYMYCOB020 2OPUSOHMA
azpouepnozema 0ns cpaguumenvHoli oyenxu. Kanuiinvie yooopenus (¢ ¢popme KCI)
erocunu oonoxpammuo 6 0ozax 25 u 50 me K na 100 2 cybcmpama (sapuanmot K, u
K,,). Takowce npedycmompern apuanm 6es enecenus yooopenuii (K,). Onvim nposeoer
6 pedxcume NONEePEeMEHHO20 YBIAHCHEHUA-EbICYIUUBAHUS CYOCMPAmMOs ¢ YOOOpeHUAMU U
ombopomnpob uepes 1, 5, 15, 30u 150 oneil. Yemanosneno, umo 6 cpednem 3a 5 mecayes
npoeedeHuss IKCnepumenma cyocmpamvl no  Kaauuguxcupyrouel  cnocoonocmu
8bICMPAUBAIOMCA 8 CLEOVIOWULL PAO (8 NPOYEHMAX): 1ecCo8UOHbllL cyenunok (80) —
aepouepnozem (38) — anmpayum (36) — xamennwviil yeons (30) — 6ypwiil yeors (10).
Ilpu énecenuu kanutinblx yOoOpeHUll cooepixcanue Kauusa 8 cyocmpamax y8eiuiusanocs
8 credyrouux Gopmax: 1ecco8UOHbLI CY2IUHOK — 68 HeoOMEeHHOU, azpouepHo3em — 8
00OMenHoll, OYPbILL U KAMEHHbIU Y2iu — 8 OOMEHHOU U 6000PACNEOPUMOU, AHMPAYUTN —
8 6000paACMBOPUMOl, NOO8epI*CeHHOU ebimbisanuto. Yepes 150 Owetl eHeceHmblll ¢
yOoOpenuamu Kanull u361eKaics us cyocmpamos cyMMAapHo 8 6000pACMEOPUMOl,
00MeHHOIL U HeOOMEHHOIL hopMax dneMeHma No-pasHomy: NOTHOCIbIO U3 OYpPo20 Vi,
00 90% u3 kamennoz2o yaia u n1eccosudnozo cyenunxa, 00 50 u 40% uz azpouepnozema u
aumpayuma. B nepuoo ¢uxcayuu kanrua cybcmpamamu (3a uckuoueHuem 6ypozo yens)
nepexod kamuonos K* ocywecmenancs ne moivko 6 HeoOMeHnyio hopmy (Ussrekaemyio
1M HNOS ¢ Kunauyenuem), Ho U 8 boiee NPOUHO C6A3AHHOE COCMOSHUE.

KuroueBble cioBa: anmpayum, KameHHblll U OVpulil yenu; Kaiutdurcupyowas
cnocobrocms, gopmul kanus, 3anaonas Cubups.

BBenenue

Jlobwrya yrist B Poccnu mocrosiaHO pacteT U B 2017 1. cocramina 407,8 muH T [1].
LleHHOCTh pa3WYHBIX BHUJIOB YIVISI OMpPEIEINSeTCsl He TOJNBKO SHEPreTHYeCKUMHU
CBOWMCTBaMH, HO M BO3MOXXHOCTBIO TIOITyTHOTO M3BIICUCHUS W3 YIVICH psjia pel-
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KHX M PacCesSHHBIX IEMEHTOB, TOOBIYH YTOINLHOTO METaHa, a TAKKe MONyUCHHUS
MHOTOYHCJICHHBIX BaXKHBIX MPOIYKTOB TEXHOJIOTHUECKOI mepepaboTku (yriepo-
JIUCTBIC MaTepualbl, aJIcOPOCHTHI, TYMHHOBBIC Ipenaparsl u 1p.) [2—3]. Ho He
CTOHT 3a0bIBaTh O TOM, YTO 3HAYUTEIbHASI YACTh YIVIEH MaJIOMOIIHBIX IIACTOB,
a TaxKe BXOSIINX B COCTAB YIVICBMEIIAIOMINX ITOPOJ OCTACTCs B MpEeiax Me-
CTOPOXIICHHUIN M CKIIQJUPYETCs B OTBAJIBI BMECTE ¢ 0TX0naMu 1o0buu [4]. Ha mo-
BEPXHOCTH TAaKHUX OTBAJIOB B PE3YJbTaTe MPOIECCOB MMOYBOOOPA30BAHIS (POPMHU-
PYIOTCSI MOJIOZIBIE ITOYBBI, CBOMCTBA KOTOPBIX OOYCIIOBICHBI COYETAHHEM Pa3HBIX
(haKTOpOB, B TOM UHUCIIC TPUCYTCTBHEM B HUX YIIUCTHIX YacTUIl [5—7].

CocTaB ¥ CBOMCTBA pa3IMYHBIX BUIOB YIIIs, B TOM YucIie 1o0biBaeMoro B Cu-
OHMpHU, MHOTOCTOPOHHE U3y4YeHBI [8—9], OHAKO YKOJIOTUICCKUE ACTICKTHI BIUSHHSI
yIJIeH Ha MPOIeCChl MOYBOOOPA30BAHUS M BOCCTAHOBICHUSI TEXHOTCHHBIX JIAH/I-
madToB ocTarTcs 0e3 JOJDKHOTO BHUMaHHUs. BONBITMHCTBO paboT HampaBJIeHO
Ha BbIsiBJIeHUE nmuTorenHoi [10—13] u negorennoii [ 14—16] cocrapmistomux B op-
TaHUYECKOM BEIIEeCTBE ITOYB TEXHOTCHHBIX JaHAMmAadgToB. BmecTe ¢ TeM omHIM
U3 OCHOBHBIX CBOMCTB yIJICH, OMPENCIMIONINX X YKOJIOTHYeCKre (yHKINH, SIB-
JII€TCS MOMIOTHTEIbHAS CIIOCOOHOCTH [17—-19]. M3BecTHO, YTO MOITIOTUTEIIbHAS
CIIOCOOHOCTh €CTECTBEHHBIX TOYB 3aBUCHT OT MHUHEPAIIOTHUECKOTO U TPAHYIIO-
METPHUECKOTO COCTaBa, COACPKaHMsI OPTaHMICCKOTO BEIIECTBA. B TeXHOTEHHBIX
na"mmadTax, TIe BHIIETICPSUUCICHHBIC CBONCTBA JTUMUTHPYIOT Pa3BUTHE IIO-
YBOOOPa30BaTEILHBIX MPOIeccoB [20], MOMIOTUTENBHAS CITIOCOOHOCTh MOJIOJBIX
MOYB OMPEICISETCS TAKKE MPUCYTCTBHEM B HUX YIIHCTBIX 4actuil [21] u cre-
MIEHBI0 UX MeTaMop(u3anuu. [IepCreKTHBHBIM MPEACTABISCTCS UCCIICIOBAHIE
MOIIOTUTEIFHON CIIOCOOHOCTH PA3IMYHBIX BUJIOB YIS TOCPEICTBOM OLICHKH HX
KalmmiQUKcHpyromiel criocooHocTr [22—-23], Tak Kak, ¢ OJHOM CTOPOHBI, KAt
SIBIISICTCS] OJIHAM U3 BaKHEHIINX OMOTEHHBIX 3IIEMEHTOB [24-26], ¢ npyroi — co-
SIUHCHUS Kalus HanOoJiee JacTO WCTONB3YIOTCS ISl TTOMYUICHUS U3 YINeH Ty-
MHUHOBBIX IPENaparoB — BEIIECTB, MPUMEHIEMBIX ISl YBEIUYCHHS EMKOCTH
MIOTVIOIICHHUS [T0YB, AKTUBH3AINN OMOXMMHUECKUX ITOYBEHHBIX MTPOIIECCOB H TI0-
BBIILIEHUS IOCTYITHOCTH PACTEHUSAM JI€MEHTOB uTanus [3, 27].

[o muTeparypHbIM TaHHBIM [24-25], o pUKcaImel Kaius TOHUMAFOT TIePEXOT
KatroHOB K*, HaXosmiumxcsi B IOYBEHHOM PAacTBOPE MM B 0OMEHHOH (opme, B He-
00OMeHHYI0 (opMy, T.€. B OoJiee TIPOYHO CBsI3aHHOE cocTosiHue. Kammiidukcupyrormast
CIIOCOOHOCTH TIOYB MOXKET CHJIBHO PA3iIMYaThCsl B 3ABUCUMOCTU OT MX MHHEPAIOTH-
YECKOTO U TPaHYJIOMETPUUECKOTO COCTaBa, COACPIKAHIS OPraHWICCKOTO BEIICCTBA,
€MKOCTH KATHOHHOTO OOMEHa, HACKIIIICHHOCTH MOTIOIIAFOIIETO KOMITIEKCA 3THM dJIe-
MEHTOM, HAIPaBICHHOCTH MOYBOOOPA30BATENBHBIX MPOIIECCOB M APYTUX (aKTOpOB
[26, 28-29]. IIpencraBnsieT MHTEPEC U3ydeHUE KATMH(PUKCHPYIOIIEH CIOCOOHOCTH
Pa3IMYHBIX BUAOB YIJISL TS OLICHKH MX MOIIOTHTEIFHON CIIOCOOHOCTH, a TakkKe pac-
IpeIeNiCHIe BHOCUMOTO C YAOOPSHHAMHU KaJIHs IO ero (hopMaM.

Lenb paboOThI — ONCHUTH KATMH(PUKCHPYIONTYIO CIIOCOOHOCTD YIVICH pas3iind-
HOU CTETIIeHU METaMOP(H3aluH B CPABHEHHH C JIECCOBUIHBIM CYTJIMHKOM U aBTO-
Mop(dHBIME TTOYBaMHu 3anaHoi CHOupH.
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Marepuajbl 1 METOANUKH UCCJIET0BAHUS

B kadyecTBe OOBEKTOB HWCCIICIOBAHUS BBIOPAHBI 00pasllbl TPEX BUIOB YIS
KPYIHEUIINX MecTopoxaeHuid 3ananHoil CuOUpH, pa3invarouxcs M0 CTeICHH
MeTaMOp(HU3aIHH:

—a"Tpanut [0pIoBcKOro MeCTOpOXKIeH!s OTHOMMEHHOT0 Oacceiina (54°34'N,
83°35'E);

— KaMeHHBIH yronb JlucTBsHCKOTO MecTopoxkaeHus Kysuerkoro Oacceiina
(53°39'N, 86°53'E);

— Oypsiit yrons HazapoBckoro mectopoxkaenust Kancko-AunHckoro Oacceiina
(55°58'N, 90°23'E).

Jns cpaBHUTENbHOH OlleHKH Kanuidukcupyromeit cnocodHocTH yrieil Ha
TEPPUTOPHUU PACCMATPHUBACMBIX YTONBHBIX 0acCEHHOB Takke B3STHI 00pa3IlbI
TyMyCOBOI'O TOPHU30HTa W II0YBOOOpPA3yIolIei Mopojbl arpo4epHo3eMa IIIMHHU-
CTO-WITIOBHATIFHOTO CPETHETYMYCHPOBAHHOTO CPEIHECYTIIHHHUCTOTO Ha JIECCO-
BugHOM KapOonatHoMm cyrimHke [1o 30] (Luvic Chernozem [mno 31]) (manee —
arpo4epHoO3eM).

Jlanee Mo TEKCTy CTaTbU BCE M3y4EHHbIE 00pa3Ibl 0003HAYEHBI OOIUM Tep-
MHUHOM — «CyOCTpaThD».

W3yuenne xanuitipukcupyromieli criocoOHOCTH CyOCTpaToB MPOBOJMIN B YC-
JIOBHSX JIAOOPATOPHOTO OTbITa. [IpoOONOAroTOBKa CyOCTPATOB K OIBITY BKIJIFOYA-
JIa JIOBEJICHUE UX JI0 BO3/YIIHO-CYXOTO COCTOSHHMS U POCEHBAHUE Yepe3 CHUTO C
oramMeTpoM oTBepcTrii 1 MM. Jlo IOCTaHOBKM OIBITA M3 TIOATOTOBICHHBIX CyO-
CTPATOB B3ATHI HABECKH JIJIs IIPOBEIICHUS] XUMUKO-aHATUTUICCKUX UCCIICIOBAHMIA
(Tabm. 1). 3arem HaBecku cyocTparoB 110 100 T moMeIiany B CTEKISTHHbIC XUMHYe-
CKHE CTaKaHbl U OJTHOKPATHO JOOABISUTH K HUM BOJIHBIN PAacTBOP KAJTHUHBIX YIO-
Openumii. B kauecTBe ymoOpeHuii ucnosip3oBaiu Kainuid xsmopucteiid (KCl) B mo3ax
25 u 50 mr K na 100 r cyberpara coorsercteenHo (Bapuantsl K, u K, ). Jlns
sroro Hasecku KCI pactsopsuin B 50 mut auctvumposansoit Boasl (H,0 | ) n
BHOCHWJIM B CTaKaHbI ¢ cyOcTparamu. CXeMOii OIbITa MPETyCMOTPEH TaKXKe BapH-
anT Oe3 BHeceHus ynobpenuii (K ), korna k cyocTparam NpHIIMBaiIA TOIBKO SO M1
H,O . llanee cyGCTpaThl TIIATENBHO NIEPEMELIMBAITH CTEKIIHHOM TATIOYKOH 1 4epe3
1,5, 15,30 u 150 gHeii mociie BHECEHUS yIOOPEHHI OTOMpAIT HABECKH TSI TIPOBE/IC-
HUSI XUMUKO-aHAIMTUYECKUX UCCIeNoBaHmi (Tabm. 2—4, puc. 1). ns Gonee moiaHoro
TIPOSIBIICHUSI CIOCOOHOCTH CYOCTPAaToB K (PUKCAIMU KaJHsl SKCIIEPUMEHT I10CIIe BHE-
CeHust ynoOpeHHii IPOBOIMIIM B PEXKUME TonepeMerHoro Hamaumsanust H,O 1o
HaMMEHBIIEH BIATOEMKOCTH W BBICYIIMBAHUS MPH KOMHATHOH TeMIIepaType Kak
MIPOIIECC, IPUHIUITAAIBLHO CXOHBIN C TEM, KOTOPOMY ITOIBEPTacTCsl BEPXHHUIA 110-
YBEHHBIN CJIOW B €CTECTBEHHBIX YCIIOBUSX. [[OBTOPHOCTH OMBITA 2-KpaTHasi, cie-
JIOBaTeNbHO, 00bEM BHIOOPKHM JUIS KaI0ro cyOcTpara ¢ Tpems Bapuantamu (K,
K, u K, ) 3a mate or6opos (1, 5, 15, 30 n 150 aneii) cocrasui n = 30 (2x3x5).

Conepxanue xanus paccuutano Ha aeMeHT (K) B aOcomoTHO cyxux cy0-
CTparax W OINpEIETICHO OOUICTIPUHATHIMU B MTOYBEHHO-arPOXMMUIECKUX HCCIIe-
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JIOBaHMIX MeTofamMu [32—34] ¢ ncronb30BaHrEeM CIETyIONINX SKCTPAreHTOB: BO-
popacTBopuMbIi Kanui (K| ) — pu COOTHOLICHHH CyOCTpaT : BOAa, paBHOM 1 : 5,
oomennbrii kamui (K ) — 1 M CH,COONH,, neoomennpiii kami (K )—1M
HNO, ¢ kunsuenuem. Msmepenue sennuunsl pH BogHoM cycnensun (pH, ) cy6-
CTpaTOB BBITIOIHEHO OTCHIIHOMETPUIECCKIM METOJIOM, CTaHIapTHAs eMKOCTh Ka-
tuonnoro oomena (EKO) — no bobko-Ackunazu B monudukanuu LITUHAO [34].
Coneprxanrie 0OMEHHOTO KaJvsl JIO 3aKJaJIKi orbITa (cM. Tabil. 1) 1 3a Bech
MEepUOJ OCcIe BHECEHUS y00peHnuit (cM. Tali. 2—3) pacCUMTaHO BMECTE C BOJIO-
pacTBOpuMOit (hopMoii SrIeMeHTa, TaK Kak 00Jiee CHIIBHBIN SKCTPAarcHT U3BJICKaeT
U KaNnui, epexoAsuii B OTHOCUTEIBHO clla0ble BBITSHKKU. B KOHIIE sKCIIepuMeH-
2 (150 nHeit) B cyGeTparax onpeseseHo coaepxanue kanus B tpex popmax (K,
K K, ) B JaHHOM CJTy4ae JUlsl BBIYMCIICHHS KOHKPETHOH (hOpPMBI d1eMeHTa
HCTIONB30BaH METOJ pa3HOCTH. [1oaTOMY pacdeT 0OMEHHOTO Kalus BEHITIOIHEH C
YUETOM BBIUETA BOJIOPACTBOPUMOM (DOPMBI, @ HEOOMEHHOT'O KaJlusl — C yUETOM BbI-
4eTa BOJIOPACTBOPUMOM M 0OMEeHHO# (popM snemenTa (cM. Tadi. 4, puc. 1). Ouk-
CUPOBAHHBIM CUMTAJICS KaJIUM, HE Tepexonsumii B BEITsoKKY 1 M CH,COONH,.
Crarucriyeckas 00pabOTKa SKCIIEPUMEHTANBHBIX JaHHBIX IPOBEICHA C HC-
nosnb3oBaHueM mnakera mnporpamm Microsoft Office Excel 2007 1 SNEDECOR
V. 5.80 [35]. Pesynbrarsl ucciienoBaHus MPECTABICHBI B BUJIE CPEAHETO apudme-
Tudeckoro 3HadeHus (M) co cTangapTHOM OMIMOKO#H (M) 1 CTaHAapPTHBIM OTKIIOHE-
HUeM (SD), a Takxke o0bemMa BRIOOPKH (N). AHAIN3 pas3irdusl PaKTOPHBIX CPEIHUX
IIPOBEAEH METOJIOM AUCIIEPCUOHHOTO aHaNu3a ¢ puMeHeHueM kpurepust Lledde
(caMBIM CTPOTHM IO CpaBHEHHUIO ¢ KpuTepusiMu CThiofieHTa i ThIOKH) U pacueToM
HaMMEHbIIEH CYIECTBEHHOM pasHuIbl Ha ypoBHE 3Haunmocty o = 0,01 (HCP ).

PesysabTarsl HecaeqoBaHus U 00CYKICHIE

Xapaxmepucmuka cydocmpamos. 131a4anbHO 10 TOCTaHOBKY JIAOOPATOPHO-
TO OMBITa CYOCTPATHl Pa3IUUAINCh MEXKIY CO00i Mo psay M3yIeHHBIX CBOIHCTB
(cm. Tabn. 1). Hanpumep, Oypblif yronb umen cIabOKUCIYIO PEaKIUI0 CPeIlbl;
AHTPAIUT, KAMEHHBIH YToJlb M arpoyepHo3eM — OJU3KYI0 K HEHUTpalbHOM; Cy-
IIMHOK — IeN04Hy10. Bypslit yrons no Bennunne EKO ob6naman camoii BeICOKOM
MOTJIOTUTENHHOI CITOCOOHOCTRIO, KOTOPAst MOXKET OBITH THUITMYHA TOJIBKO JJIS OT-
JIETTbHBIX KOMIIOHEHTOB ITOYBEHHON MAacChl (T'yMyCOBBIE BEIIECTBA, CMEKTUTOBBIE
MHUHEpasl U T.J.), U OYeHb HU3KUM ypoBHeM HachimeHHOcTH EKO oOMeHHBIM
KanmeM. AHTpalUT U KaMeHHbIH yronb no BenuunHe EKO umenu Onuskue 3Ha-
YCHUS U CaMyI0 HU3KYIO IOTIOTUTEIBHYIO CIIOCOOHOCTD; CYTIIMHOK 1 arpOvYepHO-
3eM 00J1aJau cpeHel MOMIOTUTENIFHOM CIIOCOOHOCTBIO, XapaKTEPHOI JIs IOUB
C HEBBICOKHM copiepkanueM rymyca. Hacemmennocts EKO oOMeHHBIM KammeM
B arpouepHO3eMe COOTBETCTBOBAJA HEYCTOMYHMBOMY YPOBHIO, B CYIJIMHKE — OII-
THMaJbHOMY ypoBHIO [25, 36]. CrnegoBarenbHO, MOKHO TMPEANIONOKHATH, YTO B
OypoM yryie 60sbIasi YacTh BHOCUMOTO ¢ yIOOPEHUSIMU KaJTust Oy/ieT epexoIuTh
B 00MeHHYI0 (hOpMYy, B OCTAIBHBIX CyOcTparax — npeodiiaaaTh (GUKcaIus Kajusl.
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Ta6numa 1 [Table 1]
HMcxonnblie cBoiicTBa cy0CTPATOB 10 NOCTAHOBKH ONIBITA
[Initial properties of substrates before the experiment]
§ KaMfiH- § Cyrou- Arpouep-
CaoiicTBa AHTpanur HBII Bypsrit yrons HO3EeM
[Properties] [Anthracite] yroyib [Brown coal] HOK [Agrocher-
[Loam]
[Coal] nozem]
pH,,0 6,4 6,7 5.4 8,1 6,5
*EKO, mr-sks/100 r
[*CEC. mg-eq/100 g] 3,0 3,9 63,3 30,2 39,8
K oomennsiit (K ), Mr/kr
[Exchangeable 18 76 27 209 224
K (Ex-K), mg/kg]
YpoBeHb HACBIIEHHOCTH
EKO K, [CEC satura- 1,6 5,0 0,1 1,8 1,4
tion of Ex-K level], %

Ipumeuanue. * — eMKOCTb KATHOHHOTO OOMEHa.
[Note. * - Cation exchange capacity].

Ta6numa 2 [Table 2]

Pe3yibTaThl 1a60paTOPHOrO ONBITA 110 H3Y4YEHUIO
KauiipuKcupyouleii cnocooHocTH cydcTpaToB
[Results of the laboratory experiment for studying the potassium fixation capacity of substrates]

y N **Dukcanus Kaaus
Bapuant Coneprxanue K (Mr/kr) nocne BHECEHHS! y/:LOGpeHnn (mHn) [**Fixed potassium]
. [Content of Ex-K (mg/kg) after fertilization (days)]
[Variant] MI/KT o
1 [ 5 [ 15 | 30 [ 150 [ 1-150* | [mg/ke] ’
AmnTtpanut [Anthracite]
K, 22 39 19 12 14 21 - -

K, 263 227 217 130 65 181 91 36
K., 442 401 397 367 122 346 175 35
Kamennsrii yrons [Coal]

K, 87 82 72 59 66 73 - -

K, 267 274 234 218 215 242 81 33
K., 460 406 413 481 420 436 137 27
Bypsiii yroib [Brown coal]

K, 31 46 39 26 27 34 — -

K, 284 274 249 260 233 260 24 10
K., 458 453 475 532 494 483 51 10
CyruHOK [Loam]

K, 205 181 168 180 190 185 - -

K, 242 238 232 207 203 224 210 84
K., 358 326 339 268 229 304 381 76
ArpouepHo3eM [Agrochernozem
K, 204 192 168 180 190 187 - -

K, 396 357 342 390 243 345 91 37
K., 526 527 492 601 319 493 194 39
Ipumeuanue. * — B cpeJHEM 3a BpeMsi IPOBEACHHUS dKCIIEPUMEHTa. ** — (hUKcalus Kaius pac-

CUMTAHA B CPEIHEM 3a 5 MeCsAIEB SKCIEPUMEHTA OTHOCHTENIBHO BapuaHTa K B aOCOMOTHBIX
BEJIMYMHAX U B IIPOLIEHTaX OT BHECCHHOH JI03bI YA0OPEHHUI.
[Note. * - On average during the experiment. ** - Potassium fixation was calculated, on average, for
5 months of the experiment relative to K variant in absolute values and as a percentage of the applied dose
of fertilizers].
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Kanuiigpurxcupyrowasa cnocoonocms cyobcmpamos. B poBeIeHHOM OITBITE
(UKCUPOBAHHBIM CUMTAJICS KaJUii, IEPBOHAYATIBHO J00OABICHHBII B CyOCTpaThI B
BHJIe BoHOTO pactBopa coun (KCl) u manee nepememmmii B popmy, He TIOAIAr0-
uryrocs ussnedennto 1 M pactsopom anerara ammonus (CH,COONH,). ®ukca-
U0 Kanmust (CM. TaOJI. 2) pacCUMTHIBAIM OTHOCHUTEIILHO BapuaHTa 0e3 BHECEHHUS
ynobpennit (K ) kak B aGCOMIOTHBIX BEIUYMHAX (MI/KT), TakK U B MPOLEHTaX OT
BHECEHHOM JI03bI YI0OpeHUH (ITPOICHT (DUKCAITIH).

HesaBucumo ot 710361 ynoOpeHuii BHOCUMBIN Kanuii He (pukcuposancs cyocTpa-
TaMH MOJHOCTHIO (cM. Tabm. 2). B cpemnem 3a 150 mHel sKcriepuMeHTa caMOil BbI-
COKOH KaNTHH(UKCUPYIOIIEH CIOCOOHOCTBIO 00M1a/1a CYIIMHOK, CaMOI HU3KOH — Oy-
polif yroms. Takue e 3aKOHOMEPHOCTH TIOJTyUeHBl HAMHU M PaHee TI0 pe3yJbTaraM 3a
30 mHeit npoBeaeHUs SKcnepuMenTa [37]. B kamMeHHOM yriie U aHTpanute (GUKcarms
KaJTFs 3HAYUTEIIHHO BBIIIIE TI0 CPABHEHHUIO C OYPBIM YIJIEM, B TO K€ BPEMSI OHU UMEITH
JIOBOJILHO ONM3KWE 3HAYEHHs M0 JaHHOMY HapamMeTpy K arpodepHosemy. [Ipu moBbI-
menun 10361 ynobpenuii (K, ) abcomornas BenmarHa (GUKCUPYEMOro Kauus B Cy0-
CTpaTax 3HauMTENbHO yBenmmuuBaiachk (B 1,7-2,1 pasa), omHako MpOUEHT (hUKCALUH
3IIEMEHTa OCTaBaJICs IIPMMEPHO Ha YPOBHE 1031 K., M HeCKombKo cHimkacs. B cy-
DIMHKE OOJIbIIIAs YaCTh BHECEHHOTO C YJOOpEHUAMH Kanusl 3aQUKCHPOBaHA B IIEPBbIH
JeHb HaOmoneHnid — 70-85%, K KOHILy OmbITa OHa yBeIH4miachk 1o 95%. B arpo-
YepHO3eMe B TEYEHHE MePBbIX 15 HEl ombITa 1ocie BHECEHUs yI00peHHi (hrKcarust
kammst coctaBmia 30-35%, uepes3 MecsIr OHa pe3Ko CHI3MITACh /10 16%, a B ocetHui
ot6op (150 nHeit) yBenuumnack 10 75-80%. IlomoOHas 3aKOHOMEPHOCTD MO yCHIIe-
HUIO (PUKCAITNH KaIKsI IOYBaMH TIPH MX JUTHTEIFHOM KOMIIOCTHPOBAHIH OTMEYasiach
u panee [25, 28-29], 4T0 CBsI3aHO, MO-BUIMMOMY, C KaueCTBEHHBIMU U3MEHEHHSIMH,
TIPOM3OMIEIIMI ¢ MIUHEPAIBHON OCHOBOM IIPH MHOTOKPATHOM TIEPHOINISCKOM Ha-
Ma4MBaHUHU U BBICYIIIMBAHUY TT0YB (arperamys KOJUIOU/IOB U T.IL.).

Ecim cpaBHHTH BenMUYWHBI Kadui(DUKCHPYIOIIEH CIMOCOOHOCTH HM3YYCHHBIX
CyOCTpaToB ¢ aBTOMOP(HBIMYU TIOYBAMH Ha JICCCOBHU/IHBIX CYTIIMHKAX B YCIOBHUSIIX
SamajgHoit Cubupu, To B uccienosanusx B.I1. CepenuHoii [26] cepble JecHbIC
o4BHkI (hukcupoBanu 32—35% BHECEHHOTO Kallusi, YePHO3EMBI BBILIETIOYCHHbIEC —
1o 47%, nepHOBO-IOA30IUCTBIE — 110 26%. B ombirax B.H. Slkumenxo [25, 28]
(bukcanys KaJaus B CEPbIX U TEMHO-CEPBIX JIECHBIX MOYBaxX coctaBuia 53—67%,
B YepHO3€Max BHIIIEIOYCHHBIX U JIEPHOBO-MIOI30IUCTHIX TouBax — 33-46%, n
IIPU CaMbIX BBICOKHUX 032X KaJHUHBIX YA0OPCHUH MPOLICHT (PUKCAIIUU CHUKATI-
cs1. CriemoBaTeIbHO, YIVIH 00JIee BBICOKOH CTEIeH! MeTaMopdu3aniu (KaMeHHBIH
U aHTPAIUT) HE YCTYMNAIOT M0 Kanuiipukcupyromieit cnocodHoctu Haubosee pac-
MIPOCTPAHEHHBIM U HCIIOIB3YEMBIM B 3eMJICICIIHH aBTOMOP(HBIM IIOYBaM.

Pesynbrarsl AuCnepcHOHHOrO aHanu3a (cM. Tabi. 3) moKa3anu, 4To CozepxKa-
HUE OOMEHHOTO KaJlns BO BCEX CyOCTpaTax, ¢ OMHOH CTOPOHBI, TIOBBIIIACTCS C
YBEIMUYCHUEM JI03bl KaNUIHbIX ynoopenuit (B 2,5 u 4,1 pa3a COOTBETCTBEHHO B
Bapuantax K, u K )), ¢ Apyroit cTopoHbI, CHHXKAETCS € YBEIMYEHUEM POIOJIKHU-
TenbHOCTH onbiTa (B 1,4 pa3a yepes 150 queit). B antpanure conepxannue oOMeH-
HOTO KaJIHsI CYIIECTBEHHO HIDKE IO CPAaBHEHHUIO C APYTUMH CyOCTpaTaMu.
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Ta6nuna 3 [Table 3]
Pe3ynbTaThl JUCTIEPCHOHHOTO AHAJIN32 (PAKTOPHBIX CPETHUX

10 COIeP:KAHNI0 00OMEHHOI0 KaJIus B cy0cTparax
[Results of the factorial analysis of variance for exchangeable potassium content in substrates]

Haumensiuas cy-
M SD m IECT. pa3HUIA
[Least significant difference]
Bapuant n Paznnuns
e K g MI/T cxot syt | o
[Ex-K, mg/ke] [Statistically (LSD, ]
significant]
Cy0Ocrpar [Substrate]
AHTpanur
[Anthracite] 30 182 157 286 KonTpons [Control]
Kamennsrit
yrosb [Coal] 30 250 153 279 Ja [Yes]
Bypslii yrons
[Brown coal] 30 259 188 342 Ja [Yes]
CyImIHMHOK 14,4
[Loam] 30 238 60 110 Ja [Yes]
ArpouepHo-
3eM [Agro- 30 342 143 261 Ja [Yes]
chernozem]
Jlo3a ynoOpenuii [Fertilizer dose]
K, 50 100 74 10 KonTposs [Control]
K, 50 250 71 10 Ja [Yes] 92
K., 50 412 106 15 Ja [Yes] ’
[lepron nociie BHECEHHsI ya00peHuii, auu [Period after fertilization, days]
1 30 283 156 28 Kontpois [Control]
5 30 268 144 26 Ja [Yes]
15 30 257 149 27 Ja [Yes] 14.4
30 30 261 178 32 Ja [Yes] ’
150 30 202 134 24 Ja [Yes]

Ipumeuanue. n — o0veM BbIOOpKH, M — cpennee apudmeTndeckoe 3Hadenue, SD u m — ctan-
JapTHOE OTKJIOHEHHUE U CTaHAApTHAs OLIMOKA CPEAHEro apu(pMETHIECKOTO 3HAYCHUS.

[Note. n - Sample size, M - Arithmetic mean value, SD and m - Standard Deviation and Standard error of
mean].

JHoneBoe yuactue (hakTOpOB 10 MX BIMSIHHIO Ha COJep)KaHuEe OOMEHHOTO Ka-
sl B cyOcTpaTax BBICTpaWBaeTCsl B CIEAyIOmHA psin (B %): 1mo3a ymoOpeHumit
(69,6) — cybcrpar (11,2) — nepuon nociie BHeceHus: ynoopenwuii (3,2). Ecnu
YYUTHIBATH B3aNMOACHCTBHE (PAKTOPOB, TO HANOOIBINEE TOIEBOE YIACTHE OKa3a-
1M 1032 yoopeHuit u cyocrpat — 8,5%, B OCTaIbHBIX Clydasx — MeHee 3%.

Dopmul kanusa 6 cydocmpamax. Ilpencrapiser HHTEPEC pacCMOTPEHHE Coaep-
KaHMS W pacIpeeneHus kanus 1o ero gpopmam B cybcrparax yepes 150 mHeit
MOCJIC BHECEHHUSI KATMIHBIX ylnoOpeHui (cM. Taom. 4).
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Tabnuna 4 [Table 4]
Pacnpenesenue kajaus no ero ¢popmam uepes 150 queii nocjie BHeceHus y1o0peHuii
[Distribution of potassium forms 150 days after fertilization]

Conepxanue hopm kausi, Mr/Kr [Content of potassium forms, mg/kg]
Bonopacreopnmas (K ) O6mennas (K, ) Heobmennas (K )
Bapuanr [Water-soluble (Ws-K)] [Exchangeable (Ex-K)] [Non-exchangeable (Nex-K)]
[Variant] Bcero * JlonoyHu- Bcero * JlonoJTHU- Bcero * JlonoHu-
[Total] TENBHO [Total] TENEHO [Total] TEJILHO
[*Additionally] [*Additionally] [*Additionally]
AmnTtpanurt [Anthracite]
K, 8 — 6 - 92 —
K 76 68 (27%) 10 4 (4%) 125 34 (14%)
K., 127 119 (24%) 5 0 171 79 (16%)
Kamennsrii yrons [Coal]
K, 31 - 35 - 110 —
K, 78 47 (19%) 137 102 (41%) 193 83 (33%)
K., 170 138 (18%) 250 215 (43%) 180 70 (14%)
Bypblit yrosb [Brown coal]
K, 10 - 17 — 46 -
K, 99 89 (35%) 134 117 (47%) 91 44 (18%)
K., 220 210 (42%) 256 239 (48%) 98 51 (10%)
CyruHOK [Loam]
K, 7 - 183 — 899 -
K, 9 2 (1%) 194 11 (4%) 1119 220 (88%)
K., 14 7 (1%) 214 31 (6%) 1155 256 (51%)
ArpouepHoseM [Agrochernozem]
K, 13 - 177 - 1626 -
K, 21 7 (3%) 222 45 (18%) 1626 0
K 31 18 (4%) 288 111 (22%) 1771 145 (29%)

0
Ipumeuanue. * — B ckoOKax yKa3aHO B IIPOLIEHTaX OT BHECCHHOH J103bl YI00PEHHH.
[Note. * - In brackets, the amount is indicated as a percentage of the applied fertilizer].

BHeceHHbIl ¢ ynoOpeHHsAMH KaJWH 4aCTUYHO WJIM MOJIHOCTBIO H3BIIEKAJICS
TpeMsi Hcnosb3yeMbiMu dkcTparentamu (H,O, 1 M CH,COONH,, 1 M HNO,)
W HaKaIUIMBAJICS B OIPE/ICJICHHBIX MPOIOPLHUIX MEX/IY BOJIOPACTBOPHMOH, 00-
MEHHOH 1 He0OMEHHOH (hopMamu, 9TO, BEPOSTHO, 3aBUCUT OT COACPKaHUS MIPHU-
POIHBIX HOCUTENEH TOM WK HHOH (GOPMBI Kaius B cyOCTpaTax U CTENeH! UX Ha-
CBIIEHHOCTH JAaHHBIM dJIeMeHToM. Hampumep, B Oypom yriie BHECEHHBIN KaJui
TMIOJTHOCTBIO M3BJIEKAJICS TPEMS DKCTPAareHTaMHt, B KAMEHHOM yIJIe — OCHOBHAs €ro
gacTh (0ko0 85-90%), B aHTpanuTe — MeHEe MOJIOBUHEI (0K00 40%).

[1pu BHECeHNY KaMHHBIX YIOOpEHUI B OypOM M KAMEHHOM YIVISIX YBEJIHYHBa-
JI0Ch, TIPEXKAE BCETO, COAEPIKAaHNE KAl B OOMEHHON M BOIOPACTBOPHMOH (op-
Max; B aHTpPAIHUTe — B BOJOPACTBOPUMON (hopmMe, MOBEP)KEHHON BBHIMBIBAHUIO.
B xameHHOM yrIiie M aHTpalWTe MEepexoi KaTHOHOB KalHs B MEpHOJ (HKCALUH
OCYIIECTBIISIICS HE TOJBKO B u3Biekaemyto 1 M HNO, neoOMmennyio Gpopmy, HO 1
B Oortee MpOYHO CBSI3aHHOE COCTOSHME. B aHTparuTe Gpukcanust Kainns 3Ha9UTeNb-
HO BBIIIE B CPAaBHEHHU C JIPYTMMH BHJIaMH yDid. B arpouepHo3emMe BHECEHHBIN
KaJIMH HaKaIJIMBaJICS MPEUMYIIECTBEHHO B 0OMEHHOH (hopMme, UTO COrIacyeTcs ¢
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HEYCTOWYHMBBIM ypoBHEeM HachieHHOCTH EKO oOMeHHBIM Kanmuem (cM. Tabd. 1,
4), a ¢pukcanus kanus mpeobiagana Ha Ooyiee BHICOKOCENIEKTUBHBIX K HEMY I10-
3ULMAX, 0 CPABHEHHUIO C HEOOMEHHOM (hopmoii (m3Brexaemoit 1 M HNO,). B cy-
[JIMHKE, XapaKTEePHU3YIOIIEMCsl TOBBIIIEHHONW HACBHIIEHHOCTHIO MOIVIOMIAIONIETO
KOMIIJICKCa OOMEHHBIM KaJHeM, MaKCHMaJIbHOE HAaKOTUICHHE BHECEHHOTO KaJHs
OTMEY€eHO B HEOOMeHHoOM popme (u3Bnekaemoii 1 M HNO,), onnako npu 1mosbI-
IIEHUH 70361 yIOOpeHM ycrunBanach (PUKCcanus Kajaus B 0oJiee MPOYHO CBSI3aH-
Hoe cocTostHue. M3 Bcex cyOcTparoB HauboubInast (pUKcaiyst Kajausl yCTaHOBIIEHA
B CYIJIMHKE, 9TO 00YCIIOBIECHO, BEPOSTHO, IPUCYTCTBHEM TIIMHUCTHIX MHHEPAJIOB,
00JalaroIuX BEICOKOH Kanuidukcupytomeit cnocodHocTeio [25-26, 38].

Ecmu ycoBHO IPHHATH cOiepKaHne BOJOPACTBOPUMOTO, OOMEHHOTO M HE00-
MEHHOI'0 Kajus B cyOcTparax B o0lIel CyMMe 3a CTO MPOLEHTOB, TO 3HAYUTEIb-
HAasl JIOJIS PUXOUTCS HA HeoOMeHHY0 hopmy (cm. puc. 1).

100 . ........ — I I ........ —

RS = R B 1HH H

x4+ H H = = 1HH H

KO | K25 | K50 | Ko | K25 | K50 | Ko | K25 | Ks0 | Ko | K25 |K50 Ko IKZS | K50

AHTpamuT KaMeHHBIH yro1b Bypsiii yroas CyrIHHOK ArpouepHo3eM
[Anthracite] [Coal] [Brown coal] [Loam] [Agrochernozem]

OKnreooMm [Nex-K] OKodMm [Ex-K] BKzox [Ws-K]

Puc. 1. CoorHomenne Mexay Gopmamu Kaius B cybcTpaTax
gepe3 150 nHeil nociie BHeCeHHs yo0peHuit
[Fig. 1. The ratio between potassium forms in substrates 150 days
after fertilization. The sum of potassium forms is considered as 100%]

C yMeHbIIEHMEM CTENEHH MeTaMmop¢u3anuu yried (aHTpauuT — KaMeH-
HBI — OypHIil) D0JIT HEOOMEHHOTO Kajisl CHIDKAETCS TP 3HAYUTEIHEHOM YBeE-
JUYEHUH J0JU Kak 0OMEHHOH, Tak U BOJopacTBOpUMOi (opm snemenra. Tak, B
BapuaHnte Oe3 BHeceHns ynobpennit (K)) coornomenne mexay K K -K
B aHTpalUTEe COCTaBWIO 7—6—83%, B kaMeHHOM H Oypom yrsx — 17-20-63 u
14-23-63% coorBeTcTBEHHO. B arpouepHo3eMe M CYIIMHKE IOCJE BHECEHMS
ynobpennit (Bapuantsl K, u K ) coornomenne Mexay popmamu Kaius ocTa-

BAJIOCh TAKUM K€, KaK ¥ B BapuanTte 6e3 ynoopenwuii (K ), Torma kak B aHTpanure
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3HAYUTEIHHO YBEIHUIIIACE OIS BOIOPACTBOPHMOTO Kaisl B yTOOPEHHBIX BapH-
aHTaX, B KAMEHHOM M OypoM yIJIsiX — OOMEHHOTO M BOJOPAaCTBOPUMOIO KalIHs.
CrenoBarenbHO, MOYKHO MPETIONOKATE, UTO B arpOYCPHO3EME U CYIIIMHKE, B OT-
JIMYME OT TPEX BUJIOB YIS, COOTHOIICHHE M1y (POPMaMH KaJlnsi HAaXOJIUTCS Ha
OTIpEIeTICHHOM CTa0MIFHOM YPOBHE, C(OPMUPOBABIIEMCS B ITPOIIECCE UX IBOIIO-
. [Ipy HapyIIeHHn JaHHOTO PaBHOBECHS, B Pe3yJibTare BHECEHMS KAIUHHBIX
yaoOpeHnit, mpeBparieHne GopM Kalisl MPOTEKaeT B HAIPABJICHUN BOCCTAHOBIIE-
HUSI IEPBOHAYATIBHBIX MIPOMIOPIHIA MEXKTY HUMH, YTO TAKIKE OTMEUCHO U B IPYTUX
HCcCIIeoBaHusAX [24—26, 28—-29, 38-39].

Takum 00pa3zom, Kak MMOKa3aJl ONBIT MO (QUKCAIMHU KaJis, YIIH Pa3IMYHON
CTEIEeHN MeTaMOopU3aIUK CIIOCOOHBI K JCTIOHMPOBAHUIO OMOTCHHBIX 3JICMEHTOB
1, 0011a/1as1 TTOIOTUTEIBHOM CIIOCOOHOCTBIO, OKa3bIBAIOT BIMSHHUE Ha MMUTATEINb-
HBII PEKUM M CBOHCTBA MOJIOMBIX MTOYB OTBAJIOB YTOJIBHBIX MECTOPOXKICHHUH, TEM
CaMbIM OIPEIeIIsisi CKOPOCTh BOCCTAHOBIICHNS! TEXHOTEHHBIX JaHamapToB. Tak,
KaITMAQUKCHPYIOIIast ClIocOOHOCTH OypOro yriisi, HECMOTPSI Ha BBICOKYIO €MKOCTb
KaTHOHHOTO OOMEHa, ITOYTH B TP pa3a HIKE TaKOBOW KaMEHHOTO YIJIS M aHTpa-
muta. [1o Bceit BuamMocTi, 0OOMEHHBIC TIO3UITIH MOTTIOMIAIOIIETO KOMIUIEKCa Oy-
POrO YIIIs 3aHSITHI IPYTHMHU 3JIEMEHTaMHU, MPEANOIKUTEIBHO KaJbIIUEM U / HIIH
MaraHveM. BimsiHuE yriieil BBICOKOH CTereHH MeTaMop(du3alnuu Ha TPOIecChl
(YHKIIMOHMPOBAHHS MOJIOJBIX ITOYB OCYIIECTBIISIETCS Olarojapsi TOMy, 4TO JIO
ceMH U Oollee TPOICHTOB MENIKO3eMa COCTABIIIIOT TOHKOIMCIIEPCHBIC YACTUIIBI
yrist [10, 14]. K Tomy ke B 0TBaJI Kak KaMEHHBIN YTojib, TaK U aHTPALUT OMa ja-
IOT BMECTE C KPYITHOOOJIOMOYHBIMH TTOPOAAMH, 00TaTatoNIMMU HE3HAUNTEIHHOM
MOTJIOTHTENILHOM CITIOCOOHOCTBIO. BypBIil yroyib OTCHINIAETCS BMECTE C CYIJIMHHU-
CTBHIMH Y INIUHUCTHIMH TIOPO/IaMHU [ 14], 9TO MUHHUMHU3HPYET €r0 y4yacTHe B 0OMEH-
HBIX TpOIieccax, NPOTEKAIOIIMX B MOJIO/IBIX MOYBAX TEXHOTEHHBIX JIAaHAMA(TOB.

[Nomydennspie pe3ymsTaThl AEMOHCTPHPYIOT MPUTOAHOCTh PAa3IMYHBIX BHUIOB
yrIs K OOMEHHBIM TIpolieccaM, HPOTEKalomMM B ToyBax. Mx ucnons3oBaHue
MTO3BOJIUT OoJiee JETaNbHO OLEHHWBATH MOYBEHHO-IKOJOTHUECKOE COCTOSIHHE H
MEPCIEKTUBBl BOCCTAHOBJICHHSI TEXHOTCHHBIX JIAHIMIA(TOB U TEM CaMBIM KOP-
PEKTHPOBATh 33a7a49d 1 0OOCHOBAHHO OMPENEISATh HAPABICHHOCTh PEKYIHTHBRA-
LUOHHBIX MEPOIPUSITHH.

BriBoabl

1. B cpennem 3a 5 MecsIieB IpoBeleHHs SKCIIEpUMEHTa U3y4eHHbIe CyOcTpa-
TBI TI0 KATMH(PUKCUPYIOMIEH CIOCOOHOCTH BBICTPAUBAIOTCS B CIICAYIOIIHIA PSIT IO
yOBIBAaHMIO: JIECCOBUAHBINA CYINIMHOK —> arpouepHO3eM —> aHTPALUT — KaMEH-
HBII yroyib — OypbIil yroib. GUKcanus Kajius B aHTPAIIUTE K KAMESHHOM YTIIE CO-
crasuna 36 u 30%, uto mpubIMKAET UX K arpouepHozeMy (38%) u 1pyrum aBTo-
MOpP(HBIM TTOYBaM Ha JICCCOBUIHBIX CYTIIMHKAX B yCIOBUAX 3amamHoir CuOumpH.
Camoit HM3KOM Kanui(HUKCHpPYOLEeH CIOCOOHOCTBIO XapaKTepU30BasCs Oypblii
yroib (10%), BEICOKO# — J1ecCOBHAHBIN CyrUHOK (80%).
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2. Hezasucumo ot 10361 ynoopenuit (K, mmm K, uto coorsercTyer 25 n
50 mr K na 100 r cyOcTpara) BHECEHHBIH Kaluil He (UKCHpoBacs cybcTpara-
mu nonHoCThO. TIpu mose K, aGcomroThas BenmuunHa (PUKCHPYEMOTro Kalus B
cyOcTpaTax 3HaYUTEIbHO YBEIUYMBAIACH, OJHAKO MPOLEHT (PUKCAIIUY ITEMEHTa
ocTaBajIcs Ha ypoBHE 1036l K, niiM HeCKoNbKo cHWKaincs. B nepuon gpukcanmm
Kajus cyocTparamu (3a UCKIIOUYEHHEM Oyporo ymist) mepexon katrnoHoB K ocy-
IIECTBIISIICSA HE TOJIBKO B HeOOMeHHYI0 (hopmy (u3Biekaemyro 1 M HNO;, ¢ kums-
YeHHEM), HO U B OoJiee MPOYHO CBSI3aHHOE COCTOSHUE.

3. Yepes 5 mecsIeB SKCIepUMEHTa BHECEHHBIA ¢ YOOPESHUSIMHU Kaluil u3-
BJIEKAJICS U3 CyOCTPaTOB CyMMapHO B BOZOPACTBOPHMOH, 0OMEHHOH 1 HEOOMEH-
HOW (opMax 3JIeMEeHTa IO-pa3HOMY: MOTHOCTRIO W3 Oyporo ymit, mo 90% u3
KaMEHHOTO YIS U JIECCOBUJHOIO cyminHKa, 10 50 u 40% u3 arpouepHo3ema u
anTpanuta. [Ipr BHECCHUH KAIMWHBIX yIOOPEHUH yBEINMIHBAIOCH COJCPIKAHHE
Kajus B cyOCTpaTax MPeuMYIIECTBEHHO B CICAYIOMMX (popMmax: JIeCCOBUIHBIM
CYIIMHOK — B HCOOMEHHOI; arpo4epHo3eM — B 0OMEHHO; Oypblii 1 KaMEHHBIH
yIIU — B OOMEHHOW ¥ BOJOPACTBOPUMOIT; aHTPAIUT — B BOJOPACTBOPUMOH, MO~
BEP’KCHHOM BBEIMBIBAHUIO.
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Estimation of absorption capacity of coals metamorphosed
to a different extent using the example of potassium fixation

The composition and properties of different coal types, in particular mined in
Siberia, are thoroughly studied, but the ecological impact of coals on soil formation
process and restoration of technogenic landscapes still lacks sufficient attention. At
the same time, one of the main properties of coal, determining its ecological functions,
is absorption capacity. The aim of the research was to estimate potassium fixation
capacity of coals metamorphosed to a different extent in comparison with loess loam
and automorphous soils.

We selected three types of coal from West Siberia major fields: anthracite from
Gorlovsky field of the Gorlovsky coal basin (54°34'N, 83°35'E), coal from Listvyansky
field of the Kuznetsky coal basin (53°39'N, 86°53'E) and brown coal from Nazarovo
field of the Kansko-Achinsky basin (55°58'N, 90°23'E). For a comparative assessment
of potassium fixation capacity of coals, we took the following samples: loess carbonated
loam (hereinafter, loam) as the prevailing soil-forming rock and humus horizon of
Luvic Chernozems (hereinafter, agrochernozem) as automorphous soil on the territory
of the studied coal basins. Below in the text, as well as in the tables and figure, the
samples of three coal types (anthracite, coal and brown coal), loam and agrochernozem
are designated as “substrates”. We examined potassium fixation in the laboratory with
substrate composting during 150 days in the presence of potassium fertilizers alternating
humidification and desiccation. We added 100 g of air-dry substrates sifted through a
sieve with 1 mm hole diameter to water solution of potassium fertilizers (KCI) at a
dose of 25 and 50 mg of K/100 g (variants K ; and K, respectively). The experiment
also included a variant without fertilization (K,). After fertilization, the substrates were
thoroughly mixed and 1, 5, 15, 30 and 150 days later samples were picked for chemical
analysis. The experiment was conducted in 2 replicates, thus, the sample size for each
substrate was n = 30. Potassium forms were extracted by the following ways: water-
soluble potassium (Ws-K) in the ratio of substrate: water 1:5, exchangeable potassium
(Ex-K) by IM CH,COONH,, and non-exchangeable potassium (Nex-K) by IM
HNO, with boiling. The exchangeable potassium content before the experiment (See
Table 1) and during the period after fertilization (See Tables 2 and 3) was calculated
with the water-soluble form of the element. At the end of the experiment (150 days),
we determined the content of three forms of potassium (Ws-K, ExK and NexK) in
the substrates using the difference method (See Table 4 and Fig. 1). Potassium, not
extracted by IM CH,COONH,, was considered fixed. Potassium fixation was calculated
in relation to the variant without fertilization (K) both in absolute values (mg/kg) and
as a percentage of the applied dose of fertilizers (fixation percentage).

Potassium fixation capacity of anthracite and coal averaged 36% and 30%,
respectively in the experiment, which brings them closer to agrochernozem (38%);
brown coal was characterized by low potassium fixation (10%), and for loess loam
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it was high (80%) (See Table 2). Regardless of fertilizer dosage, the applied potassium
was never fully fixed by substrates. When potassium fertilizer dosage increased, the
absolute value of fixed potassium in substrates significantly rose, but the percentage of
the element fixation was at about the same level or even decreased. During potassium
fixation by substrates (except brown coal), potassium cations transited not only into
non-exchangeable form (extracted by 1M HNO,), but also into a more tightly bound
state. Potassium was accumulated in substrates in the following forms: loess loam -
non-exchangeable, agrochernozem - exchangeable, coal and brown coal - exchangeable
and water-soluble, anthracite - water-soluble (See Table 4 and Fig. 1). After long-term
substrate composting, potassium applied with fertilizers was extracted in water-soluble,
exchangeable and non-exchangeable forms differently: 100% from brown coal, up to
90% from coal and loam, and around 50% and 40% from agrochernozem and anthracite,
respectively. Thus, coals metamorphosed to a different extent are able to deposit biogenic
elements and affect the nutrient regime and properties of young soils of coal-mine dumps,
and, thereby, are able to determine the rate of restoration of technogenic landscapes. We
can assume that more metamorphosed coals (anthracite, coal) will have a greater effect on
the functioning of young soils of technogenic landscapes. The fact that coal and anthracite
get to dumps with coarse-fragmented rocks having low adsorption capacity enhances this
effect. Brown coal comes mainly with loess loam, which minimizes its participation in
exchange processes in young soils of technogenic landscapes. Using the results of this
experiment will allow a more detailed estimation of the soil-ecological condition and
prospects for restoring technogenic landscapes, and, thus, correcting the purposes and
reasonably designating the directions of restoration activities.

The paper contains 1 Figure, 4 Tables and 39 References.

Key words: coal, anthracite, brown coal, potassium fixation capacity, potassium
forms, West Siberia.

Funding: This research was supported by the RFBR in the framework of the
research project No 18-04-00836_a.

References

1. Neftyanaya otrasl’: itogi 2017 goda i kratkosrochnye perspektivy [The Oil Industry: The
results of 2017 and short term prospects]. Release prepared by the team of authors.
Grigoriev L, editor. Energeticheskiy byulleten’= Energy Bulletins. 2018;56:1-28. In Russian

2. Golitsyn MV, Vyalov VI, Bogomolov AKh, Pronina NV, Makarova EY, Mitronov DV,
Kuzevanova EV, Makarov DV. Prospects of technological use of coals in Russia.
Georesursy = Georesources. 2015;61(2):41-53. doi: 10.18599/grs.61.2.4 In Russian

3. Khaibullin MM, Kirillova GB, Yusupova GM, Kagirov ES, Ismagilov RZ, Rachimov RR,
Sergeev VS, Khaziev FH, Gaifullin RR, Bagautdinov FY. Influence of percentage fertilizer
systems on change of agrochemical properties of the arable layer of leach Chernozem and
on the crops productivity of crop rotation. Journal of Engineering and Applied Science.
2018;13:6527-6532. doi: 10.3923/jeasci.2018.6527.6532

4. Androkhanov VA, Sokolov DA. Fractional composition of redox systems in the soils of coal
mine dump. Eurasian Soil Science. 2012;45(4):399-403. doi: 10.1134/S1064229312020032

5. Zharikova EA, Kostenkov NM. Physicochemical properties and potassium state of the soils
developed on dump rocks of coal mines. Eurasian Soil Science. 2014;47(1):26-34. doi:
10.1134/S1064229314010141

6. Seredina VP, Alekseeva TP, Sysoeva LN, Trunova NM, Burmistrova TI. Organic matter
formation processes research in lands damaged after mining operation. Vestnik Tomskogo
gosudarstvennogo universiteta. Biologiya = Tomsk State University Journal of Biology.
2012;1(17):18-31. In Russian


https://geors.ru/archive/article/618/
https://www.medwelljournals.com/abstract/?doi=jeasci.2018.6527.6532
https://link.springer.com/article/10.1134/S1064229312020032
https://link.springer.com/article/10.1134%2FS1064229314010141

Ouenka noznomumensHoil CROCOOHOCMU Y2Tiell 21

7. Verma MK, Pandey P, Mukhopadhyay R, Dwaivedi R, Karmakar NC, Bajaj VK. Chemical
characterization of selected overburdens of Singrauli coalfields. Ecology, Environment and
Conservation. 2016;22:S207-S211.

8. Ugol’naya baza Rossii. Tom IlI. Ugol’nye basseyny i mestorozhdeniya Vostochnoy Sibiri
(vuzhnaya chast’) [Coal base of Russia. Vol. I1I. Coal basins and deposits of Eastern Siberia
(Southern part)]. Cherepovskiy VF, editor. Moscow: OOO “Geoinformcentr” Publ.; 2002.
488 p. In Russian

9. Ugol’naya baza Rossii. Tom II. Ugol’nye basseyny i mestorozhdeniya Zapadnoy Sibiri
(Kuznetskiy, Gorlovskiy, Zapadno-Sibirskiy basseyny, mestorozhdeniya Altayskogo kraya
i Respubliki Altay) [Coal base of Russia. Vol. II. Coal basins and deposits of West Siberia
(Kuznetsky, Gorlovsky, West-Siberian basins; the deposits of Altai krai and the Republic
of Altai)]. Cherepovskiy VF, editor. Moscow: OOO “Geoinformcentr” Publ.; 2003. 604 p.
In Russian

10. Ussiri DAN, Jacinthe PA, Lal R. Methods for determination of coal carbon in
reclaimed minesoils: A review. Geoderma. 2014;214-215:155-167. doi: 10.1016/j.
geoderma.2013.09.015

11. Maharaj S, Barton CD, Karatkanasis TAD, Rowe HD, Rimmer SM. Distinguishing “new”
from “old” organic carbon on reclaimed coal mine sites using thermogravimetry: I. Method
development. Soil Science. 2007;172:292-301. doi: 10.1097/SS.0b013e31803146¢8

12. Rumpel C, Knicker H, Kogel-Knabner I, Skjemstad JO, Huttl RF. Types and chemical
composition of organic matter in reforested lignite-rich mine soils. Geoderma. 1998;86:123-
142. doi: 10.1016/S0016-7061(98)00036-6

13. Schmidt MWI, Skjemstad JO, Czimczik CI, Glaser B, Prentice KM, Gelinas Y, Kuhlbusch
TAJ. Comparative analysis of black carbon in soils. Global Biogeochemical Cycles.
2001;15:163-167. doi: 10.1029/2000GB001284

14. Sokolov DA, Kulizhskiy SP, Lim AG, Gurkova EA, Nechaeva TV, Merzlyakov OE.
Comparative evaluation of methods for determination of pedogenic organic carbon in coal-
bearing soils. Vestnik Tomskogo gosudarstvennogo universiteta. Biologiya = Tomsk State
University Journal of Biology. 2017;39:29-43. doi: 10.17223/19988591/39/2 In Russian,
English Summary

15. Brodowski S, Amelung W, Haumaier L, Abetz C, Zech W. Morphological and chemical
properties of black carbon in physical soil fractions as revealed by scanning electron
microscopy and energy-dispersive X-ray spectroscopy. Geoderma. 2005;128:116-129. doi:
10.1016/j.geoderma.2004.12.019

16. Skjemstad JO, Janik LJ, Head MJ, McClure SG. High-energy ultraviolet photooxidation:
a novel technique for studying physically protected organic-matter in clay-sized and silt-
sized aggregates. Journal of Soil Science. 1993;44:485-499. doi: 10.1111/j.1365-2389.1993.
tb00471.x

17. Bota KB, Abotsi GMK, Sims LL. Electrokinetic and adsorptive properties of a lignite in
aqueous solutions of catalytic salts. Energy and Fuels. 1994;4(8):937-942. doi: 10.1021/
ef00046a018

18. Cornelissen G, Gustafsson O. Importance of unburned coal carbon, black carbon, and
amorphous organic carbon to phenanthrene sorption in sediments. Environmental Science
and Technology. 2005;3(39):764-769. doi: 10.1021/es049320z

19. Wang R, Ma Q, Ye X, Li C, Zhao Z. Preparing coal slurry from coking wastewater to achieve
resource utilization: Slurrying mechanism of coking wastewater—coal slurry. Science of the
Total Environment. 2019;650:1678-1687. doi: 10.1016/j.scitotenv.2018.09.329

20. Sokolov DA, Androkhanov VA, Kulizhskii SP, Loiko SV, Domozhakova EA. Morphogenetic
diagnostics of soil formation on tailing dumps of coal quarries in Siberia. Eurasian Soil
Science. 2015;48(1):95-105. doi: 10.1134/S1064229315010159


https://www.academia.edu/21562871/Methods_for_determination_of_coal_carbon_in_reclaimed_minesoils_A_review
https://www.academia.edu/21562871/Methods_for_determination_of_coal_carbon_in_reclaimed_minesoils_A_review
https://www.osti.gov/biblio/20905909-distinguishing-new-from-old-organic-carbon-reclaimed-coal-mine-sites-using-thermogravimetry-method-development
https://core.ac.uk/download/pdf/36126741.pdf
https://escholarship.org/content/qt2ps0z9rn/qt2ps0z9rn.pdf
http://journals.tsu.ru/biology/en/&journal_page=archive&id=1607&article_id=36140
https://www.sciencedirect.com/science/article/pii/S0016706104003301?via%3Dihub
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2389.1993.tb00471.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2389.1993.tb00471.x
https://pubs.acs.org/doi/abs/10.1021/ef00046a018
https://pubs.acs.org/doi/abs/10.1021/ef00046a018
https://www.sciencedirect.com/science/article/pii/S0048969718337860?via%3Dihub
https://link.springer.com/article/10.1134/S1064229315010159

22

T.B. Heuaesa, /I.A. Coxonos, H.A. Coxonosa

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Otremba K. Effect of addition of brown coal on the structure of soils developing from post-
mining grounds of Konin brown coal mine. Rocznik Ochrona Srodowiska. 2012;14:695-707.
Godfried MK, Kofi A, Bota B, Saha G. Effects of coal surface charge on the adsorption and
gasification activities of calcium and potassium. Fuel Science and Technology International.
1993;2(11):327-348. doi: 10.1080/08843759308916071

Yoon TH, Benzerara K, Ahn S, Luthy RG, Tyliszczak T, Brown JrGE. Nanometer-scale
chemical heterogeneities of black carbon materials and their impacts on PCB sorption
properties: Soft X-ray spectromicroscopy study. Environmental Science and Technology.
2006;19(40):5923-5929. doi: 10.1021/es060173+

Prokoshev VV, Deryugin I.P. Kaliy i kaliynye udobreniya [Potassium and potassim
fertilizers]. Moscow: Ledum Publ.; 2000. 185 p. In Russian

Yakimenko VN. Kaliy v agrotsenozakh Zapadnoy Sibiri [Potassium in agrocenoses of
Western Siberia]. Novosibirsk: Publishing House of the SB RAS; 2003. 231 p. In Russian
Seredina VP. Kaliy i pochvoobrazovanie: Uchebnoe posobie [Potassium and soil formation:
Textbook]. Tomsk: Tomsk State University Publ.; 2012. 354 p. In Russian
Yakimenko OS, Terekhova VA. Humic preparations and the assessment of their biological
activity for certification purposes. Eurasian Soil Science. 2011;44(11):1222-1230. doi:
10.1134/S1064229311090183

Yakimenko VN. Fiksatsiya i desorbtsiya kaliya nekotorymi avtomorfnymi pochvami
[Potassium fixation and desorption by some automorphic soils]. Agrokhimiya = Agricultural
Chemistry. 1995;2:12-18. In Russian

Pivovarova EG. Vliyanie kaliynykh udobreniy na soderzhanie form kaliya v pochve i
urozhaynost’ sel’skokhozyaystvennykh kul’tur [Influence of potassium fertilizers on the
content of potassium forms in soil and crop yields]. Agrokhimiya = Agricultural Chemistry.
1993;2:44-49. In Russian

Polevoy opredelitel’ pochv Rossii [Field determinant of soils in Russia]. Khitrov NB,
editor. Moscow: Publishing House of the Dokuchaev Soil Science Institute; 2008. 182 p.
In Russian
1USS Working Group WRB World Reference Base for Soil Resources 2014, update 2015.
International Soil Classification System for Naming Soils and Creating Legends for Soil
Maps. World Soil Resources Reports No. 106. Rome: FAO; 2015. 192 p.
Agrokhimicheskie metody issledovaniya pochv [Agrochemical soil research methods].
5th ed. Sokolov AV, editor. Moscow: Nauka Publ.; 1975. 656 p. In Russian

Pansu M, Gautheyrou J. Handbook of soil analysis: Mineralogical, organic and inorganic
methods. Berlin: Springer Publ.; 2006. 993 p.

Teoriya i praktika khimicheskogo analiza pochv [Theory and practice of soil chemical
analysis]. Vorob’eva LA, editor. Moscow: GEOS Publ.; 2006. 400 p. In Russian

Sorokin OD. Prikladnaya statistika na komp’yutere [Applied statistics on the computer].
2nd ed. Novosibirsk: Publishing House of the GUP RPO SO RASHN; 2012. 282 p. In Russian
Yakimenko VN, Nechaeva TV. Deystvie i posledeystvie kaliynykh udobreniy v
Zapadnoy Sibiri [Action and aftereffects of potash fertilizers in Western Siberia]. Vestnik
Mezhdunarodnogo instituta pitaniya rasteniy. 2016;2:9-13. In Russian

Nechaeva TV, Sokolov DA. Otsenka K-fiksiruyushchey sposobnosti razlichnykh vidov
ugley [Estimation of potassium-fixation ability of different coal sorts]. In: Prirodno-
tekhnogennye kompleksy: sovremennoe sostoyanie i perspektivy vosstanovleniya Materialy
mezhdunarodnoy nauchnoy konferentsii [Natural and technogenic complexes: modern
state and prospects of restoration]. Novosibirsk: Publishing House of the SB RAS; 2016.
pp- 173-179. In Russian

Seredina VP. Geochemical features of the potassium conduct in the soil. Vestnik Tomskogo
gosudarstvennogo universiteta. Biologiya = Tomsk State University Journal of Biology.
2007;1:106-118. In Russian


https://www.tandfonline.com/doi/abs/10.1080/08843759308916071
https://pubs.acs.org/doi/abs/10.1021/es060173%2B

Ouenka noznomumensHoil CROCOOHOCMU Y2Tiell 23

39. Pavlov KV, Egorov VS, Pulin AV. Kharakteristika fiksatsii kaliya dernovo-podzolistoy
pochvoy [The evalution of potassium fixation by soddy-podzolic soil]. Vestnik Moskovskogo
universiteta. Seriya 17: Pochvovedenie = Moscow University Soil Science Bulletin.
2003;3:49-51. In Russian

Received 21 May 2018; Revised 17 November 2018;
Accepted 05 December 2018, Published 27 December 2018

Author info:

Nechaeva Taisia V, Cand. Sci. (Biol.), Senior Researcher, Laboratory of Agrochemistry, Institute of
Soil Science and Agrochemistry, Siberian Branch of the Russian Academy of Sciences, 8/2 Akademika
Lavrentieva Ave., Novosibirsk 630090, Russian Federation.

E-mail: nechaeva@jissa-siberia.ru

Sokolov Denis A, Cand. Sci. (Biol.), Senior Researcher, Laboratory of Soil Reclamation, Institute of
Soil Science and Agrochemistry, Siberian Branch of the Russian Academy of Sciences, 8/2 Akademika
Lavrentieva Ave., Novosibirsk 630090, Russian Federation.

E-mail: sokolovdenis@issa-siberia.ru

Sokolova Natalia A, Engineer, Laboratory of Soil Geography and Genesis, Institute of Soil Science and
Agrochemistry, Siberian Branch of the Russian Academy of Sciences, 8/2 Akademika Lavrentieva Ave.,
Novosibirsk 630090, Russian Federation.

E-mail: nsokolova@jissa-siberia.ru


mailto:nechaeva@issa-siberia.runechaeva
mailto:sokolovdenis@issa-siberia.ru
mailto:nsokolova@issa-siberia.ru

