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Annomayusa. B cna®o TEXHOTEHHO 3arps3HEHHBIX I0YBAaX AIMIEPOHCKOTO IOJyOCTPOBA,
Azepbaiikana (. Kama) ObuiM mpoOBeIEHBI MOJIEBBIE SKCIEPUMEHTHI C HMCIOJBb30BAHUEM COPro
(Sorghum vulgare L.). B ¢utopemMenuanmoHHbIX 3KCIIEPUMEHTAX, MO CBOUM (DU3MOJIOTHUYECKUM
0COOCHHOCTSAIM pacteHue copro (Sorghum vulgare L.) 3ammmaer ocoboe mecrto. st mocaaku u
BbIpammuBanus copro (Sorghum vulgare L.) Obun onpeneneHsl 2 MIIOMAIKA C pa3MepaMu 5X5 M =
25 M2 Ilepsas miomanka Oblia IpeHAa3HAuYeHa [Jis KOHTPOJIBHOTO BapuaHTta. IlouBa BTOpOI
wiomaaku Obuta oOpaboTaHa cHelHMalbHBIM OuoymoOpeHuem c pacuerom 29-30 kr nHa 25 M2
momaau. B mporecce Bererauuu pactenuit copro (Sorghum vulgare L.) Ha BTOpOM IUIOIIaAKE
OBLIO MPOBENICHO ONMPHICKUBAHUE OMOJOTHYCCKH aKTUBHBIMU KUJAKUMU Tpernaparamu «Baktovity u
«Biomax» ¢ pacuetrom 1 1 Ha 25 m?. Ilepuon Bereranuu pacteHust copro (Sorghum vulgare L.)
npognuiock 140 pgueii. B mpomecce pocra ObUl0  MpoaHAIM3MPOBAHO B HUHTErPATbHOM
NpUOIMKEHHH, [0 BECY 3elIeHOM Macchl pacTeHuii yopanHoro ¢ xaxaoro 1 m2 Ilnomanxu GbLiu
BbIOpaHbl ciay4yailHeIM 00pa3oMm. BeiOop M B3BelIMBaHUE 3€JI€HHOM Macchl MpoBoAMIOCH Ha 5, 30,
50, 70, 90, 120 muum BereTtalMOHHOrO mepuoaa pactenuit copro (Sorghum vulgare L.). Poct
pacTeHHii B KOHTEKCT€ WHTETPANbHOTO MPHUOMIMKEHHs ObUI NMpOaHANIM3UPOBAH B paMKax IBYX
cyOcTpaTHON Mojenel pocTa pacTeHHi, U ObUIO BBISIBIEHO, YTO B POCT PacTeHHH copro (Sorghum
vulgare L.) ¢ 10CTaTOYHO ONPENIENIEHHONW TOYHOCTHIO OMMCHIBAETCS C MOMOIIIBIO SKCIIOHEHITHATHHOM
¢dbyHKIMeH. AHaIN3 NOTYyYEHHBIX JIaHHBIX MO3BOJISIET ClIEeNaTh BBIBOJ, UTO. IPOLIECC POCTA PACTEHUN
MOKa3aj ero yCTOMYMBOCTDH MO OTHOLIEHHUIO K €1a00 TEXHOTEHHO 3arpsi3HEHHBIM MOYBAM M MOXKET
CBITPaTh BAXHYIO POJb MPU OUOIOTHYECKOW peadmnuTanuu Takux MmouB. JlMHammKa pocrta
pacTeHHMii B BETCTAIMOHHOM TIEpUOJE B paMKax MPHONMKEHUH Beca 3€JICHHOH MAacChl
VIAOBJICTBOPUTEIIEHO ~ OIUCHIBACTCS JBYXCYOCTpPaTHBI MOJEIBI0 pPOCTAa PACTEHHUH, KOTOpas
JEMOHCTPHUPYET CIIOCOOHOCTh a/IalTAlliU JJAHHOTO PACTEHHUs K HEIOCTaTKy MHUTATEIbHBIX BEUIECTB
B IIOYBEHHOM CpeJie.

Abstract. In the poorly man-caused polluted soils of the Absheron Peninsula, Azerbaijan (Kala
settlement), field experiments were carried out with the help of Sorghum plants (Sorghum vulgare
L.). In phytoremediation experiments, the Sorghum plant (Sorghum vulgare L.) occupies a special
place in its physiological characteristics. For the planting and cultivation of Sorghum (Sorghum
vulgare L.), 2 sites with dimensions of 5x5 m = 25 m? were identified. The first site was intended
for the control option. The soil of the second site was treated with a special biofertilizer with a
calculation of 29-30 kg per 25 m? of area. In addition, in the process of growing Sorghum plants
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(Sorghum vulgare L.) on the second site, it was exposed to spraying with biologically active liquid
preparations Baktovit and Biomax with a calculation of 1 litre from each preparation for a site with
a size of 25m?. The vegetative period of the Sorghum plant (Sorghum vulgare L.) lasted 140 days.
The growth process was analyzed in the integral approximation, by the weight of the green mass of
the plants taken from each 1 m? of the site, which was chosen at random. The choice and weighing
of the green mass were carried out 5 times, 30, 50, 70, 90, 120th days of the vegetation period of
Sorghum plants (Sorghum vulgare L.). The growth of plants in the context of the integral
approximation was analyzed within the framework of two substrate model of plant growth. It was
revealed that, in the framework of this approximation, the growth of the Sorghum plant (Sorghum
vulgare L.) is described with sufficient accuracy by an exponential function. Analysis of the
obtained data allows the following conclusions. The growth process of Sorghum plants (Sorghum
vulgare L.) has shown its stability against poorly technogenically polluted soils and can play an
important role in the biological rehabilitation of such soils. The growth dynamics of Sorghum plants
(Sorghum vulgare L.) during the growing season as part of the approximate weight of the green
mass is satisfactorily described by the two-substrate model of plant growth, which demonstrates the
ability of the plant to adapt to the shortages of nutrients in the soil environment.

Kniouesvie cnosa: cnaGoTeXHOT€HHOE 3arpsi3HEHME, ClielualibHas OuoynoOpeHus, 3eseHas
Macca, IByXCyOCTpaTHbII MOJIENIb POCTA.

Keywords: poor man-made pollution, special biofertilizers, green mass, two-sided model of
growth.

Copro (y1at. Sorghum, ot jar. sorgus — BO3BBIIIATHCS) — PO OJHOJIETHUX M MHOTOJIETHUX
TPaBSHUCTBIX pacTeHud cemelictBa 3maku, win MsraukoBeie (Poaceae). Bxirouaer oxono 30
BUJIOB, KOTOphIe mpouspactaioT B Asum, Adpuke, FOxnoit u CeBepHoii Amepuke, EBpomne u
ABcTpanmu. P BUIOB cOpro BeIpaluBaeTCs Kak KyIBTypHOE pacTeHUE — XJIGOHOE, TEXHHUECKOES
1 KopMoBoe [1-6].

[To OuoMOTMYECKUM XapaKTepUCTUKaM, OONBIINX PA3NUYUN MEXKAYy TPYIIaMUd COPro HET.
Copro — KynbeTypa TEIJIoI00nBas, kapo— U 3acyxoyctoluuBas. OnTumanpHas TemMmneparypa Juis
MpopacTaHusi CeMsiH, pocTa MU pa3BuTHs pacteHuid cocrammsier +20 ... +30 °C. Pactenus He
MEPEHOCAT 3aMOPO3KOB B 000N (ase pa3Butus. BeceHHHe 3aMOpPO3KH MOTYT TOJHOCTBIO
YHUUYTOXUTH WM 3HAYUTEITBHO H3PEAUTH TMOCEBBI, MOATOMY HE CTOMT TOPOIUTHCS CO CPOKaMH
nocesa. [loxomomanue BO Bpems I[BETEHHS, Jaxe MPU TOJOKHUTEIBHBIX TeMIepaTrypax, MOXKET
MpUBECTH K uepes3epHuile. Mecta mnpouspactanus OOmas XapakTepUCTHUKa KyIbTyphl. s
MOJIHOTO BBI3PEBAHUS OOJIBIIMHCTBA COPTOB COPIO CyMMa MOJIOKHUTENBHBIX TEMIIepaTyp JOHKHA
coctapinaTh 3000-3800 °C. Copro He TpeboBarenbHO K Biare. KoiarmuecTBo Boabl, HEOOXOAUMOE NSt
HaOyXaHUsl CEMsIH cOpro, cocTtaBisieT 35% ot ob1ero Beca ceMsiH (A1 KyKypy3bl — 40%, dyMH3BI
— 42%, morapa — 58%, nmeHunbl — 60%). YCTaHOBJIEHO Tak)Ke, YTO Ha 00pa3oBaHUE €TUHUIIBI
cyxoro BemiecTBa copro pacxoayer 300 gacteit Boasl (cynaHckas TpaBa — 340, kykypy3za — 338,
nmenuna — 515, sumens — 534, osec — 600, ropox — 730, monepra — 830, MOACOTHEUHUK —
895, xiemeuna — 1200).

UccnenoBannsi  aHATOMUYECKOTO  CTPOCHUS, OHOJOTHYECKHMX U (DU3MOIOTHYECKUX
0COOEHHOCTEH COPro TMOKa3ajlid €ro BBICOKYIO KCEPOPUTHOCTH, KOTOpas O0OYyCJOBJIIEHA HE TOJBKO
MOIIHOCTBIO U M30MpaTeabHON CITOCOOHOCTHIO KOPHEBOUW CHCTEMBI, HO U 0COOEHHOCTSMU CTPOCHUS
JUCTOBOM MOBEPXHOCTH, YCTRUYHOTO arapara, HaJu4heM IUIOTHOTO JIuepMuca U Oenoro
BOCKOBOro Hazera [7]. OCOOEHHOCThIO COPro SIBISIETCS] HU3Kasi CKOPOCTh pOCTa B €ro HauajabHOM
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Nepuosie, a TakKe CIHOCOOHOCTh IMPUOCTAHABIMBATH CBOM POCT B MEPHOA HEOIArOMpHUSITHBIX
YCIIOBHIA JJISi pOCTa M Pa3BUTHSI U OCTABaThCs B aHAOMOTUYECKOM COCTOSIHUH JIO0 TeX I0p, IMOKa He
HACTYIAT OJaronpusTHeIe yciaoBus [8].

[Ipyn nmpumeHeHHM OpOIlEeHUs Hauboliee YKOHOMUYECKH BBITOAHBIM SIBJISIETCS CKAllIMBAaHUE
CY/IaHCKOW TpaBbl B (pa3y «Hadajo B3METHIBAHMS», JACT BO3MOXKHOCTb COKPAaTHUTh MEXKYKOCHBIN
nepuoq. HecMoTpss Ha BBICOKYIO 3aCyXOyCTOMYMBOCTH, COPro CHIIBHO pearupyer Ha
BJIAr000ECTIICYEHHOCTh ¥ JaeT OOJNbIIyI0 MpuOaBKy ypoxas. Copro — CBETONIOOMBOE pPACTCHHE
KOPOTKOTO JHS. OT0 00yCIOBIEHO, MPUCIIOCOOIEHUEM €ro K BHICOKOMY COJIHIIECTOSHUIO U CBSI3aHO
¢ 601B1I0M TPEOOBATEILHOCTHIO K HANIPSDKEHHOCTH KOPOTKOBOJIHOBOM pauaruu [9].

Copro 10BOJBHO HENPUXOTINBAs KyJAbTypa K MOYBAM U MOXET IPOU3pacTaTh Oosiee TPYAHbBIX
MOYBEHHBIX YCIIOBHSX PEKYIbTHBHPOBAHHBIX 3eMeib. Kpome Toro, o0mamas MOIIHON KOpHEBOU
CUCTEMOM, COPro MOKET J1aBaTh YAOBJIETBOPUTEIBbHBIE U XOPOIINE YpOXKau B TE€UCHHUE Psijia JIET Ha
00€/IHEHHOI M HMCTOIIEHHOM Ui APYrux 37akoB moyBe. COpro He MEePeHOCHUT TOIBKO XOJIOAHBIX,
3a00JI0YEHHBIX TTOYB U TUIOXO PACTET Ha KUCIBIX mouBax [10].

Hanbonee neduIMTHBIM MHUTATETHFHBIM BEIIECTBOM JUIS COPrO SIBJSIETCS a30T, KOTOPBIA 3a
CUET ECTECTBEHHOIO IUIOMOPOAUS YIAOBJICTBOPSET 3Ty KYIBTYpPY Tonbko Ha 38,7%, dochop —
53,2%, a xamuii — 93%. Haubonbiee notpedieHre a3oTa pacTeHUsIMUA COPro oTMeuaeTcs B (asze
WHTEHCUBHOTO pOCTa U (OpPMHUPOBAHMS T€HEPATUBHBIX OpPraHoB, ocobeHHo 3a 10...15 mueit mo
Hayana B3MeTwhiBaHUS u 10...15 mueit mocne userenue [11]. Iormmomenune docdopa KopHIMHU
HAYMHAETCS C TIEPBBIX JTHEH Bereranuu v K (ase B3METhIBaHUS pacTeHus ycBanBaioT 50% oOriero
konuyectBa Qocdopa. Kammii moromiaercs pacTeHUSMH PABHOMEPHO HA MPOTHKEHHUH BCETO
BereTallMoHHoro mnepuona. OAHAKO BHECEHHE U30BITOYHBIX 103 a30Ta MOXKET MPUBECTH K
HEXKENNaTeNIbHBIM TOCIICACTBUSAM — TIPOSBICHHE HUTPATHBIX M HUTPATHBIX (OpM OCOOCHHO B
3eneHoil macce. Kpome TOro, mpu BBICOKHX [03aX a30THOTO IMUTAHHS y COPro ociadisercs
3aCyX0YyCTOMYHMBOCTb, YBEJIMUMBAETCS BEreTallMOHHBIN nepuox [12].

Jlna uccnenoBanusi pocta copro (Sorghum vulgare L.) B TEXHOTEHHO 3arpsi3HEHHBIX MOYBAX
WCIIOJIb30BaHA MareMaruueckas Mojienb pocra pactenuit [ 13-20].

[IpocTast pyHKIMS pOCTa, CBA3BIBAIONIAS B OOIIEM BHJIE CYXYIO Maccy BemecTBa W U BpeMs t
3aIUCBIBACTCA KaK:

W=1(t) (1)

rae f — omnpenenenHas QyHKIIMOHAIBHAS CBSI3b.

JluHamMMKa KOJIWYEeCTBa CyXoro BemiectBa W aHaJIM3UpyeTcsl C MOMOUIbI0 MOKa3aTenel Tak
Ha3bIBAEMOI0 TEMIIA POCTA, KOTOPast OMUCHIBAETCS C TOMOUIBIO CIEAYIOIIETO BHIPAXKECHHUS:

" @
S =hw)

rae h — HekoTopas QyHKIHs.
B nannoMm ciyyae 3a eqUHUILY U3MEPEHUS IPUHSAT I€Hb. A 3a €IUHUIlY U3MEPEHHUE MacChl —

KUJIOTPaMM.
3aMKHyTas TByXKOMIIOHEHTHAs MOJIENIb POCTa CXeMaTHUeCKH N300pakeHa TakuM 00pa3oM:

Cybctpar S Cyxoe Bemecto W
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Cucrtema 3aMKHYTa, IMOCKOJIBKY HE UMEET HU BXONIOB, HH BBIXOJOB. [Ipenmnonaraercs, 4to B
mpolecce pocTa mpeodOpa3oBaHWE MaTepuana IMEpBOro KOMIIOHEHTa (cyOcTpara) B marepual
BTOPOTO0 KOMITOHEHTa (CyXO€ BEHIECTBO) MPOUCXOMUT Oe3 moTepb. Ecnu momycTtuTh, 4YTO, Ha
paccMarpuBacMOM OTpE3KE BPEMEHHU CHCTeMa HE TOJIy4aeT W3 BHEUIHEW Cpeabl MU HE TepsieT
HUKAKOTO MaTrepuaiia, To, CIIPaBeIUIMBO CICIYIOIINE BhIPAKCHHUE:

aw __ds ®
dt dt
4
d_W+d_S:i(W4_5):0 ()
dt dt dt
TaK 4To,
w+S =const=W, +S, =W, +S, =C (5)

rne Wo u So — ucxonnoe 3HaueHuss W u S B MmoMeHT t=0. Wt 1 St — 3HaueHHE K KOTOPOMY
NPUOIMKAKOTCS 9TH MapaMmeTpsl pu 1 — 00 (B gomymienun uTo, cucreMa co BpEMEHEM IIPUXOAUT B
CTAOMIIBHOE COCTOSIHUE), C — IMOCTOSHHAS BEJTUYMHA.

OnHOBPEMEHHO TEMIT POCTa MOXKHO IIPE/ICTaBUTh B BUJIE:

dw (6)
o v(w,s)

rae V — HekoTopas AByXmepeMeHHas (PyHKIIHS, TOCKOJIbKY U3 YpaBHEHUU (5) cleayeT uTo:
S=C-W (7)
U IIyTeM OCTAHOBKH S B ypaBHEHHH (6) MOXKHO MOJTYYHUTh

8
Olﬂ:v(w,c—w):hw ®
dt

rae h — ¢yHkuus Tonpko onHOM nepemMeHHon W.

B nanHo#i pabore umcmosib30BaHa MPOCTas SKCIOHEHIMAIbHAST MOENIb POCTa PACTCHHH C
pe3Kol OoTcedkod. B pamkax JaHHOW MOJAENM NPHUHATHI CIEAYIOIIHME JIONYIIEHHE KOJIMYECTBA
SHEPIUU POCTa MPOMOPILMOHAIBHO KOJMUYECTBY cyXod macce W; MEXaHU3M pocTa «paboTaeT» ¢
MaKCUMaJIbHBIM TEMIIOM Ha MPOTSHKEHWH BCEr0 BPEMEHH; IIOKAa CYLIECTBYET NUTATelbHas cpena,
IpoLecc pocTa HeoOpaTuM M MpeKpallaeTcs, Kak TOJbKO MCTOIIaeTcs MUTarenbHas cpena. Torma
ypaBHeHue (6) mpuoOpeTaeT BU/I:

aw _ 9)
dt

rAC L — MapamMeTp, OHpCI[CJ'IﬂIOH_[I/Iﬁ y,Z[eJIBHBIﬁ WJIM OTHOCUTEIbHBINA TEMIT pocta.
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[TapameTp | 3aBUCHT, BO-TIEPBBIX, OT BHAA CyXOoi mMacchl W, COOTBETCTBYIOINIEH (B 3alaHHON
MPOMOPIMU) pecypcaM MNHUTATeIbHOM CpeAbl W, BO-BTOPHIX, — OT MPOU3BOAUTEIBHOCTH WIIU
CKOPOCTH, C KOTOPOH «paboTaeT» MEXaHU3M poCTa.

Memoouka nposedernus sKkchepumenma

DKCHEepUMEHThl MPOBOAMIUCH B Tmocenke Kama AmNImIEpoHCKOro IMOJyOoCTpoBa Ha
JKCIEpPUMEHTaIbHOM noaurone Muctutyra nousoBeaeHus u arpoxumun HAHA. J{ns nposenenus
SKCIEPUMEHTa ObUT BBIOpaH cIab00TEXHOTEHHO 3arps3HEHHOW ydyacTok. CaM 3KCHepuMEeHTalIbHON
nosmrod HAHA nHaxomuTcs Ha ObIBIIeH 3kcruryatarmoHHoW Tepputopun SOCAR. B nmanHom
cilyyae CIIa0OTEeXHOTCHHAsl 3arps3HEHHOCTh COOTBETCTBYET 7—8%  HedTe3arps3sHEeHHOCTH.
OCoOEeHHOCTh TAKOTO 3arpsi3HEHHs (€€ OTIMYME OT CBEXKEro HedTe3arps3HEHUs) 3aKiovajach B
TOM, YTO, Ha IAHHOM y4acTKe HE(TEIPOMBICIOBBIN MPOIecC ObLT OCTaHOBJIEH puMepHO 25-30 seT
Hazan. Hawancs mpouecc pasznokeHue HEQTAHBIX 3arps3HUTENCH CO CTOPOHBI MOYBEHHOMN
OMOaKTHBHOI Cpebl, 3arPSA3HUTENN MTOTEPSUTH TOMOTEHHYIO CTPYKTYpPY, 00pa30BalncCh «MaJeHbKHE
[IAPUKW», MEXAY KOTOPHIMH MOSBUJIOCH CBOOOAHOE MpOCTpaHCTBO. llosBMIack BO3MOXKHOCTB
«xopouieil paboTbl» KOPHEBBIX CUCTEM HEKOTOPBIX pacTeHuid. Hajgo OTMETUTD, UTO pacTeHUs! COPro
UMEIOT MOIIHYI0 KOpHEBYIO cucTteMy. O¢(deKTuBHas MOBEPXHOCTHAs IUIOMIA/lb Yy pPacTeHUi
npuoOperaeT OONBIIOE 3HAYEHHE IO OTHONICHUIO K JPYTMM pAcTEHUSM M HMMeeT OOJNbIIOoi
dbuTOopeMeMaMoOHHbIN ToTeHIHa . MolHas KOpHEeBasi CHCTEMa 00€CIIeunBaeT CTOMKOCTh TAHHOTO
pacTeHHuss K 3acyXe M K CHJIBHOM 3aceleHHOCTH II0YB, XapaKTepHOW s AMNIIEpOHCKOro
MOJIyOCTPOBA.

Jl51a mpoBeieHus1 SKCIIEpUMEHTa ObLITH BBIOpaHBI J1Ba SKCIIEPUMEHTAIBHBIX YU4acTKa S M X 5 M
= 25 M?, HaxosIIMecsa Ha OIM3KOM PAcCTOSHMM APYT OT Apyra. [lepBblif y4acTok ObLI BBIOpaH Kak
KOHTPOJIbHBIM BAPUAHT.

Ha Bropom yuacTke ObUTH NpOBEIEHBI MOJEBbIE SKCIEPUMEHTH. B Hauane — mpoBeneHa
BCMIAIIKA y4YacTKa, WJAEHTUYHO KaK Ha KOHTposbHOM Bapuante. Ilocme »storo —
IKCIEPUMEHTAIFHOE TI0J€ OBLIO 00pabOTaHO ¢ TIOMOIIBIO CHEIHAIBLHOTO OHOYITOOpeHHUsS ¢
pacuetom Ha 30 kr Ha yuacTok 25 M. Tlocie 3TOro — moca)eHsl ceMeHa Copro.

Hcnonp3yemass TEXHOJOTMS IOATOTOBKH CEMSH COPro K IIOCAAKe sl KOHTPOJIBHOTO U
HKCMEPUMEHTAIBFHOTO Y4acTKa Obllla OJIMHAKOBBIM MPUMEHEHA TAK)KE OJMHAKOBAas CXeMa MOCAIKU
CEMSH JIJISl SKCIIEPUMEHTAIBHOTO U KOHTPOJIbHOTO BapHaHTa.

Jlpyrue arpoTeXHUYEeCKHE MEPONPUSTHS s SKCIEPUMEHTAIBHOTO M KOHTPOJIBHOTO
BapHaHTa TOXKE ObUIM OJIMHAKOBBI. EIMHCTBEHHBIC OTIIMYHUS B XO/I€ MPOBEICHUH arpOTEeXHUYECKUX
MEPONPUITUHN JJIsI KOHTPOJIBHOTO M 3KCHEPUMEHTAIBHOTO BapUaHTa 3aKIIOYaIUCh B TOM, YTO B
HKCHEPUMEHTAJIbHOM BapHaHTE PACTEHUE MOABEPralyd ONPHICKUBAHUIO C MOMOIIBIO OMOIOTUYECKU
aKTUBHBIX IpernaparoB xkuakoil ¢opmel «Baktovity u «Biomax». [Jns sToil memu ObL10
ucrnonp3oBaHo 1 1 mpemnapara «Baktovity u 1 1 «Biomax».

Bereranmonnsiit nepuoj copro — 140 nueil. Poct pactenuii Obl1 pacCMOTpEH B KOHTEKCTE
MHTErpaibHOro npubmkeHus. [IpuHsITO, 4TO POCT JAHHOIO PAcTeHUs MPSAMO IMPOMOPIMOHATIEH
3eneHoi Macce. Cpe3 pacTeHui B mporecce YOOPKH MPOM3BOIMIIACH OJMHAKOBBIM 00pazoM Jyist
BCEX PacTeHU — 5 cM OT moBepxHOCTH NouBbl. Cpe3 npoBoauics 5 pa3 Ha 30, 50, 70, 90, 120 nuu
BEreTallMOHHOTO NEPUOJIA.

B omnpenenennn Beca 3e€HHON Macchl MPUMEHSIACh METOIMKA OTHOCUTENbHOM mmiKanbl. [lpu
9TOM BEC 3€JICHHOW MacChl KOHTPOJIBHOTO BapHaHTA JJI BET€TAIIMOHHOTO reprona Ha 30 mHel Obut
B3SIT KaK OTIIpaBHAas TOUKA U MIPUPABHUBAJICA K €IMHHULIE.
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Pesynomamur sxcnepumenma
Pe3ynbTarhl MPOBOAMMBIX SKCIIEPUMEHTOB MpeCcTaBiIeHbl B Tabnure.

Tabnuma.
JAHHBIE 110 3KCIIEPUMEHTAJIbHBIM ITJIOIHAJIKAM

Bec 3enenou maccol 6 omnocumenvuvix eOUHUYAX
(6ec cmonku 3enennoii maccol cpe3annozo ¢ 1 M? 6 KOHmponbHOM 6apuanme,
Bapuanmuv 6 gecemayuonHom nepuooe 30 Oneil (nepsas cmonka) oviia npunama xax 1.0
U 8eca OCMANbHLIX CMONOK ONpedeNeHa Kak OmHouleHue geca i-oti Cmonku
K 8ecy nepeoti Cmonku)

30 oneii 50 oneu 70 oneu 90 oneu 120 onen
KonTpoins 1 1,7 2,5 2,8 3,6
DKCIEePUMEHT 1,2 2,4 3,6 4.6 5,2

Kak BHUIHO M3 JaHHBIX Ta6J'II/H_[I>I, BEC 3€JICHHOM MAacChHI B OKCIICPUMCHTAJIbHOM BapHaHTEC CTAll
OTHOCHUTCIIBHO 6OJII)HI€, YCM B KOHTPOJIbHOM BapHUaHTC. ODTO CBSA3aHO C TEM, 4YTO OMOJIOTHUYCCKHU
AKTHUBHBIC, MUTATCJIbHBIC BCHICCTBA, KOTOPLIC HCIIOJIB30BAJIMCH B 3KCICPUMCHTAJIBLHOM BApPHAHTC,
YBCJIMYHBAJIN MTPOLECC POCTAa JaHHOI'O paCTCHU.

HOJ'Iy‘IeHHHe JaHHBIC Fpa(i)I/I‘{eCKI/I MpCACTaBJICHbI HA PI/ICYHKG.

Fpa(bnquKoe MMpCACTAaBICHUC JAHHOM 3aBHUCUMOCTH IMTOKa3bIBACT, YTO B 3KCIICPHUMCHTAJIbHOM
BAapHUAHTC yYKa3aHHas 3aBUCUMOCTb Iropa3ao ommnke K MOZACIIN SKCIIOHCHIIHUAJILHOI'O POCTA paCTCHUA,
T. €. pPOCT paCTeHI/Iﬁ B CJIa0OTCXHOICHHBIX II0YBAaX SBJISICTCS yCTOﬁqHBBIM nmpoueccoMm U
(I)I/ITOpeMeI[I/IaI_II/IOHHHﬁ MNOoTeHUIHUAJI NJAaHHOI'0 PACTCHUA COXPAHACTCA IO BCEMY BCICTAIMOHHOMY
nepuony.
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Pucynok. M3menenust 3eneHHoi maccel Sorghum vulgare L. B TedeHHe BCero BereTannOHHOTO
nepuoaa.

Bovisoowi
[Ipouiecchl pocTa W pa3BUTHS PACTEHUN HEPA3pHIBHO CBS3aHBI MEXIy coboil. Poct —
HeoOpaTuMoe yBeJIMYEHHE Pa3MepOB M MacChl KJIETKH, OpraHa M BCEro OpraHuW3Ma, a pa3BUTHE —
3TO KAYeCTBCHHBIE W3MEHEHHUS B CTPYKTYpe M (YHKIIHMOHAIBHONW AaKTUBHOCTH PACTEHUS U €ro
qacteld. Eciim pocT MOXKHO OXapaKTephu30BaTh KaK KOJMYCCTBECHHOE SIBIICHUE, TO Pa3BUTHE — 3TO
KaueCTBEHHBIE H3MEHEHNUS.
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HccnenoBanue AMHAMHUKH pOCTa COPro B KOHTPOJIBHOM M AKCIIEPUMEHTAIILHOM BapUaHTE
(I/ICC.HG,Z[OBaHI/Ie JUHAaMHUKHN BE€Ca 3CJICHHOM MaccChl B PAa3HbIX 3HAYCHUAX BCICTAIMOHHOT'O nepno;[a)
MO3BOJIMJIO CAETIATh CIEAYIOIIUE BBIBOBL:

—CyILECTBYeT cialasi Koppessilus B pACTEHUU COPro MEXAY MPpoLeccaMu pocTa U pa3BUTHS;

—3HEprus, pacxojyeMas Ha pa3BUTHE B KOHTPOJBHOM M SKCIEPUMEHTAJIbHOM BapuUaHTE —
OAMHAKOBA U HUMEET CIIMIIKOM Majoe 3HAau€HHE [0 CPAaBHCHMIO C JHEPrHel, pacxogyeMOH Ha
IpoLECC POCTA.

—B paMKax JByX CyOCTpaTHbIX Monened pocrta (ymiepoJ M a30T) Marepuan IepBOro
KOMIIOHEHTa (cyOcTpara) MOJHOCTBIO IIpeoOpasyeTcs B Marepuas BTOPOr0 KOMIIOHEHTa (Bec
3€JIEHHOW Macchl).

Tpoduueckoe npencraBieHHE 3aBUCUMOCTH BECa 3€JIE€HHOM MacChl OT BETETATHLMOHHOIO
nepuoja M Ajs SKCIEPUMEHTAIIBHOIO U JIIs1 KOHTPOJIBHOIO BapHaHTa M0Ka3ajo, 4YTO POCT pPacTeHUs
B 000MX BapuaHTax B cjIab0 TEXHO3Aarps3HEHHBIX IOYBAX SIBJISETCS YCTOMYMBBIX IPOLIECCOM.
HccnenoBanue aHaTOMUYECKOTO CTPOSHHSI OMOJOTHMYECKOM M (U3MOJIOTMYECKOil 0COOEHHOCTH
COpPro  IIOKa3bIBAET €ro  BBICOKYI0  KCEpO(PUTHOCTb, T.€. CIHOCOOHOCTb  IEPEHOCHTHh
MIPOJOJDKUTENBHYIO 3aCyXy W BO3JICHCTBHS BBICOKHX TemIieparyp. Beicokas KCepOUTHOCTH COPTo
00yCIIOBJIeHa HE TOJIBKO MOIHOCTBIO W M30MparelbHOM CIIOCOOHOCTH KOPHEBOM CHCTEMBI, HO U
0COOEHHOCTSIMH CTPOEHHME JHMCTOBOM MOBEpXHOCTU. C pOCTOM pACTEHMH COpPro pa3BUBAETCA
OHOBPEMEHHO W ero KopHeBas cuctema. C yBeIMYEHHEM CYMMAapHOTO 3Ha4deHHs S(PPEKTHBHON
IUTOIIAM TIOBEPXHOCTH KOPHEBOW CHCTEMBI, ymemaercs 3(dekr B3auMomeHCTBHS TOKCHYHBIX
METAJUIOB M JIPYTUX KOMIIOHEHTOB TEXHOI'€HHOIO 3arpsi3HEHHs, TOPMO3AIIMX Ipolecc pocTa ¢
MIOBEPXHOCTH KOPHEBOI CUCTEMBI COPIO.

Anamm3 OKCIICPUMCHTAJIBHBIX JAaHHBIX IMOKAa3aJI, 4YTO IMPOUCCC pOCTa PACTCHUA B KOHTPOJbHOM
BapuaHTe OJIM30K K MPSIMOJIMHEHHOW 3aBUCHMOCTH, a B Cllydae JKCIIEPHMMEHTAILHOTO BapHaHTA
KpuBast OJIM3Ka K SKCIIOHEHIMAJIbHOM 3aBUCUMOCTH.

W36uparenbHas clioCOOHOCTh MOIIHOM KOPHEBOM CHCTEMBI COPro B KOHTPOJIBHOM BapUaHTE
6I)ICTpO ananTUupyeTCsa K HEXBATKEC MNUTATCIIBHBIX JJICMCHTOB B IIOYBEC; M 3HAYCHUC ﬂaHHOﬁ
aHaHTHBHOﬁ q)YHKIII/II/I COXpaHACTCA B BCFeTaIIHOHHBIfI MeproI. AB OKCIICPUMCHTAJIbHOM BapHWaHTC
YBEJIIMYEHUE KOHLEHTPALMM THTATENIBHBIX 3JEMEHTOB B IIOYBE M BO3MOKHOCTH IOJYyYEHHS
JIOTIOJIHUTENBHBIX IHUTATEIbHBIX DJIEMEHTOB 4YEpe3 JIMCTOBOM ammnapar yMEHbBIIAET 3HAYCHHE
q)YHKHI/II/I ananTtanyuy paCTCHUA K HCXBATKE IMUTATCIIbHBIX 3JICMCHTOB.

B cBfi3u ¢ 3TUM B AKCHEPHUMEHTAJIbHOM BapHUaHTE MPOILECC POCTAa B Ha4yaJbHOM IEpUOJE
BereTal MJAET OTHOCHTENbHO OBICTpee, 4eM B KOHTPOJIBHOM BapHaHTE M MPOLECC pocTa
3aMeasieTcs K KOHIly BereTalMoHHOro mpouecca. JlaHHoe 00CTOATENbCTBO MOTHOCTHIO
COIVIACYETCs C TEOPETUYECKUMHU MPEANOChIIKAMH SKCIIOHEHIIMAIbHON MOZIEH POCTa PACTEHUM.

Paboma evinonnena c¢ gunancosoii nomowpro Ponoda pazeumusi Hayku npu Illpesudenme
Aszepbaiioncanckoii Pecnyénuxu - Grant no. EIF-KETPL-2-2015-1(25)-56/38/3-M-38.

This work has been executed in Institute of Soil Science and Agrochemistry of the National
Academy of Sciences of Azerbaijan and was supported by the Science Development Foundation
under the President of the Republic of Azerbaijan - Grant no. EIF-KETPL-2-2015-1(25)-56/38/3-
M-38.

Cnucok numepamypbi:
1. Blum A., Ritchie J. T. Effect of soil surface water content on sorghum root distribution in
the soil // Field Crops Research. 1984. V. 8. P. 169-176.

180


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice

http://www.bulletennauki.com T. 4. Nell, 2018

2. Oh K., Cao T., Cheng H., Liang X., Hu X., Yan L., Takahi S. Phytoremediation potential of
sorghum as a biofuel crop and the enhancement effects with microbe inoculation in heavy metal
contaminated soil // Journal of Biosciences and Medicines. 2015. V. 3. Ne06. P. 9. DOL:
10.4236/jbm.2015.36002.

3. Soudek P., Jakub N., Lukas P., Petrova S. The Sorghum Plants Utilization for Accumulation
of Heavy Metals // Proceedings of the 3rd International Conference on Energy and Environmental
Science (ICEES 2013). 2013.

4. Zhuang P., Shu W., Li Z., Liao B., Li J., Shao J. Removal of metals by sorghum plants from
contaminated land // J Environ Sci. 2009. V. 21. Ne10. P. 1432-1437.

5. Pinto A. P,, Mota A. M., De Varennes A., Pinto F. C. Influence of organic matter on the
uptake of cadmium, zinc, copper and iron by sorghum plants // Science of the total environment.
2004. V. 326. Nel-3. P. 239-247.

6. Metwali M. R., Gowayed S. M., Al-Maghrabi O. A., Mosleh Y. Y. Evaluation of toxic effect
of copper and cadmium on growth, physiological traits and protein profile of wheat (Triticum
aestivium L.), maize (Zea mays L.) and sorghum (Sorghum bicolor L.) // World Applied Sciences
Journal. 2013. V. 21. Ne3. P. 301-304.

7. Thornley J. H. B. Respiration, growth and maintenance in Plants // Nature. 1976. V. 227.
P. 233.

8. Kang M. Z., Cournede P. H., Mathieu A., Letort V., Qi R., Zhan Z. G. A Functional-
Structural Plant Model - Theories and Its Applications in Agronomy // Crop Modeling and Decision
Support. Berlin-Heidelberg: Springer, 2009. P. 148-160.

9. Kang M. Z., Cournede P. H., De Reffye P., Auclair D., Hu B. G. Analytical study of a
stochastic plant growth model: Application to the GreenLLab model //Mathematics and Computers in
Simulation. 2008. V. 78. Nel. P. 57-75.

10. Letort V., Cournede P. H., Lecoeur J., Hummel 1., De Reffye P., Christophe A. Effect of
topological and phenological changes on biomass partitioning in Arabidopsis thaliana inflorescence:
a preliminary model-based study // Plant Growth Modeling and Applications. 2006. PMA’06.
Second International Symposium on IEEE, 2006. P. 65-69.

11.Ma Y., Wen M., Guo Y., Li B., Cournede P. H., De Reffye P. Parameter optimization and
field validation of the functional-structural model GREENLAB for maize at different population
densities // Annals of botany. 2007. V. 101. Ne8. P. 1185-1194.

12. Cournede P. H., Mathieu A., Houllier F., Barthelemy D., De Reffye P. Computing
competition for light in the GREENLAB model of plant growth: a contribution to the study of the
effects of density on resource acquisition and architectural development // Annals of Botany. 2007.
V. 101. Ne8. P. 1207-1219.

13. Dong Q., Louarn G., Wang Y., Barczi J. F., De Reffye P. Does the structure-function
model GREENLAB deal with crop phenotypic plasticity induced by plant spacing? A case study on
tomato // Annals of botany. 2008. V. 101. Ne§. P. 1195-1206.

14. Kang M. Z., Cournede P. H., Mathieu A., Letort V., Qi R., Zhan Z. G. A Functional-
Structural Plant Model - Theories and Its Applications in Agronomy // Crop Modeling and Decision
Support. Berlin-Heidelberg: Springer, 2009. P. 148-160.

15. Zhu X., Zhang G., Tholen D., Wang Y., Xin C., Song Q. The next generation models for
crops and agro-ecosystems // Science China Information Sciences. 2011. V. 54. Ne3. P. 589-597.

16. Zamanova A. P., Mamedov T. S., Abbasova Z. H., Namazova C. T., Hasanova M. Y.
Research of transport effects of heavy metals in plants of Opuntia vulgaris Mill grown in the
technogenic contaminated soils // Global Journal of Biology, Agriculture and Health Sciences.
2015. V. 4. Ne4. P. 7-9.

181


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice

http://www.bulletennauki.com T. 4. Nell, 2018

17. Orudzheva N. 1., Babayev M. P., Isgandarov S. M. Dependence of the Plant Productivity
on Optimal Food Regime and Density // American Journal of Plant Sciences. 2014. V. 5. Ne04.
P. 436.

18. Orudzheva M., Babayev P., Isgandarov S. M., Alizade A. Influence of the Plant Density
on Productivity // Soil-Water Journal. 2013. V. 2. P. 1021-1028.

19. Alizade A., Zamanov P., Zamanova A., Iskenderov S. Dependence of the Yield of Alfalfa
on Plant Density and Diet / American Journal of Plant Sciences. 2017. V. 8. Nell. P. 2722-2731.
DOI: 10.4236/ajps.2017.811183.

20. Alizade A. M., Zamanova A. P. The effect of Heavy Metals Transport from Contaminated
Soil to “Opuntia Vulgaris Mill” with the Use of Biologics // American Journal of BioScience. 2018.
V. 6. Nel. P. 1-5. DOI: 10.11648/j.ajbi0.20180601.11.

References:

1. Blum, A., & Ritchie, J. T. (1984). Effect of soil surface water content on sorghum root
distribution in the soil. Field Crops Research, 8, 169-176.

2.0h, K., Cao, T., Cheng, H., Liang, X., Hu, X., Yan, L., ... & Takahi, S. (2015).
Phytoremediation potential of sorghum as a biofuel crop and the enhancement effects with microbe
inoculation in heavy metal contaminated soil. Journal of Biosciences and Medicines, 3(06), 9.

3. Soudek, P., Jakub, N., Lukas, P., & Petrova, S. (2013). The Sorghum Plants Utilization for
Accumulation of Heavy Metals. In: Proceedings of the 3rd International Conference on Energy and
Environmental Science (ICEES 2013).

4. Zhuang, P., Shu, W., Li, Z., Liao, B., Li, J., & Shao, J. (2009). Removal of metals by
sorghum plants from contaminated land. J Environ Sci, 21(10), 1432-1437.

5. Pinto, A. P., Mota, A. M., De Varennes, A., & Pinto, F. C. (2004). Influence of organic
matter on the uptake of cadmium, zinc, copper and iron by sorghum plants. Science of the total
environment, 326(1-3), 239-247.

6. Metwali, M. R., Gowayed, S. M., Al-Maghrabi, O. A., & Mosleh, Y. Y. (2013). Evaluation
of toxic effect of copper and cadmium on growth, physiological traits and protein profile of wheat
(Triticum aestivium L.), maize (Zea mays L.) and sorghum (Sorghum bicolor L.). World Applied
Sciences Journal, 21(3), 301-304.

7. Thornley, J. H. B. (1976). Respiration, growth and maintenance in Plants. Nature, (227),
233.

8. Kang, M. Z., Cournéde, P. H., Mathieu, A., Letort, V., Qi, R., & Zhan, Z. G. (2009). A
Functional-Structural Plant Model - Theories and Its Applications in Agronomy. In.: Crop Modeling
and Decision Support. Berlin, Heidelberg, Springer, 148-160.

9. Kang, M. Z., Cournede, P. H., De Reffye, P., Auclair, D., & Hu, B. G. (2008). Analytical
study of a stochastic plant growth model: Application to the GreenLab model. Mathematics and
Computers in Simulation, 78(1), 57-75.

10. Letort, V., Cournede, P. H., Lecoeur, J., Hummel, 1., De Reftye, P., & Christophe, A.
(2006, November). Effect of topological and phenological changes on biomass partitioning in
Arabidopsis thaliana inflorescence: a preliminary model-based study. In: Plant Growth Modeling
and Applications, 2006. PMA’06. Second International Symposium on IEEE, 65-69.

11. Ma, Y., Wen, M., Guo, Y., Li, B., Cournéde, P. H., & De Reffye, P. (2007). Parameter
optimization and field validation of the functional-structural model GREENLAB for maize at
different population densities. Annals of botany, 101(8), 1185-1194.

12. Cournede, P. H., Mathieu, A., Houllier, F., Barthélémy, D., & De Reffye, P. (2007).
Computing competition for light in the GREENLAB model of plant growth: a contribution to the

182


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice

http://www.bulletennauki.com T. 4. Nell, 2018

study of the effects of density on resource acquisition and architectural development. Annals of
Botany, 101(8), 1207-1219.

13. Dong, Q., Louarn, G., Wang, Y., Barczi, J. F., & De Reftye, P. (2008). Does the structure—
function model GREENLAB deal with crop phenotypic plasticity induced by plant spacing? A case
study on tomato. Annals of botany, 101(8), 1195-1206.

14. Kang, M. Z., Cournéde, P. H., Mathieu, A., Letort, V., Qi, R., & Zhan, Z. G. (2009). A
Functional-Structural Plant Model - Theories and Its Applications in Agronomy. /n: Crop Modeling
and Decision Support. Berlin, Heidelberg, Springer, 148-160.

15. Zhu, X., Zhang, G., Tholen, D., Wang, Y., Xin, C., & Song, Q. (2011). The next
generation models for crops and agro-ecosystems. Science China Information Sciences, 54(3), 589-
597.

16. Zamanova, A. P., Mamedov, T. S., Abbasova, Z. H., Namazova, C. T., & Hasanova, M. Y.
(October-december, 2015). Research of transport effects of heavy metals in plants of Opuntia
Vulgaris Mill grown in the technogenic contaminated soils. Global Journal of Biology, Agriculture
and Health Sciences, 4(4), 7-9.

17. Orudzheva, N. 1., Babayev, M. P., & Isgandarov, S. M. (2014). Dependence of the Plant
Productivity on Optimal Food Regime and Density. American Journal of Plant Sciences, 5(04),
436.

18. Orudzheva, M., Babayev, P., Isgandarov, S. M., & Alizade, A. (2013). Influence of the
Plant Density on Productivity. Soil-Water Journal, 2, 1021-1028.

19. Alizade, A., Zamanov, P., Zamanova, A., & Iskenderov, S. (2017). Dependence of the
Yield of Alfalfa on Plant Density and Diet. American Journal of Plant Sciences, 8(11), 2722-2731.
doi:10.4236/ajps.2017.811183.

20. Alizade, A. M., & Zamanova, A. P. (2018). The effect of Heavy Metals Transport from
Contaminated Soil to Opuntia Vulgaris Mill with the Use of Biologics. American Journal of
BioScience, 6(1), 1-5. doi:10.11648/j.ajbi0.20180601.11.

Paboma nocmynuna IIpunsama k nyoaruxayuu
6 peoakyuio 11.10.2018 2. 16.10.2018 .

Cevinka 01 yumuposanusi:

3amanoBa A. Il. Poct pactenuii copro (Sorghum vulgare 1..) B TEXHOT€HHO 3arpsi3HEHHBIX
noyBax // bromnerenp Hayku u npaktuku. 2018. T. 4. Nell. C. 174-183. Pexxum npocryma:
http://www.bulletennauki.com/zamanova (nara o6pamenus 15.11.2018).

Cite as (APA):

Zamanova, A. (2018). Growth of sorghum plants (Sorghum vulgare L.) in technogenically
contaminated soils. Bulletin of Science and Practice, 4(11), 174-183. (in Russian).

183


http://www.bulletennauki.com/

