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BJIMAHUE HAHOYACTUI TMOKCHUIA TUTAHA U OKCHUJIA
AJIIOMHUHUA HA MOP®OPU3NOJOI'NYECKHUE
ITAPAMETPHI PACTEHUI

PaGota BemmonHeHa npu ¢punancoBoit noaaepkke GLII «Pa3paborka meTomonaoruu
OMOTECTHPOBAHUS U CO3JaHUE CPEJCTB OOHAPYKEHUSI HAHOYACTHI]
B OKpY’Karollel cpesie Ui OLIEHKH MX 0e30IIaCHOCTH, PaCIPOCTPAaHEHHS ¥ BO3CHCTBU»
(T'K ot 11.09.2008 r. Ne 01.678.11.3005).

Usyueno enuanue eoomvix cycnensuti nanouacmuy TiO, (pasmepom 5 um) u AlL,O;
(pasmepom 7 HM) 8 pA3IUUHBIX KOHYEHMPAYUSX HA PACMEHUs Gacoiu 0ObIKHOBEHHOU,
nuLeHUYbL MSI2KOLL SIPOGOLL, amapanma 6azpsmey 8 pasiudHbIX KoHyeHmpayusx. Beisgneno
HEeOOHO3HAUHOE 6030eliCmeue HAHOYACTUY HA POCT U PA36UMUE U3YYeHHbIX PACMeHUll, a
makaice cooepacanue Xaopopuiios a, b u KapomuHoudos 6 aucmusix. Yemanosneno, umo
Haubonee YyCmouyugoll Kyibmypoil K 0eticmeuio OAHHbIX HAHOYACIUY S6/IsLemcst hacob.
Pacmenusi nuwenuysl xapakxmepusylomesi 8bIpadcenHou u36upamenvHoll 4y6Cmeumens-
HOCMbIO K UCCIe008AHHBIM HAHOYACTIUYAM, 4MO onpedensem CReyuuky usmeHenuil
Qusuonocuyeckux nokazameneil, 8 MOM HUCLe NOGLIUEHUE YPOICAUHOCU Y PACMEHUL
nocne gosoeiicmaus cycneusueti Hanouacmuy Ti0O,. 3nauumenvHoe nosviuleHue cooep-
JHCaHUs amapanmuna, Habmoodaemoe npu o30eticmeuu Hanoyacmuy TiO, u ALL,O;, ceu-
O0emenbcmayen 0 8blCOKOU YY8CMEUMENbHOCHU AMAPAHMA U O CReYUPuUecKol poau Ha-
HOYacmuy 6 CIMUMYIUPOSAHUY OUOCUHMESA AMAPAHMUHA.

Knruesnvie cnosa: nanouacmuysl Ouokcuda mumana u oxcuoa amromunus, Phaseo-
lus vulgaris L.; Triticum aestivum L.; Amaranthus cruentus L.; mopgomempuueckue
noxasamenu,; pomocunmemuyeckue NUSMeHmol, AMapaHmuH.

B HacToAIICC BpEMA B CBA3U C PAa3BUTUEM U BHCAPCHUEM HAHOTECXHOJIOT U
0CO0YI0 OCTPOTY MPHOOPETAIOT MPOOJIEMBI, CBA3aHHBIC C BO3MOXHBIM BO3/ICHCTBH-
€M TEXHOTCHHBIX HAHOYACTHI[ Ha KU3HECATSIbHOCTh )KUBBIX OPraHH3MOB, B TOM
YqHuCJIIC paCTeHHﬁ. B MEPBLIX OKCIICPUMECHTAJIBHBIX HCCJIICAOBAHUAX, CBA3AHHBIX C
OMOTECTUPOBAHMEM HAHOYACTHII, TPEANIOYTEHHE PACTCHHUSM ObLIO OTJAaHO HE CITy-
yaiiHo [1-3]. PacTuTenbHbie OpraHU3MbI SIBISFOTCS PA3HOOOPA3HBIMH U JOCTYITHBIMU
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00BEKTaMH, HCIIOJIb30BAHUE KOTOPHIX B CKPUHMHT-HUCCIICOBAHUSX IAaeT BO3MOXK-
HOCTB OIICHHUTH KaK CHCHU(PUIHOCTh BO3ICHCTBHUS HAHOYACTHUII, TaK U MX J0303aBH-
CHMBIC Y(P(PEKTHI, T.C. TYYBCTBUTCIFHOCTh PACTEHUH MOYKHO paccMaTpHUBaTh Kak WH-
JMKaTOp KOTOKCUYHOCTH HaHOMarepuanaoB. Kpome Toro, pacTeHus: NpeacTaBisioT
UHTEpeC AT UCCIEIOBATENS M KaK BBICOKOMH(OPMATHBHBIC 3KCIEPUMECHTAIBHBIC
MOJICTIH, TTO3BOJLIFONINE MTPOAHATIM3UPOBATEH OOJBIIIE 00BEMBI OHOIIOTHIECKOTO Ma-
TepHaia B TEUEHUE BETETALIMOHHOTO OIBITA B MONEBBIX YCIOBUSIX.

Hmeromuecss AOCTYIHBIC HEMHOTOUYHCIICHHBIC JMTEPAaTypHBIC CBEACHUS IO
OMOTECTUPOBAHHUIO OMACHOCTH HAHOYACTHIl HE NAIOT YETKUX IPEICTaBICHUN 00
UX BO3JCHCTBUU Ha pacTUTENbHBIA opranusM. OHu 1100 KpaiiHe MPOTHUBOpEUU-
Bbl OTHOCHTEIIFHO BIMSHHUS HaHOMAaTEPHUANIOB Ha CKOPOCTh MPOPACTaHMS CEMSH,
POCT KOpHEH M HaJA3eMHOW YacTH pacTeHUH, J1O0 TPYIHO COMOCTABUMBI KaK IO
J103aM ¥ Pa3MEPHOCTH HAaHOYACTHI, TaK U MO BUAaM pacteHuit [1-5] u orpanu-
YCHbI B OCHOBHOM IIONIBITKAMH OIICHUTH YYBCTBUTEIBHOCTh PACTEHHH IO M3Me-
HEHHUIO MOP(OJIOTHYECKUX MMOKa3aTesel. DKCIePUMEHTANBHEIX JaHHBIX, CBS3aH-
HBIX C H3yYCHHEM BIISHHS HAHOYACTHI HA OMOXUMHUYECKUE U (PU3NOIOTHICCKUE
IpOIECChl B JIUCTBSIX PACTCHUM, MpakTudecku HeT. OJHAKO HEOOXOAUMOCTh U
BaXHOCTh TAaKHX HCCJIEJOBAHUI ONpeNeNsIoTcs TeM, 9YTO UMEHHO PAaCTCHHS SB-
JAI0TCA OCHOBAaHMEM «IHUILIEBON MUpaMHUAbDy HA HAlEH IUIaHETe, U COXpaHEeHHe
ONTUMAJIbHON 3KONOTUU MOJHOLEHHON «IMIIEBON LENOYKU», BKIIOYas 4eIoBe-
Ka, SBJIAETCS aKTyaJIbHOM 3aJjauell COBPEMEHHOH HAayKM U IPHUPOAOIOJb30BAHUA
[1-3].

Ilens DaHHOTO UCCIENOBAHUS 3aKIIOUANACh B U3YUCHUU JEHCTBHUS HAHOYACTHIL
JUOKCUJAa TUTAHA M OKCHJA aJIOMHMHUS Ha MOP(OIOTHYECKUE MapaMeTphl pacTe-
HU, Cofep)KaHMe B JINCTBAX (POTOCHHTETUIESCKUX MMTMCHTOB M aMapaHTHHA B Ja-
060paTOPHO-MIOJIEBOM OIIBITE.

MarepuaJjibl # METOMKH HCCIEI0BAHUS

OO0beKkTaMu UCCIEA0BAaHUS CIY>KWIN pacTeHus: ¢acoiab OObIKHOBEHHAsA, Phase-
olus vulgaris L., copt buituanka; mimeHuna msrkas sipoasi, 1riticum aestivum L.,
copt HoBocubupckas 29; amapant Oarpsinen, Amaranthus cruentus L., copt Uep-
ruHckuii. CeMeHa pacTeHUil BhICEBAIM Ha ONBITHBIC JENSHKUA B 3 MOBTOPHOCTSX.
ITepen moceBoM ceMeHa KOHTPOJIBHBIX PACTCHUH 3aMavyMBaid B TUCTHIUIMPOBAH-
HOW Bojie: (hacony — B TeUeHHUE 2 CYT, NMIICHUIIBI U aMapaHTa — B TedeHue 1 CyT.
CeMeHa ONBITHBIX PacTeHUIl 3aMayMBaIM IO aHAJIOTUYHOM CXeMe B CYCHEH3HX
HaHovactul TiO,, pazmepom 5 HM, u Al,O3, pazmMepoM 7 HM, B KOHIIEHTpAIHsIX 8,9
1 5,5 MI/71 COOTBETCTBEHHO.

B TedyeHme BereTanMOHHOTO OIBITA PACTEHHS TBAKIBI OTPBHICKUBAIH CYCIICH-
3UAMH 3THX 4acTHI: B 18-1HEBHOM Bo3pacte B KoHuUeHTpauusx 8,7 mr/n (TiO,) u
7 mr/n (Al,O3), B 27-1HeBHOM — 9,5 1 3,5 MI/1 COOTBETCTBEHHO. B 3TH Xe cpoku
KOHTPOJIBHBIC PACTEHUS ONPBICKUBAIN BOAOH. Paznmams B KOHICHTpAIMSIX TIOITY-
yaeMmbIx nucnepcHbix cucrteM ([C) cnenyroT u3 mpuHuuna npumeHenus JC, xa-
pPaKTEepHBIX Ui ecTecTBeHHBIX ycnoBuil. [lpu cozmanmu JIC metomom ynbTpas3By-
KOBOTO IHCIEPTUPOBAHUS C TMOCIEIYIOMEH BBIOCPKKOM IO CTaOWIM3alUH TYp-
ounnoctu nonyyatorcs JIC ¢ konnentparusimu 1—-10 mr/i [6].
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VY 21-1HEeBHBIX KOHTPOJIBHBIX M ONBITHBIX PACTCHUI U3MEPSUTH BBICOTY CTEOIIS:
y MIIeHUIB — B da3e KymeHus, y Gacoyii — B haze mepBoro HaCTOSINETO JINCTA U Y
amapanTa — B (pa3e BTOpOro HacTosero jucra. B Bo3pacre 30 nueli y Bcex pacte-
HUI onpeensuii colep)KaHue 3eJICHBIX U JKEITHIX MUTMEHTOB, a Y amapaHTa, J0-
MOJHUTENBHO, COACP)KaHUE aMapaHTHHA. Y MIICHMIIBI TIOCIE CO3PEBAHUS U3MEpPS-
JU JUIMHY U Maccy KoJjloca, KOJMYECTBO M Maccy 3epeH B KOJOCe M OLICHHUBAIH
YPOXKaHHOCTb.

st ompeneneHus KOJIMUECTBA MUTMEHTOB P00y CBEKET0 PACTUTEIBFHOTO Ma-
Tepuana ¢ukcupoBamn 96%-HBIM STIJIOBEIM CIIHPTOM. BBITSDKKH pa3sBOIMIN Ta-
KUM 00pa3oM, YTOObl BEJIMYMHA ONTHYECKOH IMIIOTHOCTH KOHEYHOTO pacTBOpa He
npebimana 0,6 en. ConepkaHue MUTMEHTOB OMPEACISUIN CIEKTPOGOTOMETpHYE-
cku (Spectrophotometer UV-1601PC Shimadzu, SlnoHus) mo BeqTUYHMHE ONTHYE-
CKOH TuIOTHOCTH TIpU 665, 649 1 440 HM ¢ MOCIEIYIONNM pacdeToOM KOHIIEHTpPa-
iy 1o Qopmyinam BepHona [7]. KonnuecTBo amapaHTHHA B JIMCTBSIX aMapaHTa
OTIPEIENISITN TI0 MeToAuKe [§].

XapakTepUCTUKY HAHOYACTHUI] AUOKCUAA TUTaHa (METOJ 3JIEKTPOB3PHIBA) U OK-
cu/ia aJIOMHUHUA (TNIA3MOXUMHUYECKUN METO) BEPU(PHUIIUPOBAIH C IOMOIIBIO JIeK-
TPOHHOM MHKpPOCKOIHMH B NpOXoAsiieM cBere Ha Mukpockone «JEM-100CX2y,
METOJIOM ITWHaMHu4yeckoro cBeropaccesHus (dynamic light scattering — DLS) ¢ mo-
MOIIBIO aHAIHU3AaTOpa Pa3MEPOB AUCIIEPTUPOBAHHBIX YacTHIl «Zetasizer Nano ZS»,
meronoM BOT (mpubop TriStar 3000) mmst u3MepeHus: yaeapHONH MOBEPXHOCTH U
METOJIOM PEHTTEHOCTPYKTYPHOTO aHanm3a (pa30BOTO COCTaBa W CTPYKTYPHBIX Xa-
pakTepucTHK (peHTreHoBckuil nudpakromerp Shimadzu XRD-6000) [9].

JlaHHBIE, TIOyYEHHBIC B XOJAE SKCHEPHUMEHTOB, 00pabaTHIBAIUCH C MOMOIIBIO
naketa Statistica for Windows, Bepcus 6.0.

Pe3yJIl>TaTbI HCCJIICIOBAHMUSA U oﬁcymz[elme

Kak mokazanu pe3yiapTaTl H3MEPEHUH BHICOTH y 21-THEBHBIX pacTeHUH, 3aMa-
YHBaHUE CEMSH U MOCIeAyIolIas OQHOKpaTHas 00paboTka pacTeHHH CyCHIeH3UsMU
HAHOYACTHUI] OKCHJIOB TUTAHA 1 aJJFOMUHUS HE OKa3a BIUSHUS Ha CKOPOCTh POCTa
pacteHnit (hacony W MIICHUIIE! Ha HAYaTbHON CTaJHH WX Pa3BUTHS 110 CPaBHCHUIO
C KOHTPOJIbHBIMH pacTeHHsAMH (Tabiu. 1). Y pacTeHuil amapaHTa Ipu BO3ACHCTBUH
CyCIleH3Mel HaHOYaCTHI] OKCHA aFOMUHUS HaONI0AaIoCch 3aMeJIeHHe pocTa o
CPaBHEHHUIO HE TOJBKO ¢ KOHTPOIBHBIMHA (Ha 20%), HO M ONBITHBIMH PACTEHISIMH,
oOpabotannsiMu HaHoyacTuuamu TiO, (Ha 15%). Bonee BbICOKask TOKCHYHOCTD
HAHOYACTHUI] ATIOMUHUS, HaOIr01aeMasi y aMapaHTa B JaHHOM DKCIIEpUMEHTE, MO~
TBEPXKIACTCS MCCICIOBAHIAMH, B KOTOPHIX YCTAHOBIICH Psii TOKCHIHOCTH HaHOYA-
CTHI[ METAJJIOB, B TOM 4HKCJe U amoMuuus [5, 10].

ODU3HOIIOTHYECKIE BO3MOXKHOCTH PACTCHHH ONPEACISIOTCS KaK CTPYKTYPHOH,
TaK U OMOXMMHYECKOH OpraHM3alleil MITMEHTHOTO ammapara. M3BecTHO, 4To XJI0-
POGIILTH ¢, b ¥ KAPOTHHOUABI UTPAIOT KIIFOUEBYIO PONIb B (JOTOCHHTETHIECKHX IIPO-
neccax, a U3BMEHEHHE X KOHLIEHTPALUU U COOTHOLICHHUS! B TIMTMEHTHOM KOMILIEKCE
SIBTISICTCS MHIUKATOPOM dKoJlormdeckoro HeOnaromosyuust [11]. Tlostomy Obimm
TIPOBEICHBI HCCIICIOBAHUS, CBSI3aHHBIC C H3YUCHHUEM BITVSIHUS HAHOYACTHI] THOKCH/IA
TUTaHA U OKCUJIA aJIFOMHUHUS Ha COJIEPKAHNE MMTMEHTOB B JIUCTHAX PACTCHUH.
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Tab6numa 1
BricoTa 21-1HeBHBIX pacTeHHIi OcJIe EPBOro ONPbICKUBAHUS
HX cycHeH3HMell HAHOYAaCTHIL, CM

Bup pacrenuit

B:EII;ET‘ZT Pacom Tmermna (daza ;l/;;d)? l::zzo;lmnx
(daza I Hacrostmero sucra) (daza kymenns) JHCTheR)
Kontpons 10,6 £0,2 30,6 +0,8 4,16 £0,2
TiO, 10,9+ 0,1 31,5+0,8 39+0,2
33+0,2;
L 4 > »s

ALO3 10,5+ 0,2 30,2 +0,7 p <0.001; p, <0,05

Ilpumeuanue. 30ech U fanee p — CTATUCTUYECKH 3HAYMMBIE PA3JIMUHs KOHTPOIBHOTO U OMBITHO-
TO BAPHAHTOB; P; — CTATUCTUYECKU 3HAYNMbIE Pa3IMIHs MEXK/IYy ONBITHBIMU IPYIIIIAMH PACTEHHUI.

VY pactenuii ¢aconau OTCYTCTBHE U3MEHEHHH B COJIEPYKAHHH XJIOPODUILIIOB IO
BO3/ICHCTBHEM HAHOYACTHUI] IHOKCHIA THTaHA COMPOBOXKIAIOCH ITOCTOBEPHBIM,
XOTS ¥ HE3HAYUTEIBHBIM (BCero Ha 6%), YBETUUCHHEM KOJTHYESCTBA KEIATHIX ITHT-
MeHTOB. O1HaKo 00paboTKa CEMSH U BETETHPYIOIIUX PACTCHUH CyCIieH3UeH HaHO-
YacTHUIl OKCHIa ATIOMUHHS HE BBI3BIBANA Y (hacolll OTKIOHCHHH B COAEPKaHHU
XJIOPO(PHUILIIOB U KAPOTHHOHUIOB OT KOHTPOJIbHBIX 3HaUeHUH (Tadi. 2).

Tabnuma 2

Coaep:xanue (pOTOCHMHTETHYECKMX NUTMEHTOB B JIUCTHAX pacTeHHil (pacoiu, MIIeHUubI
H aMapaHTa M0CcJe KOMILUIEKCHOH 00pa0oTKHU CyClIeH3USIMH HAHOYACTHIL
JIMOKCHIA TUTAHA U OKCH/IA AJTIOMUHUSI

Bun B [TUrMeHTBI, MKI/T CBIPOI MacChl
apuaHT
paccroe;HTm, OIBITa Xnopoduia a Xiopoduin b Kaporunonzer
Konrposb 1102,3 + 15,40 330,9+4,6 478,3+ 6,3
q’;;‘;i‘;ﬂcgﬂ TiO, 1139,8 £7,3 338,94 3,5 5(;’1’3;1’6
Al,O5 1134,5+ 24,7 335,5+ 5.2 490,1 £2,5
KonTposb 15782+ 14,3 608,7 £ 13,9 508,3+8,2
MMennna, TiO, 1606,7 + 6,6 561,9+ 9,1 516,0+ 3,5
copt HoBocu- 1934,2 + 18,3 670,4+99 599,7+ 17,4
oupckas 29 Al,O4 p<0,001; p<0,01; p<0,01;
p:1<0,001 p1<0,001 p:1<0,001
Konrtpons 14773+ 19,8 343,6 £ 3,5 535,5+42
AmMapaHr, TiO 13462+ 7,1 306,6 + 4,4 562,7+52
copt Uepruu- 2 p<0,001 p<0,001 p<0,001
clat ALO; 14059+443 | 323,9+156 > Spl ;%1312’8

VY pacteHuil mIeHUIBI, 00pabOTaHHBIX CyCIICH3UEH HaHOYACTHIl TUOKCH]IA TH-
TaHa, coJiepkaHne POTOCUHTETHUECKUX MTUTMEHTOB HE U3MEHSIIOCH TI0 CPAaBHEHUIO
C KOHTPOJILHBIM ypoBHEM. OJIHAKO NPU BO3JICHCTBUY HaHOYACTHIl OKCHIA aTFOMH-
HUSl HAOJFOJTAJIOCh OJHOBPEMEHHOE YBEIMUYCHHE COJICPKAHUS BCEX MUTMEHTOB —
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xynopopumia a Ha 20-22%, xnopodwina b W KapoTHHOMAOB — Ha 15-16%
(cm. Tabm. 2).

CoBepireHHO Jpyras KapTWHA HAOJIONANach y pacTeHHH aMapaHTa — aHajo-
THYHOC BO3JCUCTBHE CYCIICH3WEH HAHOYACTHII JUOKCHIA THTaHA BBI3BIBAIO, Ha-
000pOT, CHUKECHUE CONEPKaHUS 3€JCHBIX MUTMEHTOB Ha 9-10% U HE3HAUUTEIb-
HOE, HO JOCTOBEPHOE MOBLIIMICHNAE YPOBHS KapOTHHOUIOB. [Ipu Bo3me#cTBIH CycC-
MICH3MEH HAHOYACTUIl ATFOMUHHS U3MEHECHUH B CONEPKAHUM 3€JICHBIX MUTMCHTOB
amapanTa He 00HApYKCHO, 33 UCKITIOUCHUEM HEOOJBIIOT0 YBEIUYCHHS COMEpKa-
HUS KapoTUHOWAOB (Tabi. 2). MHTepecHo, 4TO Hanbosee 3HAYUTEIbHBIC H3MEHE-
HUsI HAOJIONAUCh B COJCPIKAHUM aMapaHTHHA, YBEIUYEHHE KOTOPOTO COCTABHIO
65% npu Bo3aelicTBuu HaHo4YacTull TiO; u 47% — Hanouactun Al,Os (Tabm. 3).

Tabnuima 3

Conepmalme aMapaHTUHA B JIMCTbAX aMapaHTa 1ocjie KOMILTEKCHOM OﬁpaﬁﬂTKI/l
CYCIICH3USIMHU HAHOYACTUIl OKCUI0B TUTAHA U AJITIOMUHUSA

BapuanT onbita AMapaHTHH, MKMOJIB/T CBIPOH MacChI %
KonTposb 309,4 + 14,8 100
. 509,9 + 34,8
TiO, p<0,001 165
4544 +26,2
Al O; p<0,001 147

Kak yxe oTMeuasioch BbIlIe, y pacTeHuit amapanTa TiO,-rpymniel Ha0I0JaI0Ch
CHUXEHHE coJiepkanusi XJIOpohmuioB a u b (cM. tadin. 2). M3BecTHO, 94TO HEOOIIb-
[I0€ CHW)KCHUE KOHIICHTPALUW 3€JICHBIX MUTMEHTOB HE SIBIIsETCS (hAaKTOpOM, JIHU-
MHUTHUPYIOIIAM (OTOCHHTE3, OJJHAKO CHHTE3 XJOPO(PUIIOB OUYCHL YYBCTBUTEICH K
pPa3IUYHBIM BO3ACUCTBUAM (KaK BHEIIHMM, TaK W BHYTPEHHHUM), HapyIIAOIINM
MeTaboIu4Yeckue Mpolecchl B KiIeTKe. B JaHHOM cilydae CHU)KEHHUE COJICpKaHHS
XJIOPOPHUIIIIOB COMPOBOXKIACTCS OJHOBPEMECHHBIM ITOBBIIIICHUEM KOHIICHTPAIUH
KapOTHMHOWJIOB U aMapaHTHHA. Y BEJIMYEHUE CUHTE3a KAPOTHHOWJIOB, BBHITIOIHSIIO-
XX KaK (POTOCHHTETHUECKYIO, TAK M AaHTUOKCUAAHTHYIO (DYHKIMH B JIUCTBAX [12,
13], cBHIETENBCTBYET U O HEKOTOPOH KOMIICHCAIIMU CBETOCOOHPAIOIICH €MKOCTH
3€JICHBIX TMUTMEHTOB, U 0 HEOOXOJIUMON aKTHBAI[UH 3aIlIUTHOU POJM KapOTHHOH-
JIOB IIpH 00pabOTKe pacTeHUN HAHOYACTHIIAMH.

AMapaHTHH OTHOCHTCSI K OMOJIOTHYCCKH aKTUBHBIM BelIeCTBaM, (PU3HOIOTHYIC-
CKHE CBOHCTBa KOTOPOTO B IOCJIEIHWE TOABI BHI3BIBAIOT MOBBIIICHHBIA WHTEpEC.
OH NpUHUMAET y4acThe B CBETO3aBHCHMBIX OKHCIHTEIHLHO-BOCCTAHOBUTEIHHBIX
peaKIusix, MPOUCXOIANINX B XJIOPOIUIACTAX, B KJIETOYHBIX METabOJIMYECKUX MpO-
1eccax, a TakKe B PEryJSIIIAY CBETO3AIIUTHON M aHTUOKCUIAHTHON (QyHKIUH, o/~
HaKo ero (hU3HOJIOTHYECKOoe JecTBUE HEOIHO3HAYHO M 3aBUCUT OT €ro KOHILIEH-
Tpamuu B kietke [14-16].

Bo3MoxxHO, M3MEHEHHS B METa0OJIMYECKOM TOMEOCTa3e PAacTEHUM amapaHTa
TiO,-rpymniiel, TPOUCXOASIINE B YCIOBUAX JOCTATOYHO BBICOKHUX KOHIICHTPAIHHA
amapaHTHHA (Ta0n. 3), IPUBOMAT K CHIDKEHHIO CHHTe3a XJopoduiios. B cs3u ¢
STUM BO3HHKAET BOMPOC: HE MPEBBIMIACT JIM IHAOTCHHBIA ITyJl aMapaHTHHA Y
OTBITHBIX PACTCHHUH TOT KPUTHYECKUI €ro YpOBEHB, 32 KOTOPHIM CIEAYET TOJIaB-
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JIeHne IyTell mepeHoca AIEKTPOHA B XJIOPOIUIACTAaX B SHEPreTHUCCKUX IMpoIieccax
(peakunu Xwmwia u Menepa) u, clieIoBaTelIbHO, (DOTOCHHTETHICCKON aKTHBHOCTH
B memoM? [loATBepKAEHHEM 3TOTO MPEONONOKEHHS SIBISETCS YCTaHOBICHHBIN
(hakT n0303aBUCHMOTO 3(pPeKTa SK30reHHOTO aMapaHTHHA Ha POCTOBBIE MPOIECCHI
pacTeHHi, Majble A03bl KOTOPOTO BBI3BIBAIOT CTHUMYIHUPYIOUIHHA 3(h¢eKT, a 00ib-
mue — uHruoupyronwid [15, 16]. O6 3ToM, ckopee BCero, CBUIACTEIbCTBYIOT JIaH-
HBIC, MTONYYCHHBIC HaMH B HCCICIOBAHUSIX BO3ICHCTBUS HA PACTCHHs aMapaHTa
HaHOYaCTHIL aJIIOMUHUSA. B stux YCJIOBHUX MNOBBINICHUC KOHUCHTPAUU aMapaHTU-
Ha, XOTs U focturaer 47% 1o cpaBHEHUIO C KOHTPOJIbHBIM 3HAUE€HHEM, HE COIPO-
BOXKJA€TCS CHIDKEHUEM COJIEPXKaHUsI 3eJIEHBIX TUTMEHTOB.

OL[eHI/IBaH TMOJIYYCHHBIC JaHHBIC C HO3I/IL{HI71 YYBCTBUTCIIBHOCTU IMUIMEHTOB
pacTeHui K JaHHOMY (DaKTOPY, MOXKHO CKa3aTh, YTO BCE MCCICIOBAHHbIC KYJIbTY-
PBI SBILTIOTCS. B OOJBIICH MM MEHBIIEH CTEIIeHH YyBCTBHTEILHBIMU K BO3ICHCT-
BUIO0 HaHovacTull. Hanbonee cTaOMIbHBIM (DOTOCHHTETHYECKUM ammapaToM o0Jia-
naet (acoib, YCTOMYUBOCTh KOTOPOH MPOSBUIIACH K JCUCTBUIO KaK HAHOYACTHII
IUOKCHIA TUTaHa (32 MCKIIOYCHHEM KapOTHHOWIOB), TAK U HAHOYACTHIl OKCHJIA
amoMuHusA. HecMoTpst Ha To 4To mpu 00pabOTKe pacTeHUN MIICHULBI CYCIIEH3UEH
HaHOYAaCTHUI] aJIIOMUHUS HAa paHHUX CTAAUAX PA3BUTHA Ha6moz[anc;1 caMBbIi HpKI/Iﬁ
3¢ PEeKT aTanTUBHOTO OTBETa (POTOCHHTETHUESCKUX MUTMEHTOB, YBEIHUCHHE EMKO-
CTH MMUTMEHTHOTO KOMIUIEKca (CM. TabJl. 2) He IPUBOIMIO K MOBBIIICHUIO YpOKaii-
HOCTH, XOTSl U HE CHI)KaJo ¢€ M0 CpaBHEHHIO ¢ KOHTposieM (Tabiu. 4). Tem He Mme-
Hee PacTCHUS IIICHUIIBI, yCTOWYNBEIE K BO3ICHCTBUIO HAHOYACTHII TUOKCHUAA TH-
TaHa B HayaJlbHbIe CTAJMM OHTOT'€HE3a, 3aBEPIIAIOT CBOW LIUKI YBEJINYCHHUEM Mac-
CBI 3€pHa, KOJMYECTBA 36PEH B KOJIOCE, €ro JUIMHBI U, B UTOTE, MOBBIIICHUEM YPO-
kaitHocTH Ha 15,3% (Tabum. 4).

Tabnuna 4
CTpykTypa ypo:kas IIIEHHUIbI 10CJe KOMILUIEKCHOM 00padoTKu cycneH3uei
HAHOYACTHII IMOKCH/A TUTAHA H OKCH/IA ATIOMUHUSA

Mopdomerpryeckne moKa3aTeiy 3epHa YpoxaitHOCTh
Bapuant
PR Jmuaa Macca koso- | Konmuecto 3epen | Macca 3epHa 3ep1§a
KOJIOCa, CM ca, T B KOJIOCE, IIT. B KoJIOCE, T clwm,r
KonTpons 8,6+0,1 1,5+04 26,5+ 0,5 1,1 +0,04 373,8 £3,7
. 9,5+0,1 29,4+0,5 1,2 +£0,02 431,0+ 11,1
TiO, p<0,001 1,6+0,03 p<0,001 p<0,001 p<0,001
ALO 84+0,1 | 1,4+0,03 25,14 0,6 LO£0.03 - 5764 16,3
23 s s B ) s ) p<0’001 s 5

Taxum 06pa30M, MOJIYYCHHBIC JTaHHBIC CBUACTCILCTBYIOT O TOM, YTO IPCAIIO-
ceBHas 00pabOTKa CeMsH, a 3aTeM M ONPHICKUBAHKUE BETCTHPYIONIUX pacTeHul ¢a-
COJH, MIICHHIBl U aMapaHTa CYCIICH3HMSAMH HAHOYACTHI[ OKCH/IOB THUTaHA W ANO-
MUHHS BBI3BIBAIOT HE TOJIBKO HEOJHO3HAYHBIE M3MEHEHUS MOp(hopHU3nOIOrHye-
CKHX MapaMeTPOB, HO W BBIIBISIIOT Pa3HyH YyBCTBHTEIBHOCTh 3THX KYJIbTYp K
JAHHBIM BH[IAM HAaHOYACTHII.

B Hacrosiiee Bpemst UIET CTPEMUTEIBHOE HAKOIUICHHE YKCIEPUMEHTAIHHOTO
MaTepHana, KOTOpbIi CBUICTEIBCTBYET O TOM, HACKOJIBKO YHUKANBHBI M Pa3HO00-
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pas3HbI IO CBOMM IIPOSBICHUSIM HAHOUYACTHUIIBI, JaXKE €CIM OHU COCTOSIT U3 OJHOTO
U TOTO XK€ XMMHYECKOTO BemlecTBa. X cBoicTBa 3aBHCAT HE TONBKO OT (pusnde-
CKOM TIPUPOIIBI, crioco0a MOMYIEeHUs, Pa3MEpOB, CTPYKTYPHl HAHOYACTHII, HO H OT
OHoIOrHYecKor MOJeNu, Ha KOTOpol mpoBoasTcs ucnbitanus [17-19]. Kak noxka-
3alld pe3yJIbTaThl MPOBENCHHBIX HCCIEOBaHUM, U3 BCEX HCIOIB30BAaHHBIX HAMHU
pacTeHHit HanboJee YCTOHYMBON K BO3AEHCTBHIO HAHOYACTHII, KaK MO MOpdoIro-
THYECKUM, TaK U MO (PU3MOIOTHYECKHM TOKa3aTessiM, oka3anack ¢aconib. ITo co-
OTBETCTBYET JUTEPATYPHBIM JaHHBIM O TOM, YTO HEKOTOpPHIE pacTeHHs (THIKBA,
muMcKas acoib) 001a1al0T CITOCOOHOCTBIO OT(DUIBTPOBBIBATH HAHOYACTHIIBI, M3~
Oerasi X BO3JCHCTBUH, B OTIMYKE OT APYTUX KyJIbTYyp (KamycTa, MOPKOBB, IIle-
HUIIA, OTypell, COsT), KOTOpbIe UX aKKyMyJIupytoT [1, 3].

Cpenu mepevncIIieHHBIX BBIIE KYJIBTYp, CHOCOOHBIX aKKyMYJIHPOBaTh HAaHOYA-
CTHIIBI, HAXOAUTCS MIICHHIA, TYBCTBUTECIBPHOCTh KOTOPOH K HAHOYACTHIIAM OKCH-
JIOB THTaHA W AJTIOMHHHUS MOATBEPKIACTCS HKCIECPUMEHTAIBHBIMU JaHHBIMU (CM.
Tabmn. 1, 2, 4). IIpopocTkr pacTeHUH MINECHUIIBI, HE OTIUYASACH 0 CKOPOCTH POCTA
OT KOHTPOJIGHBIX 00pAa3IOB, IPOSBISUIH H30UPATEIHHYIO TyBCTBUTEIBHOCTE K BO3-
JEHCTBUIO HAHOYACTULl TUTaHA U AIOMUHUSA. DTO OINpenenuio cnenuduky uzme-
HEHUH UX MOP(OGHU3HOIOTHUECKUX NMAapaMeTPOB: CTaOMIBHOCTD (DYHKIIMOHHUPOBA-
HUS (OTOCHHTETHYCCKUX IHTMEHTOB, IIOBBIIICHHE YPOXKAWHOCTH, YITydIICHHE
CTPYKTYpBI ypokas y pactenuii TiO,-rpynnsl U, HA000POT, yBenHueHHE (POTOCHH-
TETUYECKON aKTUBHOCTH Yy pacTeHuil Al,O3-Tpymmbl, KOTOPOE HE COMPOBOXKIAIOCH
W3MEHEHHEM YPOXKAIHOCTH.

OcoOblif UHTEpeC BHI3bIBAET aMapaHTHH — OMOJOTMYECKH aKTHBHOE BEILECTBO,
BBIJICJICHHOE M3 JHCThEB amapaHTa. IIpoBefieHHBIC MCCIIEOBAHUS MOKa3alH, YTO
HAHOYACTHIIHl OKCUIOB THUTAHA W aIIOMHUHUS 3HAYUTEIFHO ITOBBIIIAIOT €r0 COMIEp-
JKaHue, 0COOCHHO MpH 00paboTKe HAHOYACTUIIAMHU JHOKCHIA THTaHa. CHIKECHHE
COJICp)KaHMs 3€JECHBIX IHTMEHTOB, HAOJIOAaeMOe TOJBKO TPH BO3ACHCTBUHU CyC-
neH3uu Hanowactull TiO,, MO-BUIUMOMY, HOCHT BTOPUYHBIH XapakTep W MOXKET
OBITH O0YCIIOBIICHO MPSIMBIM HHTHOMPYIOIINM BIUSHHUEM ITOBBIIICHHBIX KOHIICH-
Tpauuid amapantusa [12, 14]. Tor ¢axkt, yto 00a BUAa HAHOYACTHUI] 3HAUYUTEIILHO
MOBBINIAIOT YPOBEHb aMapaHTHHA B KJIETKE, CBUJCTEIBCTBYET HE TOIBKO O UYyBCT-
BUTEIHHOCTH PAacTCHUU amMapaHTa K MPUCYTCTBHIO HAHOYACTHII, HO U O CICIU(H-
YECKOW POJIM HAHOYACTHUI] B CTUMYJIMPOBAHUN OMOCHHTE3a JaHHOTO COCTUHEHUS.

Ecnu cpaBHMBaTh HAaHOYACTHUIIBI THOKCHIA TUTaHA M OKCHAA QTOMUHUS IO
3HaYMMOCTH MX BO3JCHCTBHS HA UCCICIyEMBIC KyIbTyphl, TO OHH B PaBHOH CTere-
HU He3(h(HEKTUBHBI HA PaCTEHUAX (acoH, a y MILEHHUIIBI U aMapaHTa HAaHOYaCTHULIBI
JUOKCHUIa TUTAHA BBI3BIBAIOT 00JIee 3aMETHBIC, XOTS U Pa3HOHAIPABICHHbIE, H3Me-
HCHMS, YeM HAaHOYACTHIIBI OKCHA aIoMUHISL. KakoB MexaHI3M JIeHCTBUS HaHOYA-
CTHII Ha KIICTOUYHBIE CTPYKTYPHI U UX (PYHKIWH, YTO JIE)KUT B OCHOBE UyBCTBUTENb-
HOCTH PACTEHHIA, TPOSBIISIIONMIEHCS B MX CIOCOOHOCTH OT(UIBTPOBHIBATh MJIH aK-
KyMyJIUpOBaTh HaHOYACTHIEI? B HacTosee BpeMs YCTaHOBJICHO, YTO PACTCHUS
IUTSL CBOETO POCTa M Pa3BUTHS MOTYT HCIOIB30BaTh OBEPXHOCTHYIO SHEPTHUIO IT0-
CTYMAIOIIMX W3BHE HAHOYACTHII, B TOM YHCJIE M MOJYYEHHYIO CEMEHaMH BO BpeMs
npeanoceBHol 00padoTku [20], a HAHOYACTHIIBI — OKa3bIBaTh MPOJIOHTHUPYIOIICE
JEHWCTBIE, KOTOPOE CBSI3aHO C KOHIICHTPHUPOBAHUEM HOHOB METaJllIa BOKPYT MOJIE-
Kkyn B kinerke [21]. Takum oOpa3oM, HCIONb3yeMBbId B YCIOBHIX J1a0OpaTOpHO-
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MOJIEBOTO OTIBITA arpOTEeXHUYECKUN NpHeM (3aMauyuBaHHE CEMSH U MOCHeIyIolIee
OTIPBICKMBAHUE DPACTEHUI), MO-BHINMOMY, CIIOCOOCTBYET KaK YCHJICHHIO, TaK U
YBEJIMYEHUIO AJTUTENBHOCTH BO3JACHCTBHUA HAHOYACTHUI] OKCHIOB TUTaHA U aJlOMU-
HUS U TPOSBISIETCA B 3aBUCUMOCTH OT YYBCTBHUTENBHOCTH KYJBTYPHI PacTEHHM

(n

[ICHUIA, aMapaHT), a TaKke (PU3MKO-XMMHUYECKHX OCOOCHHOCTEH HaHOYACTHI]

HUCCIIEAYCMBIX OKCHI0B MCTAJIJIOB.

10.

11.

12.

13.

14.

15.
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EFFECT OF NANOPARTICLES OF TITANIUM DIOXIDE AND ALUMINUM OXIDE
ON SOME MORPHOPHYSIOLOGICAL CHARACTERISTICS OF PLANTS

The article is devoted to studying the effect of nanoparticles of titanium dioxide TiO,
and aluminum oxide Al,O; on morphometric parameters of plant beans, wheat and
amaranth, the content of chlorophylls a, b and carotenoids, as well as amaranthine in a
laboratory-field experiment. Before sowing the seeds of control plants were soaked in
distilled water: beans— for two days, wheat, and amaranth — within one day. Seeds of test
plants were soaked in a similar way in aqueous suspensions of nanoparticles of TiO,, the
size of 5 nm, and AL, O3, the size of 7 nm, in concentrations, respectively, 8,9 mg/l and 5,5
mg/l. During the experiment, the developing plants were sprayed twice: in the 18-day-old
suspension of nanoparticles with a concentration of 8,7 mg/l of TiO and 7 mg/l of AL,O;
and in the 27-day one — with the concentration of nanoparticles of 9,5 mg/l and 3,5 mg/I,
respectively. In the same period, control plants were sprayed with water.

In 21-day-old control and experimental plants the height of the stem was measured:
in wheat tillering stage, the beans in a phase of the first true leaf and amaranth in the
second phase of this sheet. At the age of 30 days in all plants the content of green and
vellow pigments was determined, and in amaranth, additionally, the amaranthine
content. In wheat, after maturation the length and the weight of the spike and the number
and the weight of grains in the ear were measured, and the yield was estimated. The
ambiguity of the impact of nanoparticles of TiO, and Al,O; on the growth parameters,
chlorophyll content a, b and carotenoids in these culture was revealed. It was found that
a string bean is the most resistant to the action of these nanoparticles on morphological
and physiological parameters. Seedlings of wheat plants under examination, not differing
in growth rate from the control samples, demonstrated selective sensitivity to the effects
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of nanoparticles of titanium and aluminum. It identified specific changes in their
morphophysiological parameters: the stability of the photosynthetic pigments, increasing
productivity, improving the structure of crop plants in TiO,-group, and, conversely, a
significant increase in photosynthetic activity in plants in Al,Os3-group, which was not
accompanied by changes in crop yields.

Growth inhibition of amaranth plants and the subsequent significant increase in the
content of amaranthine observed under the influence of nanoparticles show a high
sensitivity of amaranth and their specific role in stimulating the biosynthesis amaran-
thine.

It was established that these nanoparticles, considering the importance of their
impact on the studied cultures, are equally ineffective on plants beans. In wheat and
amaranth nanoparticles of titanium dioxide cause more noticeable, although with
different directions, changes than nanoparticles of aluminum oxide.

Key words: nanoparticles of titanium dioxide and aluminum oxide; plants scorn
(Phaseolus vulgaris L.); bean (Triticum aestivum L.); amaranth (Amaranthus cruen-
tus L.); morphometric parameters; photosynthetic pigments; amaranthine.
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