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Pestome. Ljenib 3akni04aeTcs B U3y4eHUM 3MEHEHNS (hePMEHTATUBHOM akKTUBHOCTW NOYB KanMbikiuv npu HepTAHOM
3arpsI3HEHNM, a TakKe B UCCMEA0BaHUN PUTOTOKCUMHOCTM 3arpsisHEHHbIX Mo4uB. Memoob!. [ns u3y4eHust uToTOK-
CUYHOCTU 1 (hepPMEHTATUBHON aKTUBHOCTM MoYB Obin NpoBefeH nabopaTopHbIn onbiT. B kayecTBe 06bEKTOB Mccne-
[0BaHus Obinu BbibpaHbl Bypast nomynycTbiHHAs, CBETNO-KALTaHOBas M YEpPHO3EMHas MoYBbl, TECT-KynbTypa ¢a-
conb. [ouBy 3arpsasHAnM HedTbio pasnuyHOi KOHUEHTpauun. O (OUTOTOKCUYHOCTY NOYB CYAMIM MO BCXOXECTM,
ONVHE HA3EMHOM YacTy pacTeHui, ANvHe KOpHs 1 obLiei Bruomacce. PepMeHTaTUBHYIO aKTWBHOCTL MOYB Onpese-
nsanu metogamu T.A. LepBakoson, LtedaHuka, ApHu, Tomecky, A.LL. TanctsHa, ®.X. Xasuesa, A.M. Aradoposoit,
A.E. Tynbko. Pesynomamel. B pesynbtate nNpoBeAeHHbIX UCCNEeLOBaHUi BbISBIEHO, YTO MOYBbl KanMblkuu He
YCTOMYMBbI K HEPTAHOMY 3arps3HEHNHO, Aake HE3HAYUTENbHbIE KOHLEHTPaLmu HepTu BbI3bIBAKOT U3MEHEHME dep-
MEHTaTUBHON aKTWBHOCTW MouB. Bce uccnedyemble HedTesarpsisHeHHble 06paslbl MOYB MPOSIBASIOT HeraTUBHOE
BMWSIHWE Ha POCT U pa3BUTUE PACTEHUIA TECT-KYNbTYpP, YMEHbLIAETCH BCXOXECTb, [ANMHA Ha3eMHON M NOL3EMHOM
yacTeil pacTeHuit. Bbieodbl. [lokasaHo, 4TO HepTSAHOE 3arpsi3HeHWe BRMSIET HA U3MEHeHe DePMEHTATMBHON ak-
TUBHOCTM Mo4B Kanmbikum, npuyem, Yem 6orblie KOHLEHTPaLUs BHOCUMON HEGTH, TEM CUNbHEE MPOCIEXMBAETCS
370 M3MeHeHue. HedhtesarpsisHeHHble NOYBbI NPOSIBIISIOT CUIbHOE (DUTOTOKCUYECKOE BO3AENCTBME MO OTHOLUEHMIO K
ncecneayeMbiM pacTeHusM.

KnioueBble cnoBa: nousbl KanmbikiW, MOLENbHbIN SKCNEPUMEHT, HEPTAHOE 3arpsidHeHne, (UTOTOKCUYHOCTD,
(hepmMeHTaTUBHAS aKTUBHOCTb MOYB.

®opmat yutupoBanus: bynyktraes A.A. OUTOTOKCMYHOCTb U (hePMEHTATUBHAsS akTUBHOCTb MOYB KanMblkuu mpu
HedpTsiHOM 3arpsisHeHuu // KOr Poccun: akonorus, passutue. 2017. T.12, N4. C.147-156. DOI: 10.18470/1992-1098-
2017-4-147-156

PHYTOTOXICITY AND ENZYMATIC ACTIVITY IN SOILS OF KALMYKIA UNDER
THE INFLUENCE OF OIL POLLUTION

Aleksey A. Buluktaev
Kalmyk Scientific Center of the RAS,
Elista, Russia, buluktaev89@mail.ru

Abstract. The aim is to study the change in the enzymatic activity in Kalmykia soils under oil pollution, as well as to
study the phytotoxicity of contaminated soils. Methods. A laboratory experiment was conducted to study the phyto-
toxicity and enzymatic activity in soils. As objects of research, brown semidesert, light chestnut and chernozem soils
(Black soil) were selected. Common bean was chosen as the testing culture. The levels of oil pollution in the study
area were different. The phytotoxicity of soils was identified by the germination, the length of the terrestrial part of the
plants, the length of the root and the total biomass. The enzymatic activity in soils was determined by the methods of
T.A. Shcherbakova, Shtefanika, Yarni, Tomesku, A.Sh. Galstyan, F.KH. Khazieva, Ya.M. Agaforova, A.E. Gulko.
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Results. As a result of the conducted studies it was revealed that the soils of Kalmykia are not resistant to oil pollu-
tion, even insignificant concentrations of oil cause a change in the enzymatic activity in soils. All investigated oil con-
taminated soil samples show a negative impact on the growth of testing-culture plants, germination decreases, the
length of the ground and underground parts of plants is reduced. Conclusions. It has been proved that oil pollution
affects the change in the enzymatic activity in Kalmykia soils, and, the greater the concentration of oil contamination,
the stronger this change can be traced. Oil-contaminated soils show a strong phytotoxic effect in relation to the plants
under study.

Keywords: Kalmykia soils, model experiment, oil pollution, phytotoxicity, enzymatic activity in soils.

For citation: Buluktaev A.A. Phytotoxicity and enzymatic activity in soils of Kalmykia under the influence of oil pollu-
tion. South of Russia: ecology, development. 2017, vol. 12, no. 4, pp. 147-156. (In Russian) DOI: 10.18470/1992-
1098-2017-4-147-156

BBEJEHUE

B rmocnenHue paecsATUIETHS CTCIHBIC
nannmadTel pecnyOnukn KanMbIKUST MCTIBITBI-
BalOT BCE BO3pAcCTAlOIIee AHTPOIIOTCHHOE BO3-
neiictBue. HedTsHbIe NTPOMBICTBI, BEAYIIUC
CBOIO JCATEIFHOCTD Ha TEPPUTOPHH PECIyOIIH-
KW, HETQTHBHO BIIUSIOT HA COCTOSIHHE OKpY’Ka-
omel cpebl. JKOIOrHUYeCcKas CUTyauusi, cio-
XKUBIIascs B Hacrosuiee BpeMmst B Kammblkuu
CBHUJIICTETILCTBYET O TOM, UYTO CYyIIECTBYIOIIAs
KOHIICTIIMS OXPaHBl OKPY)KAIOIIEH Cpensl He
pelraeT ABYX OCHOBHBIX IPOOJEM: BO-NEPBBIX,
HE TPENOTBpallaeT MOMaJaHue MOJUIIOTAaHTA B
OKPYKAIOIIYI0 CPEeoy H, BO-BTOPHIX, HE M30aB-
JSIeT OT yrpo3bl JErpajallii U UCTOILEHUS IPHU-
pPOAHBIX pecypcos. [Ipobnema 3arpsi3HEHHS MOYB
HeThIO ¥ He(TENPOIYKTAMH B HACTOSIIIEE BPEMs
SIBJISIETCSL BECbMa akTyalbHOH. IIponecc no0brau
U TPAHCHOPTUPOBKH HEe(PTU U HEPTEIPOAYKTOB
B pecryOimKe eme Jajek OT COBEPIICHCTBA,
aBapUiHBIC CHUTYallld, H3HOUICHHOCTH 000py-
JIOBaHMs, XaJaTHOCTb PAOOTHUKOB — BCE 3TO
OPUBOAUT K IIONAJAHUIO YTJICBOJOPOJIOB B
OKpy»Karomryto cpeny. [lomas B mouBy, He(TH B
MIEPBYIO OYepelb BIHSET HAa ¢ OMOJIOTUYeCKUe
CBOICTBA, HAPYIIAETCs] AKTUBHOCTb MOYBEHHBIX
(depmenToB [1-3], Takke MPOUCXOAMUT PE3KOE
M3MEHECHUE (PH3UKO-XUMHUYECKOTO COCTOSIHUS
[IOYB, YTO HETaTUBHO CKAa3bIBACTCSI HA POCTE U
Pa3BUTHHU PACTEHUH, IPONU3PACTAIONINX HA ITHX
MTOYBaXx.

INonananue Hedtu U HedTENPOAYKTOB
B MOYBY IPUBOJAUT K W3MEHEHHIO AKTUBHOCTH
(epMEHTOB, YJaCTBYIOIINX B BAaXKHBIX OHOIO-
THYECKHUX MPOIIECCax, YTO HEOJTHO3HAYHO BIIUS-
€T Ha a30THbIH, (ochOpHBIH, CepHBI U yrie-
BOJHBII OOMEH, BBI3BIBASI M3MCHEHHE AKTHBHO-
ctu psaga pepmentoB. CoriacHO AaHHBIM psaa
aBTOPOB, HCCIECIOBAHUS (PEPMECHTATUBHON aK-
TUBHOCTH TIO3BOJISIIOT KBAJH(DHUIIUPOBATH I0OY-

BeHHbIe Hapymenus [4; 5]. Biusnue nedtu u
He(TEPOYKTOB HAa (PEpMEHTHI MOYB MHOTO-
CTOpOHHEE: NPSIMOE — HHTHOMPOBAHHE, pa3py-
LIeHHWe, WIK aKTUBaLus (PepMEHTOB, U KOCBEH-
HOE — U3MEHEeHHUE epMEHTATUBHOTO TyJjia MoyY-
BBl B pe3yJibTaTe WHTHOMPOBAHUS POCTa IT0Y-
BEHHOH Me3odayHbl U pacTeHHd. M3ydeHuro
(hepmenTaTuBHON akTHBHOCTH mouB lOra Poc-
CHH TIpH HE(PTSIHOM 3arps3HEHUH YAEICHO
OompIioe BHUMaHue [6].

HccnenoBanusiMu pa3inyHbIX aBTOPOB
YCTaHOBJICHO, YTO 3arpsi3HEHHE MOYBBI HEPTHIO
1 HePTEPOILyKTaMU HPUBOIHUT K 3aMEICHUIO
pocTa U pa3BUTHUSl PACTEHUI W MOYBEHHBIX BO-
JIOpOCIIEH, CHU)XEHHMIO YPO>KalHOCTH CEJIbCKO-
X03sICTBEHHBIX KysbTyp [7-10]. Hedtenpo-
JIYKTBl TOKCUYHBI JJIi PACTEHUH N1a)Ke B OTHO-
CUTEJIbHO HM3KUX KoHLeHTpanusx [11; 12]. bo-
Jee TOro, Jake CyOJeTanbHbIe KOHIECHTPAIUU
3arps3HUTENIS. B 3HAYUTEIbHONH Mepe TOPMO3AT
ux poct. ABropamu KaiMbIKuM HccIe0BaHO
HETaTHBHOE BIMSHUE HEPTH U HEPTETIPOIYKTOB
Ha POCT M Ppa3BUTHE CEJIbCKOXO3SHCTBEHHBIX
pacTeHui, TakKMX KakK J>KUTHSIK, KOCTpeL, S4-
MEHb, aMapaHT B IOJIEBOM dKcriepuMeHTe [13;
14].

AKTyaJIbHBIM SIBJISIETCS HMCCIIeI0BaHHe
W3MEHEHHUs] aKTUBHOCTH  (EPMEHTOB  IIpHU
HEePTSIHOM 3arps3HEHHMH B mouBax Kaiambikuw,
TaKKe BAKHBIM IapaMeTpoM HedTe3arps3HeH-
HBIX IOYB SBISETCA MX (PUTOTOKCHYHOCTH IO
OTHOIIICHUIO K pacTeHHUsiIM. VIMEHHO TO3TOMY
Yenp HAILICTO WCCICIOBAHUS — HU3YYUTH (DUTO-
TOKCHYHOCTB M (PEpPMEHTATUBHYIO aKTHBHOCTH B
OypbIX MOIYMYCTHIHHBIX, CBETIO-KAIITAHOBBIX
U 4YepHO3eMHbIX nouBax Kanmbikun 1npu
He(PTSIHOM 3arpsi3HCHUH. B cooTBeTCTBHUE C Iie-
JbI0 ObUIM TIOCTABJICHBI CIEAYIOIINE 3aJauu:
0TO0OpaTh MCCIEAyeMBbIe TOYBHI, TPOBECTH Jia-
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60paTOpHI)II>'I OIIBIT; MCCJICA0BATHb (1)I/ITOTOKCI/I‘{-
HOCTH He(bTe3al“p513HeHHI>IX IMOYB;, U3YYUTH U3-

MEHEHUE (PEPMEHTATUBHOM aKTUBHOCTU IOYB
py He(PTSTHOM 3aTrPsI3HCHUH.

OBBEKT U METO/bI UCCJIIEJOBAHUA

Jns v3ydeHus BIASHUS HEPTSHOTO 3a-
Ips3HEHHST Ha (PUTOTOKCHYHOCTH M (hepMeHTa-
TUBHYIO aKTUBHOCTb N04YB KaiaMbIkuu ObUT mpo-
BeJICH J1a00paTOpHBI onbIT. ONBIT OBUT TIPOBE-
neH Ha kadenpe xumuu Kammelkoro rocymap-
CTBEHHOro yHuBepcutera nmeHu b.b. I'opogo-
BUKOBa. B KauecTBe OOBEKTOB HCCIIEAOBAaHUS

MbIKUs (Tabm. 1). TlouBel ans mabopaTopHOTO
ombITa ObUTH 0TOOpaHbl ¢ TIyOuHBl 10-20 cMm
0e3 HapyLICHUS U NEPEMEIINBAHNS TOYBEHHBIX
ropu3oHToB. OTOOp TpoO OBIT MpOBENCH Ha
[eJMHEe, Ha (POHOBBIX y4acTKaX B OTHAICHUH OT
JOpOT, TPYOOIPOBOJIOB, JIMHUI JIIEKTpONepeaay
[15].

OBUTH HCITOJI30BaHBI MOYBBI pecryOnuku Kai-
Taonuua 1
Hccnenyemble mouBbl
Table 1
The studied soils

IMousa / The soil MecTonosoxenne u xapakrepucruka / Location and characteristics

OtoOpana Ha TeppuTOopuu UepHO3eMENTbCKOTO paiioHa B 3alOBEIHHUKE
«YepHble 3eMII» MOYBA CyIecUaHas, 0 CTETICHN 3aCOJICHUs TIpaKTuye-
CKM HE3acOJICHHAs, Peakiys ITOYBEHHOrO pacTBopa mienouHas / Soil
selected in the Chernozemelsky district in the reserve "Black Lands" is
sandy loam, the degree of salinity is almost nonsaline, the reaction of the
soil solution is alkaline

Bypasi mosynmycTbiHHAs
Brown semidesert

OtoOpana Ha Tepputopun LlenrHHOTO paiioHa, MOYBa CYTJIIMHHUCTAs, 110
CTENCHN 3aCOJICHWS] — HE3aCOJICHHAs, Peakuusl MMOYBEHHOTO PacTBOpa

-KAIITAHOBA . . . o
Crerno-kamranosas cnabomenoyunas / Soil, selected on the territory of the Tselinny District,

Light chestnut is loamy; degree of salinity - non-saline; the reaction of the soil solution
is slightly alkaline
Orobpana Ha TeppuTOpHUH | OPOTOBHKOBCKOTO paiiOHa, MOYBa CpE/IHE-
CYTJIMHUCTAs], He3aCOJICHHAs, PeaKI[Hsl MMOYBEHHOTO pacTBopa criadorie-
Hepuozemnas nouHast / Soil, selected on the territory of the Gorodovikovsky district, is
Black Soil (Chernozem) ’ ’

medium loamy; not saline; the reaction of the soil solution is slightly

alkaline

HccnenyeMble MOYBBI pacHpeieiICHb! B
BEreTallMOHHBIE €MKOCTH MAacCoil 5 Kr, IOuBYy
3arpsi3Hsin HeTbi0 COCTHHCKOTO MECTOPOXK-
JeHns, HeTh Jerkas, MaJOCepHHCTas, MMEeT
conepxanue cepsl — 0,27%, conepkanue napa-
¢uHOB — 6,40%, TutoTHOCTH — 0,735 r/CM3, BSI3-
kocTh coctaigeT 0,99 mlla/c. Uzyuanock neit-
CTBHE Pa3HbIX KOHIEHTpauui Heptu: 2,5%, 5%
u 10% oT macchbl OYBBI, B pe3yJibTaTe pa3jiuBa
B BEreTalMoHHYI0 eMKocTh 90 mu, 185 mu u
370 mn medu. KoHTposeM ciry>kKuiin He3arpsis-
HEHHbBIC 00pasIIbI.

B kauecTBe TeCT-KyJIbTYphl U U3y4e-
HUSI (PUTOTOKCUYHOCTH He(Te3arps3HEHHBIX
mouB KanMbikuy Hamu OBIIO BBIOpAHO pacTte-
Hue ¢aconb  oObIkHOBeHHass  (Phaseolus
vulgaris). B psiie MOCTaBIEHHBIX HAMH OIBITOB
JIOKa3aHo, 4To (hacoip SABISIETCS OBICTPO TPO-
pacTalomuM pacTeHHEM, W MOIXOIUT UIS BBI-
palMBaHus Ha IOYBaX CTEMHOM 30HbI.

JlaGopaTopHO-aHAIUTHYECKUE — HCCIIe-
JOBaHHS BBIMOJIHEHBI C HCIOJH30BAaHHEM 00-
LIEPUHATHIX B OMOJIOTHH, SKOJIOTMUA M TIOYBO-
BEJICHUH METOJIOB.

O (PUTOTOKCHYHOCTH TOYB CYAWIU TIO
M3MEHEHUIO TI0Ka3aTesled MpopacTaHus CeMsH
(hacomm (BcxoxecTb U 0oOmIast OMomacca) U WH-
TEHCUBHOCTM HayajbHOI'O pOCTa I[POPOCTKOB
(nnMHA KOpHEH, JUIMHA 3€JIEHBIX IPOPOCTKOB).

O ¢epMeHTaTHUBHON aKTHUBHOCTH II0YB
CYIWIN 10 aKTMBHOCTH KaTaja3sbl, ypeasbl, UH-
Beprassl U (ocdarassl. OnpenencHue KaTanas-
HOM aKTHBHOCTH TOYB MO Meroxy lancrsana
A.IIl. AKTUBHOCTb MHBEPTA3bl ONpPEACIISIN Me-
tonom XaszueBa D.X., AradapoBoit .M.,
I'yabko A.E. AKTHBHOCTBH ypea3bl B IOYBE
ompenensuin mMerogoM lllep6axosoit T.A. Doc-
(haTazHyl0 aKTHMBHOCTh OMNPEICISIIM METOJIOM
tedanuka, Spau, Tomecky.
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MHNOJIYYEHHBIE PE3YJIBTATBI 1 UX OBCYXJIEHUE

Pesynpratel  MOpPGOMETPHUYECKUX W3-
MEHEHHMH (acoyid MoJ JeHCTBHEM HEPTSIHOTO

3arpsisHeHHs uepe3 | Mecsll mocie 3arps3HeHus
MIpeICTaBICHBI B TabHIIe 2.

Taonuua 2

DUTOTOKCHYHOCTH HeTe3arpsi3HeHHbIX 04B KaaMbikuu

Table 2

Phytotoxicity of oil contaminated soil in Kalmykia

Konnentpauust Hedgru B mouse / Concentration of oil in the soils

Tun nous / Type of soil Kontpoas o o o HCPys
Control specimen 2,5% 5% 10% NSRys
BcexoxkecTb, % / Germination, %
Bypas NOJIy Ny CTHIHHAS 100 43 35 i 9
Brown semidesert
CBeTJ10-KalITAHOBAsI
Light chestnut 100 60 48 19 10
YepHozemHast
Black Soil (Chernozem) 100 7 37 28 i
Jinna nodera, % / Length of shoot, %
Bypas TO.TY Y CTHIHHASK 100 69 47 i 3
Brown semidesert
CaeT10-KalITAHOBAS
Light chestnut 100 74 67 49 10
YepHozemHast
Black Soil (Chernozem) 100 81 68 > ?
Jauna xopueii, % / Root length, %
Bypas NOIYNyCTHIHHAS 100 22 70 i 3
Brown semidesert
CBeT/10-KalITAHOBAsA
Light chestnut 100 7 62 33 8
YepHozemHast
Black Soil (Chernozem) 100 73 69 42 1
Oo6uas 6momacca, % / Total biomass, %
Bypas N0y Y CTHIHHAS 100 13 29 i 3
Brown semidesert
CaeTJ10-KalITAHOBAsI
Light chestnut 100 33 48 13 8
YepHozemuasi
Black Soil (Chernozem) 100 64 >3 22 8

Hcxoas U3 MONyYeHHBIX PE3yNbTaTOB,
CTOUT OTMETUTh HETaTHBHOE BIMSIHUE HEPTIHO-
T'0 3arpsi3HEHHS Ha POCT U Pa3BHUTHE (acoi Ha
Bcex tunax nous Kanmbixkuu. Tak, BCXoxecTb
(baconu Ha Oypoil MOJTYIMyCTHIHHOW MOUYBE IpU
HeTSHOM 3arpsi3HEHUH 2,5% CHmkaetcs B 2,3
pasa, IpHu KOHIICHTPAIH HEPTH 5% BCXOKECTh
cHIXaeTcst B 2,8 pas3a, KOHLCHTpauus HepTH
10% siBuitack Jutst (hacoiu JeTaabHO — CeMeHa
Ha JTHUX T[OYBaX HE THpopociu. B ceeryo-
KaIITaHOBOW TIOYBE BCXOXECTh IPHU HE(TIHOM
sarpsisHeHuu (2,5%, 5%, 10%) cHmxkaercs B
1,7, 2,1, 3,6 paza 1Mo CpaBHEHHIO C KOHTPOJIEM.
B depHo3eMHOI 1OUBE HE(PTSIHOE 3arps3HCHUC
TaKK€ BBI3BIBAECT CHILDKEHHME BCXOXKECTU (haco-

7, TaK MPU KOHLEHTpauuu Heptu 2,5% Bcxo-
xecTh (hacosn cHMxkaercs B 1,4 pasa, mpu 5% B
1,8 pasa, mpu 10% BcxoxkecTh CHIKaETCs B 3,0
paza 1o CpaBHEHHIO C NOKA3aTeIsIMU KOHTPOJIb-
HOIi BcxoxkecTH (puc. 1).

JimHa mobera U KOpHEH peauca oTpa-
KarT (PUTOTOKCHUECKHE CBOMcTBa Hedresa-
IPSA3HEHHBIX MOYB. Tak, B Oypoil mosrymycThIH-
HOW TIOYBe HE(TSHOE 3arpsi3HEHUE CHIDKAET
pOCT 3eJeHbIX TPOPOCTKOB B 1,4 pa3a u 2,1 paza
[0 CPaBHEHHUIO C KOHTPOJIEM, IJIMHA KOpHEH
cHmxaertcs B 1,2 pasa u 1,4 paza no cpaBHEHUIO
C KOHTPOJHHBIMH TIOKa3aTelsiMH. B cBeTio-
KalITaHOBOW TIOYBE UTMHA 3EJICHBIX IPOPOCT-
KOB IIpu KOHLEeHTpauuu Hedtu 2,5%, 5%, 10%
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camxkaercs B 1,3, 1,6, 2,0 pa3a COOTBETCTBEHHO,
JUTMHA KOpHEW cHikaercs B 1,3, 1,6, 2,8 pa3 no
CpPaBHEHHIO C KOHTposieM. B uepro3emMHO# 1mou-
Be He(pTSIHOE 3arps3HEHHE TAaKKe MPUBOIUT K
YTHETEHHIO POCTa W Pa3BUTHUA (ACOIH, TaK
JUIMHA 3€JICHBIX IMPOPOCTKOB TIPH KOHIICHTpPA-

uuu Hetr 2,5% cHmxkaercs B 1,2 pasa, npu 5%
B 1,5 pa3, npu 10% B 1,8 pa3 o cpaBHEHUIO ¢
KOHTpoJieM. J[TiHa KOpHel B HedTe3arps3HeH-
HOU YepHO3eMHO mouBe cHmxkaercs B 1,3, 1,4,
2,3 pa3a COOTBETCTBEHHO.

100 100

Bcexoskecth, % / Germination, %

® Koutpors /Control specimen  #2.5% ®=5% =10%

100

Bypas monynycteiHHAS Mouea CBeTIIO-KAITAHOBAS MOYBa / YepHozeMHAd MOYEA /
/ Brown semidesert soil Light chestnut soil Chernozem soil

Puc. 1. Bausinue He()TSIHOTO 3arPsI3HEHMSI HA BCXO0XKeCTh (acoin
Fig. 1. Influence of oil pollution on the germination of the common bean

Janaa kopHeii, % / Root length, %

m Koutpons / Control specimen ®=2.5% m5% m10%

100 100 100
82 79
70 3 69
62
42
I I 35 I I I
Bypas monynycTeiHHasA mouBa CBeT/IO-KAlITaHOBAs 104BA / YepHOo3eMHas 104Ba /
/ Brown semidesert soil Light chestnut soil Chernozem soil

Puc. 2. Binsinue He(pTAHOT0 3arpsi3HeHUs HA JUINHY KOpHeil (acoan
Fig. 2. Influence of oil pollution on the length of the bean roots

Hedtsanoe 3arps3nenue BiuseT Ha W3-
MeHEeHUE (PEepMEHTATUBHON AaKTUBHOCTH IIOYB
Kanmpikuu, B HACTOSIEM HCCIEIOBAHUM H3Y-

9aJock JeiicTBHEe He(TH HA aKTUBHOCTH KaTaJa-
3B1, ypeasbl, HHBEePTa3kl U (ocdaraszsl (Tad. 3).
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Taonuya 3
H3menenne ¢gepMeHTATUBHON AaKTHBHOCTH NOYB KanMbikuu npn HeTAHOM 3arpsi3HeHHHU
Table 3
Changes in the enzymatic activity in Kalmykia soils under oil pollution
AKTHBHOCTH
AKTHBHOCTH (ocparaspi.
AKTHBHOCTH AKTHBHOCTH MWLM PAMM-
HHBEPTa3bl, MT
KaTaIa3bl, MJ ypea3sbl, Mr N- npouentax P,Os
rIKo3sl Ha 1 1
Cepus onbITOB O, Ha 1 r noYBbI NH4munalr Ha 1 r mouBkbI 32
. NMOYBHI 32 24 4.
A series of 3a 1 MUHYTY MO4BbI 32 4 4. . 48 4.
. LS . Invertase activity, .
experiments Catalase activity, Urease activity, Phosphatase activ-
mg of glucose per . o
ml O, per 1 gof | mgN-NH4perlg . ity. milligram-
. . . 1 g of soil / 24
soil / 1 minute of soil / 4 hours percent P,Os per 1
hours ;
gram of soil / 48
hours
Bypas nonynycreinHast mouBa / Brown semidesert
KounTpoab 2,80+0,24 0,92+0,12 13,05+0,20 0,51+0,13
Control specimen
He 2,5% 2,30+0,15 1,26+0,18 14,88+0,33 0,48+0,15
O‘li’lT Pl 5% 1,40+0,33 1,58+0,20 10,79+0,12 0,46:0,12
10% 0,50+0,10 1,79+0,22 9,61+0,45 0,33+0,20
Caetyio-kamranoBasi nousa / Light chestnut
KonTpoab 6,40+0,43 8,90+0,55 26,53+0,10 6,18+0,25
Control specimen
H 2,5% 4,60+0,40 9,45+0,22 24,47+0,67 5,95+0,19
%‘II’IT 7 2,80+0,38 11,924031 19,15+0,39 4,73%0,10
10% 1,20+0,50 14,84+0,40 17,09+0,34 2,07+0,97
Yepuozemnasi mouBa / Chernozem
KounTtpoJb 12,70+0,61 31,43+0,28 38,06+1,10 43,12+0,68
Control specimen
H 2,5% 9,30+0,50 41,12+0,56 37,09+0,56 39,68+0,55
g‘l’f 7 4,00£0,27 46,98+0,59 31,55+0,22 32,07+0,87
10% 2,90+0,33 58,23+0,40 29,29+0,60 24.28+0,43

AKTHBHOCTh KaTaja3bl B KOHTPOJIHHOM
oOpasine: Oypoil IMOJYIMyCTBIHHOW ITOYBBI CO-
craBisger 2,80 M O, Ha | T ToUBHI 32 1 MUH.,
CBETJIO-KAIITAHOBOM MOYBEl — 6,40 M1 O, Ha 1 T
MOYBHI 32 | MUH., YepHO3eMHON TOYBBI — 12,70
ma O; Ha 1 r nousl 3a 1 muH. [Ipu HeDTsIHOM
3arpsI3HCHUN aKTUBHOCThH KaTalla3bl CHUXKAETCS
BO BCEX HcclelyeMbIX oOpasiax moys. Tak, B
OypoH MOJYIyCTBIHHON TMOYBE NMPH HEPTIHOM
3arpsizaennu 2,5%, 5%, 10% akTUBHOCTH KaTa-
J1a3bl CHMKAeTCsl COOTBETCTBEHHO B 1,2, 2,0, 5,6
pa3s 1Mo CpaBHEHUIO ¢ KOHTPOJIBHBIM 00pazom. B
CBETJIO-KAIlITAHOBOW MMOYBE MPH KOHICHTPAIUU
HeTsHOrO 3arps3HeHus 2,5% aKTHBHOCTbH Ka-
Taja3bl cHWkaercsa B 1,4 pasza, mpu 5% B 2,3
paza, npu 10% B 5,3 pa3za 10 CpaBHEHUIO C aK-
THBHOCTBIO KaTala3bl B KOHTPOJIBHOM 0OpasIie.
B yepHo3emHOI1 mouBe HeTAHOE 3arps3HEHUE
2,5%, 5%, 10% BBI3BIBaCT CHUKCHHUE aKTUBHO-
ctu katamassl B 1,3, 3,1, 44 paza coorBeT-
cTBEHHO (puc. 3).

Takum o0Opa3oM, HeTsIHOE 3arps3He-
Hue mo4yB KaaMBIKMM HETaTHBHO BIUSET Ha ak-
TUBHOCTH KaTalla3bl, IPUYEM, YeM BEINIC KOH-
LEHTpalusi BHOCHUMON He(TH, TeM CHIIbHEe
MPOMCXOANT YTHETCHHE AaKTUBHOCTH JTOTO
(bepmeHTa.

VYpea3Hass akTUBHOCTb B KOHTPOJIHHOM
oOpasnie Oypod TOJYMyCTHIHHOM TOYBHI CO-
craBiser 0,92 mr N-NH4 nHa 1 T mouBsI 3a 4 4.,
B CBeTJIO-KalnTaHOBOM mouse 8,90 mr N-NH4
Ha | r mouBbl 3a 4 4., B YEPHO3EMHOHU IOYBE
31,43 mr N-NH4 na 1 r mouss! 3a 4 u. Ilpn
HE(PTSIHOM 3arpsi3HCHUU MPOUCXOAUT yBEIIUYe-
HUE aKTUBHOCTHU ypeas3bl BO BCEX HCCIICAYEMBIX
obpasmax mouB. B HedresarpssuenHoi Oypoii
MOJYIYCTHIHHOM TOYBE TIPH KOHLEHTPALUH
HedTH 2,5% ypea3Has akKTHBHOCTB MOBBIIIACTCSI
B 1,3 pasa, npu 5% B 1,7 paza, nmpu 10% B 2,0
pas3a 1o CpaBHEHHIO C KOHTPOJIFHOH aKTHBHO-
CTBIO ypeasbl. B CBeTno-kamTaHoBO# IOYBE
3arpsisHeHne HePThio 2,5% He BBI3BIBAET PE3KO-
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ro U3MEHEHMs AaKTUBHOCTU ypeasbl, a KOHIIEH-
tparun HepTH 5% u 10% MOBHIIIAIOT AKTUB-
HOCTB 3T0ro depmenTa B 1,3, 1,6 pa3a cooTBet-
CTBEHHO. B yepHO3eMHOIl TOYBE TaKkKe Mpo-
CIIeKUBAETCS TEHACHLUS YBEIIMUCHUS YPEa3HOU

aktuBHOCcTH, B 1,3, 1,5, 1,8 paza mo cpaBHEHUIO
¢ koHTposieM (puc. 4). icxois U3 MOIy4eHHBIX
pe3yIBTATOB, CTOUT OTMETHUTBH, MPSIMYIO CBS3b
WM3MEHEHUS] aKTUBHOCTH (DepMEHTa C KOHIICH-
Tparuei BHOCUMOH HeTu.

100 100

/ Brown semidesert soil

AKTHBHOCTH KaTajaasbl/ Catalase activity

= Kontpouns / Control specimen

Bypast nonynycTeiHHas moyra CRETIO-KAIITAaHORAS N10YBA /
Light chestnut soil

m25% =5% m10%

100

YepHOo3eMHAS TOYBA /
Chernozem soil

Puc. 3. U3sMeHeHUe aKTHBHOCTH KATaJIa3bl IPH He(PTAHOM 3arpsi3HeHHH, % 0T KOHTPOJIA
Fig. 3. Change in catalase activity under oil contamination, % of control

194

/ Brown semidesert soil

AxTHBHOCTH ypeazbl/ Urease activity

= Kontpons / Control specimen

Bypas monynycTeiHHasA mouBa CBeT/IO-KAlITaHOBAs 104BA /

Light chestnut soil

m25% m5% m10%

185

YepHo3eMHast TouBa /
Chernozem soil

Puc. 4. I3sMeHeHne aKTHBHOCTH ypea3bl NPH HeTIHOM 3arpsA3HeHHH, % 0T KOHTPOJISI
Fig. 4. Change in activity of urease under oil contamination, % of control

AKTHUBHOCTH HWHBCPTA3bl B KOHTPOJIb-
HOM oOpasiie Oypoil TOJYIyCTHIHHON ITOYBBI
cocrasisgeT 13,05 Mr riroko3sl Ha 1 T MOYBHI 3a
24 4., B CBETIIO-KAIITaHOBOM 1mmouBe — 26,53 Mr
TJIIOKO36I Ha | T 1MouBHI 32 24 4., B UepHO3eMHON

nouse — 38,06 Mr rIroko3sl Ha 1 T 11O4YBHI 3a 24
4. B Oypoii monynycTeIHHOW MOUYBE HEPTIHOE
3arps3HeHHe KOHLEHTpauued 2,5% crumynu-
pOBalio aKTHMBHOCTh MHBEPTA3bl, & KOHICHTpa-
muu Heptu 5% w 10% CHH3WINM aKTUBHOCTH
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uHBepTasbl B 1,2 paza u 1,4 pasa 1o cpaBHEHUIO
¢ KOHTpoJieM. B cBeTo-KamTaHoOBOW M YEpHO-
3eMHOH TTOYBE HU3KHE M BBICOKHE KOHIICHTpA-

our He()TH BBI3BIBAIOT CHIDKCHUE aKTHBHOCTH
WHBEpTa3kl (puc. 5).

/ Brown semidesert soil

AKTHBHOCTH HHBepTa3bl / Invertase activity

= Kontpons / Control specimen

114
100 100 100
92 97
83 83
74 72 77
I I I | I I

Bypas monynycTeiHHasA mouBa CBeT/IO-KAlITaHOBAs 104BA /
Light chestnut soil

m25% m5% m10%

YepHo3eMHast TouBa /
Chernozem soil

Puc. 5. I3sMeHeHHe aKTHBHOCTH HHBEPTA3bI IPH He()TAHOM 3arpsi3HeHHH, %o 0T KOHTPOJIs
Fig. 5. Change in invertase activity under oil contamination, % of control

AxtuBHOCTh (hocarassl B KOHTPOJIb-
HOM oOpasiie Oypoil TOJYIyCTHIHHON TTOYBBI
cocrasiset 0,51 mr-% P,Os Ha 1 T mouBsI 3a 48
Y., CBETJO-KalITaHOBOM IOYBHI — 6,18 Mr-%
P,Os Ha 1 r mouBkI 3a 48 4., 4epHO3EMHOU MOY-

Bl — 43,12 Mr-% P,Os Ha 1 r mouBsI 3a 48 4.
HedrsHoe 3arpsi3HeHHE IPUBOJUT K CHIDKEHUIO
aKTUBHOCTH (hocarasbl BO BCEX HCCIICAYEMBIX
rouBax (puc. 6).

/ Brown semidesert soil

AxTtnBHOCTH (hocdarassl/ Phosphatase activity

= Kontpons / Control specimen

100 100 100
76 74
64 s6
I I ] I I
Bypas nonymycTelHHAA 1To4Ba CBETIO-KAIITAHOBAS IOYBA /
Light chestnut soil

m25% m5% m10%

YepHo3eMHast TouBa /
Chernozem soil

Puc. 6. U3MeneHue akTHBHOCTH (ocdaTasbl Ipu HePTAHOM 3arpsi3HeHUH, Yo OT KOHTPOJISI
Fig. 6. Change in phosphatase activity under oil contamination, % of control

AxTHBHOCTE (hocaTa3el B HedTesa-
IPSI3BHCHHBIX OYpBIX IOJYNYCTHIHHBIX IIOYBaX
camwkaetrcs B 1,1, 1,2, 1,5 paza. B cBetno-

KaIITAaHOBOW ITOYBE NMPH KOHIEHTpAIMH HEe(TH
2,5% axkTtuBHOCTH (hocarassl cHmxkaercs B 1,1
paza, npu 5% — B 1,3 paza, mpu 10% — 2,9 pa3
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[0 CPaBHEHHIO C KOHTpoyieM. B uepHO3eMHOIT
nouBe HedrsHOE 3arps3HeHue 2,5%, 5%, 10%
BBI3BIBACT CHIDKEHHME aKTUBHOCTH (pocdaTasbl B

1,1, 1,3, 1,8 pa3 no cpaBHEHHIO C aKTUBHOCTHIO
(hepMeHTa B KOHTPOJILHOM 00pasiie.

BbIBO/IbI

1. Hokazano, 4To T04YBH KamMbIkmm
3arpsi3HEHHBIC HE(PTHIO MPOSBIIIOT HETAaTUBHOE
BO3/ICHCTBUE HA POCT M Pa3BUTHUE PACTECHUS
TECT-KYJIBTYpPbI, MO (UTOTOKCUYHOCTH ITOYBBI
00pa3yroT CIeIyIomMid psI: depHO3eMHAs >
CBETJIO-KAITaHOBasi > Oypas MOJYIYyCThIHHAS.
BexoxecTs (aconu cHmkaeTcs Oojee 4deM B
IIBa pasza MO0 CPaBHEHHUIO C KOHTPOJBHBIM 00-
pasIoM, 4TO XapaKTepU3yeT MOYBBl KaK CHIBHO
JeTpagupOBaHHEIC.

2. YCTaHOBIICHO, YTO 3arps3HEHUe Oy-
pOM MONYNYCTBIHHOM, CBETJIO-KAalITAHOBOM U
yepHo3eMHON mouB Kanmbikun HepTbIO pas-
JIMYHOMU KOHIICHTPAIlMX BbI3bIBACT HW3MCHCHUC
(hepMeHTAaTHBHON aKTUBHOCTH TI04YB. Hambomee
YCTOWYHMBBIMU MTOYBAMU PECIYOIUKH 110 OUOIIO-

THYECKO aKTHBHOCTH K HE(TSHOMY 3arpssHe-
HUIO SIBIISIFOTCSI YEPHO3EMHBIC ITOYBBI, aJee I10
YCTOMYMBOCTU CIEAYIOT CBETJIO-KAIITaHOBBIC,
caMble HEyCTOWYMBBLIC TOYBHI Oypble MOINTYITY-
CTHIHHBIE.

3. JokazaHo, 4TO (PUTOTOKCUYHOCTH U
U3MEHEHHE (PepMECHTATUBHON aKTUBHOCTU TIOYB
HampsIMyIO CBSI3aHBI C KOHICHTpAlUed BHOCH-
MO He(pTH, TaKk o00pa3mbl 3arps3HCHHBIC
HedThI0 10% MposBIAIOT HauOOICe HETaTUBHOE
BIIMSTHUE Ha UCCIICTyEMBIE TTAPAMETPHI.

4. Hcxonms w3 TOMYYCHHBIX TaHHBIX,
cleflyeT OTMETUTb, 4TO MOuBbl Kanmblkuu He
YCTOWYHMBEI K HE(PTSIHOMY 3arps3HCHHUIO 10
OHMOJIOTHYECKHUM TTOKA3aTEIISIM.
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