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The indicators of the waste pyrolysis process are calculated depending on the degree of heating
and temperature of biomass processing.

The results of analyzes carried out to determine the moisture content, the amount of volatile
substances in the composition of biochar and to determine the carbon in the composition of biochar,
for further use of biochar in soil application are given. Biochar products were brought from different
regions of France.

The conditions for the analysis correspond to the requirements established for laboratory
research, while the following indicators of the substance and processes were selected: sample weight
~ 30 (mg); temperature 900 (°C); heating rate 10 (°C.min-1); residence time 60 (min); atmosphere
N2/Air; gas flow rate 100 (ml.min-1)

The process of pyrolysis consists in the transformation of organic substances under the action
of heating in an inert atmosphere, on the basis of which it is established at a temperature of 350 ...
400 0C. the minimum heating rate is 35...40 deg 0C/min., and the maximum productivity of biochar,
which increases bulk density, aggregate stability, hydraulic conductivity, water and nutrient retention
capacity, soil cation exchange capacity, soil pH.

The results of adding the obtained biochar to the soil cause changes in the physical, chemical
and microbiological properties of the soil and increase porosity, bulk density, aggregative stability,
hydraulic conductivity, water and nutrient retention capacity, soil cation exchange capacity, soil pH,
composition and microbial activity in the end result will lead to increased fertility.

Key words: pyrolysis, biochar, biomass, vacuum furnace, biomass heating, porosity, bulk
density of nutrients, soil and ecological conditions, natural environmen
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BJIMSTHUE MUHEPAJIBHBIX YJIOBPEHUM HA YPOKAMHOCTH TOPOXA
COPTA AKCAMCKHM YCATBIM 55

Annomayus

B craTtee npencraBnensl pe3ynbTathl uccienoBanuii 2021-2022 rr., mpoBeIeHHBIX HA TEMHO-
KamTaHoBBIX ouyBax LlenTpansHoro Kazaxcrana, mo u3y4eHHIo BIMSHUSA MUHEPAIbHBIX y100pEHUH
Ha YpOXaWHOCTh Topoxa copTra AKCaWCKWW ycaTblii 55 M JUHAMUKY OCHOBHBIX MHUTATEIbHBIX
3JIEMEHTOB MOYBBI, TAKUX KAaK HUTPATHBIN a30T, MOJBUKHBIN Gochop, 0OMEHHBIH Kanuili B TedeHHe
Bereralluu ropoxa mno aszam: BCXOAbl; OyToHW3auus U LBeTeHue. IloceBbl BbINIEyKa3aHHON
KYJIBTYpbI IPOBOJMIINCH TpeMs pa3HbIMU HOpMamHu BbiceBa ceMsH (0,8; 1,0; 1,2 mun.uT. cemsiH Ha 1
ra), B Tpu pa3HbIX cpoka mocesa (11; 15; 20 mas) u o Tpem doHam: KOHTpoJIb (6e3 ynodpenuii); P
82 xr/ra n.B.; P 82 xr/ra n.8.+ N 17 xr/ra 1.8. CoaepkaHue HUTPATHOTO a30Ta B IOYBE MEPEJI TOCEBOM
ropoxa o BCeM HOpMaM BbICeBa ObLIO OT OUY€Hb HU3KOTO 10 MOBBIILIEHHOT0, B 3aBUCUMOCTH OT CpOKa
M0CeBa U KIIMMaTUYeCKHX ycIoBUN. BHeceHne aMModoca MOBbIIIANIO COepKaHNe HUTPATHOTO a30Ta
B IIOYBE 10 BCEM CPOKaM M HOpMaMm BbIceBa ropoxa: 0 16,6-17,5 MI/kr Ha BapuaHTax CO CPOKOM
nmoceBa 11 mas u mo 28,1-37,5 MI/Kr mouBbl Ha BapwaHTax ¢ 0ojiee MO3AHUM CPOKOM TIOCEBa.
JlomoynHUTEIbHOE BHECEHHE CyibhaTa aMMOHHMS COOTBETCTBEHHO e€Ile OOJbIlIe YBETUYHBAIO
cojiepKaHue HUTPATHOIO a30Ta B ouBe - 10 40,5 mr/kr moussl. CosiepxaHue MoABHKHOTO dochopa
B [10YBE MepeJl MOCEBOM ropoxa Ha KOHTPOJIbHBIX BapruaHTax (0e3 ynoOpeHuil) Obl10 0OYeHb HU3KUM
U HU3KUM Ha ypoBHe 8,8-23,5 mr/kr. Buecenne ammodoca xak docdopconepxkaiiero ynroopeHus
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MOBBIIIATIO COJIEPIKAaHKUE MOABMIKHOTO docdopa B mouBe 10 38,1 MI/KT MOYBBI, YTO COOTBETCTBYET
MOBBIIICHHOM 00€CIICUeHHOCTH.

B cpennem 3a 1Ba rojia mpoBeIeHHBIX UCCIIEIOBaHNM, HanOoJIee BhICOKast ypoxkaitHocTh —20,26
11/Ta, MOJTyYeHa 110 BapUAHTY CO CPOKOM moceBa 20 masi, ¢ HOpMO# BeiceBa 1,2 MITH.IIT. ceMsH Ha 1
ra, ¢ BHecenrneM P 82 kr/ra 1.8.+N 17 kr/ra a.B. boyiee onTuManbHBIM OKa3ajcs TPETUH CPOK MOceBa
- 20 mast, KOTOpHIiA 0Oecieuns Harnbosiee BEICOKYIO YPOXKAWHOCTh H3ydaeMoi KyabTypsl — 20,26 1y/ra.
[To m3ydyeHUto BIMSHUS MHHEPAJIbHBIX YIOOpEHHUN HA YPOKaWHOCTh ropoxa IO BCEM CPOKaM H
HOpPMaM BBICEBa, HANOOBIIICH BEIMUYNHON OTINYAJICS BAPHAHT C COBMECTHBIM BHECEHUEM aMModoca
U cynbdaTa aMMOHHS.

Kntouesvle cnoea: nousa,ecopox, HUMpaAmuslil azom, NOOBUNCHBIL Gochop, MuHepavhbvie
VO00OpeHUsl, YPOIUCAUHOCb

Beeoenue

I'opox Bo3aenbIBaeTCst Ha OOMIMPHOM apeale, MPEUMYIIECTBEHHO B YMEPEHHOH 30HE 3¢MHOTO
mapa. Cpenu BaXHEHIINX 3€pHOOO0OOBBIX KYJIBTYP, LIMPOKO PAaCHPOCTPAHEHHBIX B Pa3IMUHBIX
CTpaHaXx MHpa, IOpoX II0 IOCEBHOM IUIOWIAAM 3aHUMaeT TpeThbe MecTo [1,c.6]. Iupokoe
pacmpocTpaHEeHHE 3€pHOBBIX OOOOBBIX M, B YaCTHOCTH, IOpOXa B MHPOBOM 3EMIICIICIHU
00yCIIOBJICHO, TIPEXKJIE BCEro, X CIIOCOOHOCTHIO HAKAIUIMBAaTh B CEMEHAX W BETETATUBHOW Macce
00JIbIII0E KOTMYECTBO BHICOKOKAYECTBEHHOTO Oelka [2].

I'opox siBisieTcss OAHUM U3 BaYKHBIX OBOLIEH B MHUpE M BXOAUT B TOI-10 OBOLIHBIX KYJBTYP.
['opox MIMPOKO HCIOJB3YyeTCsl B PAlMOHE YeOBeKa BO BceM mupe u Oorar Oenkom (21-25%),
yriaeBojamu, ButamuHamu A u C, kanpuueM, Gpochopom U UMeeT BHICOKUN YPOBEHb aMUHOKHUCIIOT
nmu3nHa U Tpuntodana [3].

I'opox - oHa U3 BaKHEHIINX YHUBEPCATbHBIX O0OOBBIX KYIbTYp, KOTOpasi 00J1a/1aeT BBICOKOM
MUTATEJIbHOCTBIO O1arosapsi CBOMM Ba)KHBIM OMOXMMHUYECKUM CBOWCTBAaM, @ UMEHHO COJIEP’KaHUIO
Oenka, ero KauecTBY (COAEPKUT OONbIIOE KOJIUYECTBO HE3AMEHHMMBIX aMHHOKHCIOT, TAaKUX Kak
JIU3UH, METHOHUH, JIEWIUH U T.JI.), KOTOPbIE HE CHUHTE3UPYIOTCS UYEIOBEUECKUM OpPraHU3MOM),
MHUHEpaJIOB, Maclla ¥ co/iepkaHuIo caxapa. ['opox o0iaiaeT BEICOKOM MUTATEIbHOCTBIO U COJEPKHUT
BBICOKHUI TIPOIICHT JIETKOYCBOSIEMBIX O€NKOB - 22,5%, yrineBoaoB - 58,5%, xupos - 1,0%, kineTdaTku
- 4,4% v munHepanos - 3%, BUTAMUHOB, 0COO€HHO rpynisl B [4].

[Hentpansueiii Kazaxcran xapakrepusyercs 3aCylUIMBBIM KIMMAaTOM C TOJOBOM CyMMOH
ocaznkoB oT 190 mo 370 MM M Hamnps>KEHHBIM BETPOBBIM PEKUMOM. OCHOBHBIE MaXOTHBIE 3EMIIU
MIPE/ICTAaBICHbl KAllITAHOBBIMU, TEMHO-KAIITAHOBBIMU U UYEPHO3EMHBIMH IIOYBaMH, KOTOpHIE
MCMOJIb3YIOTCS TNIABHBIM 00pa3oM JJIsi BBIPAIIMBAHUS BEIYIIEH KyJIbTYphl 3TOIO PETHOHA - SPOBOM
nenuibl.OcBoeHne Haubolsiee MPOJYKTHUBHBIX CEBOOOOPOTOB, COOTBETCTBYIOIUX MECTHBIM
MMOYBEHHO-KJIMMATUYECKUM  YCJIOBMSIM,  SIBIIIETCA ~ BaXHOW  3a7auedi B BBIINOJHEHUH
[IponoBonscTBeHHONW mporpammbl  Kazaxcrana[5].OgHol W3  KydabTyp B JAuMBEpcUUKALNN
CEJIbCKOXO35IICTBEHHOI'O IIPOM3BO/ICTBA SIBJISIETCS TOPOX.

B Kazaxcrane, npoayKTMBHOCTh TOpPOXa, HECMOTPS Ha OTHOCUTEIHHO OJaromnpusTHHIE
IIOYBEHHO-KIIMMATUYECKUE YCIOBHs, HuU3Kas. [lo maHHbBIM bBrOpo HalMOHAIBHOM CTATUCTHKU
ArentctBa PecnyOnuku Kazaxcran mo cTparerndeckoMy IIaHUPOBaHUIO U pedopmam, B 2022 T.
IUIOIIAJb BO3ETBIBAaHUS ropoxa coctaBuina 117,1 TeIc. Ta, mpu cpeanelt ypoxaitnoctu - 12,8 1/ra,
YTO CYIIECTBEHHO HIDKE MO0 CPABHEHHUIO C MOKA3aTEeISIMU Pa3BUTHIX CTpaH mupa [6].

OnHOM 13 NPUUMHSBIIETCS HEJOCTATOYHASI M3YUYEHHOCTh OMOJIOTHYECKUX TpeOOBaHUHTOpOXa
K YCJIOBUSIM MUHEPAJIbHOIO MUTAHUS U €r0 OT3BIBUMBOCTH Ha yJOOpEHMs], B TOM YHCJIE B YCIOBUAX
IenTpansHoro Kazaxcrana.

B cBs31 ¢ 3TUM HaMu ObLTa TOCTaBJIEHA LEb - U3YYUTh BIUSHUE MUHEPAIBbHBIX yI0OpeHHI Ha
YCIIOBUS IIOYBEHHOT'O MMUTAHUS M YPOXKAMHOCTH ropoxa.

Memoowvt u mamepuaut

HccnenoBanus 1Mo M3y4EHHUIO BIUSHHUS MUHEpAIbHBIX yIOOpeHHH Ha ypoXKalHOCTb ropoxa
copta AKCaliCKMil ycaTblii 55 MPOBOAWINCH Ha TEMHO-KAIITAHOBBIX KapOOHATHBIX mouBax TOO
«Haiinoposckoe» KaparanauHckoit 06s1acTu ¢ coJiepaHueM HUTPaTHOTo a3oTa B npenenax — 10,8-
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11,7 mr/kr, mogsmwxkHoro dochopa — 15,2-23,8 mr/kr, oomenHoro kamus — 530-550 mr/kr, rymyca
2,58-2,79 %, pH 8,34-8,67, mo cnenyromei cxeme:

1. Kortposns (6e3 ynoopenwuii);

2. P 82 kr/ra 0.B.;

3. P 82 kr/ra n.8B. + N 17 xr/ra na.8..

[ToneBbie ONBITHI OBUIN 3AJI0KEHBI B TPU cpoka mocesa: 11 mas, 15 mas, 20 mMast ¢ pa3InyHbIMH
HopMmamu BbiceBa ceMsH 0,8; 1,0; 1,2 muH. mt/ra. Pasmep oxnoit nemstaku — 0,115 ra (36Mm x 32m).
[ToBropHocts TpexkpatHas. CopT ropoxa - Akcaiickuii ycareii 55 (BeiBenen B 2011
roJly,paHHecIIeNIblii). ArpoTeXHHKa B OIBITaX OOIICTIpUHATAs AJs 30HBL. B KadecTBe ynoOpeHuit
ucnosnb3oBaiarck ammodoc (P - 46 %, N - 10% a.8.) u cynbdar ammonus (N - 21%).

ArpoxuMHYECKHEe MOKA3aTeNIN MOYB OIpeAeeHbl OOENPUHATHIMU B arpPOXUMUU METOJIaMU
i kKapOoHaTHbIX ouB: OT60p 06pasios mous (I'OCT 58595-2019); moaroroBka 0Opa3oB MOYBEI
k ananmu3y (I'OCT 29269-91); onpenenenne coaepkaHusi HUTPATOB B mouBe 1mo meroauke [IMHAO
(FOCT 26951-86); onpenenenue MoaABMKHOTO (ochopa W KaJlusg B COCTABE MOYBBI IO METOIAMKE
Mauuruna (I'OCT 26205-91); onpenenenue nokazarens pH nmoussl mo metonuke [IMHAO (I'OCT
26483-85); onpenenenue copep:kanus rymyca B mouse mo metoauke [[TMHAO (I'OCT 26213-2021).

Cratuctnueckas o0paboTKa TMOJTYYEHHBIX MJaHHBIX MpOBOAMIAcCh Mo Meroauke b. A.
Hocnexosa [7].

Pezynomamul u oocysyncoenue

Crenuduka MUTaHUS TOpPOXa, KaK M JIPYTUX 3€pHOOOOOBBIX KYJBTYp, OOYCIIOBJIEHA HX
OMOJIOTHYECKUMH OCOOCHHOCTSIMH: OTHOCHUTEIIHO HEOOJIBIINM BETETAIIMOHHBIM  IIEPHOJIOM,
C1a0Opa3BUTHIMU KOPHEBOM CHUCTEMOM U HaJA3€MHOW Maccoil, 4To TpeOyeT I0CTaTO4YHOTO
COJIEp’KaHUsl B MMOYBE YCBOSEMBIX (DOpPM IMUTATEIBHBIX BemecTB. YToOBI chopmupoBaTh ypokai
3epHa Ha ypoBHe 4,0 T/ra, pacTeHus BeIHOCAT U3 ouBbl 240-260 kT azota, 48-50 kr pocdopa u okoso
80 kr kanwus [8].

A30T sBHSieTCS >KM3HEHHO BaXKHBIM IHUTATEIbHBIM BEHIECTBOM JUISl JKU3HENEATEIHbHOCTU
opraHoB pacTeHuid. OH BXOJUT B COCTaB MHOTMX KOMIIOHEHTOB, [I03TOMY KOJUYECTBO a30Ta MOXKET
BIIUATH HA pOCT pacTeHui [9].

ConeprxaHue 3JI€MEHTOB MTUTAaHUS B TIOUBE B T'OJIbI UCCIIEIOBAHUM OBLIO Pa3IMYHBIM (TaOTUIIBI
1-3).

Kak BugHO 13 Tabnuusl 1, conepkanne HUTPATHOTO a30Ta B IOYBE Iepe]] moceBoM ropoxa 11
Masi Ha KOHTPOJIbHBIX BapHaHTax (6e3 ynoOpeHuii) Obls1o OueHb HU3KUM, Ha ypoBHE 12,6-16,1 mr/kr
nouBbl. Ilpu moceBe ropoxa B 0Oojee NO3AHHE CPOKH, YBEIMYEHUE TEMIEPATYpPhl IOYBBI
ONMarompusITHO CKa3bIBasCh Ha Mpolecce HUTPUPHUKAIUN, HECKOIbKO MOBBIIIANO COJEpKaHUe
HUTPATHOTO a30Ta B MOYBE, 70 26,5-33,0 Mr/kr nouBsl. BHeceHne aMMmodoca moBIIIaNo coaep:KaHme
HUTPATHOTO a30Ta B MOYBE MO BCEM CpPOKaM M HOpPMaM BbIceBa ropoxa: Ao 16,6-17,5 mr/kr Ha
BapuaHTax co cpokom mocesa 11 mast u 1o 28,1-37,5 Mr/kr mouyBbl Ha BapHaHTax ¢ 0oJiee MO3THIUM
CpokoM moceBa. [lomonHUTEenT HOE BHECEHHE Cylb(aTra aMMOHHS COOTBETCTBEHHO elle OoJible
YBEITUYMBAJIO COJIEp’KaHUe HUTPATHOTO a30Ta B mouBe - 110 40,5 mr/kr noussl. K da3ze Oyronuzanuu
ropoxa B IIEJIOM COJepKaHHUEe HUTPATHOTO a30Ta B MOYBE MO BCEM BapHaHTaM CHIDKAIOCH 32 CYET
BBIHOCA PACTEHUSIMU, HECKOJIBKO MOBBIMIASACH B (ha3y LIBETEHUS, TAK KaK 3arachl a30Ta MOMOJIHAIOTCS
nyreM (UKCallUd ero KIyOeHBKOBBHIMU OaKTepUSIMH, a TaKKe HYKHO Y4ecTh, YTO BO BpeMs
OYTOHHU3AIMK U [IBETEHHUS a30T Y Ke MOCTYIMaeT U3 HaKOIUIEHHOT o 3amaca pacrenuem [8].

Tabauua 1 - Jlunamuka copepkaHus HUTPATHOTO a30Ta MOJT TOCEBAMHU rOpOXa, MI/KT TIOYBBI

Copepxanrie NOz B mo4Be, MI/Kr
Hopma
Cpoxn B (hazy
BBICEBA, MITH Don B azy
mocesa IO TIOCEBA OyTOHH-
mr/ra LIBETEHHUS
3a1uu
KonTpons (6e3 ynobpenuii) 14,5 13,2 14,7
1 0,8 P 82 kr/ra n.8. 17,5 13,2 15,9
i P 82 kr/ra 6. + N 17 Kki/ra 6. 18,9 22,2 232
1,0 KouTtposs (6e3 yaodpenwii) 16,1 10,6 13,6
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P 82 kr/ra n.8. 17,2 10,4 15,7

P 82 kr/ra g.8. + N 17 kr/ra a.8. 17,8 13,9 19,5
KonTpous (6e3 yaoopeHwmii) 12,6 8,6 7,5

1,2 P 82 kr/ra n.8. 16,6 10,0 18,2
P 82 xr/ra n.B. + N 17 kr/ra n.B. 16,7 18,3 20,6
KonTtpous (6e3 ynoopenwmii) 33,0 26,6 23,3

0,8 P 82 kr/ra n.B. 37,5 32,0 35,9
P 82 kr/ra n.8. + N 17 xr/ra 1.B. 40,5 39,6 39,0
KonTtpous (6e3 ynoopenwmii) 29,3 17,2 18,4

15 mas 1,0 P 82 kr/ra n.B. 32,3 17,6 19,3
P 82 kr/ra a.8. + N 17 kr/ra a.8. 34,0 18,8 22,4
KonTtpous (6e3 yaoopenwmii) 26,5 15,7 17,5

1,2 P 82 kr/ra n.8. 28,1 19,0 20,6
P 82 kr/ra a.8. + N 17 kr/ra a.8. 29,8 19,2 22,2
KonTtpous (6e3 yaoopenwmii) 25,7 19,5 19,2

0,8 P 82 kr/ra n.B. 27,7 20,8 20,4
P 82 xr/ra n.B. + N 17 kr/ra n.B. 28,8 22,2 25,1
Kontposs (06e3 ynoOpenuii) 27,5 20,6 21,5

20 mas 1,0 P 82 kr/ra 1.8. 29,1 22,4 23,7
P 82 kr/ra n.B. + N 17 kr/ra n.B. 29,4 21,9 25,8
Kontposs (06e3 ynoOpenuii) 23,1 17,2 16,2

1,2 P 82 kr/ra n.B. 24,0 18,9 20,3
P 82 kr/ra n.B. + N 17 kr/ra n.B. 24,1 17,1 18,4

®ocdop crocoOCTBYET MOIIHOMY Pa3BUTHIO KOPHEBOHW CUCTEMBI Y TPOPOCTKOB. DTO BAYKHBIN
3Tarl pa3BUTHS OOOOBBIX PACTEHHIA, OT KOTOPOTO B MOCIIEIYIOIIEM 3aBUCUT 00pa30BaHUE KITYOCHBKOB
Ha KopHiX. Docdop wurpaer BakHYIO pOJIb B Tpolecce OHOJOTHYECKOW (UKCAIMHM a30Ta U
CIOCOOCTBYET OoJiee paHHEMY M PAaBHOMEPHOMY CO3peBaHuUIO ceMsiH [8].

W3BecTHO, uTO hocdop UrpaeT BaKHYIO POJIb B POCTE U PA3BUTUHU KYJIbTYPHI M HMEET MPSMOE
OTHOIIICHHE K IPOPACTAHUIO KOPHEH, MPOYHOCTH CTEOIIsI, 00pa30BaHUIO 3€PHA, CO3PEBAHUIO YPOXKasI
[3].

Jlns ropoxa XapakTepHa BBICOKash MHTEHCHBHOCTh moryomeHus ¢ocdopa. bombiie Bcero
KyJIbTypa YCBamBaeT €ro B IMEPUOJ TNPOpacTaHusi - OYTOHM3ALWH, B OTO BpPEMS PACTCHHUS
HaKaIuIMBaloT 10 75% 0O0I11ero ero KOJMYecTBa 3a BereTallMoHHbIN nepro. OcranbHas MOoTpeOHOCTh
B (pocope mpooimKaeT mocTymnarth 10 MOJIHOTO co3peBanus ropoxa. Hemocratok dochopa B mouse
HapyIaet GopMHUPOBaHUE PEMPOAYKTUBHBIX OPraHOB, 3aTSATHBACT IIEPHO]] CO3peBaHHMs 3epHa [8].

Conepxanne TMOABMKHOTO (ocdopa B TOUBE MEpe]] MOCEBOM TOpoXa Ha KOHTPOJIBHBIX
BapuaHTax (06e3 ynoOpeHuit) 6buU10 oueHb HU3KUM M Hu3kuM [10, 11], Ha ypoBHe §8,8-22,1 mr/kr
MOYBHI (TabswuIa 2).

Tabauna 2 - Jlunamuka cofepxaHusi MOABMKHOTO (ocdopa moj moceBamu ropoxa, MI/Kr
TTOYBBI

Conepxanne P2Os B mouBe, Mr/kr
Hopma
Cpoxku B azy
BBICEBA, MITH DonH B a3y
rmoceBa JI0 TTOCeBa OyTOHH-
mT/ra LIBETECHHUS
3a1UH
KouTposs (6e3 yaodpenwmii) 8,8 6,6 7,6
0,8 P 82 xr/ra n.B. 10,6 11,4 11,1
P 82 kr/ra 1.8. + N 17 kr/ra n.8. 15,8 13,1 12,6
Koutposs (6e3 yaodpenwii) 12,3 8,5 10,0
11 mas 1,0 P 82 kr/ra a.B. 16,4 15,0 14,5
P 82 kr/ra 1.8. + N 17 kr/ra n1.8. 19,9 16,9 15,0
KonTpons (6e3 ynobpenuii) 11,0 10,4 11,5
1,2 P 82 kr/ra n.8. 15,8 115 13,3
P 82 kr/ra 1.8. + N 17 kr/ra n1.8. 19,6 16,3 17,9
KonTtpons (6e3 yrobpenwnii) 20,2 12,5 16,7
15 mas 08 [ P82wriraas. 38,5 27,9 29,2
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P 82 kr/ra g.8. + N 17 kr/ra a.8. 51,7 37,7 32,8
KonTtpous (6e3 yaoopenwii) 19,7 11,7 13,9

1,0 P 82 xr/ra n.B. 38,1 29,1 28,5
P 82 xr/ra n.B. + N 17 kr/ra n.B. 54,1 32,2 33,3
Konrpois (6e3 ynobpenuii) 22,1 11,0 12,8

1,2 P 82 kr/ra n.B. 37,0 28,4 30,2
P 82 xr/ra n.B. + N 17 kr/ra n.B. 57,5 31,5 36,4
KonTtpous (6e3 ynoopenwmii) 23,5 16,0 16,3

0,8 P 82 kr/ra n.B. 38,2 31,2 36,7
P 82 xr/ra n.B. + N 17 kr/ra n.B. 55,4 47,3 48,5
KonTtpous (6e3 yaoopenwmii) 20,3 10,8 12,6

20 mas 1,0 P 82 xr/ra n.B. 35,1 29,3 30,4
P 82 xr/ra n.B. + N 17 kr/ra n.B. 51,6 32,7 33,3
Konrpous (6e3 ynobpenuii) 194 14,7 15,0

1,2 P 82 kr/ra n.8. 35,2 24,0 25,5
P 82 xr/ra n.B. + N 17 kr/ra n.B. 54,4 32,5 36,8

Buecenne ammodoca xak docdopcomepkamero yaoOpeHHS IOBBIMIANIO COJCPIKAHUE
nonBmxkHOro (¢Gochopa B moue g0 38,1 MI/KI MOYBBI, YTO COOTBETCTBYET MOBBIIICHHON
obecrieduennoctu [10, 11]. CoBmecTHOEe mpuMeHeHHEe amMModoca U CyiabpaTa aMMOHHUS TaKXKe
MOBBIIIATO COACPIKAHUE TIOABMKHOTO (hocdopa, YTO MOKHO OOBSICHUTH MOOUIIH3AIMEH TTOYBECHHBIX
docdaTtoB npu BHECCHUH (U3MOJIOTHUSCKU KHCIOTO Cyib(aTa aMMOHHUSA. B TedeHuwe Bereranuu
JMHAMHUKa COJICPKaHuUs TOABKHOTO (hocopa B 1oUBe ObLIA CI1a00N, HECKOJIBKO CHHIKASICh B CBSI3U
C UCIIOJIb30BAaHUEM PACTCHHUSIMH TOPOXa.

OOecneueHHOCTh PACTEHUI KajJheM TOBBIMIACT UX 3aCyXOyCTOMYMBOCTh, YCTOHUHUBOCTH K
3a00JIeBaHMsM, yJaydliaeT oOMeH BellecTB. HemocTaTok Kaiusi BBI3BIBACT OTMHpAHUE TKaHEH Ha
CTapbIX JUCThSX U MEPUPEPUUCCKON YaCTH MEXKTY KHUIKAMH, a €ro U30BITOK YCKOpSeT 00pa3oBaHuUe
U co3peBaHHe O00OB Topoxa, B pe3yiabTaTe 4ero OHW (OPMHUPYIOTCS MEIKHMH, a PAcTEeHHS -
HU3KOPOCIbIMU. [Ipy BBICOKOW 00ECIIEYCHHOCTH KaIMEeM €r0 YCBOCHHUE MPOUCXOAUT UHTCHCHUBHEE U
IPOIOJDKACTCS 10 KOHIA BereTanuu [8].

B Hammx omeiTax, cojepxaHue 0OMEHHOTO Kalus B IOYBE IMEpe]l IOCEBOM ropoxa Ha BCeX
BapuaHTax ObLJIO BHICOKUM (Tabsuia 3).

BHrecenne ammodoca, a Takxke COBMECTHOE BHECEHHUE €T0 C CYJIb(haToM aMMOHHMS HE OKa3bIBaJIO
BJIMSIHUSI HA COJICp)KaHWE OOMEHHOTO Kayvs B MOYBE, KOTOPOE OCTaBaJOCh Ha YPOBHE BBICOKOM
obecriedeHHOCTH. [IMHaMUKa COJIepKaHuUs KaJIsl B TOYBE B TCUCHUE BEr€TAI[MHM TOPOXa TAKKE, KaK U
dbocdopa Obuta c1ab0 BHIPAKEHHOM U €T0 COJIEPIKAHUE OCTABATIOCH BHICOKUM.

Tabauua 3 - Jlunamuka copepxanvs 0OMEHHOTO KaJus MO/ OCEBAMH TOpOXa, MI/KT TTOYBbI

Conepxxanne KoO B mouse, Mr/kr
Hopma
Cpoxu B (azy
BBICEBA, MIIH don B (a3y
rocesa IO TI0CeBa OyTOHH-
mr/ra LBETEHUS

3aIUHU
KonTtpoms (6e3 yaobpenwmii) 530 486 499
0,8 P 82 kr/ra n.8. 573 458 480
P 82 kr/ra g.8. + N 17 kr/ra xa.8. 598 438 449
Konrpois (6e3 ynobpennii) 503 471 411
11 mas 1,0 P 82 kr/ra n.8. 568 470 422
P 82 kr/ra g.8. + N 17 kr/ra xa.8. 542 483 403
Konrpous (6e3 ynobpennii) 581 464 468
1,2 P 82 kr/ra n.8. 560 447 470
P 82 kr/ra g.8. + N 17 kr/ra xa.8. 554 476 441
Konrpois (6e3 ynobpennii) 508 448 477
0,8 P 82 kr/ra a.8. 531 438 429
15 mas P 82 kr/ra g.8. + N 17 kr/ra x.B. 526 452 475
10 KonTtpois (6e3 yaoopenwii) 574 423 421
! P 82 kr/ra n.8. 583 478 477
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P 82 xr/ra n.B. + N 17 kr/ra n.B. 568 463 442
KonTtpous (6e3 yaoopenwii) 575 406 427

1,2 P 82 kr/ra 1.8. 575 440 422
P 82 xr/ra n.B. + N 17 kr/ra n.B. 531 426 421
KonTtpous (6e3 ynoopenwmii) 525 497 473

0,8 P 82 kr/ra n.B. 570 488 457
P 82 xr/ra n.B. + N 17 kr/ra n.B. 503 451 420
KonTtpous (6e3 ynoopenwmii) 560 441 403

20 mas 1,0 P 82 kr/ra n.B. 558 486 402
P 82 xr/ra n.B. + N 17 kr/ra n.B. 539 437 404
KonTtpous (6e3 yaoopenwmii) 583 428 418

1,2 P 82 kr/ra n.8. 540 419 424
P 82 xr/ra n.B. + N 17 kr/ra n.B. 564 450 411

BHecenne MuHEpanbHBIX YAOOPEHUM, yiaydIlias YCJIOBUs MOYBEHHOTO MHUTAHHUS, MOBBIIIATIO
ypOXKaiHOCTh Topoxa (Tabyuia 4).

Ta6auna 4 - YpoxallHOCTh ropoxa B 3aBHCHMOCTH OT HOpPM, CPOKOB moceBa u (oHa
MMOYBEHHOTO MUTAHUS, 1|/Ta

Hopma YposkaiiHOCTB, 1/Ta
Cpoxn BBICEBA Don cpenusis
rmoceBa ’ 2021 r. 2022 1.
MJIHIIT/Ta 3a2T.
Kontposs (6e3 ynodpenuii) 13,01 11,53 12,27
0,8 P 82 kr/ra n.B. 19,79 13,61 16,70
P 82 kr/ra n.B. + N 17 xr/ra 1.B. 20,64 13,93 17,29
KonTtpoms (6e3 yaobpenmii) 12,82 13,76 13,29
11 mas 1,0 P 82 kr/ra n.B. 16,53 14,49 15,51
P 82 kr/ra n.B. + N 17 xr/ra 1.B. 17,12 16,17 16,65
KonTtpoms (6e3 yaobpenmii) 10,78 12,94 11,86
1,2 P 82 kr/ra n.B. 15,09 14,15 14,62
P 82 kr/ra n.B. + N 17 xr/ra 1.B. 14,78 15,18 14,98
KonTtpoms (6e3 yaodpenwmii) 20,01 14,06 17,04
0,8 P 82 kr/ra n.B. 21,25 15,47 18,36
P 82 kr/ra n.B. + N 17 xr/ra a.B. 20,95 17,01 18,98
KonTtpoms (6e3 yaoopenwmii) 23,94 15,37 19,66
15 mas 1,0 P 82 kr/ra n.B. 19,41 18,55 18,98
P 82 kr/ra n.B. + N 17 xr/ra a.B. 19,45 19,09 19,27
KonTtpois (6e3 yaodpenwmii) 14,19 18,84 16,52
1,2 P 82 kr/ra n.B. 17,64 20,26 18,95
P 82 kr/ra n.B. + N 17 xr/ra a.B. 18,18 20,23 19,21
KonTtpois (6e3 yaodpenwmii) 11,47 15,84 13,66
0,8 P 82 kr/ra n.B. 14,78 17,73 16,26
P 82 kr/ra n.B. + N 17 xr/ra 1.B. 15,58 18,84 17,21
KonTtpois (6e3 yaoopenwmii) 13,26 16,25 14,76
20 mas 1,0 P 82 kr/ra n.B. 15,88 17,88 16,88
P 82 kr/ra n.B. + N 17 xr/ra 1.B. 16,46 20,56 18,51
KonTtpois (6e3 yaoopenwii) 14,31 20,18 17,25
1,2 P 82 kr/ra n.8. 17,44 19,22 18,33
P 82 kr/ra g.8. + N 17 kr/ra na.8. 18,83 21,69 20,26
HCPos 2,13 2,43
m, % 4,25 5,22

Kak BuaHO U3 naHHBIX TaOnuiel 4, BHeCEHHE aMModoca B KauecTBe (hocdopcoaeprkaliero
y100peHus: MOBBIIANIO YPOXKANHOCTh TOpOXa MO0 BCEM BapHaHTaM, HE3aBUCUMO OT CPOKOB U HOPM
BbiceBa - OT 11,86-19,66 11/ra Ha KOHTPOJIBHBIX BapuaHTax 1o 14,62-18,98 1/ra mo ynodpeHHOMY
amModocom BapuanTax. CopmecTHOe BHeceHHe (ochopa 1 a30Ta 10 BCEM CPOKaM M HOpPMaM BbICEBA
okazasioch Hanbosee 3¢ppexkTuBHBIM. B cpenHem 3a 1Ba rosa, caMmyro BBICOKYIO yPOXKaHOCTb TOpoxa
o0ecreunsio COBMECTHOE MpHUMeHeHue amMmodoca U cyiabpata aMMoHuS, pu nocese 20 mas 1o
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BapUaHTy C HOPMOM BhIceBa 1,2 MITH. IIT. ceMsH/Ta moydeH ypoxkait 20,26 1/ra. 3ydyenne cpokoB
nmoceBa 11, 15, 20 mast mokasasno, 4To JIy4IIUM sBJIeTCs OoJiee MO3HUM, TpeTuil cpok mocesa - 20
Masi, KOTOpbIi o0ecnieunst HanboJiee BHICOKYIO YPOXKaHOCTh U3y4aeMOU KYJIbTYpBHI.

Boieoown

Uccnenosanus, npoeaeHubie B 2021-2022 rogax mo M3Y4YEHUIO BJIMSHUS MHUHEPATbHBIX
yIoOpeHuil Ha ypoKaHOCTh TOpoxa copra AKcCalCKuil ycaThli 55 Ha TEMHO-KAIITaHOBBIX
kapOoHaTHbIX moyBax LlenTpansHoro Kaszaxcrana, mokaszanu BBICOKYIO OT3BIBUMBOCTH IOpoxa Ha
yIIy4IIeHUE YCIOBUM MUHEpaIbHOTO NUTaHus. B cpeneM 3a 1Ba roga, camasi BBICOKasi ypoKahHOCTh
ropoxa MoJjiyueHa MpPH COBMECTHOM IpPHUMEHEHUH amMModoca U cynb(aTa aMMOHHUSA, MPU HOpME
BbIceBa 1,2 MTH. mT. ceMsH/Ta. /3 n3ydaeMbIX CPOKOB IMOCEBA, O0JIEE ONTUMATBHBIM OKA3aJICs TPETUH
CpoK - 20 Mast, KOTOPHBIH obecreunst Hanboiee BEICOKYIO YPOKaWHOCTh N3ydaeMon KynbTypsl — 20,26
/ra.
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MUWHEPAJIJIBI TR(IHAUTKBIIITAPABIH AKCAY MYPTThI 55 BYPIIIAK,
OHIMALJIITTHE 9CEPI
Anoamna
byn makanaga Opranbik KazakcTaHHBIH KYHTIPT Kapa-KOHBIP TOMBIPAKTAPbIH/IA, MUHEPAJJIbI
THIHAUTKBIIITApAbIH AKcall MypTThl 55 Oypiiak COPTBHIHBIH OHIMAUIITIHE 9cepiH >KoHe Oypiiak
BEreTaluschl Ke3iHjae Qaszanap: KellerTep; OYpIIIKTEHY oHE TYJJeHY OOWbIHIIA HUTPAT a30THl,
KBUDKbIMaNIBI (hocdop, aamacaTblH KaJui CUSKTHI TONBIPAKTBIH HETI3T1 KOPEKTIK 3JIEMEHTTEPIHIH
JMHAMUKACBIH 3epTTey OoifbiHIa, 2021-2022 %K. KYPri3uIreH 3epTTey HOTHXKENIEpl KeNTipuUIreH.
Xorapblza aTanFaH JaKbUIAbI €Ty YII TYPJIl TYKbIM ce0y HopmackiMeH (1 rekrapra 0,8; 1,0; 1,2 muH.
JaHa TYKbIM), yuI Typii ce0y mepsiminge (11; 15; 20 mambip) xoHe yu ¢oH OOMbIHIIA: OaKblIay
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(TeiHAUTKBIIICHI3); P 82 kr/ra 0.e.3.; P 82 kr/ra a.e.3. + N 17 kr/ra 9.e.3 xyprizunai. bypmak ery
aJIZIBIH/IA TOTIBIPAKTaFbl HUTPAT a30ThIHBIH MeJIIIepi OapiibIK ery HopMaiapbl OOMbIHINA eTy Mep3iMi
MEH KIMMATTBIK JKaFJaiapra OailaHbICThI 6TC TOMEHHEH JKOFapbIFa JICHiH 00Jabl. AMMOQOCTHI
eHri3y OypmiakThl ceOyaiH OapibIK Mep3iMIepi MEH HOpMaapbl OOWBIHINA TOMBIPAKTAFbl HUTPAT
A30THIHBIH MOJIIIEPiH apTThIpAbl: 11 Mambipaa ceOy mep3imi 6ap Hyckanmapaa 16,6-17,5 mr/kr-ra
NeHiH koHe KeHiHipek ce0y mepsimi Oap Hyckamapaa 28,1-37,5 Mr/kr-ra neiin. AMMOHWMIA
Cynb(aThIH KOCBIMIIIA KOJJIAaHY COMKECIHIIE TOMBIPAKTaFbl HUTPAT a30THIHBIH MOJIIIEPIH OJaH dpi
apTTHIpLI - 40,5 MI/KT TOBIpaKKa JeiiH. bakputay HyCKamapbiHa (TBIHAUTKBIIICHI3) OypInak cedbep
aJJIBIHA TOMBIPAKTAFbl JKBUDKBIMAIBI (hochopabiH Memepi 8,8-23,5 Mr/Kr neHreiinae eTe TOMEH
xoHe TeMeH Oonabl. Kypambima ¢ochop Oap THIHAWTKBII peTiHIEe aMMOQOCTHl KOJIJaHy
TONBIPAKTAFbl KBUDKBIMAJBI (hochopabiH Memmepid 38,1 Mr/Kr aeiin apTThIpabl, OyJI KaMTaMachl3
eTYJIH KOTEepiHKI IEHTreliHe ColiKec Keme.

Opramra anranja, 3epTTey XKYPri3UIreH €Ki JKbUI apalIbIFbIHAeH >KoFapbl eHIMaUIiK - 20,26
1/ra, ery mep3imi 20 mamsbIp, 1 rextapra 1,2 MitH. 1aHa TYKbIM ce0y HOpMackiMeH, P 82 kr/ra 9.e.3. +
N 17 xr/ra 9.e.3. eHTi3yMeH HYCKa OOWBbIHINA albIHABL. bi3 3epTTereH ce0y mMep3iMIepiHiH imIiHIe
YIIIHOIICI €H OHTaiabl 0OJAbLEryKyHi - 20 MambIp, OYJ1 63 Ke3eTriHAe 3epTTEJeTiH NaKbUIABIH €H
YKOFaphl OHIMIUIITIH KamTamacki3 eTTi - 20,26 1m/ra. MuHepasapl THIHAUTKBIIITAPIBIH OypIIaK
OHIMJIUTITIHE 9cepiH OapiIbIK ery Mep3iMepi MEH HopMallapbl OOMBIHIIA 3epTTey OOBIHIIIa aMMO(OC
MIeH aMMOHUH CyJb(GaThIH Oipre eHrizy MyMKIHAIT OH HOTHXe Oep/ii.

Kinm ce30ep: Tombipak, OypInak, HUTpPAT a30Thl, KBUDKBIMANBI (ochop, MHHEPAIIBI
THIHAUTKBIIITAP, OHIMILTIK.
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THE EFFECT OF MINERAL FERTILIZERS ON THE YIELD OF PEAS OF THE
AKSAI USATII 55 VARIETY

Abstract

This article presents the results of studies conducted in 2021-2022 on dark chestnut soils of
Central Kazakhstan to study the effect of mineral fertilizers on the yield of peas of the Aksaysky
Usatiy 55 variety and the dynamics of the main nutrients of the soil, such as nitrate nitrogen, mobile
phosphorus, exchange potassium during the pea growing season by phases: shoots; budding and
flowering. Sowing of the above crop was carried out by three different seeding rates (0.8; 1.0; 1.2
million pieces of seeds per 1 ha), at three different sowing dates (May 11; 15; 20) and on three
backgrounds: control (without fertilizers); P 82 kg/ha a.s.; P 82 kg/ha a.s. + N 17 kg/ha a.s.

The content of nitrate nitrogen in the soil before sowing peas according to all seeding standards
was from very low to high, depending on the sowing period and climatic conditions. The introduction
of ammophous increased the content of nitrate nitrogen in the soil for all terms and norms of sowing
peas: up to 16.6-17.5 mg/kg on variants with a sowing period of May 11 and up to 28.1-37.5 mg/kg
of soil on variants with a later sowing period. Upon addition of more ammonium sulphate,
respectively, further increased the content of nitrate nitrogen in the soil - up to 40.5 mg / kg of soil.
The content of mobile phosphorus in the soil before sowing peas in the control variants (without
fertilizers) was very low and low at the level of 8.8-23.5 mg/kg. The introduction of ammophous as
a phosphorus-containing fertilizer increased the content of mobile phosphorus in the soil to 38.1 mg/
kg of soil, which corresponds to increased security.

On average, over the two years of research, the highest yield of peas - 20.26 c/ha was obtained
according to the variant with a sowing period of May 20, with a seeding rate of 1.2 million pieces of
seeds per 1 ha, with the addition of P 82 kg/ha a.s. + N 17 kg/ha a.s. Of the seeding dates studied by
us, the third seeding date turned out to be more optimal - May 20, which provided the highest yield
of the studied crop — 20.26 c/ha.According to the study of the effect of mineral fertilizers on the yield
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of peas for all terms and seeding rates, the variant with the joint introduction of ammophos and
ammonium sulfate differed the most.
Key words: soil, peas, nitrate nitrogen, mobile phosphorus, mineral fertilizers, yield.
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ASSESSMENT OF INTERDEPENDENT CHANGES OF NEXUS FLUXES ON THE
IMPACT OF CLIMATE CHANGE & LAND USE ON THE EXAMPLE OF THE
DISTRICTS ALONG THE SYR DARYA

Abstract

This research investigates the interplay between socioeconomic and environmental indicators
in the Kyzylorda district along the Syr Darya River. Through an analysis of the food, energy, and
water (FEW) functions and their implications for sustainable development, this study offers valuable
insights for policymakers and practitioners. Specifically, we examine the impact of climate change
factors, such as precipitation and temperature, on the production and yield of three key crops: wheat,
rice, and corn.

To conduct this study, we utilized daily temperature and precipitation data from the preceding
years of 2021 and 2022, along with corresponding crop yield data for the same period. Our
methodology draws upon established practices, including correlation analysis to assess the
relationship between climatic factors and crop yield. Additionally, regression analysis enables us to
develop predictive formulas to anticipate the effects of future climate changes on crop yield and
agricultural practices in the region. Moreover, ANOVA employed to measure variations in daily
temperature and precipitation during the certain period.

Keywords: NEXUS fluxes, Climate change, Syr Darya, Kyzylorda, Socioeconomic-
environmental systems (SES) indicators, Correlation analysis, Regression analysis, ANOVA,
irrigation efficiency.

Introduction and research purpose

This research will examine the interdependent dynamics of socioeconomic-environmental
systems (SES) indicators in an example district of Syr Darya in Kyzylorda, with the aim of gaining a
deeper understanding of the relationships among the elements of the biophysical matrix and
socioeconomic variables. The study will use a structured methodology that incorporates various
statistical analyses, including canonical correlation analysis, step-wise regression and correlation
analysis, path coefficient analysis, ANOVA, ANCOVA, and MANOVA, econometric modeling. By
analyzing both the causal and non-causal relationships among these variables, this research aims to
contribute to the development of sustainable development policies and practices.

The aim of this research is to explore the interdependent dynamics of (SES) indicators, with a
focus on understanding the causal and non-causal relationships among the elements of the biophysical
matrix and socioeconomic variables. Through the analysis of these relationships, we aim to develop
a more comprehensive understanding of the complex interactions between the socioeconomic and
environmental factors that shape SES, and to identify potential pathways for sustainable development
in these systems. Our target population includes researchers, policymakers, and practitioners working
in the fields of environmental sustainability, social welfare, and economic development.

Literature review & Citation

171


https://doi.org/10.37884/3-2023/18
https://orcid.org/0000-0002-0946-3023
https://orcid.org/0000-0002-9800-6093
mailto:fahimehsalehi1219@gmail.com
mailto:maira.kussainova@kaznaru.edu.kz

