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BIOMASS ACCUMULATION BY RICE CULTIVARS DEPENDING
ON HEAVY METALS SALTS SOLUTIONS CONCENTRATION

Abstract. Heavy metals accumulation in a plant results in significant negative effect on physiological and
biochemical processes going on in an organism. In this respect, the present article considers particular features of
heavy metal salts solutions (Cuprum - Cu, Zinc - Zn, Cadmium - Cd) of various concentrations on biomass
accumulation by Marzhan, AiSaule and Titan rice cultivars. Increase in heavy metal salts content results in
significant slowing down the biomass accumulation by rice cultivars in the beginning of vegetation. Solutions of
cadmium salts exert significantly greater influence on biomass accumulation by rice cultivars as compared to copper
and zinc. Effect of heavy metals on biomass accumulation by rice cultivars is in the following order of sequence:
cadmium> copper> zinc. At the low concentrations (5mg/l) of the copper and zinc salts solutions, Marzhan rice
cultivar is more stable; nevertheless, at the higher concentrations (10 and 25mg/l) the above named cultivar turned
out to be less stable as compared to the AiSaule and Titan cultivars. The research results obtained may be used in
the process of morpho-physiological modelling offuture new cultivars of rice that are more resistant (tolerant) to
stressful influence ofecologicalfactors (for example, heavy metal salt solutions).

Key words: rice, varieties, heavy metals: copper, zinc, cadmium; effect of heavy metals on biomass
accumulation by rice cultivars.

Introduction. In modern conditions as a result of intensification of industry and agriculture, mining,
fuel burning by all types of vehicles, obtaining and using fertilizers, pesticides for agriculture, improper
recycling of waste, the amount of heavy metals emitted into the environment, which pollute the
atmosphere, hydrosphere and soils increased dramatically [1,2,9]. Gas and aerosol emissions from
industry, cars and transport vehicles are oxidized and react with water vapor and as a result acid rain drops
into the soil. Most of these harmful gases are sulphuric and nitrogen oxides. In summer, these aerosol and
dustlike substances settle on the surface of plant leaves and penetrate through the mouths inside the tissue
and have adverse effects. In autumn, these substances, together with the leaves, enter the soil when they
fall down. The contamination of soil in such ways causes worries to scientists and specialists of
agricultural enterprises. Soils of agricultural lands and pastures of Kazakhstan on large areas are polluted
in such ways. Then, through trophic connections these substances enter into human organism and have
negative influence on health of population [3-10]. Many heavy metals are highly toxic to all organisms,
including plants. They accumulate in the environment and do not decompose.
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The majority (60-80%) of heavy metals such as zinc, copper, nickel and others are trace elements and
some of them are part of pigments, enzyme systems and physiologically active substances. However, the
accumulation of heavy metals in plants, animals and humans have an adverse effect on physiological and
biochemical processes in their bodies, and other metals, such as cadmium, are potentially toxic in any
concentration. Therefore, the content of heavy metals in soils, water reservoirs and the atmosphere should
not exceed the permissible (harmless) level. Otherwise, through a trophic connection through plant and
animal products enter the human body and have a negative impact. Therefore, study of the regularities of
their intake and accumulation in plant organisms and their influence on biomass formation contributes to
correct assessment of heavy metals impact [3-9]. According to many researchers, as a result of the
influence of heavy metals, especially cadmium, photosynthesis and other physiological processes are
disturbed, absorption of trace elements and nutrients is reduced, enzyme systems are disrupted, plant
growth slows down, mass accumulation of roots and aboveground biomass decreases. In toxic
concentrations, heavy metal ions can cause significant deviations in cell metabolism. As a result, root
growth and branching are slowed down. This leads to a decrease in the total and adsorbing surface of the
root, and then the plant gradually dies [11-15]. Therefore, studying the influence of heavy metal salts
solutions on rice biomass accumulation has a certain practical interest.

The purpose of scientific research. To study the influence of different saline concentrations of
copper-Cz, zinc-Zn, cadmium-Cd on the accumulation of dry biomass of types of rice Marzhan, AiSaule,
Titan and the reaction ofthese varieties.

Materials and methods of research. The object of research are varieties of rice Marzhan (standard),
AiSaule (newly zoned variety of Kazakhstan selection), Titan (variety of Russian selection). Various
saline concentrations of copper (CuS0Oa4), zinc (ZnNOs), cadmium (CdClz2) - (5 mg/l, 10 mg/l, 25 mg/l)
were used as heavy metals. Experience was conducted on 30 variants by variety. Scheme of experience:

For variety Marzhan: 1 - control (without applying saline of heavy metals); 2 variant - 5 mg/l
solution of copper salt; 3 variant - 10 mg/l solution of copper salt; 4 variant - 25 mg/l solution of copper
salt; 5 variant - 5 mg/l solution of zinc salt; 6 variant - 10 mg/l zinc salt solution; 7 variant - 25 mg/I zinc
salt solution; 8 variant - 5 mg/l cadmium salt solution; 9 variant - 10 mg/l cadmium salt solution;
10 variant - 25 mg/l cadmium salt solution.

For variety AiSaule: 11 - control (without applying saline of heavy metals salts); 12 - variant -
5 mg/l of copper salt solution; 13 variant - 10 mg/l of copper salt solution; 14 variant - 25 mg/l of copper
salt solution; 15 variant - 5 mg/l of zinc salt solution; 16 variant - 10 mg/l zinc salt solution; 17 variant -
25 mg/l zinc solution; 18 variant - 5 mg/l cadmium salt solution; 19 variant - 10 mg/l cadmium salt
solution; 20 variant - 25 mg/l cadmium salt solution;

For variety Titan: 21 variant - control (without making solutions of heavy metals salts; 22 variant -
5 mg/l of copper salt solution; 23 variant - 10 mg/l of copper salt solution; 24 variant - 25 mg/l of copper
salt solution; 25 variant - 5 mg/l of zinc salt solution; 26 variant - 10 mg/l zinc salt solution; 27 variant -
25 mg/l zinc salt solution; 28 variant - 5 mg/l cadmium salt solution; 29 variant - 10 mg/l cadmium salt
solution; 30 variant - 25 mg/l cadmium salt solution. Experience is repeated three times. Full seeds of the
named rice varieties were washed 3-4 times with household soap, then several times treated with 16%
hydrogen peroxide solution, then several times washed with distilled water. Seeds were grown according
to the above mentioned variants.

Results of research and discussion. As shown in table 1 and figure 1, 2 on the variant without
heavy metals (control) the accumulation of dry biomass of Marzhan varieties will be considered 100%.

With low (5 mg/l) concentration of copper salts, the accumulation of dry biomass of Marzhan rice
varieties was 57.7% of the control, i.e. the weight reduction of plants was 42.3%. At the same
concentration of zinc salts solutions, the accumulation of dry weight of plants was 43.9% of the control,
i.e. the reduction of dry biomass accumulation was 56.1%. At the same concentration of solutions of
cadmium salts the accumulation of dry biomass was 17.8% of control, i.e. the weight reduction of
Marzhan variety plants was the greatest - 82.2%, compared to solutions of copper and zinc salts (table 1,
figure 1, 2). When applying the average (10 mg/l) concentration of solutions of copper salt, the
accumulation of dry biomass of Marzhan rice was 39.4% ofthe control, i.e. the weight loss of plants was
60.6%. With the same concentration of zinc salt solutions, the weight of plants was 29.3%, i.e. the decrease
in rice biomass was 70.7%. At the same concentration of solutions of cadmium salt, the dry biomass of
plants was 14.4% ofthe control, i.e. the weight reduction of plants was 85.5% (table 1, figure 1, 2).

_______ 20 -———---



ISSN 2224-5308 Series ofbiological and medical. 4. 2020

When applying a relatively high (25 mg/l) concentration of copper salt solutions, the accumulation of
biomass was 24.7% of the control, i.e. the decrease was 75.3%. With the same concentration of zinc salt
solutions, the accumulation of dry biomass was 13.9% of the control, i.e. the biomass decrease was
86.1%. Atthe same concentration of cadmium solutions, the accumulation of dry weight of Marzhan rice
was 7.2% of control, i.e., the negative influence of cadmium salt solutions was strong in comparison with
solutions of copper and zinc salts, and the weight reduction of plants was 92.8% (figure 1, 2). As shown in
table 2 and figure 3, 4, the indicator of rice biomass weight of AiSaule variety in the control version
(without heavy metals) is 100%.

Table 1- Influence of heavy metals on biomass accumulation for 10 day seedlings of Marzhan rice variety

Experimental Average dry biomass, (Cv) Average dry biomass, (Zn) Average dry biomass, (Cth
Options mg % mg % mg %
Control 1,516 100 1,505 100 1,579 100

5mg/l 0,874 57,7 0,660 439 0,281 1738
10 mg/l 0,598 394 0,442 293 0,227 144
25 mg/l 0,374 24,7 0,209 139 0,113 72
100
O Control
O5mg/l
0O 10mg/I
025mg/I
20
0
copper zinc cadmium

Figure 1- Influence of heavy metals on biomass accumulation for 10 day seedlings of Marzhan rice variety

Figure 2 - Influence of heavy metals on the variety Marzhan: cadmium - CdCl- (left side) and zinc - ZnNOs (right side)

At a low concentration (5 ml/l) of copper salt solutions, the weight of AiSaule rice biomass was
45.7% ofthe control, i.e. a 54.3% decrease in the weight of plants compared to the control. With the same
concentration of zinc salts, the weight of the plants was 58.8% of the control, i.e. the biomass decrease
was 41.1%. At the same concentration of cadmium salts, the weight of biomass was 22.7% of the control,
i.e. the weight reduction of plants was 77.3% (table 2, figure 3, 4).
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At an average (10 mg/l) concentration of copper salts, the weight of AiSaule rice biomass was 37.1%
of the control, i.e. the weight reduction of plants was 62.0%. At the same concentration of zinc salts, the
weight of rice plants was 26.2% of the control, i.e. the decrease in dry biomass was 73.8%. At the same
concentration of cadmium salts the weight of rice plants was 18,9%, i.e. the decrease of dry rice biomass
in comparison with the control was significant - 81,1% oftable 2, figure 3, 4.

At higher (25 mg/l) concentration of copper salts, the accumulation of dry rice biomass of AiSaule
variety was 10.4% ofthe control, i.e. the weight reduction of plants was 89.6%. At the same concentration
of zinc salts, the accumulation of biomass was 18.2% of the control, i.e. the weight loss of biomass was
81.8%. At the same concentration of cadmium salts, biomass accumulation of rice plants was 14.5% of
the control, i.e. the weight reduction of plants was the largest in comparison with the control (without
heavy metals) - 85.5% (table 2, figure 3, 4).

Table 2 - Influence of heavy metals on biomass accumulation for 10 day seedlings of AiSaule rice variety

Experimental Average dry biomass, (Cu) Average dry biomass, (Zn) Average dry biomass, (Cd)
Options mg % mg % mg %
Control 1,613 100 1,297 100 1,133 100
5mg/l 0,737 457 0,762 58,8 0,257 22,7
10 mg/l 0,598 371 0,340 26,2 0,214 189
25 mg/l 0,168 104 0,236 182 0,166 145

100
80
60 O Control
O5mg/I
40
00 10mg/l
20 025mg/l
0
copper zinc cadmium

Figure 3- Influence of heavy metals on biomass accumulation for 10 day seedlings of AiSaule rice variety
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Figure 4 - Influence of heavy metals on AiSaule: copper - CuSO4(left side) and zinc - ZnNO3 (right side)

As shown in table 3, figure 5, 6, if the control (without heavy metals) of Titan rice biomass is 100%,
then at a concentration of 5 mg/l of copper salt solutions the weight of biomass was 48% of the control,
i.e., the decrease was 52%. At the same concentration of zinc salt solutions, the dry biomass was 67.2% of
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the control, i.e. 32.8%. Atthe same concentration of solutions of cadmium salts the weight of dry biomass
was 37% ofthe control, the reduction of biomass accumulation was much higher - 63%.

At an average concentration (10 mg/l) of copper salt solutions, the weight of dry biomass of the
grade Titan was 42% of the controls, i.e., biomass accumulation was reduced by 58%. At the same
zincconcentration, the dry biomass was 67% of the control, i.e. the weight reduction was 33%. At the
same concentration of cadmium salts the dry biomass was 28% ofthe control, i.e. the reduction was much
higher than the option without heavy metals (control) - 72% (figures 5, 6).

When applying a higher concentration (25 mg/l) of copper salts, the dry biomass of Titan rice was
37% ofthe control (without heavy metals), i.e. the decrease was 63%. At the same concentration of zinc
salts, the accumulation of plant dry matter was 37.5% of the control, i.e. the decrease was 62.5%. At the
same concentration of cadmium salts, the accumulation of dry rice biomass was 27.7% of the control, i.e.
the weight reduction of plants was 72.3% (figure 5, 6).

Table 3- Influence of heavy metals on biomass accumulation for 10 day seedlings of Titan rice variety

Experimental Average dry biomass, “u) Average dry biomass, (Zn) Average dry biomass, ~d)
Options mg % mg % mg %
Variety Titan
Control 1 543 100 1,493 100 1,576 100
5mg/l 0,739 48 1,003 67,2 0,583 37
10mg/l 0,648 42 0,996 67 0,440 28
25 mg/l 0571 37 0,560 375 0,437 28
100
90
80
70
60 O Control
50 O5mg/l
40 0 10mg/l
30 025mg|
20
10
0
copper cadmium

Figure 5 - Influence of heavy metals on biomass accumulation for 10 day seedlings of Titan rice variety

Figure 6 - Influence of heavy metal salts solutions CuSOx on Titan variety
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With the same concentration of cadmium salts, the accumulation of dry rice biomass was 27.7% of
control, i.e., the weight reduction of plants was 72.3% (figures 5, 6).

Conclusion. With increasing salt concentrations of heavy metals (copper, zinc, cadmium) the
accumulation of rice plant biomass decreases. At the same time, the influence of cadmium salt solutions
concentration was stronger compared to the same concentration of copper and zinc salts. The negative
influence of solutions of salts of heavy metals on the accumulation of biomass of varieties of rice
Marzhan, Titan and AiSaule can be shown in the following sequence: cadmium > copper > zinc.
However, Marzhan and AiSaule rice varieties were less resistant than Titan.

K. H. Xaiinbi6ainl I'. XX. Megeyosal, A. H. Kannesa2

Kasak MTTbIK Kbi3gap nejarornkabiK yHUBepeuTeT Anmarsl, KasaxcraH;
Abain aTbiHaarbl Kasak “nTTbiK NeaarornkanbiK yHMBepcuTeTy Anmvathbl, KasakcTaH

AYbIP METANIN TY30APbIHbIL KOHUEHTPALUMACBIHA
BAVNNAHBICTbI KYP1L COPTbIHbILL BMOMACCA XWNbIHTbITbI

AHHOTaums. PecnybinKaHbIH Ken aiiMarbl ra3, CMiblK X3He KaTTbl KYVgeri eHgipic Kangbirbl, TpaHCMOpT
LUbIrapblHAbICHI, CYNb(aT X3He ayblp MeTangapMeH nacTaHyja. Ayblp MeTangapfbl XKep KbIPTbICbIHbIH CiHipyi
TOMbIPAKTbIH OpTa peakuuacbiHa Tayens” COHbIMEH Katap, TOMbIpak epiTiHAICIHIH aHMOHABIK K¥paMblHbIH 4a 30p
MaHbI3bl 6ap. KbILWKbIN OpTaga KopracbiH, MbIpbIll, MbIC, a1 CLUTLWK OpTaja KagMuii MeH KobanbT CiHAIpinreH.
Aybip MeTanfap TOMbIPaK K¥paMbiHAA OpraHuKanbiK 3atTapMeH KYPaeni komnnekc TY3yre KabinetTi. OcimgikTep
JeHeciHfe ayblp MeTanfblH XXMHaKTanybl OpraHvsMae >KYpPETiH MaHbi3abl (U3M0N0rusabik-6uoxmmmansIk Yepic-
Tepre aiiTap/biKTai Tepto acep eTedi. COHAbIKTaH orapblga aintbiiraH KYPgeni akonormanbik Macenenep ocbl 3epT-
TeY > MbICbIHbIH MaKCaTbl MeH MiHAETTEPIH aHbIKTab!.

3epTTey >KyMbICbIHbIL MaucaTbl. KYpiw gakbinbiHbH MapxaH (CTaHgapT) »sHe AiiCayne (kaHagaH
ayfaHAacTbIpbliraH) COpPTTapblHbIH K¥prak 61MomMacca XMbIHTbIrbIHA KaAMUIA, MbIC X3HEe MbIpbI MeTain Tpaapbl-
HbIH TYPAi KOHLEHTPaUUsCbIHA PeaKLUMSCbIH canbiCTbipMasnbl TYPOe 3epTTey.

3epTTey XK MbICbIHbIL, HbICaHbl XK3HE 34 Temenepii 3epTTey HbicaHbl peTiuae KYPpiL AakblibiHbIH MapxaH
X3He AliCayne COpTTapblHbIH 3L XX3He ayblp MeTann penHge mbic (CuS04), mbipbiy (ZNNOJ) XaHe KagMmuii

TpAapblHbiH TYpai (5 wmr/n, 10 wmr/n, 25 Mr/n) KOHUEHTpauusnbl epiTiHginepi anbiHabl. Taxlpute
20 BapuaHT 6oMbIHLIA biNraiabl opTaga XY prisingi.

AinCayne copTbl: 1- 6akblnay BapuaHTbl, 2 BapuaHT - 5 mr/n CuS04Tpbl epiTiHgici; 3 BapuaHT - 10 mr/n Cu
TP epTHAOL 4 BapuaHT - 25 Mr/n CuTp epiTiHgici; 5 BapuaHT - 5 Mr/n ZnNO3T p epiTiHgici; 6 BapuaHT - 10 mr/n Zn
Tp epiTiHaici; 7 BapuaHT - 25 mr/n Zn TY3 epTHAacy, 8 BapuaHT - 5 mr/n CdCI2Tp epTHaacy 9 sapmaHT - 10 mr/n
Cd1p epiTiHgici; 10 BapuaHT - 25 mr/n Cd Tp epiTiHgici;

Map>kaH copThl: 11 BapuaHT - 6akblnay; 12 BapuaHT - 5 mr/n CuSO4Tp epTHAocLY 13 BapuaHT - 10 mr/n
CuTp eptHgacy 14 BapuaHT - 25 Mr/n Cutp epTHAacy 15 BapuaHT - 5Mr/n ZnNO31 p epiTiHgici; 16 BapuaHT -
10 mr/n Zn Tp epTHAacy 17 BapuaHT - 25 mr/n Zn Tp epiTiHgici; 18 BapuaHT - 5 mr/n CACI2Tp epiTiHgici;
19 BapuaHT - 10 mr/n Cd Tp epiTiHgici; 20 BapumaHT - 25 mr/n CdCI2 (MapxaH copTbl) Tp epTHAraHe
ecenTenreH. 3p BapmaHT 3 KainTanay apKblibl XYPrisifgi.

3epTTeyre anblHraH eciMAik A3HiH eHAipyre Koimac 6”pblH, TOMbIK KanbiNTackaH A3HAI ipiKTen anbi,
3-4 KaiiTapa Kapa cabblHMeH >Xybin, 16% cyTeri TOTbIK epiTiHgiciHge 5-10 MMHYT eHfen, ofaH KeiiH GipHelue
KaliTapa ANCTUNbAEHTEH CYMEH >XYbINbIM, 3aiancbi3gaHablpbligbl. TAKbIMAAp eHAipyre ayblp MeTaichi3 6akbuiay
BapuaHTbl X3He 18 BapuaHT ayblp MeTann Tp epTHALLepLIL, 3pTYPAi KOHLEHTpauusanapbl 60libIHLLIA KObIALbI.

3epTTey HaTWKecb Makanaga MapxaH, AliCayne, TuTaH KYPpIL COPTTapbiHbIH 6UOMacca XUbIHTbIbIHA MbIC-
Cw, MbIpbiw- Zn, Kagmuid- Cd ayblp MeTann TPbIHbIH 3Cepi 3epTTenin, Ta/lKbliaHraH. Ayblp MeTa/l TPbIHbIH
KOHLEHTpaumachbl apTkaH >xarfgaiga KYpIW COpTTapbiHbIH 34enKigeri 61MOMaccacblHbiH KUbIHTbITbI TeXenei
(asasgpl). AtanraH KYpiWw coOpTTapbiHbIH GMOMACCa XMbIHTLITbIHA MbIC, MbIpbIL TP EPTHALIEPLIEe KaparaHia
KagMWil TPbIHbIH 3cepi KYLWTipek 6o0nabl. Ayblp MeTangap TpAapbiHbiH KYpIW AakblibHbIH K¥prak 6uomacca
XMbIHTbITbIHA 3Cepi Keneci peTneH Y3ere acafbl: KagMuiA > MbIC > MbIpblll. TemeH KoHueHTpaumaga (5 mr/n)
Map>KaH COpPTbIHbIH 6MOMacca >XMbIHTbIrbl KYLUTIpeK 6onraHbiveH, optawa (10 mr/n) sHe >xorapbl (25 mr/n)
KOHLeHTpaLumaia xxaHafaH ayfaHaacToipbinraH AiiCayne >kaHe TuTtaH (peceil cenekuyschbl) copTTapbiHa KaparaHaa
ecy Y[epici Kebipek Texengi. AJbIHFaH TIblUIbIMKW HITUXKENEp 6Gonallak orapbl eHiMai 3pi 3KOMornsnbiK
thakTopnapbiH (Mbicanbl, ayblp METaiN TP epTHAraHe) Tesimai (TonepaHTTbl) copTTapibiH Mopghohmr3nonorns-
NbIK MOZENiH faibiHAaraHa naiganaHyra 6onagpl.

TywH cesgep: KYpiw, cOpTTap, ayblp MeTangap: MbiC, MbIpbil, KagMuiA TpAapbiHbiH KYpIiW copTTapbl
61omMaccachIHbIH XXUbIHTbIrbIHA 3Cepi.
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HAKOMNEHME BEMOMACCHI COPTOB PUCA B 3ABVCNMOCTN
OT KOHUEHTPALIMW PACTBOPOB COJMTEN TAXEBIX METAJI/10B

AHHoTauusa. bonblwmHCTBO TeppuTopun KasaxcTaHa 3arpssHeHbl rasoo0pasHbiMUK, XWMAKUMU U TBEPAbIMM
oCTaTKaMyl MPOMBILLIEHHOCTY, BbIAENEHNAMW TPAHCMOPTOB, a TaKXe Cy/b(aramu U THKeNbIMU MeTannamu. Ha
HaKoM/eHne TAKeNbIX METaNIOB CYLECTBEHHOE B/IMAHWE OKasbiBaeT peakums pH pacTsopa MoYBbl, a TaKke
aHWOHHbIIi COCTaB MOYBEHHOro pacTBopa.Tak, B KUCMON cpefe MHTEHCUBHO MOT/IOLLIAIOTCA CBUHEL, LWHK, Mes, a B
LLENOYHON cpefe - KagMuii U kobanbT. TsKenble MeTas bl C OPraHWYecKMMK BeLLeCcTBamy MOYBbI 06pasyer
CNOXHble KOMMNEKCHbIE COeAWHEHUsA. [103TOMY Bbille W3/I0XKEHHbIE CMOXHbIE 3KOMOTMYECKMe MNPO6eMbI
OMpefienvn Lesb 1 3afjadu UccnefoBaHus.

Matepuanbl U MeToAMKa uccnefoBaHus. OO6GBLEKTOM MCCNefoBaHWs SABAAIOTCA copTa puca MapykaH
(ctaHpapT), AiiCayne (BHOBb PailOHMPOBAHHbLIA COPT Ka3axCTaHCKOW cenekuun), TuTaH (COPT POCCUIACKOIA
cenekummn), B KauecTBe TAXENbIX MET&110B WUCMOMNb30BAHO Pa3NuyHble KOHLEHTpauun pacTBOPOB coneli Meau
(CuS0O9, umnHka (ZnNO3J), kagmua (CdCI2 - (5 mr/n, 10 mr/n, 25 mr/n). OnbIT nNpoeegeH Mo 30 BapuaHTam Mo
coptam. Cxema onbITa:

[ns copta puca MapxaH: 1- KOHTPO/b (6e3 BHECEHWS paCTBOPOB COJEl TSHKEbIX METANNOB); 2 BApuaHT -
5 mr/n pacTBopa conu mMeau; 3 sBapuaHT - 10 Mr/n pactsopa conv meau; 4 sapuaHT - 25 Mr/n pactsopa conu Meau;
5 BapuaHT - 5 Mr/n pactBopa Conu UMHKa; 6 BapuaHT - 10 Mr/n pacTBopa COMW UWHKa; 7 BapuaHT - 25 mr/n
pacTBopa CoNu UMHKa; 8 BapuaHT - 5 mr/n pactsopa conv Kaamus; 9 sapuaHT - 10 mr/n pactsopa conv Kagmus;
10 BapuaHT - 25 Mr/n pacTBopa conu Kagmus.

[ns copta AiiCayne: 11 - kOHTponb (6e3 BHECEHUS paCTBOPOB COMEN TSHKeNbIX MeTanos); 12 - BapuaHT -
5 mr/n pacteopa conu Meay; 13 BapuaHT - 10 mr/n pactBopa conv Meaw; 14 sapuaHT - 25 Mr/n pacTBopa cosm
meau; 15 BapuaHT - 5 mr/n pactsopa conu UMHKA; 16 BapuaHT - 10 Mmr/n pactBopa coiu UMHKa; 17 BapuaHT -
25 mr/n pactBopa UMHKa; 18 BapuaHT - 5 mr/n pacteopa conu kagmus; 19 sapmaHT - 10 mr/n pacteopa conm
Kaamus; 20 BapuaHT - 25 Mr/n pacTBopa CoNu KaaMus;

[Ons copta TuTaH: 21 BapuaHT - KOHTPOib (6e3 BHECEHWS| PacTBOPOB COMEA TSXKE/bIX METassioB;
22 BapuaHT - 5 mr/n pacTBopa conu Meaw; 23 sapuaHT - 10 mr/n pactsopa conu Meau; 24 BapuaHT - 25 mr/n
pacTtBopa conu Meau; 25 BapuaHT - 5 Mr/n pacTBopa conv UuHKa; 26 BapuaHT - 10 mr/n pacTsopa CONM LMHKA;
27 BapuaHT - 25 Mr/n pacTBopa CoNu UWHKa; 28 BapuaHT - 5 Mr/n pacTeopa conu Kaamus; 29 sapmaHT - 10 mr/n
pacTtsopa conu kagmus; 30 BapuaHT - 25 Mr/n pacTBopa conv Kaamus. INMoBTOPHOCTb OMbITa TPpexKpaTHas.

MonHoLUEHHbIE CeMeHa Ha3BaHHbIX COPTOB pyCa U C Lie/blo 00eBPeXMBAHNSA MX NMOMbINK 3-4 pasa X03aiCTBeH-
HbIM MbI/IOM, 3aTEM HECKOMbKO pa3 0bpaboTann 16%-HbiM pacTBOPOM MepPeKncu BOAOPOAA U HECKO/bKO pa3 NpoMbl-
NV AMCTUNNMPOBAHHOM Bofoi. CeMeHa BbIpallyBany COrfacHo BblleyKa3aHbIM BapuaHTaMm.

Pe3ynbTaTbl uccnefoBaHus. HakonneHne TXeNnblX METaNN0B B PACTEHWIA OKasblBAlOT CyLUECTBEHHOe
HEraTMBHOE BAMSIHME Ha NPOXOXKAEHME (PU3KNONOro-6MOXMMUYECKMX NPOLIECCOB B OpraHu3me. B cBA3n c atum, B
CTaTbe PacCMOTPEHbl 0COBEHHOCTMN W BNMSHWE PACTBOPOB CONEN TAXKENbIX MeTannoB (Megn-C” LyHKa-Zn, kagmus-
Cd) pasnMyHO KOHLEHTpauMy Ha HakomaeHus 6uomacchbl cOpToB puca MapxaH (cTtaHgapT), AliCayne (BHOBb
panoHMpoBaHHbIN) 1 TuTaH (POCCUIACKON cenekumn). Mpr yBENNYEHNN KOHLEHTPaLUMKN COMen TSKENbIX MeTanioB
WHTEHCMBHOCTb HAaKOM/EHNs 6GuoMaccbl COPTOB puca B Havase Beretauumm 3HAYUTENbHO CHWpKaroTcd. Ha
HaKonneHns 6uomacchbl COPTOB puUca BAWSHWE PacTBOPOB COMEW KagMWs 3HauMTeNbHO 60fbLUe MO CPaBHEHWIO C
Mefbl0 U LMHKOM. BrimsHWe THXENbIX MEeTaNNoB Ha HakornjeHue 61Momacchl COPTOB puca OCYLLECTB/ANOTCA B
CrefyroLeM nopsagke: KagMmuin > medb > UMHK. Mpyn HUM3KUX KOHUeHTpaumsx (5 Mr/m) pacTBOpPOB COfein mMean u
LMHKa copT puca Map)kaH 6oee ycToiiumB, 0fHaKo Npu 60s1ee BLICOKNX KOHLUEHTpauusx (10 n 25 Mr/n) Ha3BaHHbIN
COpPT OKasa/ic MeHee YCTOMYMBBIM MO CPAaBHEHMIO C BHOBb paliOHMpPOBaHHbLIM copTom AliCayne 1M COpTOM
poccuiickoil  cenekuunm  TuTaH.  PesynbTaTbl  uUccnefoBaHus — Oy4yT — WCMOMb30BaHbl  NPU  CO3L4AaHWUK
MOP(OKMN3N0NOrNYECKON MOAENN BbICOKOYPOXAMHbIX W YCTORUMBBIX HEraTMBHbIM 3KOMOMMYECKUM  (hakTopam
(HanpuMep, BAUSHUIO TSHXKENbIX METASNIOB).

KntoueBble cnoBa: puc, copTa, TAXKENble MeTaNbl: Mefb, UMHK, KaaMWA, BIUSHVE PACTBOPOB COMeli TAXKENbIX
METasI/10B Ha HaKor/ieHne 61oMacchl COPTOB puUca.
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