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AHHoTauus. buoyrons uMeeT MMPOKUI MUANa30H MPUMEHEHUS U MHOXKECTBO
MOJIOXKUTENBHBIX CBOMCTB. OJHUM U3 CBOWCTB OMOYTJISL SIBISIETCS €ro CIOCOOHOCTH
BJIMSATh HA YPOXKAMHOCTH pacteHuid. B paboTe olieHEeHO BIHsHHE BHECCHUsI OHOYIIIS
U3 JIPEBECHBIX OCTATKOB Betula alba v ero coyeTaHusi ¢ MUHEPAIbHBIMHA U OpraHUYe-
CKHMH yJOOPCHUSIMH Ha YPOXKAMHOCTh CEeNbCKOXO3sHCTBEHHBIX KynbTyp. Mccnemo-
BaHUE IPOBOIMIOCH HAa arpoTeMHOTYMYCOBBIX nozadenax tora [Ipumopckoro kpas.
B kauecTBe 3KCIepUMEHTAIBHOM IUIOMAAKH ObLIO BbIOpaHo aBa nons. Ha mone Ne 1
JIeHCTBHE BHECEHHOIO OMOYIJIS HA YPOXKalHOCTb OLIEHMBAJIOCH B TEUEHHE ABYX IEpH-
OJIOB BereTaluy Ha Kamycre OesokodanHoii u coe B 2018 1 2019 rr. cOOTBETCTBEHHO.
Ha none Ne 2 oreHuBanoch BIMsIHUE OMOYIIISl HA YPOXKAHHOCTH CTOJIOBOM CBEKIIBI B
TeyeHue ofHoro nepuona Bererarmu 2020 r. BapuaHThl onbiTa BKIIOYAIW KOHTPOJIb,
1 xr/M* GroyrIs, 3 Kr/M> GHOYIIIS M COYETAHHS KAXJIOTO M3 STHX yYACTKOB C MHHE-
panbabiMu (300 kr/ra NsoP1,5K,5) n opranmyeckumu (10 1/ra) ynodpexusmu. Ypo-
KailHOCTh U3MepsUIach B3BELIMBAHUEM Ka)XKIOIO PACTEHUS C pa3[eleHUEeM Ha BHIIOK,
IIOKPOBHBIE JIUCThS M KOPEHb ULl KAIYCThl, C pa3/eJIeHUEM Ha KOPHEIU1o[ U OOTBY
IUISL CBEKJIBI MU OMOMAcCOi ¢ KBaJpaTHOro Merpa cod. [loka3aHO, 4TO HAHOONBILIHIA
HPUPOCT YPOXKAHHOCTHU MOJIY4EH ISl KAILyCThl, IJIe BHECEHUE TOJIBKO OMOYTIIS pUBE-
710 K yBeTHUEHHIO ypoxkatiHocTs Ha 111% B 1o3e 1 kr/m” 1 Ha 205% 110 CPABHEHHIO C
KOHTPOJIEM B 103¢ 3 Kr/M’. BimstHye GHOYIIIS Ha YPOXKAHHOCTH CBEKITBI [TOKA3JI0 T10-
JIOKUTENbHBIH, HO MEHEe BBbIPAKCHHBI Pe3yJbTaT MO CPABHEHHIO C BIMSHHEM OHO-
yIJId Ha ypOXKalHOCTb KamycTbl. BiausHue Ouoyris Ha Ouomaccy cOM CTaTUCTHYECKU
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OTCYTCTBOBAJIO. BBISBIIEHO, YTO OMOYrOJIb YBETMYMII OMOMAcCCy 3€JICHOI YacTH COU U
YMEHBILIUI KoludecTBO 0000B. CrenaH BBIBOJ, YTO BIIMSHUE OHMOYIJISI HAa ypoKaii-
HOCTb CEJICKOXO3SHCTBEHHBIX KYJIBTYP HOCUT HEOIHO3HAUHbIH XapaKTep M CBS3aH C
BBIOOPOM CENTbCKOXO3SIHCTBEHHOM KYIbTYphl. BHECEHHE OUOYTIISI IPUBOIUT K yBEIU-
YEHHUIO 3€JIEHOM YacTH pacTCHUH.
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Summary. Soil fertility is traditionally restored by applying organic and mineral
fertilizers. The actual ways to solve the problem of soil fertility losses is the use of bi-
ochar. Biochar affects the water-air properties of the soil, pH, availability of nutrients,
availability of organic carbon, structural and aggregate state of soils, reduces the
amount of pollutants, sequesters carbon. One of the reasons for the use of biochar in
agriculture is its ability to increase crop yields. The novelty of the research is the use
of biochar in the soil and climatic conditions of the south of Primorsky Krai (Far East
of Russia). The purpose of this research is to assess the effect of doses of biochar ap-
plication, as well as its combined use with organic and mineral fertilizers on crop
yields on Luvic Anthrosols in the south of Primorsky Krai. The experiment was con-
ducted at the Primorsky Vegetable Experimental Station, a branch of the Federal State
Scientific Institution "Federal Scientific Center of Vegetable Growing" (43°2522.4"N
132°18'50.6"E, Surazhevka village, Primorsky Krai, Russian Federation). The in-
crease in crop yields during the growing seasons of 2018, 2019 and 2020 was estimat-
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ed. Two fields (field Ne 1 and field Ne 2) have been selected on the territory of the ex-
perimental one. The biochar was added to field Ne 1 on June 15, 2018. The biochar
was added to field Ne 2 on June 19, 2020. 9 plots with an area of 21.6 m* (1.8 x 12 m)
were selected in the fields (See Fig. I): Control — a plot without the introduction of
biochar and fertilizers, BClkg — a plot with the introduction of 1 kg/m’® of biochar,
BC3kg — a plot with the introduction of 3 kg/m® of biochar, Min — a plot with the in-
troduction of mineral fertilizers at a dose of 300 kg/ha NsoP155K 55, MinBClkg — a
plot with the application of mineral fertilizers together with 1 kg/m® of biochar,
MinBC3kg — a plot with the application of mineral fertilizers together with 3 kg/m’ of
biochar, Org — a plot with the application of organic fertilizer "Gigantin" at a dose of
10 t/ha, OrgBClkg — a plot with the introduction of organic fertilizer together with
1 kg/m? of biochar, OrgBC3kg — a plot with the introduction of organic fertilizer to-
gether with 3 kg/m® of biochar. Biochar is made from Betula alba birch by slow py-
rolysis. The properties of biochar were determined before its application in the vegeta-
tion experiment according to the international standard IBI (International Biochar Ini-
tiative). Biochar does not contain in its composition the maximum permissible con-
centrations of hazardous chemical elements, has a high-strength (H/C = 0.052 and
O/C = 0.145) and highly porous structure (pore surface area 73.25 m?/g). The carbon
content in the studied biochar is 78.13%, the pH is 8.09+0.07, the water absorption
capacity in the original fraction is 110% =+ 6.56%. Cabbage was grown in field Ne 1 in
2018. The cabbage was planted on June 15, 2018. The harvest was carried out on No-
vember 2-3, 2018 by weighing each plant with separation into root, cover leaves and
forks. Soybeans were grown in field Ne 1 in 2019. The planting of soybeans was car-
ried out on June 28, 2019. Soybean harvesting was carried out from October 10 to Oc-
tober 12, 2019. During the growing season of 2020, beets were grown on field Ne 2,
the planting of the crop was carried out on July 10. The harvest was carried out in the
third decade of October 2020. The soil in the studied areas is classified as Luvic An-
throsols and has a medium loamy granulometric composition (in Russian classifica-
tion), silt loam by classification FAO. Soils have pHypo = 6.8, pHgc = 5.45.

As a result of the study, it was shown that biochar increases the biomass of cab-
bage (See Table 1). In the range of Control, BClkg and BC3kg, the introduction of
biochar significantly increased the yield of cabbage (P = 0.001). The Control had the
lowest value of cabbage biomass (10.84 t/ha). At the BClkg, the biomass increased
by 111% compared to the control. The increase in biomass at the BC3kg was 205%
compared to the control. In the ranks of Min, MinBClkg and MinBC3kg and Org,
OrgBClkg and OrgBC3kg, a similar increase in cabbage biomass was observed
(P = 1.9%107 and 9.6*10"°, respectively). The largest increase in cabbage biomass
was recorded at the MinBC3kg - 415% compared to the control and 53% compared to
the Min. The head : cover leaves : root ratio showed that the Control has the lowest
percentage of cabbage head biomass and the highest percentage of cover leaves bio-
mass (35 : 42 : 22). The introduction of biochar increases the percentage of biomass
of the cabbage head. So at the BClkg, the ratio of head : cover leaves : root was 51 :
29 : 19. At the BC3kg, the ratio of head : cover leaves: root was 54:27:18. No effect
of biochar on soybean biomass was revealed when comparing Control, BClkg,
BC3kg plots (P = 0.99) (See Table 2). No effect of biochar together with mineral and
organic fertilizers on biomass was revealed when comparing the variants of the exper-
iment Min, MinBlkg and MinB3kg (P = 0.98) and Org, OrgBlkg and OrgB3kg
(P = 0.96). In all variants of the experiment, a decrease in soybean biomass in com-
parison with the control was noted. A comparison of the results of the biomass of one
soybean plant, the average number of beans in the bush and the average height of the
bush showed that biochar contributes to a decrease in the number of soybeans in the
bush and an increase in the green biomass of soybeans. The results of measurements
of beet biomass showed an increase in its biomass when using biochar (See Table 3).
There was no significant difference in beet biomass between plots with different doses



boecyn M.A., Hecmepoega O.B., Cemans B.A. u 0p. Brusanue enecenus ouoyzns na yposncaiinocms

of biochar. The calculation of the percentage of beetroot biomass from the total beet
biomass showed a decrease in root biomass in case with biochar applying. Similarly,
to the change in the percentage of root biomass to total beet biomass, the percentage
of green part biomass to total beet biomass increased or decreased.

The results of the measurement showed that degree of biochar's influence on crop
yields is controversial and is mainly related to the choice of crop. When considering
the effect of biochar on the yield of white cabbage, soybean and beet, it was found out
that biochar has a better effect on the biomass of the green part of the plant. The best
results are discovering in the case of the influence of biochar on the yield of white
cabbage were obtained, which is associated with the formation of the main part of the
plant from green biomass. In the plot with 1 kg/m? of biochar, an increase in the total
biomass of cabbage two times compared to the control was observed. In the plot with
3 kg/m? of biochar, an increase in the total biomass of cabbage three times compared
to the control was observed. The effect of biochar on the yield of beets had a positive,
but less pronounced result compared to the effect of biochar on the cabbage yield. In
areas without organic and mineral fertilizers the largest increase in beet biomass when
1 kg/m” of biochar was added (86%) compared to the control was obtained. The effect
of applying 3 kg/m® of biochar did not have a better result on beet yield compared to
the effect of 1 kg/m® of biochar. The application of biochar demonstrate the percent-
age reduce of root crop biomass and increased the percentage of green part biomass in
relation to the total beet biomass in the variants with biochar application and in vari-
ants with mineral fertilizers, but not in the variants with organic fertilizers. The appli-
cation of biochar did not have a significant positive effect on soybean yield. It was re-
vealed that biochar increased the biomass of the green part of soybeans and reduced
the number of beans.

The paper contains 2 Figures, 3 Tables, and 30 References.
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BBenenne

CoxpaHeHrEe TTOYBEHHOTO TUIOMOPOIUS SBISIETCS OMHOW M3 BXKHEUINX 3a-
Jlaq TIpA BO3HUKHOBEHWH YACTHOW COOCTBEHHOCTH Ha 3eMITI0. 3eMeNbHOE 3aKO-
HOJIATEITLCTBO JIAET BO3MOXKHOCTH COOCTBEHHHKY CaMOCTOSITEIILHO MPUHHUMATh
peleHus 0 BEIOOpE MPOU3BOIUMBIX CEITbCKOXO03SIMCTBEHHBIX KYIBTYP, CIIOCO0ax
00pabOTKH TIOYBBI I COXpPAaHEHUs ee TuIogopoaus. PopMupoBaHUE HOBOTO PHIH-
Ka OpraHUYecKOW MPOAYKIIMH 3aCTaBJseT COOCTBEHHHKOB MCKATh HOBBIE BHUIBI
yIOOpeHH, KOTOPbIE MOTJIH OBbI TIOBBIMIATH YPOXKAHHOCTh U COXPAHATH TOTOBBIN
MPOAYKT KaK OPraHWYCCKHIA.

[Tpon3BOACTBO OBOITHOW CENHCKOXO3IHCTBEHHON MPOAYKIIUH MPEAIOonaraet
AKTUBHYI0O MEXaHHYECKYI0 00pabOTKy T'YMYyCOBOI'O T'OPH30HTa, & 3HAYWT, 3TO
MOKET TPUBOJUTH K IOCTEIICHHOW IOTEepe IMOYBEHHOTO IUIOMOPOIHUS 33 CUET
M3MEHEHHS BOJAHO-BO3YIITHOTO PEXKMMa B IPHKOPHEBOM 30HE.
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TpaauIOHHBEIM CITOCOOOM BOCCTA@HOBJICHHSI IIOYBEHHOTO ILIOZOPOIHUS B
CEITECKOM XO3SIHCTBE IUISI BEIPAITUBAHUS KyJIBTYp SIBIISCTCS BHECEHIE OpraHmye-
CKHX, MUHEPAIBHBIX YIOOPEHUH W MX coueTaHWH. [TOYBBI TSXKEIOro TpaHyIio-
METPHYECKOTO COCTaBa, HAXOAAIINECS IO BO3ICHCTBHEM YMEPEHHOTO MYCCOH-
HOoro ximMmata IIpmMopckoro Kpas, HMEIOT MpodJaeMy H30BITOYHOTO mepe-
VBIIQYKHEHHS B TPUKOPHEBOW 30HE, BHI3BAHHOTO OOMJIBHBEIM KOJITUECTBOM OCall-
KOB, UTO HETAaTHBHO CKa3bIBAETCS HA POCTE W Pa3BUTHH pacTeHuil. BHeceHme
MEJIMOPaHTOB COBMECTHO C Pa3HBIMH THIIAMH YIOOPEHUH, BEPOSTHO, MOXET
pemmuTh 3Ty mpobiaemy. OIHIM U3 aKTyalbHBIX IMyTel pemieHus: MpoOJIeMbl U
MEPCTIEKTUBHBIM BHIOM MEIHOpaHTa SBIsIeTcss Owoyrons. Ha ceromusmrHmiz
IIeHb aKTHBHOE HCIIOJBb30BaHIE OMOYTIIS O0YCIOBICHO HE TOIBKO MHOXKECTBOM
€r0 TIOJIOKUTENBHBIX [UIS TIOZOPOIHS MOYB CBOWCTB, HO TAKKE M CIIOCOOHO-
CTBIO yMEHBIIATh BEIOPOCH TAPHUKOBBIX T'a30B.

CormtacHo Manpnaty kauectBa Oouoyris (Biochar Quality Mandate — BQM),
KOTOpBIH pa3pabotaH DmuHOyprckuM yHHBepcuteToM B 2013 1., OGHOyronib
(anri. «biochary») — 3T0 TBEpABIH MaTepHan, CoACPKALTHA yriIepo] ¢ OOIBIINM
KOIIMYECTBOM TPYTHOMHHEPAIH3YEMBIX apOMAaTHUECKHX CTPYKTYp, IONydYeH-
HBI TIyTeM KapOOHW3aIMK BO30OHOBIISIEMOW OpraHMYECKOW OMOMACCHI TIPH BbI-
COKOH TemItepatype 6e3 qocTyra kuciopona (muponusa) [1].

buoyromns umeeT mMpoKuil nuana3oH MpUMEHEHHs. B cembckoM X03sicTBE
OHOyTOJb IPAMEHSIETCS B KAYECTBE CPEACTBA IS YIYIIICHHUS KAUeCTBa CBOHCTB
u Ttofoponus mouB. OH BIMSET HA TaKWe IapaMeTphl, KaK BOIHO-BO3IYIIHBIC
CBOMCTBA TOYBEI, 3HaUeHHSI pH MOYBEHHOTO pacTBOPa, TOCTYMHOCTh ITHTATEIh-
HBIX BEIIECTB, TOCTYITHOCTH OPraHWYECKOr0 YIepola, CTPYKTYPHO-arperaTHoe
COCTOSTHHIE TTI0YB, YMEHBINAET KOJIMYECTBO 3aTPSI3HAIONINX BEIIECTB, CEKBECTPH-
PYET YIIIepOIl U CHUKAET IMUCCHIO TTAPHUKOBBIX Ta30B [2—7]. OqHUM U3 OCHOB-
HBIX KpuTepueB 3()(OEKTUBHOCTH paOOThl OHMOYTIIS SBISACTCS BIHMSHHUE HA TIPH-
poct ypoxkaiHoctu pacrenuit [8§—10]. [Ipupoct ypoxxkaitHOCTH 32 CUET BHECEHUS
OMOYTII MOJKET BaphbUPOBATh B MIMPOKOM AWATNa30HE OT HE3HAYUTEIHFHOTO TIPH-
pOCTa B HECKOJIBKO MPOLEHTOB 10 TIOYTH IBOWHOT0. XOpoIIee BIUSHIE ONOYTIIS
Ha IIPHPOCT YPOsKasi OTMEYAETCS [UTS MPOIAIIHBIX M 3€PHOBBIX KYIBTYp. YBEIH-
YeHHE YpOXKalHOCTH SuMeHs Ha 61% B cpenHeoKyIbTypeHHOM nouse 1 Ha 49%
B BBICOKOOKYJBTYPCHHOW TOYBE IO CPaBHEHHUIO C KOHTPOJIEM IOKa3aHO B WC-
cnenoBannu V.M. MyxuHo# ¢ coaBT. [8]. YBenuueHrne ypokaitHOCTH KyKypy3bl
u nmeHuns Ha 28 U 13% cOOTBETCTBEHHO O CPAaBHEHMIO C KOHTPOJIEM BBISB-
neHo B uccnenosannu Canapa @. Abpusa ¢ coasr. [9]. Buecenne 2 n 4% Ouo-
YIS YBEMUYWIO yPOKaWHOCTH IIEPECTOIICTHHHUKA MypIypHOTo (Pennisetum
Purpureum Schumach) ra 6 n 82% COOTBETCTBEHHO IO CPaBHEHHIO C KOHTPO-
mem [10].

Hecmotrps Ha GonbpIIoe KOMIMYECTBO HAYYHBIX ITyONHKAIMH, TOATBEPKIAIO-
IIUX YBEJIHMUYCHHUE YPOXKAHHOCTH 3a CYET BHECEHHUS OHOYTIIS, CYHIECTBYET P
paboT, rae MoNlydeHbl HEOJHO3HAYHBIC M JIAXKE OTpPHIATENbLHBIC S(PQPEKTHI,
HaOJIroJaeMbIe B ITOYBaX OT BHECEHUS 3Toro npoaykra [11, 12].

B MupoBoil mpakTuke HCIONB30BaHWE OMOYTIS IS YIIYUIICHHS KadecTBa
MOYB TPHOOpENo 0co0yi0 MOMYISIPHOCTE B TIOCICTHHE JBa JECSITHIIETHSL.
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3a 3TOT meproi OMyOJIMKOBAHO OONBIIOE KOMUYECTBO HAYUHBIX HCCIIEIOBAHUIMA
[0 BIFSIHUIO OMOYTIIS Ha IMMPOKUI NUAIa30H MOYBEHHBIX CBOWCTB B pa3HO00-
Pa3HBIX MTOYBEHHO-KIMMATHYECKUX ycioBusix [13—16]. Tem He MeHee mporHo-
3WpOBaHME ACHCTBUS OMOYTIIA Ha TOYBHI U YPOXKAHHOCTH B OIPEACICHHOM CO-
YeTaHUY BHEUTHUX YCIOBHH OCTA€TCS CIOKHBIM.

HoBu3Holt paboTBl sBIsIeTCSs TpUMEHEHHWE OHOYyriii B MOYBEHHO-
KIIMMAaTHYECKUX YCIOBUX fora IIpimopckoro kpast.

Lens paboOTH — OIEHKa BIUSHAS Pa3IMIHBIX 1103 BHECCHUS OMOYTIIS, a Tak-
K€ €ro COBMECTHOT'O IIPIMEHEHHSI C OPraHMYECKUMH ¥ MUHEPATFHBIMH yI00pe-
HUSMH Ha YPO)KaWHOCTH CENTbCKOXO3IHCTBEHHBIX KYJIBTYp Ha arpoTeMHOTYMY-
COBBIX TonOenax rora [Ipumopckoro kpast.

MarepuaJibl 1 METOAMKH HCCIEA0BAHUS

OreHKa BIHSIHASL OHOYTIISL M €r0 COBMECTHOTO MIPHMEHEHHS ¢ MHHEPAIbHBI-
MU ¥ OpPraHWYCCKUMH YAOOPEHHMSIMH Ha YPOXKaifHOCTH CENBCKOXO3SHCTBEHHBIX
KyIBTYp MPOBEICHA B YCIOBHAX BETETAIMOHHOTO OMBITa Ha 0asze IIprmmopckoit
OBOIIIHOM ONBITHOW cTaHIWMK — ¢wmana DenepasbHOTO TOCYIapCTBEHHOTO
Hay49HOTO YyupexacHuss «®DenepanbHblii HAaydHBIA IIGHTP OBOIIEBOJCTBA»
(43°25'22.4"N 132°18'50.6"E, c. CypaxeBka, [Ipumopckuii kpaii, Poccuiickas
Oenepanus). OneHKa BIUSHHS OHOYTJIS HA TPUPOCT YpOXKas CEIbCKOXO3SIiH-
CTBEHHBIX KyNbTyp TMpPOBOAMIIACH B BereranuonHHple nepuonbl 2018, 2019 n
2020 rr. Ha teppuTopvn OMBITHOW CTAaHIIMH HCIIOIB30BAINCH JBA COMOCTaBH-
MBIX IO penbedy u cBoiicTBaM o4 1o (mmosie Ne 1 u mosie Ne 2), Ha KOTOPBIX
B pasHbIe BpEMEHHBIC IIEpHOs! ObLT BHECEH OMOyTonb. Ha monsx Beimenuu 1mo
9 yuactkoB mromansio 21,6 M> (1,8 X 12 M), KOTOpbIe BKIFOYAIH CICAYIOLIHE
BapHuaHThl ombiTa (puc. 1): Kontpons [Control] — yuactok 6e3 BHECEHUsT OHOYT-
51 1 ynobpennii, Blkr [BClkg] — yuacrok ¢ BHecenneM 1 kr/m* 6uoyris, B3kr
[BC3kg] — yuacTok ¢ BHeceHneM 3 Kr/M° Groyrisi, Mus [Min] — ygactok ¢ BHe-
CeHHEeM MHHEpaldbHBIX ymoOpenmid B nmo3e 300 kr/ra NsoPipsKis, Munblkr
[MinBC1kg] — yJacTok ¢ BHECEHHEM MHUHEPaJIbHBIX YIOOPSHWI COBMECTHO C
1 kr/m* 6uoyriss, MusB3kr [MinBC3kg] — y4acTok ¢ BHECCHHEM MHHEDAIbHBIX
yao6peHuii coBMecTHO ¢ 3 Kr/m” 6uoyris, Opr [Org] — y4acToK ¢ BHECCHHEM
opranndeckoro ynoopenus «[ urantiua» B 103e 10 1/ra, Oprblxr [OrgBClkg] —
YYA4CTOK ¢ BHECEHHEM OPTaHHYECKOTO yI0OPEHHS COBMECTHO ¢ 1 Kr/M® GHOYTIIs,
Oprb3kr [OrgBC3kg] — ydacTok ¢ BHECEHHEM OPraHWYECKOTO YIOOpEHHUS COB-
MECTHO C 3 Kr/M° GHOYTIIS.

B wuccnenoBanmm mpuMeHsDICS OWMOYTONb, TMPOW3BEICHHBIA M3 IPEBECHBIX
ocTaTKoB Oepesbl Betula alba MeTon0oM MENJICHHOTO MUPOJIM3a B TEMIIEPaTyp-
HOoM muanasone or 360 mo 380°C. CpoiicTBa OHMOYTJS ONPENENSIINCH 10 €ro
MPUMEHEHHS B BETETAIMOHHOM OIIBITE COTJIACHO MEXIYHAPOAHOMY CTaHAAPTY
IBI (International Biochar Initiative) [17]. Mcnonb3yeMblii OMOYTONb SIBIISETCS
HKOJIOTMIECKU OC30IACHBIM, TaK KaK HE COIEPKHUT B CBOEM COCTABE IPEICITHHO
JOITYCTAMBIX KOHIICHTPALNI ONACHBIX XUMHYECKHUX AIIEMEHTOB, IMEET BHICOKO-
npounyro (H/C = 0,052 u O/C = 0,145) u BBICOKOIIOPUCTYIO CTPYKTYpy (IJI0-
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maas MOBEpXHOCTH Top 73,25 M2/I‘). Cognepxanue yriepona B HCCIEIyEMOM
ouoyrie cocrasuser 78,13%, pHupo cocraBnser 8,09 £ 0,07, Bomomoriomniaro-
1ast CIocOOHOCTh B OPUTHHAIBHON (pakiuu coctaBisier 110% + 6,56% [18].

Opr Oprblkr OprB3kr
[Org] [OrgBClkg] | [OrgBC3kg]
Mun Musb 1 kr Munb3kr
[Min] [MinBC1kg] [ [MinBC3kg]
18 um Kontpons blkr B3kr
? [Control] [BClkg] [BC3kg]
12 ™M

Puc. 1. Cxema BereTanioHHOT O OMbITa
[Fig. 1. Scheme of vegetation experience]

Ha mone Ne 1 6uoyrons BHOcuics 15 utons 2018 1. B 033X, COOTBETCTBYIO-
mux cxeme onbita (1 1 3 kr/m?). Tak, B 2019 r. paccMaTpUBAIOCh BIHSHHAE GHO-
YIII Ha YPOXXKaWHOCTh BO BTOPOW BETETAIIMOHHBIN TMEPHOJ TIOCIE BHECECHHSI.
Ha none Ne 2 6uoyrons BHOCHICS 19 wroHs 2020 T. B 103aX, COOTBETCTBYIOIINAX
cxeme onbita (1 1 3 kr/vd).

OmHIMHA U3 OCHOBHBIX CEITHCKOXO3IHCTBEHHBIX KYIBTYP, BBIPAIINBAEMBIX Ha
Tepputopun [IpuMopckoro Kpast, SIBISIOTCS COsl, CBEKJIAa W KaITycTa, BIMSHAE Ha
YpOXKaHOCThH KOTOPBIX IPENCTAaBICHO B TaHHOM HcclenoBannu. Ha Teppuroprn
[IpuMopckol OBOIIHOM OMBITHOW CTaHIMU — ¢unrana denepanbHOroO rocynap-
CTBEHHOTO HAy4YHOTO yupexkneHus «DenepanbHbId HAyYHBIA EHTP OBOIIECBOI-
CTBa», JaHHBIE KYIBTYPHl BKIIOUYCHBI B OBOIHO-KapTO(ETBHBIH CEBOOOOPOT:
Karmycra OeJOKOJYaHHas, OBEC W COsl Ha CHIEpart, KapTodenb, CTOIOBas CBEKIa,
MOPKOBB, UTO 00yCIIaBIMBAET BEIOOP TAaHHBIX KYIBTYD.

B Teuenue Bererarmonnoro nepuona 2018 r. Ha mone Ne 1 BeIpanmBanach
KarrycTa OemokouaHHas copra «[IpubpekHas». Beicagka KylbTyphl OCYIIECTB-
nsutack 15 urorst 2018 1. COop ypoxkas MPOU3BOAMIICS BPYIHYIO 2—3 HOSOpPS
2018 r. myTem B3BEMIMBAHUS KaXKIOTO PACTEHUSI C pa3felIiCeHnEeM Ha KOPEHb, T0-
KpOBHBIE TUCTHS U BUJIOK. B Teuenne Beretarmonnoro nepuoaa 2019 r. va mone
Ne 1 BeIpammBaiachk cos. Beicagka coeBbIX 0000B MpOW3BOAMIAcCH 28 HWIOHS
2019 1. Y6opka cou mpoBommitack ¢ 10 mo 12 oktsaops 2019 r. [ocne orneHKH
YPOXKaifHOCTH COSI UCTIONB30BAJIach B KAUeCTBE CHIepaTa st 0OOrameHus mod-
BBl a30TOM. B Teuenme BererannonHoro mepuonaa 2020 r. Ha mome Ne 2 BbIpa-
mmBajach CBekiIa copra «bopmo», BBICamka KyJIbTypHl OCYHICCTBISIACH
10 uronsa. COop yposkast MpOU3BOAMIICS B TpeThel aekane okTsaops 2020 r. [Tou-
Ba Ha HCCIEIyEeMBIX YUacTKax KIAaCCH(MHUIMPYEeTCs KaK arpoTEeMHOTYMYCOBBIH
monoen mo knaccudukarnu nouB Poccun [19] (Luvic Anthrosols mo mexayHa-
ponHo#t knaccudukaruu FAO). ['paHyIToOMeTpHYECKII COCTaB MaXOTHOTO TOPH-
30HTa MOYBHI (0—20 CM) J0 MCITOJIE30BAHUS B BETCTAIIMOHHOM OITBITE KJIacCH(pH-
HUPOBAJICS KaK CYTNIMHOK cpenauid, pHpo — 6,8, pHke — 5,45 [18].
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Anpenb Maii Hionn Hronnb ABprycr Cenradpn OkTA6pB
[April] [May] [June] [July] [August]  [September]  [October]
O CpeHeMeCIYHOE MHOTOJIETHEE KOJIMYECTBO OCAIKOB E CpeHeMecsyHOe KOJIM4YecTBO 0caakoB B 2018 roxy
[Average monthly long-term precipitation] [Average monthly precipitation in 2018]
B CpenHeMecsIHOE KOTMUECTBO 0cankoB B 2019 roxy B CpetHEMECAHOE KOTHIECTBO 0cankos B 2020 roxy
[Average monthly precipitation in 2019] [Average monthly precipitation in 2020]
< CpeznHeMecsaHas MHOTOJICTHsIS TEMIIEPAaTypa BO3LyXa < CpenneMecsiyHas Temneparypa Bo3ayxa B 2018 roxy
[Average monthly long-term air temperature] [Average monthly air temperature in 2018]
A CpenHemecsiuHas Temneparypa Bosayxa B 2019 rony X CpenHemecsiunas Temneparypa Bosayxa B 2020 roxy
[Average monthly air temperature in 2019] [Average monthly air temperature in 2020]

Puc. 2. Temneparypa Bo3ayxa U KOJTHYECTBO OCA/IKOB B TEUEHUE BET€TAIIMOHHBIX NIEPHUOI0B
2018-2020 romoB Ha TEPPUTOPUH OIMBITHON cTaHIMH (110 JaHHBIM M/c «Caaropom,
aspornopra «BrnaauBocrok» um. B.K. Apcenbesa, http://rp5.ru, nara oopamenus: 02.07.2022)
[Fig. 2. Air temperature and precipitation during the growing season of 2018 - 2020 on the territory
of the experimental station of Primorsky Krai (according to the m/s "Sadgorod", Vladivostok airport
named after V.K. Arsenyeyv, http://rp5.ru, access date: 02.07.2022)]

KimMat TeppuToprs MPOBENEHHUS TTOIIEBOTO OIMBITA XapaKTEPU3yeTCsl KaK yMe-
PCHHBI MYCCOHHBIN C YepTaMH KOHTHHEHTAIHLHOTO. [10 KOMHYECTBY BBIMABIINX
OCaJIKOB paccMmarpuBaeMble BereranrnonHslie meproabl 2018-2020 rr. xapakrepu-
3YIOTCS KaK HETUIIHMYHO BiIakHbIe (cM. puc. 2). OOImee KOIMYECTBO OCAIKOB 3a
mepuoy ¢ anpenst mo okTsiops 2018 . coctaBmino 856,6 MM, YTO BBIIIEC OOIIETO
CPETHEMECSIIHOTO MHOTOJIETHETO 3HAYEHMSI 32 aHAIOTUYHEIN repron Ha 272,6 MM.
OO0IIee KOMMYEeCTBO OCAKOB 3a MEpUoJ ¢ ampens 1Mo okTsiops 2019 T. cocTaBuiio
1 032 MM, 9TO BBIIIE OOIIEr0 CPETHEMECSIHOTO MHOTOJICTHETO 3HAYCHUS 32 aHa-
JIOTHYHBIN Tiepros Ha 448 mm. OOIee KOMHYECTBO OCAJIKOB 32 TIEPHOJ C arpeis
mo okTsa0ps 2020 T. coctaBmiio 786 MM, YTO BBIIIE OOIIETO CPETHEMECTIHOTO
MHOTOJIETHETO 3HAUSHH S 3a aHAOTUYHBIN Tieprion Ha 202 mm. Haunbonpiee konu-
YECTBO OCAJIKOB 3a BereraronHbie epronsl 2018 u 2019 1T BEmMamano B aBry-
CTe, Tlie TPEBBINICHUE CPEIHEMECSYHOTO MHOTOJICTHETO 3HAUSHHS COCTABHIIO
126,6 u 391 MM, cooTBeTCTBeHHO. 3a BererarMoHHbI niepron 2020 1. HanOob-
1Iee KOIMYECTBO OCAIKOB BBITIANIO B MIOHE — 283 MM. CpenHeMecsYHbIe 3HAYCHUS
TEeMITEpaTyphl BO3AyXa 3a BererarroHnabie nepuoast 2018-2020 rr. HecymecTBeH-
HO OTJIMYAINCH OT CPETHEMECSYHBIX MHOTOJICTHUX 3HAYCHUH.

JlaHHBIE MO YpOXKaHHOCTH TIPENCTABICHBI KaK cpeaHee apudMeTrudeckoe ¢
JIOBEPUTEIHHBIM HHTEPBAJIOM B BUJIC CTaHIAPTHOH OMMOKH. [l cpaBHEHUS
AQHAIM3HPYEMBIX TTApaMETPOB UCIIONB30BANICA OXHO(DAKTOPHBIN TUCTISPCHOHHBIN
anam3 ANOVA. 3raunmocTts Mexy BapuaHTamu omnbita (P < 0,05) onenena
TONapHo ¢ ucronb3oBanneM kputepust CreroneaTa—Hriomana—Keynca.
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Pe3ynbrarbl ucciaenoBaHusi U 00Cy:KIeHUe

[IpoBeneHHas olleHKa BIMSHHS OWOYIIISI Ha YPOXKAHHOCTH CEIIbCKOXO3SH-
CTBCHHBIX KYJIETYp B JAHHOM HCCJIEOBaHHUH IOKa3ala Pa3HHILy PEe3yNETaTOB B
3aBHCHUMOCTH OT BEIPAIINBAEMOH KyJIBTYPHI H BapHAHTA OIIBITA.

[MonoxwurtenbHBIN 3 dekT oT BHeceHus Onoyris Ha none Ne 1 B 2018 1. B
TIePBBIN BETeTAIIMOHHBIN TIEPHOA JeicTBUS OMoynis, ¢ 0-i 1o 4-i MecsIbl ero
HAaXOKIECHUS B IIOYBE, MONYYCH MpPU BBIPANIMBAHUH KaITyCTHl OEIIOKOYaHHOM
copra «[Ipubpexnasp. bromacca KarmycTsl OIEHUBAIACH C YIETOM CyMMBI OHO-
Macchl KOpHEH, JTUCThEB W TUIONOBOM dacTH KamycThl (Tabn. 1). CpaBHeHue
yaactkoB KoHnTpoinb, B1kr i B3kr nokasano, 4to BHeceHue OHOYTJIs JJOCTOBEPHO
yBeNM4nBaeT ypokaiiHocts KarrycTbl (P = 0,001). KoHTpONBHEI ydacToK HMen
HauMeHblIllee 3HaueHue onomacchl karyctsl (10,84 1/ra). Ha ygactke B1kr 6mo-
Macca yBermuaiuiachk Ha 111% 1o cpaBHeHnto ¢ koHTponeM. [Ipupoct Grmomaccst
Ha y4yactke b3kr cocraBui 205% 1o cpaBHEHHIO C KOHTPOJIEM.

[Ipn cpaBHennu ywactkoB Mwun, Munblkr m Mwunb3kr, a taxke Opr,
Oprblkr u OprB3kr nabmoxanacs ananornysas gocrosepsas (P= 1,9 x 10 u
9,6 x 107" COOTBETCTBEHHO) TCHJICHITUS YBEJIIMYCHUS OMOMAcChl KalyCThl OT
yuacTka 63 GHOYIVIS K y4aCTKy C BHECEHHEM 3 KI/M® GHOYIISL.

HauGonpmmii mpupocT OHOMAcChl KaITyCThl 3a(MKCHPOBAH Ha YYacTKe
MunB3xkr — 415% no cpaBHEHHIO ¢ KOHTponeM U 53% 1o cpaBHEHMIO € ydacT-
KoM MuH.

Ha ygactke Oprb3kr obmias 6uoMacca Karmyctbl coctaBwia 53,88 1/ra, 9to
Ha 3,6% Menble, yeM Ha yyactke MuHB3kr. 1o cpaBHEHHIO C KOHTpPOJIEM NpH-
pocT Ha 3ToM ydacTke coctaBui 397%, a no cpaBHeHuIo ¢ yyacTkoM Opr — 34%.

Or1ieHKa COOTHOIIICHHSI KOPHEBOM M HaJl3eMHON OHMOMAcCCHI KallyCThl OlCHUBA-
Jack MpU pacdeTe MPOIEHTHOTO COOTHOMICHHS JIMCTHEB, KOPHEH M TUIONOBOH Ya-
CTH KamycThl (BHJIOK) K CpemHeld OnoMacce OJHOTO PacTeHHsI Ha HCCIIEILyeMOM
yuaactke. CornacHO TaHHBIM TaOn. | BHEceHHe OMOYTIIS MIPUBENO K YBEIMYCHHUIO
OroMacchl BHJIKA KaITyCTHI Ha BCEX YYAaCTKAaX C BHECEHHEM OMOYITISI O CpaBHeE-
HHUIO ¢ OMOMAacCOH KalyCThl Ha KOHTPOJIBHOM y4acTke. Ha KOHTpOTBHOM ydacTke
TIPOIIEHTHOE COOTHOMICHNE BMJIOK : JIUCTHS : KOPEHb cocTaBmiio 35 : 42 : 22. Tak,
Ha KOHTPOJNBHOM YYacTKe NpPOLIEHT OHOMAacChl BHWJIKA KaIyCTHl IOKAa3all
HaMMEHBIIee 3HAYCHNUE, a TPOICHT OMOMACCHI JICTHEB — HAHOOIBIIee IO CpaB-
HEHHMIO CO BCEMH BAPHAHTAMH OIbITa. BHecenue Groyrs B 03¢ 1 Kr/M” pHBe-
JI0 K YBEIHYCHHIO MPOLEHTa OMOMAcCHl BMIIKA TaK, YTO COOTHONICHUE BHIIOK :
JIUCTBS : KopeHb coctaBmiio 51 : 29 : 19. BHecenue 6uoymis B 1o3e 3 Kr/M” TaK-
e yBennamiio Omomaccy Brika Ha 54 % (coorHorrenue 54 : 27 : 18).

Ha ygactkax Mun n Opr COOTHOIIIEHHE BUJIOK : JIUCTHS : KOPEHb COCTABUIIO
56 :27 : 17 nns o6oux BapuaHTOB. Takoe COOTHOIIIEHHUE IO MPOIEHTY OMOMAaCChI
BWJIKA SIBIIIETCS JIYYIIMM IO CpaBHEHHIO ¢ ydacTkamu Blkr m B3kr, uto Takxke
3aBHCHUT OT KOJNMYECTBA JOCTYITHBIX TNUTATENBHBIX »JIeMeHTOB. COBMECTHOE
MpUMEHEHNE ynoOpeHuil ¢ OMoyrieM He IMMOoKa3ajlo CYIIECTBEHHOTO HpPHUpPOCTa
OMoOMacchl BHJIKA IO CpaBHEHHIO ¢ ydacTkaMu MuH u Opr, XoTs o0riast Onomac-
ca KaITyCThI ITOKa3aja JIydIIuid pe3ysTaT Ha ydacTKaxX ¢ COBMECTHBIM IpUMEHe-
HHEM OHOYTJIS B YIOOPCHHIA.
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TaoOnuia 1 [Table1]
H3meHenue ouomMacchl 0eJIOKOYAHHOI KanyThl copTa «[IpudpexHas» Npu NpUMeHeHH U
OHOYIIIsl, MUHEPATBHBIX H OPraHHYeCKUX YI00peHHUii H UX cMecH ¢ OnoyrieM
3a BereTalMoHHbI nepuox 2018 r. Ha arpoTeMHOryMycoBBIX MoAGeIax
[Changes in the biomass of cabbage of the "Coastal" variety when using biochar, mineral
and organic fertilizers and their mixtures with biochar during the growing season of 2018
on Luvic Anthrosols]

Bapuanr | b. kam., Ko/’ Cp. 6. |Cp. 6. BunKa, kr|Cp. 6. okp. smcr., kr| Cp. 6. KOpHSL, KT
oIbITa b. kan., 1/ra | pacr., kv |% orcp. 0. pacr.| % ot cp. 6. pact |% or cp. 6. pacr.
[PlOtS] * sk sfekok sfeskokok steskoskosk sk

E%ig%ﬂb 11()’08%;1%0458 0.52 + 0,05 0,18;50,03 0,22:20,01 0,122i20,01
Mun 3.65+0,12 0.83 +0,09 0.41+0,03 0.25+0.,01
. 1o |1,49+0,12| = * * * * *

[Min] 36,54+£1,22 | ’ 56 27 17
Opr 4,01+0,13 157 £0.13 0.88+£0,10 0,43 +0,03 0.26 £ 0,02
[Org] 40,13+ 1,31 ’ ’ 56 27 17
gcxlrkg] 22_2,2991_,_1(2)0895 1,10+ 0,09 0,57;0,06 0,322i90,02 0.21 1ﬂz90,01
Musblkr | 4042012 1, o, 5, 094£0.09 0,40 + 0,03 0,28 + 0,01
[MinBClkg] | 40,41+1,16 | ’ 58 25 17
Oprblkr 490+0.11 1794011 1,02 + 0,09 0,50+ 0,03 0.27+0.01
[OrgBClkg]| 49,02+ 1,11 |’ ’ 57 28 15
B3kr 3.31+0,13 1,49+ 0.13 0.81+0,09 0.40+0,04 0.26 £ 0,02
[BC3kg] 33,05+1,34 | ’ 54 27 18
MunBb3kr 5,58+0,14 2984 0.14 1.35+0.,10 0,59+ 0,04 0.34+0.01
[MinBC3kg] | 55,83+1,37 | ’ 59 26 15
Oprb3kr 5,39+0,13 2.0040.13 1,13+0,10 0.56 £ 0,04 0.31+0,02
[OrgBC3kg]| 53,88+1,28 | ’ 56 28 16

* Hap uepToif — GHoMacca KamycThl B KI/M~; TIOJ 4epToii — GHOMAcca KamycThl B T/ra [Above
the line — cabbage biomass in kg/m?; below the line — cabbage biomass in t/hal.

** Cpennsisi OnomMacca OIHOTO PacTeHUsI Ha yJacTKe B KI' [Average biomass of one plant per plot
inkg].

**% Han ueproil — cpeHsisi OnomMacca BHJIKA KalyCcThl HAa y4acTKe B KI; MO YEPTOH — Mpo-
LICHTHOE BhIPAXKCHHE CpeHell OMOMAcChl BIJIKA KAIyCThl OT CPEHEeH GHOMacChl OIHOIO pac-
TeHUsA [Above the line is the average biomass of the cabbage head on the plot in kg; below the line is the
percentage expression of the average biomass of the cabbage head from the average biomass of one
plant].

**%* Han ueproil — cpeasisi OnomMacca MOKPOBHBIX JINCTHEB KAIyCThl HA Y4aCTKe B KI; MO
4YepToil — TPOLICHTHOE BBIPAXKCHHE CpeiHEl OMOMAacChl MOKPOBHBIX JIMCTHEB KAITyCThI OT
cpenHeill GMoMacchl OHOrO pacTeHusi [Above the line is the average biomass of cabbage cover
leaves on the plot in kg; below the line is the percentage expression of the average biomass of cabbage
cover leaves from the average biomass of one plant].

**%** Han yeprol — cpeHsisi OMomMacca KOPHS KalycThl Ha y4acTKe B KT TIOJ 4ePTOM — Mpo-
LICHTHOE BhIPaXKECHHE CpeIHeil OMOMacChl KOPHS KalyCThl OT CpeHeil OHoMacchl OHOIO pac-
TeHUsA [Above the line is the average biomass of the cabbage root on the plot in kg; below the line is the
percentage expression of the average biomass of the cabbage root from the average biomass of one plant]
+ — craHmapTHas omnOKa 3HaYeHus [standard error].

Bo BrOpoii BererammonHbli mepuon (2019 1.), ¢ 11 mo 16 Mecsusr ero
HaxOXJICHUS B TIouBe, Ha mojyie No 1 oIeHHBaJioch JeiicTBHE OMOYyTIsa Ha OnoMac-
cy cou. CTOUT OTMETHTH, UYTO B BereramuoHHbIi nepuon 2019 . oneHmBanock
mocIieIcHCTBIE OMOYTIIsl, TAaK Kak BHeceHne Onoyris Ha mone Ne 1 mpousBomu-
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sock Tobko B 2018 . bruoMacca cou orieHHBaiach ¢ y4eTOM OMOMACCHI KYCTOB C
KBaJIpaTHOTO MeTpa, OMOMAacchl KycTa (C KOpHSAMH), OMOMAacChl COEBBIX OOOOB,
KOJIMYECTBA PACTCHUH C KBaJIpaTHOTO METPa M BBICOTHI paCTCHUH (TaodI. 2).

TaoOnuia 2 [Table2]
H3meHenue GuoMacchbl COM NpY NPUMeHEeHUH OUOYIVISA, MUHEPATbHBIX
U OPraHuYecKux y1o0peHuii 1 X cMecH ¢ OUOYyIJIeM 32 BereTalOHHbIH Mepuog
2019 r. Ha arpOTEMHOryMYCOBBIX MO0eIaX
[Changes in soybean biomass when using biochar, mineral and organic fertilizers
and their mixtures with biochar during the growing season of 2019 on Luvic Anthrosols]

Buomacca Cpennee
Cpennee Konu- pen

Bapuaut |B. coeB. Kycr., k/m’ qeeTBo pacre. | OAHOTO | KOMHYECTBO Cpennsisi BbICO-
oneita | B. coes. kycr., T/ra 'BOP 2 | pactenus, 6000B C Ky- | Ta pacTeHus, cM
[Plots] * Hﬂﬂ’ﬁT' M KT cTa, IIT. ok

koskosk keskskok
KonTpons 2.44+ 0,04
[Control] 24.40 < 0,40 148,14 £ 2,57 0,016 6,10+0,75 | 73,00+ 1,55
Mun 1.87 £ 0,02
[Min] 18.70 £ 0.20 80,87 + 0,83 0,023 8,20+0,71 | 73,00+2,10
Opr 236+0.02
[Org] 23.60 % 0.20 103,95 £ 0,86 0,023 6,80+ 0,36 | 60,20+ 1,74
Blkr 2,10+ 0,03
[BClke] 21,00 < 0.30 206,93 £ 3,19 0,010 3,40+ 0,56 | 90,00+ 1,44

Munb 1 kr 2,10£0,02

+ + +
[MinBClkg] | 21,00 % 0,20 144,46 + 1,62 0,014 3,50+0,65 | 78,00+ 1,21

Oprblxkr 2,36 £ 0,02
[OreBClke] 23.6 £ 020 150,82 £ 1,26 0,015 2,70+ 0,58 | 85,00+1,22
B3xkr 2.33+0.,02
[BC3ke] 23.30 £ 0,20 154,71 £ 1,04 0,015 4,10+0,59 | 80,00+1,18

Munb3kr 2,26 £0,01
[MinBC3kg] 22,60+ 0,10
Oprb3kr 1.96 £ 0.02
[OrgBC3kg] 19,6 £ 0,20
* Haz uepToii — GroMacca COeBBIX KyCTOB B KI/M*; IOl 4ePTOil — GHOMACCA COSBBIX KYCTOB B
T/ra [Above the line — biomass of soybean bushes in kg/m’; below the line — biomass of soybean bushes
in t/ha].

** [ Average number of plants, pcs/m?].

**% [Biomass of one plant, kg].

*%%** [ Average number of beans per bush, pcs].

*A%%* [Average plant height, cm].

+ — craHmapTHas omnOKa 3Ha4YeHus [standard error].

137,02 £ 0,75 0,016 5,20+ 1,42 | 90,00 + 1,09

77,92 + 0,66 0,025 6,4+0,79 85,00+ 0,99

CortacHO JaHHBIM Ta0Jl. 2, HEe BBISBICHO BIHSHHS OHOYIIIsS HA OroMaccy Cou
npu cpaBHeHHMH ydactkoB Kontponb, Bl1xr u B3kr (P = 0,99). He BbisBiEeHO
BIIMSHUS OMOYTIISi COBMECTHO C MUHEPAIBFHBIMHU M OPTraHUYECKUMH YIOOpEHHSI-
MH Ha OMOMAcCy TIpY CPaBHEHHWH BapUaHTOB ombiTa MuH, MuaB1kr 1 Muab3kr
(P =0,98) u Opr, Oprb1xr u Oprb3xr (P = 0,96).

CpaBHeHHE pe3ylbTaTOB OMOMACChl OMHOTO PACTCHHS COHM, CPEIHETO KOJue-
cTBa 00OOB B KyCT€ M CpellHEl BBICOTHI KyCcTa MOKa3ajio, 4To OMOYyTollb CIIoco0-
CTBYeT YMEHBIICHUIO KonndecTBa O0OOB COM B KyCT€ M yBEIHUYCHHUIO 3€ICHON
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O6romacchl cou. J{oCTOBEpHOCTh 3aKIIIOUCHUS HMPOCICKUBACTCS TP CPABHEHUU
BapuanTtoB onbita Kourpons, Blkr u B3kr (P = 1,7 x 10°°), Mun, Munblkr u
MusB3kr (P = 2.4 x 10°°) u Opr, Oprblxr u OprB3xr (P = 4,9 x 107). Vsemn-
YeHHE 3eJIeHOH OMOMAacChl COM M YMEHBIICHHE KOJTHYeCTBa 0000B B KyCTe SIBIISI-
FOTCSl OTPUTIATEITLHBIMU (haKTOpaMH TIPH BHIPAITMBAHUN COU Ha OOOBI.

Ha mone Ne 2 B Bereranmonusii mepuon 2020 r., ¢ 1-ro mo 4-ii mMecsn
HaXOXIEHUSI OMOYIIA B IIOYBE, MPOBOAMIACH OIIEHKAa OMOMACCHI CBEKIBI COpTa
«bopmo».

Pe3ymeraTel m3MepeHus OMOMAcCHl CBEKIBI MOKA3alH yBEIHYCHHE e Ono-
Macchl Y IPAMEHEHUH OMOYTIIS, YTO MPEeNnonaraiock Ha OCHOBAaHUH PE3yIb-
TaTOB YBEIMYEHHUS OMOMAcCHl KalyCThl B AHAJOTWYHBIA MEPHON MPUMCHEHUS
onoyrst. Tem He MeHee pe3yNbTaT yBEIWYEeHUs] OMOMAcChl CBEKIIBI HE TIOKa3all
a¢dexTa oT BHECEHUS OHOYIIIs, KOTOPBIMA TIONyYeH MPH UCCIICIOBAHUN BITASHUS
Onoyryst Ha OroMaccy KamycThl. TakyKe He OTMEUCHO CYIICCTBCHHOTO Pa3lInuus
B OmoMacce CBEKJIBI MEXKAY yJacTKaMH ¢ pa3HBIMHU To3aMu Omoyris. Ha ywact-
kax Blkr n B3kr ormedeHo yBenmueHne Omomacchl cBekibl Ha 86 u 31% coor-
BETCTBEHHO IO CpaBHEHWIO ¢ KoHTponeMm. Ha ygactkax Munablkr m Munb3kr
OTMEUCHO yBenmmueHue Omomacchl cBekisl Ha 115 1 109% cooTBeTCTBEHHO MO
cpaBHeHMIO ¢ yyactkoM MuH. Ha yuactkax Oprblkr u Oprb3kr ormedeno yge-
nmaeHne ouomacchl cBekibl Ha 168 1 153% COOTBETCTBEHHO MO CPaBHEHHUIO C
yuaactkom Opr.

Pacuer mporieHTHOTO OTHOIICHUST OMOMAcCHl KOPHETIIONA CBEKJIBI OT 00mIeit
OroMacchl CBEKJIBI MTOKA3al YMEHBIIEHIEe OMOMAcChl KOPHEILTOA TIPH IIPAMEHE-
HuM Owmoyris. B BapuanTtax ombita KoHTponb, B1kr u B3kr nporieHTHOe OTHO-
nIeHre OMOMAacChl KOPHEIUIoNa K o0mieit OnoMacce cBEKIbI cocTaBmiio 59, 57 u
56% coorBerctBeHHo (P = 0,005). B Bapmanrax ombita MwuH, Muablkr u
MunB3Kr nporeHTHOe OTHOIIeHHe OMOoMacChl KOpHEIIona kK obmieir Guomacce
cBeKItbl coctaBmio 60, 58 u 56% coorBercrBenHo (P = 0,01). Ha ygactkax Opr,
Oprblkr u OprB3kr ormeueHa TeHACHINS YBEIMYECHUS MPOIEHTHOTO OTHOIIE-
HUs OroMacchl KOpHEIUIona K oomeit omomacce cBekibl (56, 64 u 62% coorser-
CTBEHHO).

AHaJNOTMYHO yMeHbIIeHHIO (Ha ydacTkax Kortponb, B1kr u B3kxr m MuH,
Munblkr u Munb3kr) wimm yBenwduenuto (Ha yuactkax Opr, OprBlkr u
Oprb3Kr) MpOIEeHTHOTO OTHOIICHUS OMOMAcChl KOpHEIUTona K o0meii omomacce
CBEKJIBI YBEITMYHMBAJIOCH WIIM YMEHBINAJIOCH MTPOLIEHTHOE OTHOIIECHHE OHOMACCHI
3€JICHOM YacTh K o0Iel OMomMacce CBEKJIbI. YMEHbBIICHHE OMOMACChl KOPHETLIO-
Ila ¥ yBeIMUEHHE OMOMACCHI 3eNICHON YaCcTH CBEKIIBI IPH MPUMEHEHHN OWOYTIIS
MOXET IIPUBECTH K CHIDKCHHIO YPOXKAHOCTH TOBAPHOH OHOMACCHI.

B pesynprare OByXJIETHEr0 SKCHEPHMEHTAa MBI ITONYYHIH OKHAAEMBIA IPH-
pOCT YpOXaWHOCTH KYITbTyp. MakCHUManbHBIA MPUPOCT YPOKAWHOCTH TTONYyUEH
P COYCTAHWH OHMOYIJIsI C MUHEPAIFHBIMHA M OPraHWYECKUMH YIOOpPCHUSIMHU.
Hcnons3yempie B OMBITE yHOOpEHHS COAEpKaT HEOOXOMUMBIC KOHIICHTpPAITHH
JOCTYITHBIX hopM azora, Gocdopa u Kaus, 9T0 U MPUBEIO K POCTY YPOXKAWHO-
CTH B BapHaHTax OIBITA C COUCTaHUEM OMOYIIIs M ynoOpeHuid. Hecmorps Ha To
YTO BHECCHHE TONBKO OMOYTIIS ITOKA3ajio CYIIECTBEHHO MEHBIINH YPOBEHD YBeE-
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JMHYEHHS YPOKaHHOCTH, TPHPOCT OBUI JOCTATOYHO BBEICOKHI MO CPaBHEHHIO C
KOHTpOJIeM. MEeHBIIUH TPUPOCT YPOXKAHHOCTH TIPU BHECCHUH TOJIBKO OHOYIIIS
CBSI3aH C TEM, YTO OMOYTONb CONEPKUT B CBOEM COCTaBE HHU3KHH YPOBEHB JIO-
CTYIHBIX IS PAcTCHHI SJIeMEHTOB MHUTaHUS. COrmacHO MPOBEACHHBIM HAMH
paHee MCCIEeqOBaHMIM, HCIONB3YEMBIH B OMBITE OHOYTONb CONEPIKUT B CBOEM
cocrabe 0,84 mr/kr cyxoil Macchel azora, 0,44 Mr/Kr cyxoi maccel docdopa u
4,15 mr/kr cyxod Macchl kKanus [18]. B c¢Bs3u ¢ 3THUM cpasy mociie BHECCHHUS
OMOyTONs HE SBISETCS MCTOYHMKOM JJIEMEHTOB IHUTaHUS U pacTeHUd n 0e3
JOTIOTHUTEIHHOTO BHECCHHUS TUTATENFHBIX 2JIEMEHTOB HE IPUBOANT K YBEJIHUE-
HUIO JOCTYITHBIX 3JIEMEHTOB ITUTAHUSA B TIouBe (TabII. 3).

TabOnwuia 3 [Table3]
M3meHenne GuomMacchbl CBeKJIbI P NPUMEHEHUH OHOYIVIsi, MUHEPAIbHBIX
M OPraHUYecKUX Y100peHuii U UX cMecH ¢ fHoyIieM 3a BereTauMOHHbII nmepuon 2020 r.

HA arpoTeMHOrYMYCOBBIX Moa0e1ax
[Changes in beet biomass with the use of biochar, mineral and organic fertilizers
and their mixtures with biochar during the growing season of 2020 on Luvic Antrosols]

Bapuant B. cBexubl, Kr/M” bromacca Buomacca xop- | CpenHee KOTMYECTBO
OIbITA B. cBekubl, T/ra | GOTBBL Kr/M> | Heruiona, Kr/m> pacreHuit, wr./m>
[Plots] * sk ok ok stk ko

%é‘;flf};‘l’]“" %ﬁ% 0,14+ 0,01 0,21 +0,01 4,68 +0,22
?ﬁ'fg %ﬁ% 0,14+ 0,01 0,20+ 0,01 6,02 0,21
%g] %é;—ig% 0,20+0,03 | 0,26+0,03 7,18 £ 0,80
gc“lrkg] %%:% 0,28 0,01 0,37 +0,01 7,55+0,16
m'f:]fclﬁfg] % 031£002 | 0424001 7,82+ 0,48
%ﬁggéﬁg] g:gé—i’—g,g; 033+0,03 | 0,58+0,04 8,89 + 0,55
g’c“gkg] %ﬁ—i%ﬁ 0,21+0,02 | 0,26+0,02 6,71 +0,48
?f/['f:]fg;fg] %%:% 0,32+0,02 | 0,40+0,03 7,96 + 0,29
%ﬁggé‘;{(g] %ig—i% 0,33+0,03 | 0,53+0,04 9,03 + 0,49

* Hap geproii — GHOMAacca CBEKIIBI B KI/M~; TOJ] YepTOi — GHoMacca CBEKIBI B T/ra [Above the
line — beet biomass in kg/m’; below the line — beet biomass in t/ha].

** [Biomass of beet tops in kg/m?].

*%* [Beet root biomass in kg/m?].

3% [ Average number of plants, pcs/m?].

+ — craHmapTHas omnOKa 3Ha4YeHus [standard error].

BaxHBIM CBOWMCTBOM OMOYTIIS SIBISIETCSI €TI0 BHICOKOIIOPHCTAST M BEICOKOYTIIE-
ponmcras crpykrypa [20]. JanHast cTpykTypa 0OyCIIOBIMBAET HECKOIBKO (hak-
TOpOB, Oyraromapst KOTOPbIM OHWOYTOJb CIIOCOOCH BIIMSTH HA YPOXKAWHOCTH pac-
TEHWI ¥ TIIAaBHBIM 00pa30M ee yBeIHYHBaTh. Bo-TepBBIX, M3-32 OONBIIOTO KOJIH-
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YECTBO CBSI3EH YIIEPOMHBIX OCTATKOB M OOJNBIION TUIOMANN TOBEPXHOCTH MOPO-
BOTO TIPOCTPAHCTBA OHMOYTONb CIIOCOOSH IMOMIIOMATh, CBA3BIBATH U COPOMPOBATH
OO0IBIIIOE KOMMIECTBO COCTMHEHUH, HAXOMIAMINXCS B IIOYBE, B TOM YHCIE U dIie-
MEHTOB TTUTAHUS PACTCHUW B TBEPIOH, Ta3000pa3HOI WIIM PaCTBOPEHHOM B ITOY-
BEHHOM pacTBope (hopme (T.e. OMOYroib MOIVIONIaeT MOYBSHHYO Biary). Haxo-
ISIITHEecs Ha TIOBEPXHOCTH OMOYTIIS AIIEMEHTHI TUTAHUS SBIISTIOTCS JIETKOJOCTYTI-
HBIMU JIJISI pACTEHHH, UTO co3aeT Oonee OnaronpusTHBIC ISl HX ITUTAHAS YCIIO-
BHs. BO-BTOpBIX, 2IEMEHTHI MMUTAHUS, HAXOMSIINECS HA MOBEPXHOCTH OHOYTIIA,
SIBJSTFOTCS IOCTYITHBIMU JJIs1 MUKPOOpraHm3MoB. Kak orMewaercst, mopoBoe mpo-
CTpaHCTBO OWMOYyIIIsI — WAcalbHAs Cpefa Ui JKU3HEIESTeNbHOCTH MHKPOOpra-
HU3MOB [21, 22]. [ToaToMy Tpu BHECEHHH OHOYTIISI MOXKET YBEIMIMBATHCS 110Y-
BEHHAss MUKPOOHOJIOTHUECKAsl aKTHBHOCTD, KaK CIIEAICTBHE — CKOPOCTh IIpeodpa-
30BaHUSI OPraHUYECKUX OCTATKOB M YPOXKAWHOCTH KYyIBTyp. Takske OTMEYEHO,
4T0 OMOYTOJIb CIOCOOEH CEKBECTPUPOBATH (T.€. CBSI3BIBATH M COXPAHATH B IIOYBE)
yrepon [23, 24], uro moarBepxkaaer uamepenHas smuccusi CO, Ha ydJacTkax
JTAHHOTO WCCIenoBaHus [25], a Takke Ipyrue MCCieIoBaTeNd B XOIE MPOBEIE-
HHS aHAJOTHYHBIX ITOJIEBBIX ONBITOB [23, 26, 27].

J71s1 OBOIIHEIX KYIBTYP, BEIPAIIABAEMBIX Ha IOYBAX TKEIOTO MEXaHUIECKO-
ro cocTaBa ¢ M30BITOYHBIM YBIAKHEHHEM, NOCTATOYHO BaKHO (POPMHpPOBAHHE
OarompHATHOTO BOTHO-BO3AYIIHOTO PEKUMa, Onaromapsi KOTOPOMY CO3IArOTCs
ONITUMAITBHOE YCIIOBHS TSI YCBOCHUSI MUHEPAIBHBIX (POPM MHUTATENBHBIX dJIe-
MEHTOB M Pa0OTHl MOYBEHHBIX MHUKPOOOIEeHO030B. Kak mokazanm Hamm MHOTO-
JIETHUE WCCIIENOBAHUS, B TEPBBII TOX MOCIE BHECCHUS OMOYINIS OH SIBIACTCS
XOpOIIAM MEJMOPAHTOM, HO M3 BCEX arpOXMMHUYECKHUX CBOMCTB OH IOCTOBEPHO
moBIHSIT Ha pH MOYBEHHOTO pacTBOpa, CMEIIasi 3HAYCHUS B CTOPOHY HEHTpaiIb-
HoW peakumu cpensl [28]. TIpu atom pH camoro 6uoyriis cHuswics Ha 1,3 enu-
a1 (¢ 8,09+0,06 mo 6,73+0,04) Ha mone Ge3 APEHAXKHOW CHUCTEMBI, CIIe0Ba-
TENIFHO, HE MOT IPHBECTH K CYIIECTBEHHOMY CMeIIeHUI0 pH MOYBEHHOTO pac-
TBOpa B CTOPOHY HEUTpPATHHOW PEaKINH CPEAbl Ha BTOPOH rof aericTBus. Takue
KYJIBTYpBI, KaK KallycTa M CBEKJIa, JOCTATOYHO YYBCTBHUTENHHBI K 3HaUeHMsIM pH
MMOYBEHHOTO PACTBOpA, MOJITOMY CMEIICHHE B CTOPOHY HEWTPaIHHOH peaKIiu
CpemBl MOIJIO CTaTh ONHOM W3 MPHYMH, IO KOTOPHIM KaITycTa M CBEKJIA ITOKAa3bI-
BaOT MPUPOCT YPOKANHOCTH B MEPBBIH TOJ] TIOCTIE BHECEHUS.

[ocne mepBoro BereTalimOHHOTO MEPHOAa Ha YIaCTKaX ¢ BHECEHHEM TOIBKO
OMOYyTIIsI OTMEYAJOCh YIIydIIeHHE (U3MUYECKIX CBOWCTB MOYBEHI, B YaCTHOCTH
CHIDKCHHE 3HAYCHWH TUTOTHOCTH TBEPHOH (ha3bl MOYBHI, YBEIHMUEHHUE ITOPO3HO-
CTH W [Mana3oHa TOYBEHHOW Biaru. [Ipm HeOmarompusATHBIX KIMMATHIECKUX
YCIIOBUSX, IPUBOMAMINX K OOBOJHEHUIO TIOYB TSDKEIIOTO TPaHYIOMETPHUECKOTO
cocTaBa, OBOIIHEIE KyIBTYpPHl HE AAlOT CTAOMIBHOTO ypokas. BiusHue Ha BOZ-
HO-BO3IYIIHBIA PEXUM B YCIOBHSAX M30BITOYHOTO MIIM HEJOCTATOYHOTO YBIIAXK-
HEHHsI Ha MCCIIeMyeMBIX yJacTKaX HUBEIUPYeTCs Jo3aMu Oroyrist okoro 30 T/ra
(3 Kr/M?), 9TO TaKKe MOIIO CTAaTh IIPUYMHON IPUPOCTA YPOXKas HA YYAaCTKAX C
OTCYTCTBHEM JIPEHAKHOIH CHCTEMBI.

Ha BTOpOI#1 TOA MOCIIE BHECEHUS CHUKAETCS BIMSHAC OMOYIIIS Ha CBOWCTBA
MoYB. YMeHbIIaercs ero 3¢ ekt Ha ciBur pH B CTOpOHY HEHTpaNbHOH peakiuu
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Cpembl, YTO MOXET CHHKATh d(P(PEKTUBHOCTh YCBOCHHS MHHEPAIBHOTO a30Ta,
0COOCHHO Ha TEMHOT'YMYCOBBIX ToOAOENIaX, KOTOphIe OOOTamieHbl aMOpQHBIMHI
¢dbopmamu sxeneza [29]. B Ouoyrie mocie 16 MecsleB HaXOKACHUS B IIOYBE
HaOIromaeTcsl HeOONBIIOe YBEMYCHNE 3HAYCHUH BOIOYICPKUBAIOIICH CIIOC00-
HOCTH TI0 CPaBHEHHUIO CO 3HAYCHHUSAMH TOCIE 4 MECAIeB HaXOXKICHHsSI B TIOUBE, a
TaKXKe, COIacHO JaHHBIM JIIEKTPOHHONH MHKPOCKOIHH, HE3HAYUTENBHO pa3py-
IIaeTcsl CTPYKTypa OTAENBHBIX 3JIEMEHTOB OHOYIIIL W HAa €ro MOBEPXHOCTH 3a-
METHBI YaCTHIIBI OMOJIOTHYECKOW W HeOHomorndeckoi mpuponsl [18]. Bee atu
W3MEHEHUS B KaKOH-TO CTENICHH MOTYT BJIHSITH Ha MPOLECCHI, CBI3aHHBIE C PO-
CTOM U pa3BUTHEM PACTCHHH, B YACTHOCTHU COH.

Cost sBIIIETCS KYABTYPOH JIOCTATOYHO TPeOOBATEIBHON K YPOBHIO BIIAXKHO-
ctu mouBbl. KonmnuecTBo ocanakoB B BererariuoHHbli mepuog 2019 r., kak moxka-
3aHO Ha PHUC. 2, CYIIECTBEHHO IPEBLIAN0 O0IIee 32 BEreTallMOHHBIN MEpHOL
CpemHeMecsSYHOe MHOroleTHee 3HaueHHe. OCOOCHHO BBICOKOE KOIMYECTBO
ocazKoB oTMedanock B aBrycte 2019 r., B mepmon akTHBHOTO pOCTa COH, YTO
MOIJIO CTaTh IPHYNHON OTCYTCTBHS CTaOMIBHOTO IIPHPOCTA €€ OMOMACCHI.

Tak)Ke CTOUT OTMETHTbH, YTO IO CBOMM arpOXMMHUYECKIM CBOMCTBAM TEMHO-
TYMYyCOBBIC MONOEBI B HEHAPYIICHHOM COCTOSIHHHM O0JaJatoT HeOIaronpusT-
HBIMHU YCJIOBHSIMH [UIsl BbIpamuBaHuss MHOTuUX KynbTyp [30]. MuoromerHue
HaOIFO/IeHHS Ha TIJIONIAIKe cTarroHapa [IpuMopcKoi OBOIIHOM OIBITHOM CTaH-
UM TTOKA3aJIH, 9TO CTAaOMIBHO BEICOKHE YPOXKal MOXKHO ITOTY9aTh TOIBKO TOCIe
BHECEHHS JTOCTATOYHBIX J03 yHOOpeHMH (OpraHMYECKHX WIIM MHHEPAIBHBIX) H
MPaBHIJIHOW TUTAHUPOBKHU M 00pabOTKH TOAOCIIOB TEMHOT'YMYCOBBIX.

BriBoanl

1. CrenieHb BIUSHUS OWOYIISI HAa YPOXKAHHOCTH CEIIbCKOXO3SIMCTBEHHBIX
KYJIBTYp HOCHT HEOIMHO3HAYHBIA XapakTep. YBEIWUYCHHE YPOKANHOCTH KYIBETYP
HaOIFOAIOCh TIpU AeicTBUU Onoyniis ¢ 0-ro mo 4-if MecsIl mocie BHECCHHUS B
mouBy. [Ipu neiicrBun Ouoyrist Ha 11—16-i MecsIbl He HaOIF0IaI0Ch TOCTOBEP-
HOTO YBEJIMUCHHS ypOXKAWHOCTH. BeposTHO, YTO mpH 3aMeHe COM Ha JIPYyTyIo
KYABTYpY B IepUol IeicTBUS Ouoyris ¢ 11-ro o 16-i Mecsir BO3MOXKHO TIONy-
YHUTH APYTHE PE3YIBTATHL.

2. IIpn paccMOTpeHHH BIMSIHUS OHOYTIIS Ha YPOXKAWHOCTH KaIyCThl OEIOKO-
yaHHOH copra «I[IpuOpexHas», COM U CTONOBOM CBEKJIBI copra «bopmo» BEHIsAB-
JIEHO, YTO OMOYTOJIb OKa3bIBaeT OOJbIICE BIMSHHE HA OMOMACCY 3€JICHOW YacTH
pacteHus (HaJ3eMHOM), 4eM KOPHEBOH.

3. Haunydmme pe3yasTaThl HOMYYeHBI IPU PACCMOTPEHNHN BIHSHUS OHOYTIIS
Ha YpOXKaHOCTB KaITyCTHI OEJIOKOUYAaHHOMH, YTO CBSA3aHO ¢ (POPMHUPOBAHUEM OC-
HOBHOM 4YacTH pacTeHHUs W3 3elieHoH Ouomacchl. Ha ydacTke ¢ BHeceHHUEM
1 kr/M* GHOYIIISL HAGIIONAIICS IPUPOCT OOIIEH GHOMACCHI KAITYCTHI B 1BA Pasa 110
cpaBHEHHIO ¢ KoHTponeM. Ha yuacTke ¢ BHeCeHHEeM 3 Kr/M” GHOYIIS HAaGIoall-
s IPUPOCT 001Iel OMOMAcCHI KaITyCcTHl B TPH pa3a Mo CPaBHEHUIO C KOHTPOJIEM.

4. BiimsiHue OMOYTIIS Ha YPOKaWHOCTD CBEKIIBI OKa3aJIo TTOJIOKUTEIBHBIN, HO
MEHEe BBIPAKCHHBIH pe3yJbTaT MO CPaBHEHHIO C BIHSHHEM OHOYIJIS Ha ypo-
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XKaHOCTh KarmrycThl. Ha ydacTkax 06e3 BHECEHHUsI OpraHMUeCKUX M MUHEPAIbHBIX
yAOOpeHUH HAaUOONBIIHIA TPUPOCT OMOMACCHI CBEKIIBI OBLT MOIYYEH MPH BHECE-
Han 1 kr/M° Groyrs (86%) 10 CPABHEHMIO ¢ KOHTpOIEM. BiHsHIe BHECEHHs
3 Kr/M* GHOYIVISL He TI0KA3a110 GOMBLIEro pe3ylsTaTa Ha YPOosKailHOCTb CBEKIIBI [0
CpaBHEHHIO ¢ BiusHAeM | Kr/M> GHOyrIs. BHeCeHHE GHOYIIIS YMEHBLIMIO IPo-
[EeHT OMOMAacChl KOPHEIIona M yBENWYHIIO MPOICHT OMOMACCHl 3€IeHON YacTH
M0 OTHOMICHHWIO K oOmieii OrmoMacce CBEKIBI B BapHAaHTaX OIMBITA C BHECEHUEM
OMOyIyIsl M BapHaHTaX ¢ MHUHEPAIBFHBIMH yIOOPSHHSIMH, HO HE B BapHaHTax C
OpraHUYECKUMH yIOOPCHUSIMH.

5. BHeceHne OHOYIIIA HE OKa3ajo JOCTOBEPHOTO MOIOKUTEIBHOTO d(deKTa
Ha YpOXaiHOCTh COW. BBISBIIEHO, YTO OMOYTONb YBENWYMIJI OHOMAcCy 3eJIeHOU
(HaJI3eMHOIA) YaCTH COM W YMEHBIINI KOJTMYECTBO OOOOB.

CnucoK MCTOYHUKOB

1. Shackley S., Ibarrola Esteinou R., Hopkins D., Hammond J. Biochar Quality Mandate
(BQM) version 1.0. British Biochar Foundation. 2014. 58 p.

2. I'puropesian B.P., I'paueB A.H., Kynaruna B.U., Cynrarymnuna JI.M., Konsuosa T.I'.,
PsizanoB C.C. BnwusiHue Guoyrisi Ha poCT pacTeHHil, MUKPOOHOJIOrHYeckue U (GpHU3MKO-
XMMHYECKHE MOKa3aTeld MaJoryMyCHPOBAHHOH IOYBBI B YCJIOBHSAX BEreTallIOHHOIO
ombita // Becrauk Kazanckoro texHomorudeckoro ynusepcurera. 2016. Ne 11. C. 185—
189.

3. Boiinukosa E.B., [Tonenss M.B. Biusinue Guoyriist Ha (GOpMbl HAXOXKICHUS ypaHa, Orpe-
NEIISIFOLIAE er0 OUONIOrHYECKYI0 JOCTYITHOCTh B CEbCKOXO03SICTBEHHBIX mouBax // Dene-
pajibHOE IOCYAapCTBEHHOE OIOKETHOE YupeklIeHHe Hayku MHCTHTYT (u3Hueckoil Xu-
MuH U snekrpoxumun uM. A.H. @pymkuna Poccmiickoil akagemuu Hayk. 2016. C. 142—
143.

4. Kynaruna B.U., I'paueB A.H., lHarugynnun P.P., PsazanoB C.C., Cynratynuna JI.M.,
3abenkun C.A., Konbuosa T.I'. Bnusinue GHOYTIIs Ha CTPYKTYpY HOUYBBI U COACPIKAHUE
¢dbopm kamus // Arpapseiii Hayusblii oxypHar. 2019. Ne 1. C. 16-20. doi:
10.28983/asj.v0i1.460

5. Hawthorme L., Johnson M.S., Jassal R.S., Black T.A., Grant N.J., Smukler S.M. Applica-
tion of biochar and nitrogen influences fluxes of CO,, CH4 and N,O in a forest soil // J.
Environ. Manage. 2017. Ne 192. PP. 203-214. doi: 10.1016/j.jenvman.2016.12.066

6. Czekala W., Malinska K., Caceres R., Janczak D., Dach J., Lewici A. Co-composting of
poultry manure mixtures amended with biochar — The effect of biochar on temperature
and C-CO, emission // Bioresour. Technol. 2016. Ne 200. PP. 921-927. doi:
10.1016/j.biortech.2015.11.019

7. Yang X., Meng J., Lan Y., Chen W., Yang T., Yuan J.,, Liu S., Han J. Effects of maize
stover and its biochar on soil CO2 emissions and labile organic carbon fractions in North-
east China // Environ. Sci. Pollut. Res. 2017. Ne 240. PP. 24-31. doi:
10.1016/j.agee.2017.02.001

8. Myxuna .M., lypoBa A.C. BnusHue Guoyrisi Ha OHOJIOTHYECKUE CBOMCTBA JACPHOBO-
MOJ3OJIUCTON CynecyaHoH MouBbl U 3()(GEKTUBHOCTD HCIOIb30BAHUS PACTCHUSIMH MHTa-
TenbHbIX BelecTs // Arpodusuka. 2017. Ne 1. C. 26-35.

9. Farhangi-Abriz S., Torabian S., Qin R., Noulas C., Lu Y., Gao S. Biochar effects on yield
of cereal and legume crops using meta-analysis // Science of the Total Envaironvent.
2021. Ne 775. doi: 10.1016/J.SCITOTENV.2021.145869

10. Nguyen B.T., Le L.B., Pham L.P., Nguyen H.T., Tran T.D., Thai N.V. The effects of
biochar on the biomass yield of elephant grass (Pennisetum Purpureum Schumach) and
properties of acidic soils // Industrial Crops and Product. 2021. Ne 161. PP. 1-11. doi:
10.1016/j.indcrop.2020.113224

21



Azpoxumusn u nougosedenue / Agrochemistry & Soil science

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

22

Myxuna U.M., Puxus E.f., Byukuna H.I1., banamos E.B. Bnusaue Ouoyris Ha ypo-
JKAMHOCTH MPOMAIIHBIX U 3JIAKOBBIX KYJIbTYp B ycnoBusix CeBepo-3anaaHoro peruona PO
// TlouBsl Poccun: Buepa, cerofs, 3aBrpa : c0. CT. o Marepuanam Beepoc. ¢ mexayHap.
y4dacTueM Hay4d. koH(}., mocssl. [oxy sxonoruu u 90-netTuio co aHs poxaeHus mpodec-
copa B.B. Tronuna. Barckuii rocynaperBennsiii yausepeutet. 2017. C. 94-100.

Lentz R.D., Ippolito J.A. Biochar and Manure Affect Calcareous Soil and Corn Silage
Nutrient Concentrations and Uptake // J. Environ. Qual. 2012. Ne 41. PP. 1033-1043. doi:
10.2134/jeq2011.0126

Biederman L.A., Harpole W.S. Biochar and its effects on plant productivity and nutrient
cycling: a meta-analysis / GCB Bioenerg. 2013. Vol. 5. PP. 202-214. doi:
10.1111/gcbb.12037

Wang J., Xiong Z., Kuzyakov Y. Biochar stability in soil: meta-analysis of decomposition
and priming effects / GCB Bioenergy. 2015. Vol. 8. PP. 512-526. doi:
10.1111/gcbb.12266

Nguyen T.T.N., Xu C., Tahmasbian 1., Che R., Xu Z., Zhou X., Wallace H.M., Bai S.H.
Effects of biochar on soil available inorganic nitrogen: A review and meta-analysis // Ge-
oderma. 2017. Vol. 288. PP. 79-96. doi: 10.1016/j.geoderma.2016.11.004

Razzaghi F., Obour P.B., Arthur E. Does biochar improve soil water retention? A system-
atic review and meta-analysis // Geoderma. 2020. Vol. 361. P. 114055. doi:
10.1016/j.geoderma.2019.114055

International Biochar Initiative / IBI. 2018. URL: https://biochar-international.org/
Bovsun M.A., Nesterova O.V., Semal V.A., Khokhlova A.IL., Sakara N.A. Changes in the
composition and properties of biochar after one-year application / E3S Web of Confer-
ences. 2020. Ne 217. 10009. doi: 10.1051/e3sconf/202021710009

Mumos JI.JI., Toukonoros B./1., Jlebenea 1.U., T'epacumoBa M.U. Knaccudukaiys u
nuarHoctuka nouB Poccun. Cmonenck : Oiikymena, 2004. 342 c.

Spokas K.A. Review of the stability of biochar in soils: predictability of O:C molar ratios
// Carbon Manage. 2010. Vol. 1. PP. 289-303.

Myxuna .M. BnusHue kapOOHH3MPOBaHHOHW OHOMAcChl Ha MapamMeTpsl ILIOAOPOIHS
JIEPHOBO-TIO/I30JIMCTHIX IOYB M AMHUCCHIO MapHUKOBbIX ra3o. CII6., 2017. 187 c.

Opnoea H.E. JIabyrosa H.M., Opnosa E.E., Bankuna T.A. Bruoxumudeckre 1 MUKPOOHOITO-
TMYECKUE aCleKThl IPUMEHEeHHs OMOYTIISI B KadecTBe MenropanTa 1nouB // COOpHUK HAaydHBIX
Tpy0B, nocBsiieHHbId 95-neruto Kybdanckoro I'AY. Kpacuonap, 2017. C. 323-325.
Mukherjee A., Lai R., Zimmerman A.R. Effects of biochar and other amendments on the
physical properties and greenhouse gas emissions of an artificially degraded soil // Sci-
ence of Total Environment. 2014, Ne  487. PP. 26-36. doi:
10.1016/j.scitotenv.2014.03.141

Wu Z., Zhang X., Dong Y., Li B., Xiong Z. Biochar amendment reduced greenhouse gas
intensities in the rice-wheat rotation system: six-year field observation and meta-analysis
/I Agricultural and Forest Meteorogy. 2019. Ne 278. PP. 107625. doi:
10.1016/j.agrformet.2019.107625

Bovsun M.A., Castaldi S., Nesterova O.V., Semal V.A., Sakara N.A., Brikmans A.V.,
Khokhlova A.I., Karpenko T.Y. Effect of Biochar on Soil CO, Fluxes from Agricultural
Field Experiments in Russian Far East / Agronomy. 2021. Vol. 11. 1559. doi:
10.3390/agronomy11081559

Wang C., Shen J., LiuJ., Qin H., Yuan Q., Fan F., Hu Y., Wang J., Wei W, Li Y., Wu J.
Microbial mechanisms in the reduction of CH4 emission from double rice cropping sys-
tem amended by biochar: A four-year study // Soil Biology and Biochemistry. 2019.
Ne 135. PP. 251-263. doi: 10.1016/j.s0i1bi0.2019.05.012

Wu D., Senbayram M., Zang H., Ugurlar F., Aydemir S., Bruggemann N., Kuzyakov Y.,
Bol R., Blagodatskaya E. Effect of biochar origin and soil pH on greenhouse gas emis-
sions from sandy and clay soils // Applied Soil Ecology. 2018. Ne 129. PP. 121-127. doi:
10.1016/j.aps0il.2018.05.009



boecyn M.A., Hecmepoega O.B., Cemans B.A. u 0p. Brusanue enecenus ouoyzns na yposncaiinocms

28. HecrepoBa O.B., Cemans B.A., boecyn M.A., BaceneB W.U., Bpukmanc A.B., Kapnen-
ko T.}O., Cakapa H.A. U3menenue cBoiicTB arpomnouB tora [lansaero Bocroka Poccun
pu BHeceHnu Ououapa // Arpoxumudeckuii Bectauk. 2021. Ne 5. C 18-23.

29. UBanoB I'.U. Iloum IIpumopckoro kpas. Bmagusocrok : JlanpbHEBOCTOY. KH. H3[-BO,
1964. 107 c.

30. Cakapa H.A., Jleynos B.U., Cyxomupos I'.1., Tapacosa T.C., O3no0uxun B.1. PazButue
OBOILIEBOJICTBA JAAJILHEr0 BOCTOKAa Poccuu B MCTOPHYECKOM M Hay4HO-NPOM3BOJCTBEHHOM
acriekTax // Arpapusiii BectHuk [Ipumopsst. 2021. C. 18-29.

References

Shackley S, Ibarrola Esteinou R, Hopkins D, Hammond J. Biochar Quality Mandate
(BQM) version 1.0. British Biochar Foundation. 2014. 58 p.
Grigoryan BR, Grachev AN, Kulagina VI, Sungatullina LM, Koltsova TG, Ryazanov SS.
Vliyaniye biouglya na rost rasteniy. mikrobiologicheskiye i fiziko-khimicheskiye
pokazateli malo gumusirovannoy pochvy v usloviyakh vegetatsionnogo opyta [The effect
of biochar on plant growth, microbiological and physico-chemical parameters of low
humus soil in the conditions of vegetation experience]. Bulletin of Kazan Technological
University. 2016;11:185-189. In Russian
Voynikova EV, Popenya MV. Vliyaniye biouglya na formy nakhozhdeniya urana
opredelyayushchiye ego biologicheskuyu dostupnost v selskokhozyaystvennykh
pochvakh [The influence of biochar on the forms of finding uranium that determine its
biological availability in agricultural soils]. Federal State Budgetary Institution of Science
Institute of Physical Chemistry and Electrochemistry named after A.N. Frumkin of the
Russian Academy of Sciences. 2016:142-143. In Russian
Kulagina VI, Grachev AN, Shagidullin RR, Ryazanov SS, Sungatulina LM, Zabelkin SA,
Koltsova TG. Influence of biochar on the soil structure and the content of potassium
forms. Agrarian Scientific Journal. 2019;1:16-20. doi: 10.28983/asj.v0i1.460 In Russian,
English summary
Hawthorme L, Johnson MS, Jassal RS, Black TA, Grant NJ and Smukler SM. Application
of biochar and nitrogen influences fluxes of CO,, CHy and N,O in a forest soil. J
Environ. Manage. 2017;192:203-214. doi: 10.1016/j.jenvman.2016.12.066
Czekala W, Malinska K, Caceres R, Janczak D, Dach J and Lewici A. Co-composting of
poultry manure mixtures amended with biochar — The effect of biochar on temperature and C-
CO, emission. Bioresour. Technol. 2016;200:921-927. doi: 10.1016/j.biortech.2015.11.019
Yang X, Meng J, Lan Y, Chen W, Yang T, Yuan J, Liu S and Han J. Effects of maize stover
and its biochar on soil CO, emissions and labile organic carbon fractions in Northeast China.
Environ. Sci. Pollut. Res. 2017;240:24-31. doi: 10.1016/j.agee.2017.02.001
Mukhina IM, Durova AS. Vliyaniye biouglya na biologicheskiye svoystva dernovo-
podzolistoy supeschanoy pochvy i effektivnost ispolzovaniya rasteniyami pitatelnykh
veshchestv [The influence of biochar on the biological properties of sod-podzolic sandy
loam soil and the efficiency of the use of nutrients by plants]. Agrophysics. 2017;1:26-35.
In Russian
Farhangi-Abriz S, Torabian S, Qin R, Noulas C, Lu Y, Gao S. Biochar effects on yield of
cereal and legume crops using meta-analysis. Science of the Total Envaironvent.
2021;775:145689. doi: 10.1016/J.SCITOTENV.2021.145869
10. Nguyen BT, Le LB, Pham LP, Nguyen HT, Tran TD, Thai NV. The effects of biochar on the
biomass yield of elephant grass (Pennisetum Purpureum Schumach) and properties of acidic
soils. Industrial Crops and Product. 2021;161:1-11. doi: 10.1016/j.indcrop.2020.113224
11. Mukhina IM, Rizhiya EYa, Buchkina NP, Balashov EV. Vliyaniye biouglya na
urozhaynost propashnykh i zlakovykh kultur v usloviyakh Severo-Zapadnogo regiona RF
[The influence of biochar on the yield of row crops and cereals in the conditions of the
North-Western region of the Russian Federation. Soils of Russia: yesterday, today,
tomorrow]. In: Pochvy Rossii: vchera. segodnya. zavtra: Sbornik statey po materialam

23



Azpoxumusn u nougosedenue / Agrochemistry & Soil science

12.

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

24

Vserossiyskoy s mezhdunarodnym uchastiyem nauchnoy konferentsii. posvyashchennoy
Godu ekologii i 90-letiyu so dnya rozhdeniya professora V.V. Tyulina. [In: A collection
of articles based on the materials of the All-Russian scientific conference with
international participation dedicated to the Year of Ecology and the 90th anniversary of
the birth of Professor V.V. Tyulin. (Vyatskiy gosudarstvennyy universitet. 2017)] Vyatka
State University, 2017. PP. 94-100. In Russian

Lentz RD and Ippolito JA. Biochar and Manure Affect Calcareous Soil and Corn Silage
Nutrient Concentrations and Uptake. J Environ. Qual. 2012;41:1033-1043. doi:
10.2134/jeq2011.0126

. Biederman LA, Harpole WS. Biochar and its effects on plant productivity and nutrient

cycling: a meta-analysis. GCB Bioenerg. 2013;5:202-214. doi: 10.1111/gcbb.12037

Wang J, Xiong Z, Kuzyakov Y. Biochar stability in soil: meta-analysis of decomposition
and priming effects. GCB Bioenergy. 2015;8:512-526. doi: 10.1111/gcbb.12266

Nguyen TTN, Xu C, Tahmasbian I, Che R, Xu Z, Zhou X, Wallace HM, Bai SH. Effects
of biochar on soil available inorganic nitrogen: A review and meta-analysis. Geoderma.
2017;288:79-96. doi: 10.1016/j.geoderma.2016.11.004

Razzaghi F, Obour PB, Arthur E. Does biochar improve soil water retention?
A systematic review and meta-analysis. Geoderma. 2020;361:114055. doi:
10.1016/j.geoderma.2019.114055

International Biochar Initiative. IBI. 2018. p. Available at: https:/biochar-
international.org/ (accessed 22.07.2022).

Bovsun MA, Nesterova OV, Semal VA, Khokhlova Al, Sakara NA. Changes in the
composition and properties of biochar after one-year application. E3S Web of
Conferences. 2020;217:10009. doi: 10.1051/e3sconf/202021710009

Shishov LL, Tonkonogov VD, Lebedeva II, Gerasimova MI. Klassifikatsiya i diagnostika
pochv Rossii [Classification and diagnostics of soils of Russia]. Smolensk: Oikumena;
2004. 342 p. In Russian

Spokas KA. Review of the stability of biochar in soils: predictability of O:C molar ratios.
Carbon Manage. 2010;1:289-303.

Mukhina IM. Vliyaniye karbonizirovannoy biomassy na parametry plodorodiya dernovo-
podzolistykh pochv i emissiyu parnikovykh gazov [Influence of carbonized biomass on
the fertility parameters of sod-podzolic soils and greenhouse gas emissions]. St.
Petersburg; 2017. 187 p. In Russian

Orlova NE, Labutova NM, Orlova EE, Bankina TA. Biokhimicheskiye i
mikrobiologicheskiye aspekty primeneniya biouglya v kachestve melioranta pochv
[Biochemical and microbiological aspects of the use of biochar as a soil meliorant].
Collection of scientific papers dedicated to the 95th anniversary of the Kuban State
Agrarian University. 2017. PP. 323-325. In Russian

Mukherjee A, Lai R, Zimmerman AR. Effects of biochar and other amendments on the
physical properties and greenhouse gas emissions of an artificially degraded soil. Science
of Total Environment. 2014;487:26-36. doi: 10.1016/j.scitotenv.2014.03.141

Wu Z, Zhang X, Dong Y, Li B, Xiong Z. Biochar amendment reduced greenhouse gas
intensities in the rice-wheat rotation system: six-year field observation and meta-analysis.
Agricultural and Forest Meteorogy. 2019;278:107625. doi: 10.1016/j.agrformet.2019.107625
Bovsun MA, Castaldi S, Nesterova OV, Semal VA, Sakara NA, Brikmans AV,
Khokhlova Al, Karpenko TY. Effect of Biochar on Soil CO, Fluxes from Agricultural
Field Experiments in Russian Far East. Agronomy. 2021;11:1559. doi:
10.3390/agronomy11081559

Wang C, Shen J, Liu J, Qin H, Yuan Q, Fan F, Hu Y, Wang J, Wei W, Li Y, Wu J.
Microbial mechanisms in the reduction of CH; emission from double rice cropping
system amended by biochar: A four-year study. Soil Biology and Biochemistry.
2019;135:251-263. doi: 10.1016/j.s0i1bi0.2019.05.012

Wu D, Senbayram M, Zang H, Ugurlar F, Aydemir S, Bruggemann N, Kuzyakov Y,
Bol R, Blagodatskaya E. Effect of biochar origin and soil pH on greenhouse gas emissions



boecyn M.A., Hecmepoega O.B., Cemans B.A. u 0p. Brusanue enecenus ouoyzns na yposncaiinocms

from sandy and clay soils. Applied Soil Ecology. 2018;129:121-127. doi:
10.1016/j.aps0il.2018.05.009

28. Nesterova O.V., Semal V.A., Bovsun M.A., Vasenev LI, Brikmans A.V., Karpenko T.Y.,
Sakara N.A. Changes in the properties of agricultural soils in the South of the Russian Far
East during the introduction of biochar. Agrochemical Bulletin. 2021;5:18-23.

29. Ivanov G.I. Soils of Primorsky Krai. Vladivostok : Far Eastern Book Publishing House,
1964. 107 p.

30. Sakara N.A., Leunov V.I., Sukhomirov G.I, Tarasova T.S., Oznobikhin V.L,
Development of vegetable growing in the Russian Far East in historical, scientific and
production aspects. Agrarian Bulletin of Primorye. 2021:18-29.

Hugpopmavyusa 06 asmopax:

BoBcyn Mapusi AjlekcanApoBHa — acnupaHT Kadeapbl MoYBoBeAeHus, JanTbHEBOCTOYHBIN
(benepanbubiii yauBepcureT (Bnamusocrok, Poceust).

E-mail: bovsun.mal@dvfu.ru

HecrepoBa Ouibra BiagumMupoBHa — kaHza. OWOJ. HayK, JOLEHT Kadenpbl IOYBOBEICHUS,
JanbHeBocTouHbIN (eaepanbhblii yauBepeutet (BnaauBocrok, Poccus).

E-mail: nesterova.ov@dvfu.ru

Cemanp Bukxropusi AnjapeeBHa — KaHA. OWON. HAyK, JOLECHT KadeApbl MMOYBOBEICHHUS,
JansHeBocTouHbIN (enepanbhblil yauBepeutet (BiaanBocrok, Poccus); c.H.c. cekropa mo4-
BoBezieHus U dkonoruu nous, OHLI Buopasnoobpasust Hazemuolr 6uotsl BocTouHoit A3uun
JBO PAH (Bnanusoctok, Poccust).

E-mail: semal.va@dvfu.ru

Cakapa Hukosaii AnapeeBHY — KaHJ. C-X. HAYK, JUPEKTOp HO Hayke [Ipumopckoit oBor-
HOMH OIBITHOM cTaHIMK — (urana (erepanbHoro rocyJapcTBEHHOrO HaAy4HOTO yYPExICHHS
«DenepanbHbIi HAYYHBIH LIEHTP OBOIIEBOACTBa» (ApTeM, Poccust).

E-mail: nsakara@inbox.ru

Bpukmanc Anacracusi BiaagumupoBHa — kaHj. OMON. Hayk, JOLEHT Kadeapbl OYBOBE/IC-
nust, JanbaeBoctounbii penepanbhblii yauBepeutet (BnaauBocrok, Poccus).

E-mail: brikmans.av@dvfu.ru

Kapnenko Tarbsina FOpbeBHa — accucTeHT Kadenpsl MOYBOBeAeHUs, JlanbHEBOCTOUHBIN
¢benepanbubiii yauBepcureT (Bnamusocrok, Poceust).

E-mail: karpenko.tiu@dvfu.ru

TapacoBa Tarbsina CepreeBHa — H. c. [I[puMOpPCKO#i OBOIHO ONBITHON CTaHIMK — (prina-
na (eiepaibHOr0 roCyIapCTBEHHOI0 HAyYHOro yupesxaeHus «DeaepanbHplii HAydHBINH LEHTP
oBoieBoacTBa» (BmaguBocrok, Poccus).

E-mail: nsakara@inbox.ru

Asmopul 3aa6na10m 06 omcymcmeuu KOHukma unmepecos.

Information about the authors:

Maria A. Bovsun, post-graduate student of the Department of Soil Science of the Far Eastern
Federal University (Vladivostok, Russian Federation).

E-mail: bovsun.mal@dvfu.ru

Olga V. Nesterova, PhD, Associate Professor of the Department of Soil Science of the Far
Eastern Federal University (Vladivostok, Russian Federation).

E-mail: nesterova.ov@dvfu.ru

Viktoriia A. Semal, PhD, Associate Professor of the Department of Soil Science of the Far
Eastern Federal University Senior Researcher of the Sector of Soil Science and Soil Ecology
of the Federal Research Center for the Biodiversity of Terrestrial Biota of East Asia, FEB
RAS (Vladivostok, Russian Federation).

E-mail: semal.va@dvfu.ru

25



Azpoxumusn u nougosedenue / Agrochemistry & Soil science

Nikolay A. Sakara, PhD, Director for Science of the Primorsky Vegetable Experimental
Station - branch of the Federal State Scientific Institution "Federal Scientific Center of Vege-
table Growing" (Artem, Russian Federation).

E-mail: nsakara@inbox.ru

Anastasia V. Brikmans, PhD, Associate Professor of the Department of Soil Science of the
Far Eastern Federal University (Vladivostok, Russian Federation).

E-mail: brikmans.av@dvfu.ru

Tatiana Yu. Karpenko, Assistant of the Department of Soil Science of the Far Eastern Fed-
eral University (Vladivostok, Russian Federation).

E-mail: karpenko.tiu@dvfu.ru

Tatiana S. Tarasova, researcher at the Primorsky Vegetable Experimental Station, a branch
of the Federal State Scientific Institution "Federal Scientific Center for Vegetable Growing"
(Artem, Russian Federation).

E-mail: nsakara@inbox.ru

The Authors declare no conflict of interest.

Cmamws nocmynuna @ pedaxyuto 04.08.2022;
0006pena nocne peyensuposanus 01.04.2023; npunama x nyonuxayuu 02.08.2023.

The article was submitted 04.08.2022;
approved after reviewing 01.04.2023; accepted for publication 02.08.2023.

26



