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Abstract

[Ipu BHeceHMM ByJIKaHMYECKMX MemaoB KaMyaTKM B COUETaHMM C Pa3HBIMU J103aMH MUHEpPaTbHBIX
yI0OpeHHii Ha OXPHCTHIX ByJIKaHHUYecKuX mouBax (Andosols ACroxic) Obutd monmydeHbl HpHOaBKH
ypoxaitHocTu kapTodenst Ha 37—72%. [lemnsl He coepKaT CyIEeCTBEHHBIX KOHIIEHTPALUi JOCTYITHBIX
(hOopM XUMHUYECKHX DIIEMEHTOB B CPAaBHEHUH C MAXOTHBIMU MMOYBAMH, HO 00T a0T KaTalTuTHIECKHMU
CBOMCTBAaMH, yJIy4IIarOT MUTATENbHBIA PEKUM PACTEHUH M YCBOSIEMOCTh UMH MTUTATENBHBIX BELICCTB.
[oaTBepkaaer kKaTamuTudeckuii >PQexT AEHCTBHSA MEMIoB MOBHINIEHHE B KIYOHSAX KapTodens
kpaxmana (Ha 3-8%), KOTOpoe, Kak MpaBUJIO, JOCTUTACTCS TMPU HCIOIb30BAHUHM KOMIUIEKCHBIX
ya0OpeHHid, CcoJiepKalluX MHKPOAJIIEMEHTBI, OKa3bIBAIOIIMX KATAJIMTHYECKOE JeHCTBHE Ha
(hepMeHTaTUBHBIC PEAKIUH.
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Introduction

HauOomnee oueBuaHas M 4acTo OOCyXJaeMas NMPUUYMHA TOBBINICHUS OWOMPOIYKTHBHOCTH 3KOCHCTEM TPH
MOCTYIUIEHUHU MPOTYKTOB BYJIKAHUYECKOH JESITETbHOCTH CBSI3BIBAETCS C IPUBHOCOM JIOMOTHUTEIBHBIX SJIEMEHTOB
MUTaHUSI MUHEPAJIBLHOTO TPOUCXOXKICHUSI C ByJKaHWYeCKMMHU meriamu [2, 3]. OpHako, MpU HUMEIOUUXCs
CBEJICHUSIX O OJaroNpUsITHBIX CBOMCTBAX BYJIKAHWYECKHX TMEIUIOB, MEXaHU3M JIEHCTBHs, O0YCIIOBIMBAIOLIMN
NOBBIIIEHHE OWOMPOIYKTUBHOCTH O3KOCHCTEM TIPH TMOCTYIUICHMH B TIOYBBI TPOIYKTOB BYJIKAHUYECKOU
JIESATENIBHOCTH, 10 HACTOSALIETO BPEMEHU OCTAETCSl MAJI0 U3yUYEHHBIMU. BEpOSITHO, € 3TUM CBSI3aHO OTCYTCTBUE B
MEXIYHAPOIHON HAy4HOW JINTEPAType CBUICTEIBCTB O IOJOKUTEIBHBIX NPUMEPAaX NPUMEHEHUS MPOLYKTOB
BYJKaHHUECKONW NeATEbHOCTH KaK CaMOCTOSTENIBHOTO YyAOOpeHHs B TPOM3BOACTBEHHOM 3emienenuu. B
npeiaraeMoil paboTe ONMMCHIBASTCSI IEPBBII MOJIEBON arpOTEXHUYECKHUI OMBIT MCIOIb30BAHUS BYJIKAaHUYECKHX
nerioB KamMuaTku [Uis BBIpaIllMBaHUS CEJIbCKOXO3SIMCTBEHHBIX KYIBTYP M aHAIM3UPYETCS MEXaHU3M JEHCTBU
TIeTI0B, OOYCIIOBIMBAIOUIMI TOBBIIICHUE OUOMPOIYKTUBHOCTH arpoLeHo3a.

Objects and methods

OmnbIT NMPOBOAMIICS HA OXPUCTHIX ByiakaHudeckux mnousax (Andosols Acroxic) B Llentpanbaom paiione FOsxxHoi
moyBeHHON mnpoBuHIMKM Kamuatku [1] Ha ombITHRIX mnomax KamuaTckoro Hay4YHO-HUCCIEIOBATEIBCKOIO
WHCTHUTYTA CEITLCKOTO X03stiicTBa (for KamuaTku, monuHa p. ABada).

B mouBBI IpU ONBITHBIX HCCIIENOBAHMSAX BHOCWIMCH CBE)KCBBINABIIME BYIKAaHHMYECKHE IEIUIBI M3BEP)KEHUI
ByikaHa IlluBenyd u mnpeoOpa3oBaHHBIE TOJOLECHOBBIE OXPHCTHIC BYJIKAHHYECKHE IICIUIBI, Cllararouue
NepexoIHble TOPH30HTH Hanbosee paclpOCTPaHEHHBIX HA IOre M B LEHTPaJbHOW 4acTh KaM4aTKH OXPHCTBIX
BYJIKaHHYECKHX M04B. [lerisl BHOCHIN B KonudecTBe 2,5—7,5 T/ra B COYETaHHH ¢ MUHEPaIbHBIMU yIOOpeHUAMU.
B xauecTBe TpaAMIMOHHONW MHUHEpPaNbHONH NOOABKHM HCIOIB30BAINCh YOOOPEHHMS, COIEpIKallle OCHOBHBIC
AJIEMEHTHI NHUTaHus: a3or, ¢ocdop, kamumii, B mo3ax 120 kr/ra (Ni12o0P120Ki20 — 0ObIuHast 1032, mpUMeHsiemasi B
peruone) u 60 kr/ra (NsoPsoKeo) eficTByIOIIIETO BElIeCTRA.

B mouBax M ByIKaHWYECKHX IIE€IUIaX YCTaHABIMBAINCH BAIOBBIE COJACP)KAHUSA 62 XUMHUYECKUX JJIEMEHTOB U
OTIPEIeISIINCh KOHIIEHTPAIlMA PACTBOPUMBIX (aIleTaTHO-aMMOHHIHAS BBITSDKKA) (opM 65 3IIEMEHTOB Macc-
cnektpanbHbiM (ICP-MS) + aromuo-smuccuonnsiM (ICP-AES) meromoM anHanm3a ¢ MHOYKTHBHO CBSI3aHHOU
mIa3Moil. B mouBax oueHuBanuch nokasarenu: pH BOAHOI U CONEBON BBITSKKH, THIPOIUTUYECKAS! KUCIIOTHOCTD,
coliepKaHus OOMEHHBIX ()OPM KaJIbIUS W MarHus (KOMIDIEKCOMETPUYECKHM MeTOIoM). B KiryOHsIX KapTodemns
OIIPEIETISIINCH COMIEP KAHUSI HUTPATOB U Kpaxmara.

Ilemer Bynkana IlluBemyd mpencTaBieHbl NPEHMMYLIECTBEHHO CYIJIMHHCTBIM, MBUIEBUIHBIM MaTepHAIOM
TIOCJIEIHUX M3BEP)KEHUH, OTOOPaHHBIM U3 CBEXXHX HAaHOCOB, CHECEHHBIX BOAAMH K MOJHOXKHIO BYJIKAaHHIECKOH
MOCTPOMKH.

[lepcnekTHBHBIE K HCIIOJIB30BAHHIO B CENBCKOM XO3SHCTBE MPeoOpa3OBaHHBIC T'OJOLCHOBBIE BYIKAHHYECKHE
TIETUTBI IOCTATOYHO ITOBCEMECTHO PacIpOCTPAHEHBI B CPEIHHUX YACTAX NPOGHICH OXPUCTHIX BYJIKAHUYECKHX IT0YB
Kamuarky. JlaHHble NEIUIBl TpeTeprend MaKCUMAIBHYI0 TpaHCHOPMALMIO B IEpHOI aTIAHTHYECKOTO
KmuMatrdeckoro ontamyma [1]. CBouM cBOMCTBaM OHM 00S13aHBI OJIarONPUSTHBIM KIMMATHYECKIM YCIIOBHSIM B
cepennHe ronomeHa (4800—6800 ner Ha3axm), Koraa remmeparypa Ha Kamuarke Oplna BeIme coBpeMeHHOI Ha 4°C
[7], u muTensHOMY TIEpHOY 3aTyXaHUS BYIIKAaHUIECKOH A TEIbHOCTH B 3TOT neproy [6]. Haxomsce mmrensHOe
BpeMsI B O0JIee TeIDIIX KIIMMATHUECKIX YCIOBUSAX OJM3KO K TOBEPXHOCTH (B 30HE aKTUBHOTO TIOYBOOOPA30BAHMS),
TIPY 3TOM, HE ITePEKPHIBasICh MOJIOABIMHI MPOAYKTaMH BYJIKaHUIECKON JEATENLHOCTH, 3TH TOPU30HTHI IIPHOOPEITH
CBOMCTBA, XapaKTEPHBIE JUTS 3pEJbIX CYOTPOITMUYECKHUX aHIOCOTICH.

The results of studies



V3ydeHne XMMHYECKOTO COCTaBa MEIUIOBOIO MarepHaia, BHOCUMOIO B TOYBBI HPH CEIbCKOXO3SHCTBEHHOM
MOJICBOM OINBITE, [MOKA3aJl0, YTO CYIIECTBEHHOIO OOOTallleHHs €ro JOCTYMHBIMH (OpMamMu XUMHYECKHX
SJIEMEHTOB B CPaBHEHHH C MAaXOTHBIMU TouyBaMu (puc.l) He Habmomaercs. CBexue BYJIKAHUYSCKUE ICILIBI
ByskaHa [lIuBenyd B cpaBHEHHH € TOYBAMH OMBITHOTO MOJIST OOHAPYKHUBAIOT OoJiee BHICOKHE COACPIKAHUS TOJIBKO
y 4 u3 57 paccMOTpeHHBIX 31eMeHTOB: As (6,7)- P (1,4)- Mg (1,07)- V (1,06). IloBbiiieHHbIe conepKaHus B
peoOpa30BaHHBIX TOJOICHOBBIX BYJIKAHHYECKHX TIEIJIOB UMEIOT 37 3JIEMEHTOB C KPATHOCTBIO MPEBBIMICHHS OT
1.12 (Rb) 1o 11.6 (Se), npu cpeanem ero 3HaueHuu 4.45.
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Puc. 1. CopepxaHuss TOABMXXHBIX (OPM XHMHYECKHUX 3JEMEHTOB B Byiakanudeckux nemnax (Crernen)
OTHOCHUTENBHO KOHLEHTPALUH 3JIEMEHTOB B OXPUCTBIX BYJIKAaHUUECKUX IOYBAX OMBITHOro noss (Crousa).

Ilo pe3ynpTaTram nepBoro rosia OIbITa IPH BHECEHUH JIPEBHUX OXPHUCTHIX MEIJIOB (B COUETAHHUH C Pa3HBIMU J03aMU
MHHEPaJIbHBIX yA0OpEHHUIt) 110 pa3HbIM BapHaHTaM OIBITA, OTHOCUTEIBHO (DOHOBOTO BapHaHTa, ObIIM MOTy4EHEI
npubaBku ypoxkaiiHocTH KapTrodens ot 37 no 72%, B cpenaem 52% (Tabin. 1). Bo Bcex BapuaHTax ¢ BHECEHHEM
CBEXEBBIABIINX BYIKAHHYECKHX IIEIUIOB YBEIHYEHHE YPOXKaWHOCTH OBUIO HECKOJIBKO HIKe — oT 31 1o 63%, B
cpenaeM 47%. D10 00ycIOBIEHO B LeloM Ooiee OOraThIM XMMHUYECKUM COCTABOM TOJIOLEHOBBIX OXPHCTBIX
MIETJIOB B CPaBHEHUH CO CBeXHMMH meruiaMu (puc. 1). Boree cymiecTBeHHBINH cpemHUil MPUPOCT ypOKAMHOCTH
OTHOCUTENBHO (oHa HaOMIOmaNCs INPH CHIDKEHWH J03bl MUHEpPAIBHBIX ynoOpeHuil Basoe. [Ipsmas
MIPOIIOPIIMOHANBHAS 3aBUCUMOCTB IIPUPOCTa YPOXKaHHOCTH 10 BCEM BapHaHTaM OIIbITAa OT KOJIMYECTBA BHOCHMOI'O
TIeTIa OTCYTCTBYET.

Results and Discussion

Y4uThIBast HE3HAUNTEIbHBIE J03bI BHECEHUSI MIETUIOB B TIOYBHI M HE CYIIIECTBEHHOE COAEP KaHUE B HUX JOCTYITHBIX
(OpM XMMHYECKUX 3JIEMEHTOB B CPAaBHEHHH C MaXOTHBIMHU II0YBAMHU HET OCHOBAHHWI IoJjlaraTh, YTo MpHOaBKa
YPOXXaHOCTH CBSi3aHa C IIOCTYIUICHWEM JOMOJHHUTENBHBIX 3JIEMEHTOB MNHUTaHWA. be3ycioBHO cpalaThIBaeT
9 deKT aKTHBU3aLUH YCBOSEMOCTH PACTEHUSIMH 3JIEMEHTOB NMUTaHMUS, UMEIOIUXCSA B II0YBAX U BO BHOCHMBIX
BMECTE C MeIUIaMi MUHEPAIbHBIX YIOOPEHHMIX, a TaKKe aKTHBU3AIMH MHKPOOHOJIOrHYecKol (hepMEeHTaTHBHOM
JEATEIFHOCTH 32 CUET MPUCYTCTBHS B MEIUIAX OYEHb IIMPOKOTIO CIIEKTPa MUKPO3IEMEHTOB.

[loaTBepkIeHNEM KaTaIUTHYECKOIO ICHCTBUS TEIUIOB SIBJISCTCS, HAPSAy C YBEJIMUCHHEM YpPOXKaHHOCTH,
TIOBBILIEHHE B KITYOHSIX KapTodens copepskanns kpaxmana Ha 3—8% (tabu. 1). Hapsimy co ctumynsiuel ycBoeHHs
a30Ta, MeIUTHl OKA3BIBAIOT OIATONPHUATHOE BO3/ICHCTBHE HA a30THBIN U YTIICBOIHBIN 00MEH PaCTCHUN U BIHSIOT Ha
YBEIMUYCHUE COACPKAHMS KpaxMana.

Tabauna 1. Pe3yabTaThl MOIEBOTO OIMBITA MO HCCICIOBAHUIO d(PPEKTHBHOCTH IPUMEHEHHS OXPHUCTHIX (TIETeN »)
1 CBeXKUX (TIETIEN () BYIIKAHWYECKHX TICTUIOB

- Crenenn
YpoxallHOCTB, Kiny6uu kaprodes
HACBIIEHHOCTH
BapuanTsr ombiTa cpeanee 1o 4-M HouB
MOBTOPEHUSAM
P Hutpatsl Kpaxman OCHOBAHHMAMMU




n/ra +* % MT/KT +, % % +, % % +, %

be3 ynobpenuii — kourpons | 62.0 —** 182.0 —| 11.00 — | 55583 —

(D0H1, N120P120K120 118.0 — 213.8 — 10.20 - 43.05 —

®onl + nenen 1 2,5 1/ra 162.0 + 37.0 347.3 +62.4 | 10.70 + 4.90 — —

@om; + menen 5 5,0 T/ra 1720 | +46.0 281.8 +318| 10.70 | +490| 6953 | +26.48

®onl + nenen ¢ 2,5 T/ra 156.0 + 32.0 257.8 +206| 1050 | +294 — —

®doH; + memen . 5,0 T/ra 155.0 +31.0 338.8 +585| 11.00| +784 | 69.21 | +26.16

@om; + menen ¢ 7,5 1/ra 163.0 | +38.0 446.7 | +108.9 | 10.20 | +0.00| 69.68 | +26.63

Don2 — NeoPsoKeo 105.0 - 180.2 -] 11.20 —| 54.01 +4.64

Doy + memen 5 2,5 1/ra 181.0 +72.0 190.5 +55| 1150 | +2.68 — —

®domny + memen 5 5,0 T/ra 161.0 +53.0 138.0 -236 | 1190 | +6.25| 54.91 + 5.54

®dony + memnen . 2,5 1/ra 165.0 +57.0 168.0 -6.9 | 1150 | +2.68 — —

®domny + memen . 5,0 T/ra 171.0 +63.0 183.4 +1.6| 11.00 -1.79 | 58.89 +9.52

®dony + memnen . 7,5 1/ra 172.0 +63.0 184.8 +24 | 10.70 -4.46 - -

Ipumeuanue. * + — omuocumenvro ¢ona, ** «—» — Hem OaHHbIX.

HNmenno KOMITO3UIIMU MIUPOKOI'0 MUKPOIJIEMEHTOB, NMMCIOIIHECSA B HAIIEM ClIy4a€, B BYJIIKAHHYECKUX IICTIIIaX
TMIOBBIIIAIOT HHTEHCUBHOCTh MUKPOOHOIIOIMYECKHX MPOIECCOB B mo4YBax. O6 3TOM CBHIETENBCTBYET TAKKE POCT
coJIep)KaHUH HUTPATHOTO a30Ta B KIYOHSX KapTodess B BapHaHTaX ONbITA C BHECEHHWEM IEIUIOB, KOTOPBIM,
0e3yCIIOBHO, CBsi3aH C OOlee WHTEHCHBHOM JKH3HEACATENHHOCTHIO MHKPOOPTaHU3MOB B TIOYBAX W B IMEPBYIO
ouepens OakTepuii aBTOTPO(OB, CIOCOOHBIX YCBAaUBATh a30T U3 Bo3ayxa (Talm. 2).

B mnouBax B BapuaHTax OIbITA C BHECEHHWEM IeMJia, B CpPaBHEHMH C (POHOM HaOIIONANCS POCT CTENEeHH
HACBIIIEHHOCTH TMOYB OCHOBaHMsMH (Tabn. 1). [Ipobnema OBOJIBHO AOPOTOCTOSIIETO M3BECTKOBAHMS TOYB
paliOHOB, pAacIOJIararOUIMXCs Ha CYLIECTBEHHOM YAAJCHUM OT H3BECTHBIX MECTOPOXKIEHUM H3BECTHSKA, HA
CEero/iHs BeChbMa aKTyalbHa U MOXKET OBITh YaCTHYHO PEIICHA 3a CUET MPUMEHEHHUS BYIKAaHMYECKUX HETIIOB.

Conclusion

Hannuume B cocraBe BYTKaHMYECKHX HEIUIOB IIMPOKOTO CIEKTPa MOABMKHBIX (OPM XMMHUYECKUX DIIEMEHTOB B
HEOOJIBIIMX KOJIMYECTBAX, HO B HEOOXOOUMBIX 1 3(PEKTHBHOH )KU3HEACATEILHOCTH COOTHOIICHUSX,, HAZIeNsAeT
TMETUIbl KaTaIUTUYECKUMH U CTUMYJIUPYIOLIMMU CcBOiicTBaMH. braronaps KaTaluTH4ecKOMY AEHCTBUIO MEILIOB
BHECECHHE UX Ha (poHEe NPUMEHEHUs] MUHEPAJIbHBIX YIOOPEHHH HOBBIIIACT YPOXKAHHOCTD.
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Abstract

When adding Kamchatka volcanic ash in combination with different doses of mineral fertilizers in the
ochreous volcanic soils (Andosols Acroxic) increase of productivity of potato in the 37-72%. was
obtained. Ashes do not contain significant concentrations of available forms of chemical elements
compared to arable soils, but have catalytic properties, improve the nutrient status of plants and
digestibility of nutrients The increase of starch in potato tubers (3-5%) confirms catalytic effect
of ash, such effect is usually achieved by using complex fertilizers containing micronutrients,
which have a catalytic effect on the enzymatic reaction.

Key words: Kamchatka, volcanic ash, catalytic properties, soil fertility

Introduction

The most obvious and often discussed reason for bio-productivity increase of ecosystems while using
product of volcanic activity is associated with the additional supply of chemical elements from the
volcanic ashes [2, 3]. Although, data about the favorable properties of volcanic ash is available,
mechanism of raise of bio-productivity of ecosystems while using products of volcanic activity still
remains poorly understood. Perhaps this is due to the fact that international scientific literature lacks
positive examples of application of products of volcanic activity as an independent fertilizer in
agriculture. Our work describes the first field Agronomy experience with volcanic ash of Kamchatka
for growing crops and analyzes the mechanism of influence of ash that raise bioefficiency of
acrocyanosis.

Objects and methods

The experiment was conducted in the ochreous volcanic soils (Andosols Acroxic) in the central region
of South Kamchatka soil provinces [1] on the experimental fields of the Kamchatka Research Institute
of Agriculture (South Kamchatka, Avacha River valley).

During the experimental studies soils were enriched with fresh volcanic ash of Sheveluch eruptions and
converted ochreous Holocene volcanic ash forming the transitional horizon most common in the south
and in the central part of Kamchatka volcanic ochreous soils. Ashes were added in the amount of 2.5-
7.5t/ ha in combination with mineral fertilizers. As a conventional mineral additive we used fertilizers
containing basic elements of nutrition: nitrogen, phosphorus, potassium, in the doses of 120 kg / ha
(N120P120K120 - the usual dose used in the region), and 60 kg / ha (N60P60K60) of the active
substance.

In soils and volcanic ash gross content of 62 chemical elements and the concentration of soluble
(ammonium acetate-hood) forms 65 elements were detected by mass spectral (ICP-MS) + atomic
emission (ICP-AES) analysis method with inductively coupled plasma. The parameters evaluated in
soil: pH of the water and salt extraction, hydrolytic acidity, content of mobile forms of calcium and
magnesium (by complexometric method). The content of nitrate and starch in potato tubers was
measured.

Ashes of Shiveluch are represented mainly by loam, pulverized material of previous eruptions, selected
from fresh sediment, brought by water to the foot of the volcanic edifice.

Transformed Holocene volcanic ash widespread in mid-profile ochreous volcanic soils of Kamchatka
is promising for agriculture. These ashes have undergone maximum transformation in the period of the
Atlantic climatic optimum([1]. They owe their properties to favorable climatic conditions in the middle Holocene
(4800-6800 years ago), when the temperature was 4 ° C higher in Kamchatka than it is nowadays [7] and a long
spell of decrease of volcanic activity during this period. [6]. Being in warmer climates for a long time and close to
the surface (in the zone of active soil), while not overlapped by young products of volcanic activity, these horizons
have acquired properties that are typical for mature subtropical Andosols.



The results of studies

The study of the chemical composition of ash material, introduced into the soil during the agricultural
field experiment showed that there was no significant enrichment of its available forms of chemical
elements compared to arable soils (Fig. 1). Fresh volcanic ash of Shiveluch compared with experimental
field soils show higher content of only 4 out of 57 elements studied: As (6,7) - P (1,4) - Mg (1,07) - V
(1,06) . 37 elements have increased content in converted Holocene volcanic ashes with a multiplicity of
excess of 1.12 (Rb) to 11.6 (Se), with an average of 4.45.
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Fig. 1. The content of mobile forms of chemical elements in volcanic ash (C-ash) in relation to the
concentrations of elements in volcanic ochreous soils of experimental field (Csoil).

In the first years of experiment due to the usage of ancient ocherous ash (in combination with various
doses of fertilizer) for different variants of the experiment the increase of potato yields was from 37 to
72%, on average 52% compared to background sample (Table. 1). In all variants while using fresh
volcanic ash yield increase was slightly lower - from 31 to 63%, an average of 47%. This is due to the
fact that Holocene ocherous ashes have richer chemical composition in comparison with fresh ash (Fig.
1). A more significant increase in the average yield in relation to the background samples was observed
when using twice as low doses of mineral fertilizers. In all variants of the experiment direct proportion
of the growth of productivity to the amount of ash contributed was not detected.

Results and Discussion

Taking into account that the doses of ash applied in the soil are quite low and content of available forms
of chemical elements in the ash is not significant in comparison with the arable lands, there is no reason
to believe that the yield increase is related to the receipt of additional chemical elements. There is no
doubt the effect is triggered by the activation of the plants’ assimilability of nutrients available in the
soil and in mineral fertilizers, introduced along with the ashes , as well as increased microbial enzymatic
activity due to the presence of a very wide range of microelements in the ashes.

The catalytic action of ash is confirmed, along with an increase in productivity, by an increase of 3-8%
in the potato tuber starch content (Table. 1). Along with the stimulation of nitrogen fixation, ashes have
a favorable impact on nitrogen and carbohydrate metabolism of plants and affect the increase of starch
content.

Table 1. Results of field experiment for the study of the effectiveness of ocherous (ash 0) and fresh (ash
f), volcanic ash



Yields average Potato tubers The degree of

. . of four soil base
Experiment variants repetitions Nitrates Starch saturation
tlhha | +* % MTI/KT +, % % +, % % +, %
Without fertilizer - control 62.0 —H* 182.0 —| 11.00 — | 55.53 —
Background 1 - Ni20P120K120 118.0 - 213.8 —| 10.20 — | 43.05 -

Background 1+ asho 2,5t/ha | 162.0 | +37.0 3473 | +624 | 1070 | +4.90 — -

Background;.ash 0 50t/ha | 172.0 | +46.0 2818 | +31.8| 10.70 | +4.90 | 69.53 | +26.48

Background 1+ ash f 2,5t/ha | 156.0 | + 32.0 2578 | +20.6| 1050 | +294 - -

Background; .ash f 5,0t/ha | 155.0 | +31.0 3388 | +585| 11.00| +7.84| 69.21 | +26.16

Background;.ash f 75t/ha | 163.0 | +38.0 446.7 | +108.9 | 10.20 | +0.00 | 69.68 | + 26.63

Background 2 — NeoPsoKeo 105.0 - 180.2 —| 11.20 —| 5401| +464

Background;.ash o 2,5t/ha | 181.0 | +72.0 190.5 +55| 1150 | +2.68 - -

Background,.ash 0 50t/ha | 161.0 | +53.0 138.0 -23.6| 1190 | +6.25| 5491 | +554

Background,.ash f 25t/ha | 165.0 | +57.0 168.0 -6.9| 11.50 | +2.68 — —

Backgroundz+ash f 5,0t/ha | 171.0 | +63.0 183.4 +1.6 | 11.00 -1.79 | 58.89 | +9.52

Background,.ash f 75t/ha | 172.0 | +63.0 184.8 +24 | 10.70 -4.46 — —

Note. * + - relative to the background, ** "-" - no data available.

B moyBax B BapHaHTaX OIbITA C BHECCHHWEM IIeIjia, B CPaBHEHHH C (HOHOM HAOJIOMAICS POCT CTCICHH
HACBIIIEHHOCTH TMOYB OcHOBaHMsMHU (Tabu. 1). [IpoGiiema JOBONBHO JOPOrOCTOSILEr0 W3BECTKOBAHHS IOYB
paiioHOB, pAacCMONAralolUXcsi HA CYHNIECTBEHHOM YIAJIIEHHMHM OT HM3BECTHBIX MECTOPOXKICHHU W3BECTHSKA, Ha
CeroJ[Hs BECbMa aKTyaJlbHa U MOXKET ObITh YACTUYHO PEIlIeHa 32 CYET MPUMEHEHHs BYJIKaHUYECKHUX IEeIIOB.
Conclusion

Hanunume B cocraBe BYJIKaHMYECKHX IEIUIOB HMIMPOKOTO CHEKTPa MOJBIKHBIX (OPM XHMHYECKUX DIIEMEHTOB B
HEeOOJIBIIMX KOJMYECTBAX, HO B HEOOXOAUMBIX 115l 9 (EKTUBHOM )KU3HEESTENbHOCTH COOTHOLICHUSX, HAJICIISET
TeTUIbl KaTaTUTHYECKUMH U CTUMYJIMPYIOIMMHU CBOMCTBaMH. biaropaps KaTalMTH4ecKOMY ACHCTBUIO TIETUIOB
BHECeHHE UX Ha ()OHE IPUMEHEHUS] MUHEPAJIbHBIX YOOPEHUH MOBBIIIAET YPOXKANHOCTb.

In this very case specifically a broad composition of trace elements present in the volcanic ash increase
the intensity of microbiological processes in soils. This fact is also confirmed by the growth of nitrate
nitrogen content in potato tubers when the ash was used in the course of experiment , this growth is
definitely associated with the more intense activity of microorganisms in the soil and above all
autotrophs bacteria that can absorb nitrogen from the air (Table. 1).

During the experiments with the use of the ash in the soils, as compared with the background, the growth
of saturation of soil with bases was observed (Table. 1). The problem of quite expensive liming of areas,
which are located at a substantial distance from the known deposits of limestone, is very relevant today
and can be partially solved by the use of volcanic ash.

Conclusion

The presence of a broad spectrum of mobile forms of chemical elements in volcanic ashes in small
amounts, but in proper proportion for effective life activity, gives catalytic and stimulating properties to

the ashes. Due to the catalytic action of the ashes, the use of them along with the application of fertilizers
raises the level of crop yield.
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