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AKKYMYTALIUA KAOMUA B NOYBE U PACTEHUAX COU NOA BIIUAHUEM
MWHEPATbHbBIX YAOBPEHUN

Y.l. Slabko, A.A. Lopatina

CADMIUM ACCUMULATION IN SOIL AND PLANTS OF SOYBEAN UNDER
THE INFLUENCE OF MINERAL FERTILIZERS

Tsxénble memannsl (TM) 8 u3bbimoyHom Ko-
nudecmee senalmes 3aepasHumenamu buocge-
pbl. B azpoakocucmemax ux onacHble nposieneHusi
3a8UCAM Kak Om MEeXHO2EHHOU Hagpy3Ku, mak u
OM UHMEHCUBHOCMU NPUMEHEHUS YY)KepOOHbIX
XUMUYECKUX Mamepuasnos, 8HOCUMbIX C yO0bpeHU-
AMU U Opy2uMuU agpoxumMukamamu, efusHue Komo-
pbix 06YCI08EHO Hanuyuem NomIlomaHmoe 8 co-
cmase npumecell, @ makxe KOC8EHHbIM 8/IUSHUEM
Ha (U3UKO-XUMUYECKUE NOY8EHHble NPOUECCHI.
Leneto Hawux uccnedosaHull S6110Ck YcmaHo-
8UMb 8 MUKPONOIE8OM Onbime Ha 1y2080-6ypoli
0nod3071eHHOU noYyee 8nusiHUe pasHbix o3 8asno-
8bIX U NOOBUXHLIX (hOPM KadMUs 8 UCKYCCMBEHHO
3a2pA3HEHHOU nodyge Ha co0epXaHue e20 8 pac-
MEHUSIX, @ MaKkxe B803MOXHOCMb CHUXEHUs no-
cmynneHus kadmus 8 ypoxall cou npu NoBbILeH-
HbIX KOHUEHMpayusx 8 noyse Ha (hoHe MUHepasib-
HbIx ydobpeHul u 6e3 Hux. Onbim 3anoxeH 8 2014
200y Ha meppumopuu onbimHeIx nonel ®BHY
«lpumopckuti HUNCX». Cxema onbima npedy-
cmampusaem 7 eapuaHmos. [Jns UcKyccmeeHHo20
3a2PA3HEHUs1 NOYebI UCNOMb308aU COMb X.Y. Kad-
musi 8 003ax, npesbiarWux 6080e U 84€mMeepo
MaKkcumarbHble 3Ha4eHusi npedesibHo donycmu-
MbIx KoHueHmpauyul (MOK) 0ng noyebl. Kadmul e
noyee, 3epHe U corome cou onpedensnu Memodom
amomHo-abCcopbUUOHHOU chekmpomempuu 8 nna-
MeHU auyemuneH-8030yx Ha cnekmpomempe AA-
6200 coenacHoO ymeepx)AeHHbIM MemoduyecKuM
ykasaHusam. [nsa onpedeneHusi 8 No4ee NoOBUXHbIX
¢opm kadmus ucnons3osanu 1 M pacmeop azom-
HoU Kucrnombl. B pesynbmame uccnedogaHull 8bi-
A8/1EHO, YMO 8 8apuaHmax C 8HeceHueMm conel
kadmusi ypoxaliHocmb cou bbina CHUXeHa no om-
HOWEHUI0 K eapuaHmam b6e3 gHeceHus coneli Ha
oHe MuHepasnbHbIX ydobpeHud. BeigeneHo, 4ymo
Ha ¢hoHe yO8oeHHOU 003b1 y00bpeHUl U YembIpex-
KkpamHol 003bI kaOMusi KOHUeHmpauusi 8anogoll
¢opmbi 8 noyge cocmasurna 12,36, a nodsuxHou —
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13,90 me/ke, ymo coomeemcmeyem y8enuyeHHoU
003€ 8HECEeHUSs, 0OHaKO KOHUeHmpauyus kaomus 8
3MOM 8apuaHme CHUXaemcsi N0 CPaBHEHUI C 8a-
puaHmom ¢ makol xe 00300 kaOMmusi, HO 6e3 He-
ceHus ydobpeHull. CnedosamerbHo, yO0bpeHus
MO2ym @nuUsiMb Ha NOHUXEHUEe KOHUeHmpauuu
kadmusi 8 noyee. B eapuaHmax ¢ 6HECEHHbIM 8
noysy kadmuem Ha ¢hoHe MUHepasnbHbIX ydobpe-
HUU KOHUeHmpauusi kadmus 8 pacmeHusix bbina
8bILUIE, YeM 8 8apuaHmMax C 8HECEHHbIM KadMuem,
Ho 6e3 MuHepanbHbIX ydobpeHul, u cocmasuna
ons conomb! 0,49-0,78 u 3epHa 0,28-0,50 me/ke 8
nepgom cnyyae, u 0,95-1,55 ona conomsbi u 0,95
1,69 0na 3epHa 80 emopom cny4yae. Credosa-
mernbHo, ydobpeHus mMoaym cnocobecmgosams no-
HUXEHUK KOHUeHmpayuu kadmusi 8 noyge, HoO Oe-
namb e20 6oree docmynHbiM On  pacmeHud,
gcnedcmeue 4ez20 ygenuyusaemcsl HakonseHue
kaOMusi 8 pacmeHusix cou.

Knioyeeble cnoea: nodsuxHocms, Kadmud,
MOKCUKaHmM, Kayecmeo ypoxas, MUuHepasbHble
ydobpeHus.

Heavy metals (HM) in excess are the pollutants
of the biosphere. Their presence in agro-
ecosystems and their dangerous symptoms depend
both upon technogenic load and intensity of use of
alien chemicals applied with fertilizers and other
agrochemicals, which influence is due to the pres-
ence of pollutants in the composition of impurities,
as well as an indirect effect upon physical and
chemical soil processes. The aim of our research
was to find out the\ effect of different doses of total
and mobile forms of cadmium in artificially contami-
nated soil upon its content in plants in the micro
field experiment on the meadow brown ashy solil,
as well as the possibility to reduce cadmium intake
into soybean harvest at high concentrations in the
soil on the background of mineral fertilizers and
without them. It was defined that fertilizers contrib-
uted to decrease concentration of cadmium in soil,
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and made it more accessible to plants, thus in-
creasing the accumulation of cadmium in soybean
plants. The experiment began on the territory of
experimental fields of Research institute of agricul-
ture “Primorsky” in 2014. The experimental scheme
provided 7 variants. For artificial soil contamination
the authors used salt chemical pure cadmium in
doses exceeding twice and four times maximum
value of the maximum permissible concentration
(MPC) for the soil. Cadmium in soil, in soybean
grain and straw was defined by atomic absorption
spectrometry in the air-acetylene flame on spec-
trometer AA-6200 according to the approved me-
thodic instructions. To define cadmium mobile
forms the solution of 1 M nitric acid was used. As a
result of the study there was found out that soy-
bean yield was reduced in the variants with the in-
troduction of cadmium salts in comparison with the
variants without salt application on the background
of mineral fertilizers. It was revealed that on the
background of the double dose of fertilizer and a
quadruple dose of cadmium, the concentration of
the gross form in the soil was 12.36 mg / kg, and
mobile was 13.90 mg / kg, which corresponds to an
increased dose of application, however, the con-
centration of cadmium in this variant was reduced
in comparison with the variant with the same dose
of cadmium, but without fertilization. Consequently,
fertilizer can decrease cadmium concentration in
soil. In the variants with application of cadmium into
the soil in the background of fertilizer, cadmium
concentration in plants was higher than in variants
with cadmium application, but without fertilizer and
it was for the straw 0.49-0.78 mg / kg, for grain
0.28-0. 50 mg / kg in the first case and 0.95-1.55
mgq / kg for straw and grain it was 0.95-1.69 for the
second case. It was defined that fertilizers contrib-
uted to the decrease of cadmium concentration in
soil, and made it more accessible to plants, thus
increasing the accumulation of cadmium in soy-
bean plants.

Keywords: mobility, cadmium, toxicant, yield
quality, mineral fertilizers.

BeepeHne. Hanuune B arpoakocucremax Ts-
*enblx meTanno (TM) K 1x TOKCWMYHbIE NposiBrie-
HWS 3aBMCAT KaK OT TEXHOTEHHbIX (haKTOPOB, TaK U
OT WCMOMb30BaHWUA B 3emrefefiiv  pPasfnyHbIX
yoobpeHuit [1]. Wx BnuaHue oOycrioBneHo kak
HanuyveMm MeTannoB B COCTaBe MPUMEHSEMbIX
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MaTepuanoB, Tak U KOCBEHHbIM BIIUSIHUEM Ha Ou-
HaMWKy MOYBEHHbIX NPOLECCOB. Tak, MO AaHHbIM
P.P. KutxaeBa [2], npu BHECEHWUN yA0OPEHUIn BO3-
pactaeT noaskHocTb TM, 4tO CcnocobHo otpa-
3UTbCS Ha kayecTee npoaykuwm [4, 5]. Mobununsa-
Uusi B NOYBE NOABWKHBIX (hopM 0c060 onacHbix TM
W KOHLEHTpaUUs UX B Ypoxae CeNbCKOXO3AMCTBEH-
HbIX KYNbTYPHbIX PaCTEHWUA HYXOAOTCA B YTOYHE-
HWW B 3aBMCUMOCTW OT HOPM YAOBPEHU, npume-
HSAeMbIX MOA KyNbTypbl B COOTBETCTBYHLLMX 9KONO-
TUYECKNX YCIOBUSAX.

LUenb uccneaoBaHui. YCTaHOBUTb BIUSiHUE
Pa3HOrO COAEPXaHUs BanoBblX W MOABWKHbBIX
(hOpM KagmMus B MOYBE Ha COLepXaHue B ypoxae
COM, KOTOpas 3aHWMaeT Befyllee MecTo B nose-
BOM 3emnegenuu [pumopbs U nepcrnekTuBHa ¢
No3nLMK WUCMONb30BaHWS YpOXas B Ka4yecTBe Cbl-
pbs 4Ns NPOM3BOACTBA pasHooBpasHbix BenkoBbIX
NPOAYKTOB NUTaHUS 1 KOPMOBBIX CMECEN.

3apaya uccneposaHun. OBHapyxuTb CBA3b
HanNWuMs KagMnUs B OpraHax pacTeHWid N B KOHeu-
HOW MPOAYKUMW B 3aBMCUMOCTW OT KOHLIEHTpaLuu
(hOpM TOKCMKAHTa B MOYBE.

Ycnosusa, matepuanbl U MetoAbl. Mccneno-
BaHWS MpPOBOAATCA Ha oOnbiTHOM none ®BMHY
«Mpumopcknit HUACX». Moysa TUNUYHas nyroso-
Oypas onog3oneHHas, 3aHumarowwas GonbLuyto
YacTb PaBHWHHOM TEPPUTOPUM MAXOTHbIX 3EMESb
[MpumopCKOro Kpast M ucnonb3yemMas B MONEBOM
3emrefeni NpeuMyLLecTBEHHO ANS pasMeLLeHus
3€pHO-COEBbIX  CeBOOOOPOTOB.  ArpoxuMmyeckas
XapaKTepucTuka  NeperHomHO-akkyMymnsTUBHOIO
rOPMU30HTa MOLLHOCTBIO 25 cM: rymyc — 2,8+0,06 %;
pHk — 6,02+0,08; P.Os — 634 wmr/kr; K:O —
13522 mr/kr. ®oHoBoe cogepxarne Cd: Banosbli
0,5 mr/kr u noaBuxHbIiA 0,3 Mr/kr NoYBbI.

MuKpOZENSHOYHbIN NONEBOM OMbIT 3aNOKEH B
2014 rogy. Cxema onbiTa (npefcTaBneHa Ha pu-
CyHKax u B Tabnuue 2) npegycmaTpuBaeT BapuaH-
Tbl C Pa3HbIM/ JO3aMU BHECEHUS CONEN Kagmus u
MWUHepanbHbIX YaobpeHuii. Pacnonoxexve Bapu-
aHTa BroyHoe, MOBTOPHOCTb 4-KpaTHas, LEensHKu
KaXoro BapuaHTa cMexHble, [nowaib gensHkm —
4 M2, BoKoBblE M KOHLEBbIE 3aLUMTKM — N0 OJHOMY
psagky. Cnocob nocesa CTPOYHBINA LUMPOKOPSAHbIN
C Mexaypsgpamu 60 cM.

YnobpeHnus — cynepdocdat rpaHyIMpoBaHHbI
W Kamuid - xnopucTbidi B po3ax  PiaoKeo(PK1),
P240K120(PK2) BHeceHbl B 0AuH npuem [0 nocesa
COM Mof NPEeAnoceBHOE pbixneHne. BoaHblin pac-
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TB0p CdSOs B A03ax No A.B., MPEBbLILALMX
BaBoe (nosa 1) v BYETBEPO (O03a 2) MaKCUManb-
Hble 3Ha4YEeHMs KaaMUs B MOYBE, YCTAHOBIEHHbIE HA
ocHoBe 6a30BbIX 3HAYEHMI BamnoBbLIX hopM MeTar-
na [3], BHeCEH [0 noceBa Nof PYYHOE pbIXfeHue
nosepxHocTun. [lo3a 1 coctasuna 6 mr/kr, YTo COOT-
BetctByeT 2 [NOK. B onbiTe ucnonb3oBaHbl OTKa-
nubpoBaHHble cemeHa cou copTa Mpumopckas 81.
PactutenbHble 0bpasubl Ang XMMUYECKoro aHa-
nusa u3 20 pacTeHWd C KaxkOou [ensHku nocne
OvoMETPUYECKMX W3MEPEHUI pa3ManblBannCh Ao
COCTOSHUS MyKM W MpOCeuBanucb Yepes CUTO
0,2 cM. CmeLLaHHble MouBeHHbIE 06pasLibl 0TOrpanm
Mo BCEM BapuaHTam nocrne YO6opKu con M aHanuam-
poBani Ha aToOMHO-abcopBLUMOHHOM CreKTPOdOTO-
meTpe AA 6200 cornacHo MeTOANYECKUM yKa3aHWAM

[6]. Mpn aHanu3e pacTuTenbHbIX 00Pa3LIOB WUCMOMb-
30BaHbI MeToabl, M3noxeHHsle B FOCT [7, 8].

[Ins 3KCTpaKkuyuW BanoBon M NOABWMXHON (HOpM
KagMus UCNonb3oBanu cooTBeTcTBeHHO 5 M 1 M
HNO:s.

Pe3ynbTathl 1 ux obcyxaeHue. Tak, BHECEH-
Hble B NOYBY COMM KagMus crnocobecTBOBaAM CHIKe-
HUIO ypOXanHoCTU cou. B BapuaHTax 6e3 BHeceHs
KagMUS OTMEYEHO MOBLILLEHNE YPOXAWHOCTU Ha
(hoHe YABOEHHOM 03bl YaobpeHuii (Tabn. 1).

BHECEHHbIN KaOMUA 3akpenwurncs B Moyse, U
pasHMUa Mexay BapuaHTamu Mo [o3aM XOpOLIOo
NPOCIEXMBAETCA Jaxe Nocrne OTHYXAEHUS YacTy
ero ¢ ypoxaem. YaobpeHus cnabo BAmann Ha ero
COAEpXaHe B NoYBe.

PesynbTaTbl onpeaeneHns cogepxaHns opm
KagMus B NOYBE NpefCTaBneHbl Ha pUCYHKe 1.

Tabnuya 1

YpoxanHOCTb cou

Homep n/n BapuaHTt YpoxanHoCTb, L/r
1 KoHTponb 27,8
2 PK1 27,8
3 PK1+ Cd1 26,1
4 PK2 33,1
S PK2+Cd2 25,1
6 Cd1 27,6
7 Cd2 241
8 HCP (0,95) 0,87
20,00 -

5,66

15,00 14'6; 2,3 S O sanosble, Mr/Kr
10,00 72, 6537

5,00 B noasuXHble, Mr/Kr

0,00 T

KOHTpPO/b PK1 PK2 Cd1i Cd2 PK1+Cdl PK2+Cd2

Puc.1. CoOepxaHue 8anosbix U NOOBUXHbIX (hopM KaOMUsi 8 noyse nocre ybopKu ypoxas

Tak, B KOHTPONbHbIX BapuaHTax (abcontoTHbIN
koHTponb u PK1, PK2) kak Banosble, Tak W no-
OBWKHbIE (POPMbI BbINK Ha YpOBHE (HOHOBOrO 3Ha-
yeHus. B BapnaHTax ¢ BHECEHHbIM B MOYBY KaaMu-
em B Jo3e 1 coaepxaHue BanoBbIX U MOABWKHbIX
(hOpPM HEe3HaYUTENbHO M3MEHUNOCH Ha (HOHE MK-
HepanbHbIX YyaobpeHuit. Mpu yABOEHHBIX [go3aXx
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yaobpennit B Bapuante PK2+Cd2 obHapyxwunacb
TEHAEHLMS K CHUKEHMIO KOHLIEHTpaLWK Kagmus no
OTHOLLEHMIO K BapuaHTy Cd2 Ha 2,3 Mr/kr BanoBo
n Ha 1,76 mr/kr nogsukHon dopm. Crnegosatenb-
HO, BbICOKME [03bl YA0OpeHns MoryT cnocobeTeo-
BaTb MOHWKEHWMIO KOHLEHTPaLMM KagMus B MOYBE,
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4TO, BEPOSTHO, CBS3AHO C BbIHOCOM €ro B AOMOSI-
HUTENTbHOM YpOXae.

[Ins yCTaHOBNEHWS BENWYMH HAKOMMEHWUs Kaj-
MUSi B pacTeHusX Obinv NPoBEAEHbI aHanm3bl 3ep-
Ha ¥ CONMOMbI MPK UCMONMb30BaHUN MeToaoB [7, 8]
(puc. 2, Tabn. 1).

YCTaHOBIIEHO, YTO KaZMMN NMPUCYTCTBYET Kak B
3epHe, TaK 1 B CONOMe, B TOM YMCIe U TaMm, rae OH
He OblIn BHeCeH. KOHLEeHTpaLms ero B aTUX BapuaH-
Tax COOTBETCTBYET YPOBHIO (POHOBbIX 3HAYEHWMN,
XOTSl B BapuaHTax ¢ yaobpeHusmu obHapyxuBaeT-
Csl TEHOEHUMS K yBENUYEHNIO (Tabn. 2).

1,69

1,80

1,55

1,60
1,40

1,20

0,95 B conoma, mr/Kr

1,00

0,78

0,80

O3epHo, mr/kr
0,50

0,60
0,40

0,28

0,20

[ .

0,00

KOHTpOAb PK1 PK 2 Cd1

Cd2 PK1+Cd1 PK2+Cd2

Puc. 2. HakonneHue kaOMusi 8 3epHe U CO/ToMe cou

Tabnuya 2

KOHLl,eHTpaIJMﬂ KaaMus B opraHax pacteHus u KOHEYHOM npoaykuuun

BapuaHT KoHUeHTpauus Kagmus, Mr/kr £ cko
Conoma 3epHo
1. KoHTponb 0,03£0,01 0,01£0,00
2. PK1 0,05+0,01 0,01+0,00
3. PK2 0,05+0,01 0,01+0,00
4. Cd1 0,49+0,01 0,28+0,01
5. Cd2 0,78+0,01 0,50+0,01
6. PK1+Cd1 0,95+0,01 0,95+0,01
7. PK2+Cd2 1,5510,01 1,69£0,01
Tak, HakonneHve kagMmus B CONIOMe B BapuaH- BbiBoabl

Tax C BHeceHnem ygobpewwin  (PK1+Cd1,
PK2+Cd2) bbino Bbllwe. B BapuaHTax ¢ BHECEHHbIM
B Noy4BYy kKagmuem 6e3 yaobpeHuii KOHLEHTpaLUKS B
3epHe Obina 3HauYNTENbHO MEHbLUE, YEM B CONOME,
W NpsMO COOTBETCTBOBana Ao3aM. YgobpeHus
CnocoBCTBOBANM HAKOMMEHNO TOKCWUKaHTa B pac-
TEHWW, MPUYEM TeMrbl HAKOMMEHUs Kagmus B
3epHe N0 OTHOLLEHWIO K CONOMe BO3pacTani cooT-
BETCTBEHHO MX J03aM.

Bbicokas [o3a kagmusi Ha MOBbILLEHHOM (hOHE
ypobpenun (PK2+Cd2) nosnusna Ha ero cogep-
KaHue B 3epHe M0 OTHOLLEHWIO K CONOME, YTO CBU-
[EeTeNnbCTBYET O MPSIMON 3aBUCMMOCTM KavecTsa
ypoXas OT KOHLEHTpaLuW TOKCUKaHTa B MOYBEH-
HOM pacTBOpe.
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1. Mexagy copepxaHuem kagmusi B MO4YBE M
Hanuunem ero B ypoxae CyLLecTByeT npsmas 3a-
BMCMMOCTb. Y0OpEHWS MOryT CHWXaTb KOHLEH-
TpawLWio TOKCUKAHTa B NOYBE B CBSA3M C MOBbILLEHU-
€M COAEPXaH!s B PaCTEHMSIX.

2. YpobpeHus cnocobCTBYOT POCTy NocTynne-
HUSA kagmus B pacTeHus. Mpu aTom pacTeT gons
TOKCUKaHTa B ypOXae OCHOBHOW NPOAYKLMK No OT-
HOLLIEHMO K NOBOYHOM.

3. BHOoCUMble B MOYBY CONW KaaMUS CTUMYMW-
PYIOT Nepexoq B PacTBOPEHHOE COCTOSHME Bano-
BbIX MOYBEHHbIX 3aMacoB, B pe3ynbTaTe Yero kKonu-
4eCTBO MOABIKHOIO KaaMWUs OKa3blBAeTCS paBHbIM
UMW He3HaYMTENbHO NpeBanupyeT Hafd nokasaTe-
NAMW COAepXaHns BanosbIX (OOPM.
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A.A. lopowko

OLIEHKA ®OPMbI NOMEPEYHOI 0 CEYEHUA OTAENbHbIX AEPEBLEB
B HACAXOAEHUAX

A.A. Goroshko

CROSS-SECTIONAL SHAPE EVALUATION OF INDIVIDUAL TREES IN STANDS

[nsa onpedeneHus obbema pacmywe2o Oepe-

duamempy Ha 8bicome 2pydu onpedensiom nio-

8a, @ 3Ha4yum U 3anaca HacaxoeHus, Heobxo0umo  wWadb NONEPEYHORO CedeHus U danee paccyumb-
3Hamb cnedyrowue nokazamenu: ebicoma, Oua- eatom 0bbem cmeona. [lonepeyHble Ce4eHus
memp Ha ebicome 2pydu u opma cmeona. [lo  cmeosnos depesbes No hopme HanoMuHaom Kpyau
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