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Henn u remaTtuka. Xypuan Becmuux Poccutickoeo ynusepcumema opysicowl Hapooog. Cepus.: Aeponomus
u srcusomnogoocmeo (Becmnux PYIIH. Cepusi: A2poHoMUsL u HCU80MHOB00CHIE0) — TIEPHOIMUECKOE PELICH3HPY-
eMoe HayyHOe M3IaHHe B 00JIaCTH CEeNIbCKOro Xo3siicTBa. XKypHan sBIsieTcs MeXIyHapOAHBIM KaK IO COCTaBy
aBTOPOB U TEMATHKE ITyOIMKAIIHI, OTpakarolieii mpoOieMaTHKy HayYHbIX HCCIISIOBAHUS B PA3IMYHBIX PETHOHAX
MHpa, TaK ¥ TI0 COCTaBY PEIAKIIHOHHON KOJUIETHH M KCIIEPTHOTO coBeTa (pereH3eHToB). JKypHan npenHa3Ha-
YeH I MyONMuKanuil pe3yibTaToB (yHIaMEHTAIBHBIX U MPUKIAJHBIX HAyYHBIX HCCIICIOBAHUI POCCHHCKIX
U 3apyOeKHBIX YUCHBIX B BHJE OPUTHHAIBHBIX HAYYHBIX CTaTel, 0030PHBIX HAYYHBIX MaTepHAaIOB, HAyUHbBIX
cooOrienui, 6udamorpaguieckux 0030poB MO ONPECNICHHBIM TeMaM Hay4YHBIX HcclenoBaHuil. Tawke xKypHa
MyOJIMKYEeT M PaclpoCTpaHseT Pe3yNbTaThl (DyHAaMEHTAIBHBIX M MPUKIATHBIX HCCIENOBAHUH, MPOBOJHMBIX
B KOJUTA0OpAIlK OTEUECTBEHHBIX U 3apYOEKHBIX YUCHBIX IT0 IIPHOPHTETHBIM MPOOIIEMaM CENbCKOXO03sIMCTBEHHON
oTtpaciy. B jxypHane MOryT OBITH OIyOJIMKOBaHBI MaTEPHAIbl, HAyYHas IEHHOCTh KOTOPBIX M IPHUTOJHOCTH IS
MyOJIMKalny OllEHEHa PEleH3eHTaMH U PelaKIMOHHOW KoJulernei xypHana. Bo Bcex Marepuanax JOJDKHBI
COOITIOAATHCS ATHIECKUE HOPMBI HAYUHBIX ITyOJIHKAIHIHA.

PepakumonHass KOJUIETHS TPHHAMAET K PACCMOTPEHHIO MaTepHaibl 110 HANPaBICHUSAM: arpoOHOMHS,
JKHBOTHOBOJICTBO, BETEPHUHAPHS, 300TEXHUS, BETCPUHAPHO-CAHUTAPHAS IKCIIEPTU3a, TeXHOCPEpHask OE30TaCHOCTb,
3eMJICYCTPOMCTBO M KaJacTphl, JaHqadTHas apXUTEKTypa — ULl HOATOTOBKH TEMAaTHYECKUX BBIYCKOB C yda-
CTHEM IPHIIALICHHBIX PSIAKTOPOB.

JKypHan pekoMeHJOBaH JuccepTalnOHHBIME coBeTaMu PY JIH; BXoWT B iepeyeHp U3IaHUH, Ty OIMKAIN
KOTOPBIX YUHTHIBAIOTCS Bricmeil arrectanmonHoit komuccueit Poccun (BAK P®) npu 3amure auccepranmii Ha
COMCKaHHE YYEHBIX CTENeHEeW KaHmugara v JoKTopa Hayk mno crnemuansHocTsM: 03.02.01 boranuka, 03.02.13
Tousosenenue, 06.01.01 Obruee 3emenenue pacrenrueBoactso, 06.01.02 Memumopariust, peKyIbTUBAIHS U OXpaHa
3emens, 06.01.04 Arpoxumust, 06.01.05 Cenekips 1 CeMEHOBOJCTBO CEIILCKOXO3HCTBEHHBIX pacteHuid, 06.01.06
JIyroBOACTBO U JIeKapCTBEHHBIE dPHUpHO-MacIHble KyIbTypbl, 06.01.07 3ammra pactenuii, 06.01.09 OormeBoa-
cTBO, 06.02.01 JInarnocTrka 60Jie3Hel 1 Tepanusl KUBOTHBIX, TTATOJIOTHS, OHKOJIOTHS X MOP(OJIOTHS KUBOTHBIX
(BeTepunapubie Hayku), 06.02.02 BerepuHapHas MHKPOOHOJOTHS, BHPYCOJOTHS, SMHA300TOIOTHS, MHUKOJOTHS
C MUKOTOKCHKOJIOTHEH 1 IMMYHOJIOTHs (BeTepuHapHbie Hayku), 06.02.04 BetepunapHas Xupyprusi (BeTepHHap-
Hble HaykH), 06.02.07 Pa3BeneHre ceeKusi ¥ TeHEeTHKA CEIbCKOX03HCTBEHHBIX KMBOTHBIX (CETCKOXO3SHCTBEH-
Hble Haykn), 06.02.10 YacTHast 300TEXHHS, TEXHOIOTHS IPOU3BOICTBA MPOAYKTOB KHBOTHOBOJCTBA (CEILCKO-
XO3SHCTBEHHbBIE HAYKH).

TpeOoBaHuUs K CTaThsIM M MPABHIA PELIEH3UPOBAHHS, SJIEKTPOHHBIH apXHB B OTKPBITOM JOCTYIIE U MHAs
JOTIOJIHUTEbHAsT HH(OPMAIHs pa3MeIleHbl Ha caiite xypHaia: http://agrojournal.rudn.ru.
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AHHoTanus. PaccMOoTpeHbl pe3ynbTaThl (PU3MKO-XUMHYECKOIO aHallM3a COCTaBa MHTPOAYLHPO-
BaHHOTO Ha fore JlarecTaHa pacTeHHsl aMapaHT. [IpuBeIeHbI pe3yIbTaThl ONpeeeHUs] ONOXUMIYECKOTO
cocraBa: BUTAMHHOB, OPraHMYECKHX KUCIIOT, aHTHOKCHJAHTOB, OeTallMaHnHa — aMapaHTHHA, XJOpo-
¢uta, KapOTHHOUIOB U XJIOPOTEHOBOM KHUCIOTHI B JICTHSIX HHTPOAYIMPOBAHHOTO amapaHnTa. IlokaszaHo,
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Abstract. Amaranth leaves are of high nutritional value, containing various metabolites, mono- and
disaccharides, photosynthetic pigments, unsaturated acids, phenolcarboxylic acids with high antioxidant
activity. Vegetable amaranth is grown in different soil and climatic conditions all over the world. The
article describes the results of physicochemical analysis of composition of amaranth plant introduced in
southern Dagestan. The results of determining biochemical composition of vitamins, organic acids, anti-
oxidants, betacyanin — amaranthin, chlorophyll, carotenoids and chlorogenic acid in the leaves of the
introduced amaranth are presented. It has been shown that amaranth culture can be an important source
of vitamins and valuable biologically active substances for both humans and animals. Based on the results
obtained on amaranth introduction, it can be noted that cultivation of amaranth has great prospects in
Southern Dagestan, as a mass crop.

Keywords: Dagestan, amaranth, introduction, phenolic compounds, antioxidants, chlorophylls,
carotenoids, hydroxycinnamic acids, organic acids, anthocyanins, vitamins
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BeepeHue

AwmapaHT oTHOCHTCS K cemeiictBy Amaranthacea, pox Amaranthus, mHororese-
Basl KyJbTypa: CEMEHHOI'O, OBOIIHOIO, KOPMOBOIO, JAEKOPAaTUBHOIO, TEXHHUYECKOIO
U JIEKapCTBEHHOTO Ha3HaueHUs. JIMCThs M ceMeHa MUIIEBBIX BUOB aMapaHTa 0oraThbl
BOJIOPACTBOPUMBIM OEIIKOM, HE COAEPIKAIMM TIIIOTeHa, M pa3HOOOPa3HBIMH ICCEHIIN-
QIBHBIMH U MUHOPHBIMH KOMITOHEHTaMH, HEOOXOAMMBIMU JUIsl ()yHKIIMOHUPOBAHHS
opranu3ma yeyioBeka [1].

AMapaHT OBOIIIHOTO Ha3HAYEHUS BBIPAIIMBAIOT B PA3HBIX TOYBEHHO-KJINMaTHYE-
CKHX YCJOBHAX 3eMHOro mapa. JIuctes amapaHrta OTIMYAIOTCA BBICOKOM MHILEBOM
LEHHOCTBIO, COJIEP>KAaT OTPOMHBIN HA0Op MEeTabOIUTOB, MOHO- U JUcaxapa, (OTOCHH-
TETUYECKHE MUTMEHTbI, HEHACHIIIEHHbIE KUCIOThI, (PEHONKApOOHOBBIE KUCIOTHI C BbI-
COKOM aHTHOKHCIHUTEIbHOM akTUBHOCTHIO [2, 3]. [Ipu HemoCcTaTouHOM COAEpKAHUM
OMOJIOrMYECKU IIEHHBIX BEIIECTB U MOJHOIICHHOTO 0ejKa B KOPME JJIsl )KUBOTHBIX aMa-
pPaHT MOXXET MPHUMEHSTHCS KaK BBICOKOOENKOBas KOPMOBasi KyJbTypa C IIHPOKUM
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Ha0OpPOM BUTAMUHOB U aHTHOKCUAaHTOB. CeMeHa aMapaHTa MOTYT CIIYXKUTh UCTOYHHU-
KOM OMOJIOTHUECKH aKTHBHOTO BEIIECTBAa CKBAJCHA, COAEPIKaHHE KOTOPOTO B Macie
cocrasiset 7...11 %, comeprkar Jerko ycBanBaeMblii kpaxmai. OHaKo, He Bce copTa
BBI3PEBAIOT Ha TEPPUTOPHU PoccHu, Mo3TOMY MEPCIIEKTUBHO BBHIPAIINBATh UX HA FOTE
Poccun, Hanpumep, B 10kHOM yacTu Jlarecrana [4].

Leap HacTOAMICH PabOTHI — HCCIENOBAaHUE OCOOCHHOCTEH HAKOTUICHUS OMOJI0-
I'MYECKU aKTUBHBIX BEIIECTB M aHTHOKCHUIAHTOB B JICThSIX PACTCHHUI aMapaHTa OBOIII-
HOTO U 3€PHOBOTO HAIPABJICHHS, HHTPOIYIIMPOBAHHbIX Ha fore [larecrana.

MaTepuanbl n MetToAabl

Hccnenosanu pactenus amapanta Buga Amaranthus tricolor L. oBomrabix copToB
Banentuna u Jlon Ileapo u Buga Amaranthus hipochondriacus L. copra Kpermsi ce-
gexkuun OI'BHY ®HIO (BHUMCCOK) (aBropst — mpod. I1.dD. KoHOHKOB,
B.K. I'mac u M.C. I'unc). Marepuanom ucciie1oBaHus SIBISTUCH JTUCThS aMapaHTa, KO-
TOpbIE U3yYalH B Mpollecce BereTaluy. PacTeHus BrIpaliuBaiy Ha OMBITHOM yYacTKe
B Cyneiiman-CranbckoMm paiione (tor [larectana) ¢ HCIIOJIb30BaHUEM TEXHOJOTHH BbI-
paluBaHus JJisl TOJyYSHHUs] TUCTOBOM Oromaccel [5]. Omnpenernenre BUTaMUHOB B,
Bs, C, B3, HUKOTHHOBO# KUCIOTHI U Bc MpoBOaMIIN ¢ TOMOLIBIO KaMUIUIAPHOTO 3JIEK-
tpodopesa [6]. s npoBeaeHNs aHATU30B CBEXKUE JIUCThsI PACTCHUI M3MENbYaid Ha
onenaepe. CpenHioo mpody B KOJUYECTBE 3 T' 3KCTPArupoBalu JUCTUIUIMPOBAHHOMN
BO/IOH 110 00Bema 50 MiT ¥ TIEHTpU(YTUPOBAIN B TEUSHUE 5 MHUH TIPU CKOPOCTH Bpaliie-
HUS 8 THIC. 000POTOB B MUHYTY. HamocaqouHyio )HIKOCTh BBOAMIN B aHAJIU3ATOP
Kamens 105 u caumanu snexrpodoperpammy nipu temrepatrype 30 °C npu mmmHax
BosiH 200 1 267 M. [lepenactpoiika IJIMH BOJH IPOU3BOAUTCA CaMUM MPHOOPOM aB-
tomaTnuecku. Mccaenyemblii pacTBOp MOMyYaeTcs IBETHBIM, OKpacka 3aBHCHUT OT
L[BETA JINCTHEB.

CopepxaHue BOCCTaHOBIEHHON (POpPMBI aCKOPOUHOBOW KUCIIOTHI ONPEIEIISITN Ho-
JOMETPUUYECKUM METOJIOM, OCHOBAHHBIM Ha THTPOBAHUU ACKOPOMHOBOW KHCIIOTBI
B OKpAIICHHBIX 3KCTpaKTaxX HoJaTOM KaJllvsi B KUCJION cpesie B IPUCYTCTBUH HOIUCTOTO
KaJaus U Kpaxmaia [7].

Jiig onpeeneHys OpraHMYeCKMX KUCIOT CBEXKHE JIMCThS PaCTeHUS U3MEJbUalli Ha
OneHmepe, 0TOMpay CPEIHIOI0 MPOOY B KOTMUYECTBE | T, KOTOPYIO pa30aBIIsuId JUCTHII-
JMPOBAHHOW BOMIOH 10 00BbemMa 50 Mut 1 TmaTenpHO nepememuBaiy. [lomydeHHbIi pac-
TBOP LIEHTPU(YTUPOBAIH B TEUCHHE 5 MUH ITPU § ThIC. 000pOTOB B MUHYTY. Hagocamou-
HYIO JKHJKOCTh BBOIWIM B aHanmm3aTop Kamens 105 m cHuManm snekrpodoperpammy
npu Temriepatype 20 °C, nmurae BoaHbI 254 HM 1 HanpspkeHnn 20 kB.

CogepxaHue KUCIOT B MIJTUTpaMMax Ha | KT JINCTHEB PAaCCUUTHIBAIIU MO COOT-
BeTcTBYyoMIeH opmyie [8]. Beuto onpeneneHo conepkaHie MypaBbUHOM, YKCYCHOM,
sI0JI0YHOM M 11aBeJIeBON KUCIOT, a Takke GochOpHOIl KUCITOTHI.

st onpenienienys coiep kaHusl aMapaHTUHA UCTIOIb30BANId CIIEKTPO(HOTOMETpHU-
YEeCKUH METO/1, KOTOPBIi OTIIM4aeTcsi ObICTPOTOM BBIMOIHEHHS M BHICOKOM TOYHOCTBIO.
CopepxaHue aMapaHTHHA B BOJHBIX SKCTPAKTaX ONPEEIISIN C UCTIOIb30BaHHUEM MO-
nsgpHOro Kod(¢uimmenta >KcTHHKIMK 5,66-10* m-moms™®-cm™? nm monsproro Beca
726,6 r-moms ™ [9, 10]. OnpeeneHne CyMMapHOTO COEPKAHNS aHTHOKCHAHTOB TIPO-
BOJIMJTH aMIlepoMeTprudecku Ha npubdope Sy3a 01-AA. Iy 3TOr0 NCTIOIB30BAH Chl-
pbe, U3MENIBYEHHOE JI0 Pa3MEPOB YACTHL], IPOXOISAIINX CKBO3b CUTO C OTBEPCTUSMU
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muametpom 1 mm. HaBecky cbipbst 0,5 T 3amuBamm 25 mur 70%-ro 3TaHoINa, IepeMenIn-
BaJIM B KoJ0€ B TedeHue | 4, pumbTpoBaiym B MepHYyI0 K00y Ha 50 MJI M JOBOIHIIN 10
MeTKH. ['paynpoBKy aHann3aTopa IMPOBOIIIIH O TaIOBOU KucioTe [11].

®deHoMpHBIE COSTUHEHUS OTIPEIeNISIIN cieKTpodoToMeTpruecki. CBEXNE JTUCThS
pacTeHHid U3MeNbYaI Ha OJIeHAepe U OTOMpaN CpeaHIOI0 TPo0y B KomudecTBe 10 T.
Hagecky momenianu B kosi0y emMmkocThio 100 M1, 100aBIIsUH TUCTHILTUPOBAHHYIO BOTY
U TIepEeMEeIINBAIY, TOBOJWIN 10 MeTKH. OT MOIy4eHHOrO pacTBopa oTOmpanu | mi
U 100aBIsUTH 2 MIT CIIEIMAIbHO TPUTOTOBJIEHHOTO peaktnBa Ponmmua — YokambTey
u 10 ma 20%-ro pacTBOopa nuImEeBol coabl. B ko10y 100aBsiin JUCTUILITMPOBAHHYIO
Boxy 1o 100 mui, mepemermBaiu B TeueHne 30 MuH. ONTHYECKYIO TUIOTHOCTH TOJTY-
YEHHOT'O PacTBOpa OMpEICsUIM Ha BONHE A =~ 630 HM B KIOBETE C TOJIIMHOW CIIOS
10 mm ¢ momomisio mpudopa CD 46 [12].

Omnpenenenue coaepkaHusi XJI0pohuiia, KAPOTHHOUIOB M THAPOKCUKOPUIHBIX
KHCJIOT (XJIOPOT€HOBOM KHCIIOTBI) TaK)Ke MPOBOAMIHM CIEKTPO(HOTOMETPHUYESCKH Ha
npubdope CD-46 [13]. Criocob omnpeeneHns KOIUIeCTBa XI0po(UILIa, KApOTHHOUIOB
Y TUAPOKCUKOPUYHBIX KUCIOT MPU UX COBMECTHOM NMPUCYTCTBHHU B JIMCTHSIX aMapaHTa
BKJIIOYAET TOCJIEA0BATEIFHOE SKCTParupoBaHue KaxkJod mpoOsl B TeueHue 1 u. [lpu
9TOM MPEIBAPHUTEIBHO ChIPhE M3MENbYANN 10 pa3mepa dactull 1,0 MM. DKCTpaKIuio
npoBoauwin 70%-M 3TaHOIOM C HCIIOIB30BAHUEM BOJSIHOW OaHU IMPH TeMIIepaType
100 °C B cooTHoOMIeHHH ChIphs U 3kcTpareHTa 1 : 100, ¢ mocnenyrommuM 10BeICHUEM
obvema pactBopa (pactBoputerieM) n0 100 M 1 TOCIEAYIOMUM €T0 pa3BeleHUEM
96%-M sTaHOJIOM B COOTHOIICHHH 2 : 25. 3aTeM H3MEpsIIN ONTHYECKYIO TUIOTHOCTh
pacTBopa OTHOCUTEIbHO 96%-r0 3TaHona B 00JaCTH MAaKCHUMYMOB IIOTJIOIMICHUS
328+1, 442+1 u 667+1 uM. Breruncienue cofiepKaHusi CYMMBI: THAPOKCHKOPUYHBIX
KucI0T (B mepecdere Ha XJOPOTCHOBYIO KHUCIIOTY), KApOTHHOMIOB (B mepecdere Ha
BHOJIOKCAHTHH) ¥ XJIOpOo(MIIIa B MPOIIEHTAX (B IepecyeTe Ha aOCOOTHO CYXYH0 Maccy
CBIPbsI) MPOU3BOAMIM TI0 COOTBETCTBYIOIUM (hopmysiam [14]. Criocod obecrieunBaeT
JOCTYITHOCTbB, IPOCTOTY BBIMIOJHEHUS M HEOOXOAUMYIO TOYHOCTh. ClielyeT OTMETHTH,
YTO OIpe/esICHHE COJIEPKaHNsI OMOXUMHUYECKUX COeTMHEHNH MO3BOJISET pa3paboTaTh
3¢ (deKkTuBHbIE CIOCOOBI M TEXHOJIOTUU HCIOJIb30BAaHUS aMapaHTa B MPaKTHYECKHUX
neinsix [15—16].

Pe3ynbTathl MCCNleAOBaHUA

KonmuectBenHoe omnpenenenne ButaMuHoB B2, B3, Bs(PP), Be, B¢, C u P (6mo-
(1aBOHOMIOB) M cocTaB (PCHOJIBHBIX COCIMHEHNI B CBEXKHUX JIHCThSIX aMapaHTa IpH-
BeneHsl B Tao0u. 1.

Tabanuya 1
Copep)xaHue BUTaMUHOB B 3eJIeHbIX JIMCTbSIX aMapaHTa copToB BaneHTuHa,
Kpenbiw n JoH NMNegpo
CopaepxaHve BUTaMUHOB, Mr%
CopTta

amapaHTa deHosbHbIE
c B, B, B, Bs Be COoeaVHEeHS!

BaneHtuHa 15, 67 - 1,87 0,21 0,41 2,01 17,3

Kpenbiww 8,97 0,26 1,04 0,04 0,09 0,15 24,2

[JoH Meppo 11,27 - 1,80 0,17 0,23 1,57 25,2
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Table 1
Vitamin content in green leaves of Valentina, Krepysh
and Don Pedro amaranth varieties
Vitamin content, mg%
Amaranth
varieties Phenolic
c B, B, Bs Bs Be compounds
Valentina 15.67 - 1.87 0.21 0.41 2.01 17.3
Krepysh 8.97 0.26 1.04 0.04 0.09 0.15 24.2
Don Pedro 11.27 - 1.80 0.17 0.23 1.57 25.2

OTH TaHHBIE TIOKA3BIBAIOT, YTO CBEKUE JIMCThS aMapaHTa COEp)KaT YKa3aHHbIC BUTA-
MHHBI B HEOTMHAKOBOM KOJIMYECTBE. /7151 JTydIiero moHMMaHus CPaBHUTEIILHOTO COZIeprKa-
HHSl BUTAMUHOB B PACTEHHSIX OTHOCHUTEIIFHO CPEAHECYTOUHON MOTPEOHOCTH YESIOBEKA MPH-
BEJIEM JIaHHBIE, TTOKA3bIBAIOIINE, Kakas 9acTh TAKOW MOTPEOHOCTH yJOBIETBOPSETCS I10-
TpebierneM B muiy 100 T CBeXUX JIMCTHEB amapaHTa 1o copram (tabi. 2) [16].

Tabnnya 2
JAons BUTaMUHOB, cogepXxalyascsa B 100 r 3eneHbIX IMCTbEB amapaHTa
OTHOCUTEJNIbHO CPEeAHEeCYTO4HOM NOTPEeGHOCTH YenoBeKa
CopTa amapaHTa Jons BuTamnHoB, %
p p C B, B, B. Bs Be

BaneHTtuHa 16 - 15 1 19 >100
Kpenbiw 9 10 8 0,2 4 >100

JoH Negpo 11 - 14 1 11 >100
CpenHecyTo4Has NnoTpebHOCTb 100 2,6 12,5 20,5 2,1 0,15
yenoseka, Mr

Table 2
Percentage of vitamins contained in 100 g of amaranth green leaves
in relation to the average daily human need
Amaranth Percentage of vitamins, %
variety C B, B, Bs Bs B

Valentina 16 - 15 1 19 >100
Krepysh 9 10 8 0.2 4 >100

Don Pedro 11 - 14 1 11 >100

Daily human need, 100 2.6 12.5 20.5 2.1 0.15

mg

CpaBHeHHE JaHHBIX TaOJ. 2 MOKAa3bIBAET, YTO MO OOJBIIMHCTBY BUTAMHUHOB
B 100 r 3eneHbIX TUCThEB amapaHTa coaepxkutcs npumepHo 10...20 % cyTounoit no-
TpebHocTH yenoBeka. [lo Butamuny Bs 310 okono 1 %, a no Butamuny Bc — naxe
Oonblle, yeM cpeaHecyTouyHas fo3a. CienoBaTeabHO, aMapaHThl BCEX TPEX COPTOB:
Banentuna, Kpenbim u Jlon Ilenpo — MOryT CilyXUTh ce€pbe3HBIM HCTOYHUKOM BHUTA-
MUHOB JUISl YEJIOBEKA, €CJIM UCTIOIb30BaTh B IMUIY UX CBEIKUE 3EJICHBIE JIUCTbSL.

W3 opranudeckux KHCIOT ObUIO ONpEAeNieHO CofepikaHhe B (POTOCHHTE3UPYIO-
IIUX JIACTHSX IIIaBEJIEBOM, MypaBbHHOM, I0J0YHON U YKCYCHOM KHUCIIOT, a Takxke (oc-
¢dopHOit KHCHOTBI. OpraHuyeckue KHUCIOThl JOCTATOYHO AaKTUBHO YYacCTBYIOT
B 0OMEHE BeIIeCTB M dHepreTudyeckux peakuusx [17]. OOpa3oBaHue OpraHUYECKHX
KHUCJIOT y PACTEHHM aMapaHTa CBA3aHo, B T. Y., C IPOLECCOM JbIXaHUs U TUCCUMUIALINN
yraeBooB. Caxapa ciry’KaT UICTOYHUKOM JIJISl CHHTE3a OPIraHUYECKUX KUCIIOT, KOTOPBIE
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MOJIBEPTalOTCS OKUCIUTENBHON AUCCUMUIISIIUKN U SIBJISIOTCS MPOAYKTOM HEIMOJIHOTO
okucienus caxapos [18]. OHu sIBASIOTCS MPOMEKYTOUHBIM POAyKTOM Irikiia Kpebcea,
BKJIFOYAIOTCSl B PEAKIMI0 KOHACHCAIMU alleTUIBHOIO pajuKalia u o0pa3yloT JUMOH-
HYIO KHACJIOTY. JINMOHHas KHCIIOTa 3aTEM BKIIIOYAETCS B PEAKLHUM LMKJIA JIUMOHHOMN
KHCJIOTHI, B pe3yJIbTaTe KOTOPBIX 00pa3yroTCsl BOCCTAHOBICHHBIE (OPMBI KOPEPMEH-
toB HAJI B Buzme HAJl - H u ®A]J] B Buge ®AJ] Ho, a Takske HEKOTOPOE KOJIUIECTBO
MOJIEKYJIIPHBIX 3HeproHocuteneil B Buae AT®. B peakuusx nukia JUMOHHOM KHC-
JIOTHI TIOMUMO IIaBEJIEBOM U YKCYCHOM TakKe y4acTBYyeT a0104Has kucnora. [llaBene-
BOYKCYCHAsl KHCJIOTa UTPAET BAXXHYIO POJIb B OMOCHHTE3€ acrapariHOBON KHCIIOTEHI,
KOTOpas, SIBISSCH IPOMEKYTOUHBIM PO IyKTOM uKina Kpebca, csi3piBaeT co0oii B3a-
MMOIIPEBPAILEHUS YIVIEBOAOB U AMHUHOKHCIIOT.

MypaBbHHas KUCIIOTA CIYXKHUT JTOHOPOM (DOPMUIIBHBIX TPy B 0OMEHE BEIECTB,
a TaK)Ke y4acTBYET B psijie OMOCUHTETUYECKUX PEaKIMil B OpraHu3Me.

Ouenb 00JIBILYIO POJIb B (POPMUPOBAHUU CTPYKTYPBL, COCTaBa U (PYHKIIMN OMOXUMHU-
YeCKMX U OMOOPraHNYeCKUX COeAUHEHUN urpaet oprodocdopHas kuciaora. OHa BXOAUT
B COCTaB M3HEHHO BAYKHBIX I'PYIII JIMIIMA0B, MOJEKYJIPHBIX 3HeproHocureneit ATO,
['TO, AAD, /1D, npyrux MakpoIPruIecKux coeqruHeHui 1 (HochOpHBIX 3(HUPOB.

Takum 00pa3om, opraHuyecKre KUCIOTHI: IIaBesieBasi, yKCycHas, s0J09Hast U Mypa-
BbHHAs, a Takke (PochopHast KUCIOTa — SBISIOTCA HEOOXOIMMBIMH yYaCTHUKaMHU 00-
MEHa BEILECTB B LIEJIOM U SHEPreTHYECKOro 0OMEHa )KUBOTO OPraHM3Ma B YaCTHOCTH.

[Tony4yeHHble JaHHBIE IO KOJUYECTBEHHOMY COAEPIKAHHMIO dTHUX KUCIIOT B 3€Je-
HBIX JINCThSAX aMapaHTa NpUBeeHbI B Ta0. 3.

Tabmya 3
CopeprxaHne opraHM4eckux Kucnot n ¢oceopHoit KUCNOTbI B IMCTbAX amMapaHTa
AmapanT Copep>xaHune KUCnoT, Mr/kr
LLlaBeneBas YKcycHas A6no4Hasn MypaBbuHas docohopHas
BaneHTtuHa 348,9 166,8 2476,6 476,2 8,0
Kpenbiw 1340 998,6 107,3 - 40,0
JoH MNeppo 601,3 105,7 1275,5 255,8 3,0
Table 3
Content of organic acids and phosphoric acid in amaranth leaves
Amaranth Acid content, mg/kg
variety Oxalic acid Acetic acid Malic acid Formic acid Phosphoric acid
Valentina 348.9 166.8 2476.6 476.2 8.0
Krepysh 1340 998.6 107.3 - 40.0
Don Pedro 601.3 105.7 1275.5 255.8 3.0

W3 npuBeneHHbIX AaHHBIX (Tabi. 3) BUIHO, YTO MaKCUMAIbHOE KOJIHMYECTBO MY-
PaBBUHOM KHUCIIOTHI COJIEPIKaT JIMCThS aMapanTa Banentuna, GpochopHoii, maBeaeBoi,
YKCYCHOH KHCJOT CpaBHHTEIbHO MHOro oOOHapykeHo y amapanrta Kpemnsimi,
a s16;mouHO — B MHCThX copTa [ou [eapo.

AHTHOKCHIAHTHI BBITIONHAIOT B OPraHU3Me MpOTeKTOpHY0 GyHKiuio [19]. Onn
3aIUIIAI0T OMOIOTHYEeCKHe MEMOpAaHBI, IpyTrre KIETOYHBIE CTPYKTYPHI B MOJIEKYJIbI
YKUBOT'O OPTaHM3Ma OT MEPEKUCHOTo OKUCIeHus. B pacTeHnsax o6pazyeTcst JOCTaTOYHO
MHOTO aHTHOKcHIaHTOB. Cpenu HUX 0Oosee M3y4YEHHBIMH SIBISIOTCS TOKO(MEPOIbI,
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U B yacTHOCTH, BuTaMuH E. Butamun E coBmecTHO ¢ ButamuHOoM C MpenoXpaHsOT
CYOKJIETOYHBIE U MOJICKYJSIPHBIE CTPYKTYPBI, JIMIHJIBI OT MOBPEKIAIOMIETO ACHCTBHS
CBOOOHBIX pPaIUKaIOB M aKTUBHBIX (OpPM KHCIOpoa, obecredmBasi MEIOCTHOCTh
ITUX CHCTEM.

D¢ddexTuBHOCTH TOKO(EPOTIOB B CYIIECTBEHHON MEpe OMPEEIsIeTCS UX B3aUMO-
IEUCTBHEM C APYTHMMHU aHTHOKCUIAHTAMH, HanpuMep, BuTaMuHOM C 1 (peHOITBHBIMU
coenuaenusiMu [20]. CymmapHoe cofiepikaHie aHTHOKCHIAHTOB B JINCTBSIX N3yYCHHBIX

COPTOB aMapaHTa IMPUBCICHO B Taom. 4.

Tabnnya 4

CymMmmapHoe copep)XXaHue aHTUOKCUAAHTOB, MI/T, B HaA3€MHOM YacTu amapaHTa
copTtoB BaneHtuHa, Kpenbiw, loH NMeapo B pasHbie ¢pa3bl pa3BUTUA PaCTEHUN

da3za pa3sutus Copra amapanTa
BaneHTtuHa Kpenbiww JonH Negpo
BeretatuBHas 0,82 1,62 1,32
ByTtoHnzaums 0,94 1,14 1,35
LiBeTeHne 1,32 1,84 2,35
MnopoHoweHne 1,44 1,17 1,24
Table 4

The total antioxidant content, mg/g, in amaranth shoots at different growth stages

Amaranth variety
Growth stages Valentina Krepysh Don Pedro
Vegetative phase 0,82 1,62 1,32
Flower-bud formation 0,94 1,14 1,35
Blooming 1,32 1,84 2,35
Fruiting 1,44 1,17 1,24

B KpacHOOKpaIIeHHBIX JUCThAX aMapaHTa copra BanentuHa B 00JbIIOM KOMHYE-
CTBE HAKaIUTMBAETCSI KPAaCHO-(PHOJIETOBBIM MUTMEHT amapaHTuH. OH SBJSETCS MOII-
HBIM aHTHOKCH/IAHTOM: 00€3BPEKUBAET CYTIEPOKCUIHBINA pasinKa KUCI0opoa, CBOOO -
HBIE PATUKaIIBI, XEJIATUPYET JIByXBAJICHTHBIE HOHBI MIEPEXOIHBIX METAIJIOB: XKele3a,
Mmeau u ap. [IpeaiecTBeHHUKOM aMapaHTHHA SIBIISICTCSI aMMHOKHCIIOTa THPO3UH — aH-
THUCTPECCOBBIM aHTHOKCUIAHT. AMapaHTUH OTHOCUTCS K BTOPUYHBIM COCTUHEHUSAM —
BOJIOPACTBOPHUMBIM a30TCOJEPKAIIUM MUTMEHTaM — OeTalnaHuHaM, KOTOPbIE BXOISAT
B COCTaB TpyIibl OetananHoB [21].

Kax cnemyer u3 Tabm. 5, B KpaCHOOKpAILIEHHBIX JIUCThAX COpTOB BaneHtuna
u Jlon Ilenpo HaGmonany BapbUpPOBAHUE COJEPIKAHUS KPACHOTO MUTMEHTA aMapaH-
THHA B MPOIECCE BETeTalluU pacTeHHs. MakcuMallbHOE KOJMYECTBO aMapaHTHHA 00-
pasyeTcs B TUCThsIX copTa Banentuna B (hazy Oyronmsamnmu, a y copra Jlon [lenpo —
B (hasy 1IBETCHUSI.

Tabnnua 5

CopepxxaHue 6eTauvaHUHOB, %, B NIUCTbAIX aMapaHTa cOpToB BaneHTuHa
v AoH NMepapo B pa3Hbie ¢pa3bl Beretaumm

da3sbl pa3suTKs Copra amapanta
BaneHTuHa JoH MNeapo
BereTtatnsHas 0,50 0,50
ByToHn3auus 0,69 0,49
LiBeTeHne 0,63 0,60
MnopoHoweHne 0,52 0,46
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Table 5

Betacyanin content, %, in amaranth leaves at different growth stages

Growth stages

Amaranth variety

Valentina Don Pedro
Vegetative phase 0,50 0,50
Flower-bud formation 0,69 0,49
Blooming 0,63 0,60
Fruiting 0,52 0,46

Z[aHHI:IC 10 COACPKAHUTIO XJ'IOpO(I)I/IJ'IJ'Ia, KapOTHUHOUIOB U XHOpOFeHOBOfI KHCJIOThI
B CBCKHUX JIUCThAX UCCICAOBAHHBIX COPTOB aMapaHTa IIPUBCACHLI B TabI1. 6.

Tabnmuya 6

CopepxaHue xnopodunna, KapoOTUHOUAOB U XJIOPOreHOBOW KUCNOTbI
B IMCTbSIX aMapaHTa copToB BaneHTuHa, Kpenbiw
n Oox Neppo B pa3y 6yroHnsauum

CopT amapaHTa

Xnopodwunn, %

KapoTtuHongpl, Mr%

XnoporeHosas K1cnoTa,
%

BaneHTtuHa 0,11 55,4 0,67
Kpenbiw 0,11 35,6 0,81
JoH MNeppo 0,13 59,7 1,35

Table 6

Chlorophyll, carotenoids and chlorogenic acid levels in amaranth leaves at budding stage

Amaranth variety

Chlorophyll, %

Carotenoids, mg%

Chlorogenic acid, %

Valentina 0.11 55.4 0.67
Krepysh 0.11 35.6 0.81
Don Pedro 0.13 59.7 1.35

Kax BUJHO M3 3THUX JAHHBIX, B PaACTCHUAX COACPIKUTCA NOBOJIBHO MHOI'O XJIOPO-
TeHOBOM KHCJIOTHBI, IIPH 3TOM €€ MAaKCUMAJIbHOC KOJIUYCCTBO 06Hapy>I<eH0 B JIMCTBAX

copta Jlon Ileapo.

3aknoueHme

[TpuBenenublil GU3NKO-XUMHYECKUN aHAU3 OMOXUMHYECKOTO COCTaBa JIMCTHEB
MHTPOAYLMPOBAaHHBIX COPTOB amMapaHTa B I0’KHOM Jlarectane 1mokasai, 4To 3Ta KyJlb-
Typa Oorara 1moyie3HbIMHA OMOJIOTHYECKH aKTUBHBIMHU COCTUHEHUSIMH, KOTOphIe HE00-
XOIMMBI KaK MHUIIEBOI U KOPMOBOI MaTepuall, © UMeeT OOJIbIINe NePCIEKTUBBI KaK
B JlarectaHe, Tak U B Ipyrux pernoHax Poccun, SBISACH HEHHBIM CBIPBEM JJIS CO3/1a-
HUS QYHKIIMOHATIBHBIX MIPOITYKTOB.

Bunuorpadpuyeckuii cnmcok

1. Das S. Amaranths: the crop of great prospect // Amaranthus: A Promising Crop of Future.
Singapore : Springer. 2016. P. 13—48. doi: 10.1007/978-981-10-1469-7_3

2. Repo-Carrasco-Valencia R., Hellstrom J.K., Pihlava J.M., Mattila P.H. Flavonoids and
other phenolic compounds in Andean indigenous grains: Quinoa (Chenopodium quinoa),
kaniwa (Chenopodium pallidicaule) and kiwicha (Amaranthus caudatus) // Food Chemistry.
2010. Vol. 120. Ne 1. P. 128—133. doi: 10.1016/j.foodchem.2009.09.087

192

BOTAHUKA


https://wooordhunt.ru/word/flower
https://wooordhunt.ru/word/formation
https://doi.org/10.1016/j.foodchem.2009.09.087

Magomedmirzoeva RG et al. RUDN Journal of Agronomy and Animal Industries, 2019; 14(3):185—195

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Steffensen S.K., Rinnan A., Mortensen A.G., Laursen B., Troiani R.M., Noellemeyer E.J.
u op. Variations in the polyphenol content of seeds of field grown Amaranthus genotypes //
Food Chemistry. 2011. Vol. 129. Ne 1. P. 131—138. doi: 10.1016/j.foodchem.2011.04.044
Cynmanoe FO.M.A., Macomeomupzoesa P.I'., Anumupsoesa 3.M., Pabadarnos I'.A. Vccre-
JIOBaHHE BO3MOKHOCTH MHTPOJIYKIIMK amapanTa B ycyioBusix KOxuoro Jlarecrana / Akry-
anpHBle MPOOIEMBI Pa3BUTHS OBOLIEBOJICTBA M KapTodeneBoacTBa : cO. Hay4. Tp. Perno-
HaJIbHOM Hay4HO-TIpakTHieckoi koHdpepenuuu. 2017. C. 185—188.

Tunc M.C,, I'unc B.K., Kononkoe I1.®., [Tusoéapos B.®., Pomanoea E.B., Ocoxun UE., ['unc EM.
TexHonorus BeIpalliBaHust OBOLIHOTO (JiicToBOro) amapanra. M.: PYJIH, 2017.49 c.

I'OCT 7047—755. Buramunst A, C, D, B1, B2, u PP. Ot60p mpo6, MeTobl OnpeeacHus
BUTAMHHOB W UCTIBITAHUS Ka9eCTBA BUTAMHHHBIX TIPETIapaToB.

Canoosrcnuxosa E.B., [lJopogheesa JI.C. OnpeneneHne coaepkaHus aCKOPOMHOBON KHUCIIOTHI
B OKpAIICHHBIX PAaCTHTENBHBIX AKCTpaKTax HogoMeTpuieckuM MmetonoM // KoHcepBHas
1 OBOIIECYIIHIbHAS MIPOMBIIIICHHOCT. 1966. Ne 5. C. 29—31.

Konomuey H.O. Kanunxuna I'H., Canponosa H.H. CtanpapTu3auusl JUCTHEB KpPalUBbI
nBymoMHoi // @apmanus. 2011, Ne 6. C. 22—24.

Biswas M., Dey S., Sen R. Betalains from Amaranthus tricolor L. Journal of Pharmacognosy
and Phytochemistry. 2013. Vol. 1. Ne 5. P. 87—95.

Gengatharan A., Dykes G.A., Choo W.S. Betalains: natural plant pigments with potential
application in functional foods // LWT Food Sci Technol. 2015. VVol. 64. Ne 2. P. 645—649.
doi: 10.1016/j.Iwt.2015.06.052

Haxomoe B.I1., Awun A.U., wun A.A., bacuposa B.J1., Apzamacyes A.11., Kyxec B.I'., [Llux
E.B. Cnoco6 onpeneneHus CyMMapHOi aHTHOKCHIAHTHOH aKTUBHOCTH OHMOJIOTMYECKH aK-
THUBHBIX BEUICCTB : MaTeHT Ha m3o00peTenne RUS 2238554, 2003.

Tunc M.C., I'unc B.K., Konecnuxoe M.I1., Kononkog I1.®D., Yexmapes I1.4., Kacan M.IO.
Metoarka aHamu3a (EHONBHBIX COCIMHEHUI B OBOLIHBIX KyJIbTypaxX. M.: MUH-BO celb-
ckoro xo03-Ba Poc. ®eneparmu, 2010.

Lichtenthaler H.K. Chlorophylls and carotenoids — pigments of photosynthetic biomem-
branes // Methods in enzymology. 1987. Vol. 148. P. 350—382. doi: 10.1016/0076-
6879(87)48036-1

Tpuneesa O.B., Cusxun A. U., Cagonosa E.®. OnpeneneHue rHIpOKCUKOPUIHBIX KHCIOT,
KapOTHHOMJIOB U XJIOpO(MLIA B IKCTHAX KpanuBsl Ay noMHoii (Urtica Dioica L.) // Xumus pac-
TUTENBLHOTO ChIphs. 2015. Ne 3. C. 105—110. DOI: https://doi.org/10.14258/jcprm.201503522
Boicouuna I'M. Amapant (Amaranthus L.): XuMudeckuii cOCTaB ¥ MEPCIEKTUBBI HCIIONb-
3oBanus (0030p) // Xumus pacrturenapHoro ceipbs. 2013. Ne 2. C. 5—14. doi:
10.14258/jcprm.1302005

Kenesnos A.B., Kenesnosa H.b., Bypmaxuna H.B., FOouna P.C. AmapaHT: Hay9HBIE OC-
HOBHI HHTpoAyKIn. HoBocubupcek : I'eo, 2009. 236 c.

Ocmonosckasn H.I'., Kyuaesa JL.H., Hosax B.A. Ponb opraHuuecKuX KUCIOT MPU (GOPMHUPO-
BaHMM MOHHOTO COCTaBa JIMCThEB IJTMKO(QHUTOB B OHTOreHese // DU3HONOrHs pacTEHHH.
2007. T. 54. Ne 3. C. 381—388.

Jobumos B.IO. Mexaunsm Qotoabixanusi B JUCTbsX C4-pacTeHMH M €ro peryssuus :
aBToped. auc. ... a-pa 6uoi. Hayk. [lymmuo, 1994,

Braoumupos FO.A. T'maa 1. buonornueckue MeMOpaHbI — TEPBUYHBIE HCTOYHHUKH
U MHUIICHH CBOOOTHBIX paaukaioB // VCTOYHMKM W MUIIEHH CBOOOIHBIX PaJHUKAJIOB
B KPOBH 4YeJoBeKa : MoHorpadus / mop pex. FO.A. Bnamumuposa. M., 2017. C. 5—84.
Kooenyosa B.M., Pucnux /].B. Tokodepoisr: OHoiormdeckas pojib, KPUTEPUH BUTAMHHHOMN
00ecIie9eHHOCTH, (PI3HOIIOTIYECKas OTPEOHOCTh OpraHM3Ma H PEKOMEHyeMbIe HOPMBI T10-
Tpebnerns // Borpocs! mueronoruu. 2018. T. 8. Ne 2. C. 22—31.

Slimen 1.B., Najar T., Abderrabba M. Chemical and antioxidant properties of betalains.
J Agric Food Chem. 2017. Vol. 65. Ne 4. P. 675—689. doi: 10.1021/acs.jafc.6b04208

BOTANY 193


https://doi.org/10.1016/j.foodchem.2011.04.044
https://doi.org/10.1016/j.lwt.2015.06.052
https://doi.org/10.1016/j.lwt.2015.06.052
https://doi.org/10.1016/0076-6879(87)48036-1
https://doi.org/10.1016/0076-6879(87)48036-1
https://doi.org/10.1021/acs.jafc.6b04208

Mazomeomupsoesa P.I" u op. Becrank PYJTH. Cepusi: ATPOHOMUS 1 )KMBOTHOBOJCTBO. 2019. T. 14. Ne 3. C. 185—195

10.

11.

12.

13.

14,

15.

16.

17.

194

References

Das S. Amaranths: the crop of great prospect. In: Amaranthus: A Promising Crop of Future.
Singapore: Springer; 2016. p. 13—48. doi: 10.1007/978-981-10-1469-7_3
Repo-Carrasco-Valencia R, Hellstrom JK, Pihlava JM, Mattila PH. Flavonoids and other
phenolic compounds in Andean indigenous grains: Quinoa (Chenopodium quinoa), kaniwa
(Chenopodium pallidicaule) and kiwicha (Amaranthus caudatus). Food Chemistry. 2010;
120(1):128—133. doi: 10.1016/j.foodchem.2009.09.087

Steffensen SK, Rinnan A, Mortensen AG, Laursen B, Troiani RM, Noellemeyer EJ, et al.
Variations in the polyphenol content of seeds of field grown Amaranthus genotypes. Food
Chemistry. 2011; 129(1):131—138. doi: 10.1016/j.foodchem.2011.04.044

Sultanov YMA, Magomedmirzoeva RG, Alimirzoeva ZM, Rabadanov GA. Investigation
of the possibility of introducing amaranth in conditions of Southern Dagestan. In: Actual
problems of development of vegetable growing and potato growing. 2017. p. 185—188.
(In Russ).

Gins MS, Gins VK, Kononkov PF, Pivovarov VF, Romanova EV, Osokin IE, Gins EM.
Tekhnologiya vyrashchivaniya ovoshchnogo (listovogo) amaranta [Technology for growing
vegetable (leaf) amaranth]. Moscow: RUDN Publ.; 2017. (In Russ).

State Standard 7047-55. Vitaminy A, S, D, V1, V2, i RR. Otbor prob, metody opredeleniya
vitaminov i ispytaniya kachestva [Vitamins A, C, D, B1, B2, and PP. Sampling, methods for
determining vitamins and quality tests].

Sapozhnikova EV, Dorofeeva LS. Determination of ascorbic acid content in colored plant
extracts by iodometric method. Food industry. 1966; (5):29—31. (In Russ).

Kolomiyets NE, Kalinkina GI, Sapronova NN. Standardization of stinging nettle (Urtica
dioica) leaves. Farmatsiya (Pharmacy). 2011; (6):22-24. (In Russ).

Biswas M, Dey S, Sen R. Betalains from Amaranthus tricolor L. Journal of Pharmacognosy
and Phytochemistry. 2013; 1(5):87—95.

Gengatharan A, Dykes GA, Choo WS. Betalains: natural plant pigments with potential ap-
plication in functional foods. LWT Food Sci Technol. 2015; 64(2):645—649. doi:
10.1016/j.lwt.2015.06.052

Pakhomov VP, Yashin Y1, Yashin AY, Bagirova VL, Arzamastsev AP, Kukes VG, Shikh
EV. Sposob opredeleniya summarnoi antioksidantnoi aktivnosti biologicheski aktivnykh
veshchestv [Method for determining the total antioxidant activity of biologically active sub-
stances]. Patent RUS, no. 2238554, 2004. (In Russ).

Gins MS, Gins VK, Kolesnhikov MP, Kononkov PF, Chekmarev PA, Kagan MY. Metodika
analiza fenol'nykh soedinenii v ovoshchnykh kul'turakh [Methodology for analysis of phe-
nolic compounds in vegetable crops]. Moscow: Ministry of Agriculture of the Russian Fed-
eration Publ; 2010. (In Russ).

Lichtenthaler HK. Chlorophylls and carotenoids - pigments of photosynthetic biomem-
branes. Methods in enzymology. 1987; 148:350—382. doi: 10.1016/0076-6879(87)48036-1
Trineeva OV, Slivkin Al, Safonova EF. Determination of hydroxycinnamic acids, carote-
noids and chlorophyll in the leaves of stinging nettle (Urtica Dioica L.). Khimiia rastitel’nogo
syr’ia (Chemistry of plant raw material). 2015; (3): 105-110. DOI: https://doi.org/
10.14258/jcprm.201503522 (In Russ).

Vysochina Gl. Amaranthus (Amaranthus L.): chemical composition and prospects of use
(review). Khimija rastitel'nogo syr'ja (Chemistry of plant raw material). 2013; (2):5—14.
doi: 10.14258/jcprm.1302005 (In Russ).

Zheleznov AV, Zheleznova NB, Burmakina NV, Yudina RS. Amaranth: Scientific Basis
of Introduction [Amaranth: Scientific Basis of Introduction]. Novosibirsk: Geo Publ.; 2009.
(In Russ).

Osmolovskaya NG, Kuchaeva LN, Novak VA. Role of organic acids in formation of the ionic
composition of glycophyte leaves in ontogenesis. Russian Journal of Plant Physiology. 2007;
54(3):381—388. (In Russ).

BOTAHUKA


https://doi.org/10.1016/j.foodchem.2009.09.087
https://doi.org/10.1016/j.foodchem.2011.04.044
https://doi.org/10.1016/j.lwt.2015.06.052
https://doi.org/10.1016/j.lwt.2015.06.052
https://doi.org/10.1016/0076-6879(87)48036-1

Magomedmirzoeva RG et al. RUDN Journal of Agronomy and Animal Industries, 2019; 14(3):185—195

18. Lyubimov VY. Mekhanizm fotodykhaniya v list'yakh s4-rastenii i ego regulyatsiya [Mecha-
nism of photorespiration in leaves of ¢4 plants and its regulation] [Dissertation] Pushchino;
1994. (In Russ).

19. Vladimirov YA. Biological membranes - primary sources and targets of free radicals. In:
Istochniki i misheni svobodnykh radikalov v krovi cheloveka [Sources and targets of free
radicals in human blood]. Moscow; 2017. p. 5—84. (In Russ).

20. Kodentsova VM, Risnik DV. Tocopherols: biological role, criteria for vitamin supply, phys-
iological need of the body and recommended consumption norms. Nutrition. 2018; 8(2):22—
31. (In Russ).

21. Slimen IB, Najar T, Abderrabba M. Chemical and antioxidant properties of betalains.
J Agric Food Chem. 2017; 65(4):675—689. doi: 10.1021/acs.jafc.6b04208

00 aBTOpax:

Mazomeomupsoeea Pamuoa [ycenosna — crapiivii Hay4dHBIH cOTpynHUK, DenepanbHbIil arpap-
Hbl HayuHbl UeHTp Pecnybmuku [larecran, Poccuiickas ®enepauus, 367014, r. Maxaukana,
yi. [llax6anoBa, 1. 18a, e-mail: ramida_nii@mail.ru

T'unc Mypam Cabuposuy — n0KTOp OHOJIOTHYECKHX HayK, Tpodeccop, wieH-koppecnonaenT PAH,
3aBeyromuii Jaboparopueil GU3HoIoru 1 OMOXUMHN PACTCHUH M MHTPOIyKUuH, PenepanbHbli
Hay4HBIH LIEHTp OBoOLIEeBOACTBa, Poccuiickas Denepanwms, 143072, MockoBckast o0i1., OquHIIOB-
ckuit p-u, n. BHUMCCOK, yn. Cenekuunonnas, a. 14, e-mail: anirr@bk.ru; ORCID: 0000-0001-
5995-2696; Scopus Author ID: 6603575024

Jlaoawes Mupanu Hypanuesuu — ITOKTOpP TEXHUYECKUX HayK, mpodeccop kadenpsl hpuzndeckoit
n KoJulouaHOW xumuu, Poccuiickmili rocynapcTBeHHbIH yHuBepcuTeT HedptH u rasa (HUY)
nmenn U.M. I'yokuna, Poccutickas @enepanms, 119991, Mockea, JIeHUHCKHIT TPOCIIEKT, 1. 65,
e-mail: elderismailov@mail.ru

About authors:

Magomedmirzoeva Ramida Gusenovna — Senior Researcher, Federal Agrarian Scientific Center
of the Republic of Dagestan, 18 st Shakhbanova, Makhachkala, Russian Federation, 367014;
e-mail: ramida_nii@mail.ru

Gins Murat Sabirovich — Doctor of Sciences in Biology, Professor, Corresponding Member
of the Russian Academy of Sciences, Head of the Laboratory of Plant Physiology and Biochemistry
and Introduction, Federal Scientific Center for Vegetable Production, 14 st. Selektsionnaya,
VNIISSOK village, Odintsovo urban district, Moscow Region, Russian Federation, 143072;
e-mail: anirr@bk.ru; ORCID: 0000-0001-5995-2696; Scopus Author ID: 6603575024

Dadashev Mirali Nuralievich — Doctor of Sciences in Technical Sciences, Professor, Department
of Physical and Colloid Chemistry, Gubkin Russian State University of Oil and Gas (NRU),
65 Leninskii avenue, Moscow, Russian Federation, 119991; e-mail: elderismailov@mail.ru


https://doi.org/10.1021/acs.jafc.6b04208
mailto:ramida_nii@mail.ru
mailto:anirr@bk.ru
http://www.scopus.com/inward/authorDetails.url?authorID=6603575024&partnerID=MN8TOARS
mailto:elderismailov@mail.ru
mailto:elderismailov@mail.ru

%i’ RUDN Journal of Agronomy and Animal Industries 2019; 14(3):196—208
%

Becmiuk PY[IH. Cepus: ArTPOHOMUSA U XMBOTHOBOACTBO http://agrojournal.rudn.ru

FrEHETUKA U CENNIEKUUA
GENETICS AND BREEDING

Research article

DOI 10.22363/2312-797X-2019-14-3-196-208

Detection of genes associated with qualitative
characteristics of gluten

Nagham M. Al-Azawi*!, Ziyad A. Abed?, Mohammed Al-Issawi?

tUniversity of Baghdad, Baghdad, Iraq
2University of Al-Anbar, Al-Ramadi, Iraq
*Corresponding author: naghamalazawi@yahoo.com

Abstract. The research was aimed at analyzing allelic variants of protein in wheat varieties used in
Iragi bakery and evaluating these varieties via genetic source using grain quality selection. Variety tests
were carried out at field experimental station of Russian State Agrarian University — Moscow Timirya-
zev Agricultural Academy. The analysis of wheat grain quality was made after harvesting in mid August.
Allele state of genes controlling the quality of gluten in wheat grain was determined using the PCR
method. Samples of Iragi wheat varieties 12 (soft wheat) and One (durum wheat) are characterized by
considerable variation of gluten content and quality. The five varieties whose genotype include an allelic
variant of high molecular weight glutenins Glu-D1 5+10 and subunit Glu-A1-2* (Fateh, Tamuz-3, Abigh-
reb-3, Iraq and Maxibak) were also studied. The highest gluten content was from 31.5 % in Iraq to 35.3 %
in Fateh variety, while the gluten quality was not below the second group. Five varieties — Farah, Al-
Murug, Sham-6, Tahadi and Sabirbeg — had unusual combination of the allelic state of Glu-D1 2+12
(which is usually associated with low gluten quality) with a 2* subunit for the Glu-Al locus, which de-
termines the possibility of improving gluten quality to the wheat varieties.
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Introduction

Republic of Iraq has long been known among wheat producers, since the time of
Hammurabi and its Babylonian Empire. “Mesopotamia” (the land lies between two
Rivers — the Tigris and the Euphrates) was the most productive part of the world in
terms of wheat yields. However, The Republic of Iraq was compelled to import wheat
grains from other countries in quantity of half its need (41—50 %). Over the last thirty
years, wheat grain demand in Iraq is approximately 4.6 million tons per year according
to FAO (2014). Wheat production in Iraq declined yearly compared with the other
countries. As a result, Iraq ranked 38" place among producing countries with an annual
wheat production 2.8 millon tones according to FAO (2014). Therefore, issue of find-
ing genetic originals with high productivity depends on selection of varieties by deter-
minate gluten parameter in food industry.

Protein content is one of the most significant indices of wheat grain quality.
The protein problem is directly related to the grain quality issue. The main aspects
of the protein problem are protein status and quality as the structural basis for gluten.
The most significant technological features of flour and the fact that proteins are the
primary nutrient elements of bread, bakery and pasta. Bread is foundation of human
nutrition, nutritional value of which mainly relies on flour type and raw dough struc-
ture. Content of protein, minerals, and vitamins declines with a reduction in the output
of flour in it. Baking properties of flour depend on complexes of protein-proteinase and
amylase-carbohydrate.

The protein-protein complex involves protein flour, proteolytic enzymes, as well
as proteolysis activators and inhibitors. The complex's state is the primary factor deter-
mining the flour's "strength". The quantity and quality of gluten as well as structural
and chemical characteristics of the experiment were assessed. Proteins were divided
into fractions according to their capacity to dissolve in different solvents: soluble glob-
ulins (9.4 %), water-soluble-albumins (16.2 %), alcohol-soluble-prolamin (wheat-glia-
dins) (34.2 %) and alkali-soluble-glutelins (in wheat-glutenins) (37.6 %). Number on
the fractional composition was given for baking flour of the highest grade. Albumins
and globulins play an important role in the process of plant growth [1]. DNA marking
methods are particularly important in selection of grain quality, making it possible to
speed up process of selecting genotypes with outstanding grain technological features,
which is mainly due to protein quality. Water insoluble protein fractions, so-called
spare proteins-gliadins and glutenins play the primary technological role in bakery
manufacturing during dough kneading. Glutenin is the basis, and gliadin is its gluing
origin. Analysis of the regularities of genetically determined variability of these pro-
teins is of great importance for the creation of varieties with high grain quality [2—5].

Glutenins have a significant effect on wheat's baking features as they determine
gluten elasticity, the most significant being the elevated molecular weight proteins.
Thus, the glutenin composition, in particular of the high molecular weight fraction,
determines strength of gluten, and its elasticity.

The grain endosperm texture is the most significant wheat quality feature. High
quality soft wheat has a tough grain structure with endosperm. In the 1990s protein
(friabiline) used as a softness marker was discovered to consist of puroindolines and
a family of softness proteins (GSP-1) [6]. As surface-active proteins, puroindolins

GENETICS AND BREEDING 197



Anv-Azayu HMX. u op. Bectavk PYTH. Cepust: ATPOHOMYS M X)KMBOTHOBO/ICTBO. 2019. T. 14. Ne 3. C. 196—208

interact with lipids of starch grain membranes, forming a layer between them and
grain's protein matrix, thus, protecting starch grains from destruction during grinding
[7]. Temirbekova et al. found that seed protein content of Moskovskaya 39 was high
(15.84 %) in hot and 16.60 % in dry conditions [8]. The ordinary cultivar contained
grain protein of 14.1—17.0 %, gluten content of 25.0—38.2 %. The puroindolin con-
tent in wheat seeds was 0.07—0.10 % of dry matter. It belongs to the albumin class but
is easily dissolved in water only after starch granules are released from the membranes'
long-lasting lipid-protein complex [9].

The major determinants of wheat quality are endosperm texture and protein con-
tent. Endosperm texture has a profound effect on milling, baking and end-use quality.
A varietal character, endosperm hardness, is also influenced by environment. It is con-
trolled by the hardness (Ha) locus on the short arm of 5D chromosome. Grain hardness
is mainly influenced by various physical and chemical factors like protein, virtuous-
ness, kernel size, water-soluble pentagons, moisture content and lipids [10]. SDS elec-
trophoresis separation revealed two isoforms of this protein-puroindolin a (PINA) and
puroindolin b (PINB) very close to electrophoretic mobility. The genes encoding each
of these proteins were fully linked together in chromosome 5DS [11]. PINA and PINB
gene collaboration guarantees that soft or hard endosperm texture is formed [7, 12].
Variations of PINA or PINB can modify grain hardness significantly due to tryptophan-
rich domain related to PINB (allele Pin b-D1b). The amino acid glycine is changed.

Materials and methods

12 Iraqgi varieties of soft wheat (Triticum aestivum L.) — Fateh, Almurug,
Alrasheed, Ibaa-99, Sham-6, Tamuz-3, Abighreb-3, Irag, Ibaa-95, Tahadi, Maxibak,
Sabirbeg and one durum wheat Farah were studied at field experimental station of Rus-
sian State Agrarian University — Moscow Timiryazev Agricultural Academy in
2016—2017. After harvesting wheat grain quality was analyzed in the laboratory of
grain technology in Nemchinovka Federal Research Center. Wet gluten was estimated
with a device INDEX GLUTEN GLUTOMATIC. Dry gluten was calculated by placing
wet clot in an oven at 100 °C for 24 hours.

The allelic state of Glu-D locus high-molecular gluten controlling gluten quality
in wheat grain was determined by using the PCR technique of polymerase chain reac-
tion. The presence of high-molecular gluten in locus with a combination of 5+10 or
2+12 subunits was determined using the primers: Dx5F and DxF at the Center of Mo-
lecular Biotechnology in Russian State Agrarian University — Moscow Timiryazev
Agricultural Academy.

DNA was isolated by the CTAB method as follows:

1. Place young seedlings in eppendorfs;

2. Add 200 pl CTAB, preheated to 65 °C;

3. Grind the contents with a pestle;

4. Add 250 pl 2 x CTAB and 450 ul H20;

5. Mix by turning 30 times;

6. Put in a water bath at 65 °C with a rocking chair for 80 for 1.5-2 hours with
periodic manual tube turning;

7. Cool to room temperature;
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8. Add 600 pl of chloroform-isoamyl (24:1) (to the cap);

9. Stir by turning for 30 minutes until the aqueous fraction becomes milky white;
10. Unscrew 10 minutes at 3,000 rpm;

11. Select the supernatant in a clean;

12. Unscrew 10 minutes at 3,000 rpm;

13. Transfer the aqueous fraction to a clean tube, leaving debris at the bottom;
14. Add 700 pl of isopropanol (2/3 volume);

15. Mix by turning 30 times;

16. Unscrew 15 minutes at 13,400 rpm;

17. Drain the isopropanol;

18. Add 70 % ethanol 100 pl;

19. Unscrew 10 minutes at 13,400 rpm;

20. Ethanol drain;

21. Repeat p/n. 18-20;

22. Dry;

23. Add 150 pl of water;

24. Leave overnight in the refrigerator + 4 °C.

Carrying out a polymerase chain reaction (PCR)

The presence of high molecular weight glutenin locus with a combination of 5 + 10
or 2 + 12 subunits was determined using primers: Dx5F, DxF, DxR.

The composition of the reaction mixture during PCR (final concentration of rea-
gents is given) is 25 pl:

Buffer 1x

dNTP 0.2mM
MgCl. 1.5mM
Dx_F primer 0.3 uM
Dx5_F primer 0.1 uM
Dx_R primer 0.4 uM
DNA 50—100 ng
Tag polymerase 1 unit

Program for amplification:

Initial denaturation: 95 °C, 5 min.

32 cycles: Denaturation: 95 °C, 30 sec

Primer annealing: 65 °C, 30 sec

Elongation: 72 °C, 2 min

Final elongation: 72 °C, 7 min

Storage: 4 °C

The results were detected on 2 % agarose gel in 1XTBE buffer.

The main criteria for the quantity and quality of gluten

The determination of crude gluten content in soft wheat flour was carried out
mechanized according to GOST R 52189—2003 (Russian State Standard), used in
the analysis of grain (Wheat flour. General specifications) — Quality indicators of
wheat baking flour.
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Gluten gradation (mass fraction of raw gluten from flour, %).

Variety of baking flour:

— Extra— not less than 28.0 %;

— Higher — not less than 28.0 %;

— Grit — not less than 30 %;

— The first — not less than 30 %;

— The second — not less than 25.0 %;

— Large flour (Wallpaper) — not less than 20 %.

At the same time, quality of SDS gluten should not be lower than the second group
(Classification standards used by the Central Laboratory of the State Commission for
Variety Testing of Agricultural Crops to characterize wheat varieties by baking quality).

Strong wheat:

— excellent improver — not less than 34.0 %;

— good improver — not less than 32.0 %;

— satisfactory improver — not less than 30.0 %.

Moreover, quality of gluten (SDS) 45—75 units;

Valuable wheat — not less than 27.0 %, SDS 45

Wheat Fillers:

— Good — not less than 25.0 %, SDS 35—90 units;

— Satisfactory — not less than 23.0 %, SDS 20—100 units.

Weak wheat — not less than 18.0 %, SDS 0—120 units.

Evaluation of the “strength” of flour on the basis of the swelling index (0.5 g flour
sample) was carried out by evaluating the sedimentation (ml) at a certain grinding size
(silk sieve no. 43) [12].

— Very strong — more than 60 ml;

— Strong 60—40 ml;

— Average 40—20 ml,

— Weak — less than 20 ml.

The indicator of sedimentation of flour was determined according to the meth-
odology of the laboratory of grain technology in Agricultural Research Institute of the
Central Regions of Non-Chernozem Zone.

85 units.

Results and discussion

The percentage of high-molecular glutenins is known to exert the biggest impact
on the grain's baking characteristics. We used a score of these characteristics in our
research determined by the Glu alleles [13]. Researchers have previously discovered
a correlation between the existence of certain subunits of elevated molecular weight
glutenins and strength, measured by the sedimentation of sample quantity by SDS [14].
Based on this, a score was developed for each allelic state of high molecular weight
glutenins [15].

The higher the Mark was assigned to one or another allele, the more significant
influence it had on baking qualities (Table 1). Therefore, the best quality of baking cor-
responds led to the greatest value (4 Marks — in the presence of subunits HMW 5+10).

Thus, it is feasible to assess baking characteristics of wheat variety with the assistance
of this classification by adding three alleles expressed in its genotype. However, this
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evaluation shows only the prospective characteristics of the variety, as bakery characteris-
tics are mainly dependent on setting, agrotechnology, and a number of other variables.

Table 1
Mark of baking qualities determining Glu-1 alleles [16]

Mark Chromosome, allele Mark Chromosome, allele Mark Chromosome, allele
1A 1B 1D 1A 1B 1D 1A 1B 1D

4 — — 5+10 3 — 7+8 — 1 zero — —
3 1 — — 3 — 13+16 — 1 — 7 —
3 2* — — 2 — 7+9 — 1 — 6+8 —
3 — 17+18 — 2 — — 2+12 1 — 20 —

As can be seen, the highest mark 4 corresponds to an allele that expresses the subu-
nits of 5+10. Therefore, the main protein of the marker for the baking qualities of wheat
is a pair of high-molecular glutenins -Dx-5+Dy-10 in the Glu-D1 locus, while the alter-
native combination Dx2+Dy12 is usually associated with low gluten quality [17].

The enhancement in gluten quality associated with the existence of a mixture
of elevated molecular weight glutenin 5 + 10 subunits is primarily due to the existence
in the Dx-5 subunit of an extra cysteine residue compared to the Dx-2 subunit like
Cysteine, and in comparison with other amino acids, which is contributed in the for-
mation of a greater number of disulfide bonds as well as formatted of polymers with
many branches and number of relationships. Eight of the 13 wheat variety samples had
an allelic state of GluD1 5+10. Varieties Al-Murug, Sham-6, Tahadi and Sabirbeg were
characterized by genotype 2+12.

The 5 + 10 group has a major impact on the sample kneading moment, strength
and SDS sedimentation value relative to the 2 + 12 subunit [18, 19]. Different geno-
types of wheat differentiate between 3 and 5 subunits of elevated molecular gluten.
Allelic variants GluAla and GluAlb encoding subunits 1 and 2* have a beneficial im-
pact on cooking quality (3 points), the null allele has a score of 1 point [13, 20].

The variety of samples from Irag were divided into three groups depending on the
allele state of genes influencing baking characteristic (Tables 2, 3 and 4). In particular,
the first group included varieties (Table 2), whose genotype contained an allelic variant
of elevated molecular weight glutenins 5+10-Dx-5+Dy-10 at the Glu-D1 locus, as well
as the subunit 2* at the Glu-Al locus.

Table 2

Content of glutenin in grain of wheat samples from Iraq with allelic state Glu-D1 5+10
and subunit, 2016 (First group)

Chromosome, allele
Indicators of quantity and gluten quality, harvest, 2016
Al B1 D1
Fateh 2* - 5+10
L Tamuz-3 2* — 5+10
Varieties Abighreb-3 2" — 5+10
Irag 2* — 5+10
Maxibak 2* — 5+10
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Varieties in Figure 1 (first group) are characterized by high gluten content (from
31.5 to 35.3 %) characteristic of strong wheat varieties and gluten quality in all five
varieties (according to SDS consequences) is only the second group.

160
140
120
100
80
60
40 —— . = =+
20
0
Fateh Tamuz-3 | Abighreb-3 Iraq Maxibak
GDM,units 86,5 79,3 90,6 84 90,3
Gluten content%\ dry 11,3 11 11 11,2 9,9
==4==G|uten content%\ wet 35,3 33,5 34,4 31,5 32,2

Fig. 1. Content of glutenin in grain of wheat from Iraq, 2016 (First group)

Two types of excellent fillers-two varieties Fateh and Maxibak and one variety
Abighreb-3 are categorized as precious varieties Tamuz-3 and Irag. The second group
(Table 3) includes varieties combining the variant Glu-D1 5+10 and subunit 1 at the
Glu-Al locus.

Table 3

Content of gluten in grain of wheat samples from Iraq with allelic state Glu-D1 5 + 10
and subunit Glu-A1-1 (Second group)

Chromosome, allele
Indicators of quantity and gluten quality, harvest, 2016
A1l B1 D1
Alrasheed 1 - 5+10
Varieties Ibaa-99 1 — 5+10
Ibaa-95 1 - 5+10

The qualitative feature of gluten (in accordance with SDS) in the second group
of samples is as follows: two varieties Alrasheed and Ibaa-99 are allocated to the
second group of quality varieties, while the third group is Ibaa-95 (Fig. 2). The gen-
eral assessment of the varieties of this group by the quantity and quality of gluten:
Alrasheed variety is a valuable variety; Ibaa-95 is a good filler, and the third grade of
this group Ibaa-99 has the characteristics of weak wheat variety. The third group in-
volves varieties with an alternative mixture of Dx2 + Dy-12 alleles, generally asso-
ciated with low quality gluten.
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250
200
150
100
50 /
%
O I 0, I 0,
Gluten content%\ Gluten content%\ GDM,units
wet dry
Ibaa-95 25,6 8,3 80,6
Ibaa-99 22,1 8,4 48,4
=== Alrasheed 28,6 7,6 68,4

Fig. 2. Content of glutenin in grain of wheat from Iraq, 2016 (Second group)

According to the characteristic of the allelic state of Glu-D1 2+12, two varieties are
assigned to the third group. Two varieties of this group — Tahadi and Sabirbeg — are
an example of the contrast ratio of gluten content and its quality. The content
of gluten in the second grade (Tahadi) is half that (25.5 %), but the qualitative character-
istics of gluten are classified as strong varieties, based on the screening of allelic compo-
sition of genes related to gluten quality, considering the results of the analysis of content
and quality of gluten in the grain of varietal samples from Iraq (Table 4, Figure 3).

Table 4
Content of gluten in grain of varietal wheat samples from Iraq with allelic state Glu-D12 + 12
. . . Chromosome, allele
Indicators of quantity and gluten quality, harvest, 2016
Al B1 D1

Farah 1 — 2+12

Al-Murug Segregation — 2+12

Varieties Sham 6 Segregation — 2+12

Tahadi 2* — 2+12

Sabirbeg 2* — 2+12
120
100
80
60
40
20

0 Al
Farah i Sham 6 | Tahadi |Sabirbeg
Murug
——Gluten content%\ wet 12 32 334 25,5 52
Gluten content%\ dry 2 10,6 10,9 8,7 17,2
GDM, units 35,9 91 91,9 56,1 103,4

Fig. 3. Content of glutenin in grain of Iraqi wheat 2016 (Third group)
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In our studies, using the dominant PCR marker for the allelic state of the PinaD1
gene, amplification is observed only for the wild-type allele PinaD1a identified in Sham
6 and Sabirbeg varieties. Amplification was not observed in the Nine cultivars having
over the null allele (PinaD1b) associated with hardness. The 1baa-99 sample was het-
erogeneous on the basis of soft grain/hardness (Figure 4).

— —-—“-J’x - -—.&&-

Pina Pinb

Fig. 4. Electrophoregrams of puroindolins A and in variety samples
(1 — Farah, 2 — Al-Murug, 3 — Fateh, 4 — Alrasheed, 5 — Sham 6, 6 — Ibaa-99, 7—Tamuz 3,
8 — Abighreb-3, 9 — Iraq, 10 — Ibaa-99, 11 — Tahadi, 12 — Maxibak, 13 — Sabirbeg)

In accordance with the Classification Standards used by the State Commission for
Variety Testing of Agricultural Crops' Central Laboratory for characterizing wheat vari-
eties by baking traits, the "strong" wheat category involves varieties whose gluten quality
in grain and flour in normal SDS units ranges from 45 to 75 units: Tahadi, Alrasheed,
Ibaa-99. The Saberbeg sample belongs to the third group. The remaining Iragi genotypes
are allocated to the second quality group for this indicator. The sedimentation index is an
indirect technique of evaluating the baking characteristics of flour.

It is the consequence of determining the level of flour swelling and rainfall on
a unique device in a soft acetic acid solution (2 %) and flour swelling is determined by
the milliliter size of the precipitate. The use of indirect techniques to determine the
baking characteristics of wheat is prompted by the need for quality assessment of the
source material in the early generation of selection, when the breeder has several grams
of grain obtained from one plant. For analysis by this method, 2—5 g of grain is suffi-
cient, which is ground in a micro mill.

This technique is commonly used for a preliminary evaluation of grain quality not
only in Russia, but also in other countries. The appropriate classification of soft wheat
according to sedimentation indicators has been developed: strong — 40 ml and higher;
valuable — 20—40 ml; weak — less than 30 ml. An analysis of our collection showed
that 8 variety samples can be classified as valuable wheat by sedimentation level. Stud-
ies of wheat grain quality and flour also revealed variations in raw and dry gluten con-
tent. Fateh and Abighreb-3 had the highest raw gluten content — 35.3 % and 34.4 %,
respectively. Farah variation had the smallest proportion (12 %). The same grade had
the lowest proportion (2 %) of dry gluten. GOST R 52189-2003 (Russian State Stand-
ard) was not met by the amount and quality of gluten varieties Farah and Sabirbeg.

The remaining 11 samples studied accepted the standard's particular criteria.
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Conclusions

Thus, soft wheat collection surveys showed the heterogeneity of grain and flour

quality variety samples and revealed interesting samples as sources of economically
precious selection characteristics, as well as introduction of Middle Eastern wheat in
Russia. The Varietal samples Abighreb-3, Tamuz-3, Fateh, Iraq showed elevated out-
comes in terms of a set of gluten quality indices and other economically important fea-
tures connected with the wheat gene allegiance. Short-range forms separated from the
collection samples can be used directly for short-range reproduction of wheat and,
indirectly, for lodging resistance. Marked samples may be included in the selection
method for the quality of soft wheat grain and flour.
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AHHoTanus. VccnenoBanue NOCBAIICHO aHAIM3Y aJUICNIbHBIX BAPUAHTOB OeJIKa, MOAXOSAIINX JUTs
WCIOJIb30BaHMUs B XJICOOOYJIOUHBIX HW3IEIHAX, H3TOTABIMBAEMBIX W3 COPTOB HPAKCKOH MIIEHHIIBI,
a TaKKe OLEHKE 3TUX COPTOB C MOMOIIBI0 FEHETHYECKOTO UCTOUHHKA C MCIIOIb30BAHUEM METOJMKH Ka-
YECTBEHHOTO 0TOOpa 3epHa. McnbITaHus COPTOB MPOBOIIMIINCH HA IMOJIEBOM ONBITHOW craHuuu Poccuii-
CKOTO arpapHOr0 yHHBepcHTeTa M. TUMHups3eBa. AHAJIN3 KauecTBa 3epHA IIICHUIBI POBEAEH MOCIIe
cOopa yporkasi B CepeIiHe aBrycra, C HOMOIIbIO METO/A MOJIMMEPa3HON LIEITHON PEeaKIUH ONpeIeIeHO
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aJUIeNbHOE COCTOSIHUE T€HOB, KOHTPOJIMPYIOMINX Ka4eCTBO KICHKOBUHEI 3epHa MIIeHHIbl. OObEeKTOM HC-
CJICIOBAHUS ABJSUTUCH |2 UPAKCKUX COPTOB MSTKOMW MIISHHUIBI U | COPT TBEPIOM MIICHHIIBI, XapaKTePH-
3YIOLIMECS 3HAYNTEIIBHBIME KOJIEOaHUSIMH COJEePKaHMs TIII0TEHA U €r0 KauecTBa. I1ATh COPTOB MIIEHHUIIBI
COZIepKaT B CBOEM I'€HOTHUIIC JUICIBHBII BapHaHT BBICOKOMOJEKYJAPHBIX rmoTeHnHoB Glu-D1 5 + 10
u cyowsemununbl Glu-Al-2* (Fateh, Tamuz-3, Abighreb-3, Iraq u Maxibak). Haunbombiiee coaepxanue
IJIFOTEHA B 3€pHAX 3THX copToB coctassier ot 31,5 (Iraq) mo 35,3 % (Fateh), npu sTom kauecTBO riitoTEHA
HE OITyCKaeTCsl HIKe BTOpo# rpymmbl. Y copros Farah, Al-Murug, Sham-6, Tahadi u Sabirbeg Bcrpeda-
eTCs MHTepecHass KOMOMHAIUS aJyiesbHOTo cocTosiHus reHa Glu-D1 2 + 12, 00bI19HO acCOUUPYIOLIETOCs
C HU3KUM KaueCTBOM IIIOTEHa, U cyOobeauHunei 2* g nokyca Glu-Al, koTopast HO3BOJISET TOBBICUTH
KayeCTBEHHBIE ITOKAa3aTeNH TTI0TEHA 10 YPOBHS U3Y4aeMbIX COPTOB MILIEHHUIIBL.

KawueBsble cioBa: Msarkas MIIeH1Ia, Ka4eCTBO 3€pHA, COACPIKAHNC 66.]'[1(3, COACPIKAaHNC I'NIIOTCHA,
aJuIC]Ib, IITIOTCHUHBI, XHC6OHCKapHBIC Ka4yeCcTBa
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Effect of combined use of fertilizer
and plant growth stimulating bacteria Rhizobium,
Azospirillum, Azotobacter and Pseudomonas
on the quality and components of corn forage in Iran

Yousef Naserzadeh*!, Abdorreza M. Nafchi?, Niloufar Mahmoudi?,
Davoud K. Nejad?, Anvar Sh. Gadzhikurbanov!

Peoples’ Friendship University of Russia (RUDN University),
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Abstract. Zea mays variety 704 (single cross) was studied to investigate effect of chemical fertiliz-
ers and growth-promoting bacteria on yield and yield components of corn (Zea mays). A factorial exper-
iment was conducted in a completely randomized block design with three replications at Tehran-Varamin
Research Farm (Iran) in 2017. The treatments were as follows: inoculation of the seeds with growth pro-
moters in four levels: Rhizobium, Azospirillum, Azotobacter and Pseudomonas; Rhizobium, Azospirillum
and Pseudomonas; Rhizobium, Azotobacter and Pseudomonas; Azospirillum, Azotobacter and Pseudo-
monas and use of nitrogen (N) and phosphorus (P) fertilizers at four levels: no use, 1/3, 2/3, and 100 %
recommended were applied. The results showed that the use of fertilizer was significant on the traits such
as several leaves per plant, number of seeds per row, number of seeds per ear, plant height and forage
yield at 1 % level. The results indicated that the highest forage yield of 33.78 t ha™* was obtained from
the interaction between the use of fertilizers and biological fertilizers, Rhizobium, Azospirillum, Azoto-
bacter and Pseudomonas, which was 42 % higher than control.

Key words: growth promoting bacteria, forage corn, fertilizer, Varamin Plain
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Introduction

Application of chemical fertilizers increases plant yields, however, promotes
quickly availability of nutrients to plants [1, 2]. A huge amount of mineral nutrients
accumulates the soil due to use of synthetic fertilizers and in the long run, causes envi-
ronmental hazards such as leaching, resulting in groundwater contamination [3, 4]. To
meet global demands for crops, farming systems in industrialized countries have un-
dergone profound transformations. On the one hand, high application rates of synthetic
fertilizers and manure together with the use of pesticides, irrigation, and short crop
rotations have increased yields and have helped to reduce hunger in these countries [5].
Sorghum is one of the most important crop plants whose seeds are used for feeding
poultry and its aerial parts after harvest are used for production of silage forage. Highest
absorption of nitrogen in corn occurs at the stages of male and female organ formation.
Corn requires urgent N uptake during one to two weeks before flowering, and 3-4
weeks of flowering [6, 7]. These soil bacterial species burgeoning in plant rhizosphere,
which grow in, on or around the plant stimulate plant growth by a plethora of mecha-
nisms that are collectively known as plant growth-promoting rhizobacteria (PGPR) [8].
Today, due to the untapped use of chemical fertilizers, organic matter of agricultural
land has declined in the world and soil composition has become hard and undesirable
[9, 10]. Researchers have reported that use of growth promoters, while reducing their
intake and increasing efficiency of chemical fertilizers, increases plant growth by
increasing N and P absorption [9]. In sustainable agricultural systems, the use of bio-
logical fertilizers is important in increasing product production and maintaining sus-
tainable soil fertility. Today, bio-fertilizers are considered as an alternative to chemical
fertilizers to increase soil fertility and production of products in sustainable agriculture
[11, 12]. Biological fertilizers increase the effects of organic and chemical fertilizers
on agricultural production by increasing the activity of growth-promoting bacteria [13].
Azotobacter, Azospirillum, Pseudomonas, and Rhizobium bacteria are some of the most
important plants” growth promoters. In addition to nitrogen biomass and phosphorus
solubilization, the production of significant amounts of growth-stimulating hormones,
especially auxin, gibberellin and cytokines during growth and development of plants
affects the crop [14]. Several reports on the ability to produce phytohormones by
D-isotropy PGPR bacteria, including Azotobacter bacteria [9], Azospirillum [15], as
well as Rhizobium bacteria [16]. In some cases, it has been observed that levels of ni-
trogen fertilizers inoculant plants with di-isotropy bacteria have increased growth and
development of plants, in which case there are other mechanisms other than nitrogen
fixation, including the production of regulating agents such as indoleacetic acid, the
reason for the increase in plant growth for this particular study. Many Rhizobia species
have shown the ability to produce indoleacetic acid (IAA). Increasing concentration of
IAA in rhizosphere also leads to an increase in growth and development of plant root
system. This, in turn, increases the number of radionuclides, including signals (IAA),
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and ultimately, as an expanding ring or loop, generates more amounts of indoleacetic
acid and increases growth and yield of the product [17]. The research on sunflower
plant showed that simultaneous use of Azotobacter, Azospirillum, Pseudomonas and
U.S. cadmium increased the grain yield [18]. A study [19] stated that indigenous
Rhizobium bacteria can produce the auxin hormone and that this ability is not the same
among different species of rhizobia. The most important mechanism of stimulating
plant growth by Rhizobium strains is the production of Indo-phytonutrient, which re-
sults in better root growth, followed by increased water absorption and nutrient uptake,
resulting in increased plant growth [20]. In a laboratory study, the researchers stated
that inoculation of sorghum seeds with Rhizobium bacteria did not fix the nitrogen in
the roots, but the bacterium could naturally increase growth hormones such as auxin,
cytokine and riboflavin molecules, oligosaccharides and vitamins, which increased root
development and increased adsorption of phosphorus [21]. Plant height, dry weight and
dry leaves of corn plants increased by inoculation with Azospirillum bacteria [20], fresh
weight of the aerial part of the plant, leaf number and corn plant height increased by
the inoculation of its seeds with the bacteria of the genus Pseudomonas [22]. The dry
weight of corn (biomass) was increased, with the seeds inoculated with bacteria
A. chroococcum and A. brasilense [23]. The beneficial and plant growth-enhancing
effects of PGPR are well reported and explained. PGPR inoculation has increased dif-
ferent crop yields in normal and stress conditions. From the recent literature, PGPR
inoculation increased the stress resistance and production of the crops, including to-
mato [24], lettuce [25], wheat [26]. The authors of [11] reported in a corn study that the
use of phosphorus-soluble mycorrhiza and microorganisms reduced consumption of fer-
tilizers by at least 50 %. The purpose of this study was to investigate the effect of com-
bination of chemical fertilizers and plant growth-stimulating bacteria on yield and its
components. The yield of corn fodder was recorded in Iran (Tehran, Varamin City) [11].

Materials and methods

In order to investigate the effect of chemical fertilizers and growth-enhancing bac-
teria on growth stages of corn, forage hybrids of a single cross 704 cultivar were tested
at the Tehran-Varamin Research Farm University of Varamin located in the southern
region of Tehran City in 2017, using a factorial design in the form of completely ran-
domized blocks and was replicated three times. Geographically, this training farm is
located at 51 degrees and 38 minutes north latitude and 35 degrees and 19 minutes east
longitude with a height of 920 meters above sea level. The area has warm summers and
semi-cold winters. The treatments were as follows: inoculation of the seeds with growth
promoters in four levels: B1 = Rhizobium, Azospirillum, Azotobacter and Pseudomo-
nas, B2 = Rhizobium, Azospirillum and Pseudomonas, B3 = Rhizobium, Azotobacter
and Pseudomonas, B4 = Azospirillum, Azotobacter and Pseudomonas. Use of nitrogen
and phosphorus fertilizers was at four levels: A1 = no use, A2 = 1/3 recommended,
A3 = 2/3 recommended, A4 = 100 % recommended. Before the beginning of the exper-
iment and applying the seedlings, soil samples were taken from the soil and, based on
the results of the soil test, chemical component treatments were based on 100 % ferti-
lizer recommendation of 230.4 kg N, 69 kg of P and 100 kg of potassium (K) as a pure
element, was applied per hectare (Table 1). The cultivar used in this study was a single-
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grain hybrid single-grain hybrid 704 (forage) from PueblaSeed and Plant Research In-
stitute (Iran). After creating a groove on the stack manually, non-fungicidal seeds after
inoculation with Azotobacter chroococcum (strain 5), Azospirillum lipoferum (Strain
OF) and Rhizobium leguminosarum bv. phaseoli in a value of 1 liter per 25 kg of seed
and phosphate solubilizing bacterium, Pseudomonas fluorescens (Snain P21) in a quan-
tity of 100 g per 25 kg of seed per hectare, based on experimental data of approximately
108 live and active bacteria per ml. All of these bacteria were natural and native to
Iranian soils and were isolated and purified by inoculation by the Department of Bio-
logical Research of the Iranian Institute of Soil and Water Research, in collaboration
with the Agrarian and Technological Institute of RUDN, Moscow, Russia, and inocu-
lated to corn seed (single cross) 704 cultivar.

Table 1
Some physical and chemical characteristics of the soil
Depth | Satu- | Neu- Electric pH Organic | Nitrogen | Phos- Potas- | Sand | Mud | Clay
(sm) | ration | tralizing | conductiv- carbon (%) phorus | sium (%) | (%) (%) (%)
agents | ity (ds/m) (%) (%)
(%)
0.30 | 36.5 18 2.9 7.5 0.30 0.03 8 180 30 42 28

To mix and inoculate seeds, the seed was first applied to a broad and clean plastic,
and then gradually spread the appropriate amount of the seed. The seeds were inocu-
lated by a method of stirring. The inoculated seeds were left in the shade and after
drying; they were placed at 15 cm intervals in the grooves and covered with dirt. Each
experimental plot consisted of 4 cultivars with a length of 6 m. Inter-row spacing was
65 cm and intra-row spacing was 15 cm. The traits such as several leaves per plant,
number of seeds per row, number of seeds per ear, plant height and forage yield were
evaluated. In the end, two lateral and half-lines from the beginning and the end of each
row in each plot were eliminated as marginal effects, and the sampling was performed
from two midpoints. For this purpose, in corn grain pulp (R4), 10 berets were harvested
from each plot and agronomic traits were measured. Forage harvesting was also taken
from two rows in the middle after removing the half-meter marginal effects from the
beginning and the end of each plot in one row and the forage yield was calculated.
Statistical analysis of data was done by SAS software. For comparing the means, Dun-
can's multi-domain test was used at 5 % probability level.

Results and discussion

Plant height

Based on the results of the analysis of variance, plant height was affected by the
use of chemical and biological fertilizers at 1 % level and their interaction effects were
significant at 5 % level (Table 2). The results of the main effects showed that with the
increasing use of fertilizer, the plant height also increased so that the highest plant
height with an average of 208 cm was related to the recommended level of fertilizer
and the lowest of it with an average of 185.08 cm belonged to non-fertilizer treatment.
Among the different levels of biofertilizer application, the highest plant height with
a mean of 201.25 cm was related to the treatment of Rhizobium, Azospirillum,
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Azotobacter, and Pseudomonas. The concentration of Rhizobium, Azospirillum, and
Pseudomonas was in the range of 194.87 cm (Table 3). The results of comparison
of the mean effects of interaction of traits showed that the highest plant height with
an average of 201.66 cm belonged to the fertilizer application based on the recom-
mended amount of fertilizers. Bioassay, Rhizobium, Azospirillum, Azotobacter and Pseu-
domonas, and the lowest plant height with an average of 180.50 cm, was related to non-
fertilization and biodiversity use of Rhizobium, Azospirillum and Pseudomonas (Table
4). It seems that the use of biofertilizers has a positive effect on plant growth (plant
height). Zahir and colleagues observed an increase in the height of the 704 maize plant
corn that was inoculated with Azospirillum bacteria [14]. In addition, an increase of 8.5 %
was reported in corn plant height, which seeds were inoculated with Azospirillum and
Pseudomonas [27]. In a study, Radha et al. reported an increase in the height of the corn
plant inoculated with Azospirillum lipopherom [20].

Table 2
Results of variance analysis of traits
Average of square
De- Num- Num-
grees ber of ber of
sc%:f; e(;f of Plant disatsnn;- the (l;lfusrgggg of ':gg::izer;er active Fodder
free- height ter row in or row car leaves yield
dom per P in the
ear bush
Repeti- 2 “203/0 | **5.02 | ™65/0 | ™25/2 | ™06/3607 £%9.00
tion ) 002/0 )
Chemical
fertilizer 3 **1518.26 | **46.35 | **6.70 | **244/63 | **126256.73 | **7.16 | **2580.96
(A)
Chemical
fertilizer 3 **106.14 | **29.71 | **0.97 | **38.74 "00/2070 **3.30 | **165.25
(B)
BxA 9 *4.03 **1.21 **0.71 **20.54 "80/3287 *0.02 **7.07
Error 30 1.52 0.10 0.20 5.63 2091.95 0.006 0.56
Coeffi-
cient of 0.6 5.41 3.01 4.93 6.24 3.61 1.2
variation
(%)

", *and **: respectively, are meaningless, significant at a probability level of 5 % and 1 % respectively.

These results are also consistent with Tilak et al. (1982), who observed the
increase in corn grain yield due to inoculation with E. coli and Azospirillum Brazilian
bacteria [23].

Stem diameter

The results of variance analysis of traits showed that stem diameter was affected
by chemical and biological fertilizer application as well as their interaction effects and
was statistically significant (p < 0.05). Based on the results of the comparison of the
mean of the main effects of the traits, with the increase in the use of fertilizer, the stem
diameter also increased. So that the highest stem diameter with an average of 25.20 mm
belonged to chemical fertilizer application based on 100 % and the lowest stem diameter
with an average of 21.58 mm for treatment where no fertilizer was used
(Table 3). Among the different levels of biofertilizer, the highest stem diameter with
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an average of 24.87 mm was related to the treatment of Rhizobium, Azospirillum,
Azotobacter, and Pseudomonas (Table 3).

Based on the results of the comparison table, average interaction effects were ob-
served, with the highest stem diameter with an average of 27 mm belong to chemical
fertilizer application based on the recommended dose of 2.3 % with Rhizobium, Azospi-
rillum, Azotobacter and Pseudomonas and the lowest stem diameter with a mean
of 19.83 mm for non-use of fertilizer and the use of bio-fertilizers of Rhizobium, Azospi-
rillum and Pseudomonas (Table 4).

Number of rows per ear

The results of the table of variance analysis of traits showed that the number
of rows per ear was affected by chemical fertilizer, biofertilizer, and their interaction
effect, and it was statistically significant at 1 % level (Table 2). Based on the results
of comparison of the main effects, the number of rows in the ear increased with in-
creasing the use of chemical fertilizer, so that the highest number of rows in ear with
a mean of 15.97 rows belonged to chemical fertilizer application based on 100 %, and
the lowest with a mean of 14.24 rows related to non-fertilizer treatment. Among the
different levels of biofertilizers, the highest number of rows in the ear with a mean
of 15.40 rows was related to Rhizobium, Azotobacter and Pseudomonas consumption
and the lowest number of rows in the ear with a mean of 14.77 rows related to Azospi-
rillum, Azotobacter and Pseudomonas consumption (Table 3).

Table 3
Comparison of the mean of the main effects
. Number Number
Plant Stem di- | Number of seed Number of Forage
Treatment height ameter of rows in the of seed leaves yield
(cm) (mm) per ear in the ear per (t/ha)
row
plant

Chemical Fertilizer A
Control (a1) c185.08 c21.58 14.24d c41.97 c597.24 c12.60 b47.62
1/3 Recommended b 193.25 b21.87 c15.01 b47.36 b710.35 b13.20 c51.75
dose (a2)
2/3 Recommended 2208.00 a25.04 b15.55 a51.35 a797.66 al4.17 b74.58
dose (a3)
100 % Recommended a207.54 a25.20 a15.97 a51.64 a824.88 al4.17 a75.25
dosel (a4)
Bio-Fertilizer B
B1=RZ+AS+AZ+PS a201.25 a24.87 a15.30 b47.23 a723.77 a14.00 a264.95
B2=RZ+AS+PS c194.87 b21.45 15.30 a b47.54 a730.81 c12.95 c56.91
B3=RZ+AZ+PS b197.20 c22.87 a15.40 b46.81 a723.94 b13.23 b62.79
B4=AS+AZ+PS a200.54 b24.50 b14.77 a50.47 a751.61 a13.95 a64.54

The meanings of at least one letter do not have a significant statistical difference in the Duncan multi-scope test
at the 5 % probability level.

The authors of [28] stated that Rhizobium bacteria increased root contact in soil
by increasing root length and increasing root system in cereals and eventually increas-
ing absorption of nutrients by production of hormones that increased production of
photosynthetic material in vegetative stage and its allocation to reproductive organs
resulting in an increase in number of rows in the ear. Based on the results of the com-
parison of the mean interactions effects showed that the highest number of rows per ear
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with a mean of 16.8 rows was related to chemical fertilizer application based on 100 %
recommended dose plus Rhizobium, Azospirillum and Pseudomonas, and the lowest
value was 13.88 rows belonged to the non-fertilization treatment and the use of biolog-
ical fertilizers Azospirillum, Azotobacter and Pseudomonas (Table 4).

The authors of [29] concluded that combined use of nitrogen fertilizers and inoculum
with Azotobacter, in addition to increasing soil fertility, improves yield and yield compo-
nents in plants. Increasing number of ear bean seeds by inoculation of corn seed with
Azospirillum bacteria also increased airborne dry weight of 42.6 and 67.4 % increase in
corn root weight, which seeds were inoculated with growth-enhancing bacteria [19, 30].

Number of seeds per row

Based on the results of the analysis of variance of traits, number of seeds per row
was affected by biofertilizer and biological effects as well as their interactions at the
level of 1 % (Table 2). The results of the comparison of the mean of the main effects
showed that with increase in fertilizer application, the number of seeds per row also
increased, so that the highest number of seeds per row with an average of 51.64 be-
longed to chemical fertilizer application based on 100 % recommended and the lowest
with a mean of 41.97 % of seeds belonging to the non-use of chemical fertilizers (Table
3). Among the different levels of biofertilizer use, the highest number of seeds in the
row with a mean of 50.74 % belonged to Azospirillum, Azotobacter and Pseudomonas,
and the lowest with a mean of 46.81 seeds was related to treatment with Rhizobium,
Azotobacter and Pseudomonas (Table 3).

Table 4
Comparison of mean effects of traits
Bush Stem Number Number Number of Number of Forage
Treatment height diameter of rows of seeds seeds per | active leaves yield
(cm) (mm) per ear per row ear per pant (ton.ha™')
(AxB)Bio-fertilizer xChemical fertilizer
AB, 188.00E 22.50d-e | 14.70d-g 40.70 ef 598.30 fg 13.00f f49.83
AB, f180.50 19.83 h 14.40 e-g £38.16 549.60¢g i11.96 44.66 h
AB; f182.50 21.50F 14.00 fg 42.50 de 595.00 fg 12.30 h g47.00
AB., 189.33 e 22.50d-e g13.86 46.53 b-d | 646.07 ef 13.16 e 49.00
A,B, c196.33 c23.50 15.56 cd de42.60 d-f663.10 13.76 bc 54.33d
A.B; 189.66 e 20.83g d-f14.83 50.46 ab 749.08 bc g12.60 g47.66
A.B; 193.16d 21.00 fg de15.13 45.66cd | 690.93c-e f12.93 e01.33
AB, 193.83d | e22.16 914'953 ® | apso.73 | 798:33b- 13.50 d d53.66
A;B, 2210.66 a27.00 15.46 cd a53.03 820.20 ab al14.63 ab77.33
A:B, 204.83 b 22.33d-e 15.16 de ab50.86 | 771.00a-c 13.63 cd 67.83¢c
A;B; b206.66 b24.33 ab16.33 48.93a-c | ab798.60 13.83 b b76.00
A:B, 2209.83 a26.50 15.283 de a52.56 800.83 ab 14.60 a ab77.16
A.B, 2210.00 a26.50 cd15.46 a52.60 ab813.47 14.63 a a78.33
AB, b204.50 22.83d 16.80 a ab50.66 853.60 a cd13.63 c67.50
A.B; b206.50 b206.50 a-b16.16 ab50.16 811.23 ab b13.86 b76.33
AB, 2209.16 a26.83 cd15.46 a53.13 ab821.20 a14.56 a78.33

The meanings of at least one letter do not have a significant statistical difference in the Duncan multi-scope
test at the 5 % probability level.

Based on the results of the comparison of the mean interactions effects, the high-
est number of seeds per row with an average of 53.13 seeds belonged to chemical
fertilizer application 100 % recommended dose with Azospirillum, Azotobacter and
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Pseudomonas, and the lowest number of seeds per row with an average of 38.16 seeds
related to non-use of fertilizer and consumption of Rhizobium, Azospirillum and Pseu-
domonas (Table 4). The increase of 19.8 % of grain yield due to inoculation of maize
seeds with Azotobacter, and Pseudomonas bacteria reported by [27] is consistent with
the findings of this research.

Number of seeds per ear

Based on the results of the analysis of variance of traits, number of seeds per ear
was affected by the use of fertilizer and was significant at 1 % level, but the use
of bio-fertilizer, as well as the effects of biological and chemical fertilizer, had
a significant difference in grain number ear did not show up (Table 2). The results of
the comparison of the mean of the main effects showed that with an increase in ferti-
lizer, number of seeds per ear also increased so that the highest number of seeds per
ear with a mean of 824.88 seeds belonged to the treatment. The use of chemical fer-
tilizer was based on 100 % recommended and the lowest with a mean of 597.24 seeds
belonging to non-fertilizer treatment (Table 3). Among the different levels of con-
sumption of biofertilizer also the highest the number of grains per ear with an average
of 61.751 grains belonged to Azosperillum, Azotobacter and Pseudomonas treatments
and the lowest with 77.732 grains belonged to Rhizobium, Azotobacter and Pseudo-
monas treatments (Table 3).

According to the results of comparison of mean interaction effects, it was observed
that the highest number of kernels per ear with 60.853 seed was related to 100 % rec-
ommended fertilizer treatment along with Rhizobium, Azospirillum and Pseudomonas
and the lowest with 60.549. Seeds belonged to non-fertilizer treatment and biofertilizer
application of Rhizobium, Azospirillum and Pseudomonas (Table 4). This study is con-
sistent with the results of [23], which shows that corn grain yield increased by inocula-
tion with Azotobacter chrocococcus and Azospirillum brasilense. Also, growth of dry
weight of plant in millet stage of corn seeds whose seeds were inoculated with Azospi-
rillum brasilense bacteria [28].

Number of leaves per plant

Based on the results of the analysis of variance, the number of leaves in the ear
was affected by the use of fertilizer and biofertilizers at 1 % level and the effect
of chemical and biological fertilizer interaction at the 5 % statistical level (Table 2).
Based on the results of the comparison, the average of the main effects with the increase
in the use of chemical fertilizer is the number of active leaves in plants. The highest
number of leaves per plant with an average of 14.17 leaves belonged to chemical ferti-
lizer application based on 100 % recommended and the lowest with a mean of 12.60 %
belonged to non-fertilizer treatment (Table 3). Among the application of different lev-
els of biofertilizers, the highest number of leaves per plant with an average of 14 leaves
belonged to Rhizobium, Azospirillum, Azotobacter, Pseudomonas and the lowest value
was 12/95 for Rhizobium, Azospirillum and Pseudomonas use (Table 3). Based on the
results of the comparison, the average interaction effects, the highest number of leaves
in the plant with an average of 14.63 leaves for fertilizer application based on 100 %
recommended dose with combined use of Rhizobium, Azospirillum, Azotobacter, Pseu-
domonas and the lowest number of leaves per plant with a mean of 11.96 leaves for
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non-fertilizer application (Table 4). Treatment with the bio-fertilizers increases the
fresh air mass, the number of leaves and height. The corn plants, which were inoculated
with Pseudomonas bacteria, as reported authors of [31], had an increase in the number
of leaves. The authors of the study [18] reported an increase in fresh weight, height
and number of sunflower leaves that were inoculated with Azotobacter, Azospirillum
and Pseudomonas biodiversity, which is consistent with the results of this research.

More fodder yield

The results of the analysis of variance of traits showed that fresh forage yield was
affected by the use of fertilizer; bio-fertilizer and their interactions were statistically sig-
nificant at 1 % (Table 2). Based on the results of the comparison, the average of the main
effects of traits increased with increasing fertilizer use of forage yields as well the highest
forage yield (75.25 t ha™®) belonged to chemical fertilizer application based on 100 %
recommended and minimum forage yield with mean of 64.95 t ha* was related to non-
fertilizer treatment (Table 3). Among the different levels of biofertilizers, the highest for-
age yield with a mean of 64.95 t ha* was related to the combined application of bio-
fertilizers of Rhizobium, Azospirillum, Pseudomonas and Azotobacter, and the lowest
forage yield with an average of 56.91 t ha ! Rhizobium, Azospirillum and Pseudomonas
were used for treatment of biological fertilizers (Table 3). Based on the results of
the comparison of the effects of the mean interaction, the highest forage yield with aver-
age of 78.33 t ha' was chemical fertilizer application based on 100 % recommended
diet plus biofertilizer, Rhizobium, Azospirillum, Azotobacter and Pseudomonas, and
the lowest forage yield with 44.66 t ha™* mean of non-fertilizer application and use
of biological fertilizers of Rhizobium, Azospirillum and Pseudomonas (Table 4), which
was treated with 2/3 fertilizer with 4 types of bacteria and 2/3 of chemical fertilizer along
with the Azotobacter, Azospirillum and Pseudomonas bacteria with a yield of 77.16 t ha™
was considered statistically significant. According to the mean comparison table, the use
of 2/3 fertilizer with four species of forage increased the forage yield compared to non-
fertilizer treatment, combined with Rhizobia bacteria, Azospirillum, and ascorbate 42 %.
On the other hand, with application of four types of bacteria, use of chemical fertilizers
decreased by 25 %, without reducing yields, which could be an effective step towards
sustainable agriculture. Inoculation of corn with Azotobacter bacteria increased yields.
In [18] it is also reported that inoculation with biological fertilizers increased the rate
of crop growth. They considered the increase in crop growth rate to improve the absorp-
tion of food by the plant. Positive effects of Azotobacter on wheat growth and yield have
been reported. The authors of [32] have reported the positive effects of this bacterium on
corn. Quantitative analysis is a method for justifying and interpreting plant reactions rel-
ative to different environmental conditions during its growth stage, through which the
transposition and accumulation of the products of photosynthesis in different organs can
be determined by measuring the amount of dry matter produced [32]. Besides, some re-
searchers reported an increase of 33 % in fresh weight of corn inoculated with Pseudo-
monas spp. [33]. These results are consistent with the findings of other researchers
regarding the application of biological fertilizers [34].
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Conclusions

In general, the application of livestock manure and biological fertilizers can in-

crease soil organic matter and, consequently, improve soil structure, increase cation
exchange capacity, microorganisms, activity, gas exchange, and water storage capac-
ity. The positive effects of fertilizer combinations with organic and biological fertiliz-
ers on growth previously confirmed for other crops are also true for corn. In addition,
the results of this study showed that growth-stimulating bacteria have a positive role
in absorption and stabilization of essential elements required for plant and can signif-
icantly reduce use of synthetic fertilizers, which ultimately maintains plant perfor-
mance along the lines of agriculture. Sustained when the fertilizer is completely con-
sumed, these bacteria can be a good alternative to reducing the use of chemical ferti-
lizers in the fields and improving the environment.
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AunHoTanusl. /Iy uccie10BaHus BIMSHIS XUMUYECKHX YA0OPEHUH U POCTOCTUMYIUPYIOLIHX OaK-
Tepuil Ha ypOKailHOCTh M KayecTBO 3epHa KyKypys3bl (Zea mays) copra 704 (oAMHOYHBIA Kpocc) ObLT
mpoBeJicH (GaKTOPHBIA PAHAOMH3UPOBAHHBIH OJOYHOM SKCIIEPUMEHT C Tpemst ToBTOpHOCTsIMH B 2017 T.
HUccnenoBarenbckas pepma Bapamun Haxomurcs B Terepane, Mpan. O6pab0OTKy CEMSIH CTUMYJISTOPOM
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Abstract. The use of amperometric express method made it possible to measure quickly and eval-
uate content of water- and alcohol-soluble antioxidants in extracts from Amaranthus tricolor L. plants.
Accumulation of low molecular weight antioxidants: ascorbic acid, beta-cyanine (amaranthine) and
the total content of antioxidants in various organs of Valentina amaranth seedlings were studied.
The maximum amount of low molecular weight antioxidants accumulates in leaves, compared with roots
and stems of seedlings grown in open and protected ground. In open ground conditions, amaranth leaves
and stems have 1.5-fold and 2-fold increased level of ascorbic acid than seedlings grown in protected
ground. But the total content of water-soluble antioxidants in leaves and roots of seedlings is lower com-
pared to seedlings of protected ground. Minimum amount of antioxidants was found in alcohol extracts
of stems and roots in open ground, while the total content of antioxidants in stems and roots was 1.6 fold
higher in seedlings grown in protected soil. The content of amaranthine is comparable in the studied
organs of amaranth seedlings of both cultivation variants. The data obtained allow to recommend use
of leaves and stems of amaranth seedlings grown in open and protected ground (early spring and autumn),
as a preventive antioxidant dietary product.
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AHHOTanus. Vcnonp3oBaHue aMIepoOMETPUYECKOTO 3KCIIPECC-METOJa MO3BOJIMIO ONEPATHBHO
HU3MEPUTH U OLIEHUTD COJIEPKAHUE BOIO- U CIIMPTOPACTBOPUMBIX aHTHOKCHJAHTOB B OKCTPAKTaX U3 pac-
teruid Amaranthus tricolor L. MccnenoBany HakoIUIeHHE HU3KOMOJICKYJLSIPHBIX aHTHOKCHIAHTOB: aCKOp-
OMHOBOH KHCIIOTHI, OeTalMaHNHA — aMapaHTHHA U CyMMapHOe coJiep)KaHre aHTHOKCHIAHTOB B Pa3iny-
HBIX OpraHax CesHIIEB amapaHTa copTa BanenTuHa. MakcuMaibHOE KOJMYECTBO HU3KOMOJIEKYJIIPHBIX
AQHTHOKCHJAHTOB HAKaIUTUBAETCS B JIMCTHSX, 10 CPABHEHHIO C KOPHIMU M CTEOIAMU CESHIIEB, BBIPAICH-
HBIX B OTKPBITOM M 3aIIUIEHHOM IPyHTE. B YCIIOBUSIX OTKPBITOrO IpyHTa ypOBEHb ACKOPOMHOBOH KHC-
JOTHI B JIUCTBSIX B 1,5 U B cTeONMsIX aMapaHTa B 2 pa3a BBIIE, YeM B CESHIIAX B 3alIMIICHHOM TPYHTE.
B TO BpeMs kak cyMMapHOE COJEpkKAHUE BOJOPACTBOPUMBIX aHTHOKCUJAHTOB B JIMCThSIX U KOPHAX Ce-
SHIIEB MEHbILIE 110 CPABHEHHIO C CEeSIHLAMM 3allMIIEHHOTO TPYHTA. B ciupTOBBIX 3KCTpakTax crelneit
U KOpHEH 00Hapy>KeHO MUHHMAJIbHOE KOJIMYECTBO AaHTHOKCUIAHTOB B OTKPHITOM IPYHTE, IIPU 3TOM CyM-
MapHOe COZep)KaHHe aHTHOKCUIIAHTOB B CTEOJIAX M KOPHAX B 1,6 pa3a BhIIIE Y CESHIIEB 3aIIUIIEHHOTO
rpyHra. CozepxaHue aMapaHTHHA CPAaBHUMO B MCCIICIOBAHHBIX OpraHax CEsHIIEB aMapaHTa o0OUX Ba-
pUaHTOB BblpamyBaHus. [loilyueHHbIE JaHHBbIE MO3BOJSAIOT PEKOMEHIIOBATH HCIIOJIb30BAHUE JIUCTHEB
1 cTeOlieil cesHIeB aMapaHTa, BBIPAIIEHHBIX B OTKPBITOM U 3allIMIIEHHOM IpyHTE (paHHEH BECHOI U oce-
HbBIO), B KaUeCTBE MPO(PMIAKTUIECKOT0 AaHTHOKCUAAHTHOT'O IIPOLYKTa JUETUIECKOr0 Ha3HAYEHHS.

Kmiouesbie ciioBa: cesuiel Amaranthus tricolor L., BosrbIe U CIIMPTOBBIE SKCTPAKTHI, HU3KOMOJIEKY-
JSIPHBIC AHTHOKCHJIAHTBI, aMapaHTHH, aCKOPOMHOBASI KMCJIOTA, OTKPBITHINA TPYHT, 3aIlUIIICHHBINA TPYHT
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Introduction

In hot and humid regions of the world, edible species of leafy amaranths (genus
Amaranthus) are considered to be popular vegetable crops: A. tricolor, A. blitum,
A. dubius, A. cruentus and A. Viridis [1—3]. In many countries of Africa and Southeast
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Asia, India, southern China, amaranth leafy greens are widely used for food purposes,
growing it as parsley, leaves and stems of which are used for food purposes. Young plants
of vegetable species of amaranth are used in a variety of salads, appetizers, side dishes,
soups, fillings for confectionery, drinks, pasta and even traditional medicine [4—7].

Such widespread use of vegetable amaranth as a food product is explained by
a number of reasons, including the fact that spicy aromatic plants are practically not
grown in these countries, and amaranth makes up for greens in many dishes [8, 9]. The
popularity of amaranth vegetables is due to their mild piquant taste and high nutritional
value, leaves of which are rich in gluten-free protein, vitamins, minerals, especially cal-
cium, iron, as well as biologically active substances [10]. In addition, in a number of
countries there is a shortage of animal protein, and leaves of amaranth vegetable species
contain up to 20 % of a complete protein, balanced for essential amino acids. Therefore,
population of these regions replenishes the lack of dietary protein by leaves of wild veg-
etable amaranth, growing seedlings and preparing various diets based on them [11].

Amaranth seedlings (young plants) are a commercial product in some countries.
In Indonesia, amaranth vegetables are grown on an area of 2000 hectares. In tropical
countries, amaranth is sown year-round. Due to the short development cycle of seed-
lings (7-8 weeks), they are cut for food several times a year.

Cultivation of vegetable amaranth in non-chernozem zone faces a number of prob-
lems. For example, return cold in spring months of April-May does not allow sowing
of amaranth seeds in open ground before the end of May or the beginning of June;
moisture deficiency in dry years can ruin the crop, since amaranth seedlings require
more watering, compared to adult plants. In addition, amaranth seedlings in open
ground can suffer from weeds, whose growth rate is much higher than growth of ama-
ranth seedlings, and later snails can harm young seedlings [12]. When growing ama-
ranth seedlings in a protected ground, such problems do not occur. Therefore, it is im-
portant to represent change patterns in the main morphological and biochemical param-
eters that determine productivity and nutritional and pharmacopoeial value of seedlings
grown in open and protected ground.

The aim of the work was to study morphological and biochemical parameters
of amaranth seedlings when growing them in open and protected ground for food use.

Materials and methods

The object of the study are vegetable amaranth plants (Amaranthus tricolor L.)
of Valentina cultivar originated in Russian Research Institute of Selection and Seed
Production of Vegetable Crops (Moscow Region). Cassettes with pre-moistened peat
mixture were used for sowing seeds. Sowing depth was 0.5...1 cm. After 4 weeks, the
seedlings were transplanted into soil in protected and open ground [13]. Plants were
grown on sod-podzolic soil with a heavy mechanical composition at night temperature
of 8...14 °C and day temperature 9...25 °C in open ground, and at night temperature
14...17 °C and day temperature 22...30 °C in protected ground.

Young plants aged 6-7 weeks were cut off and morphometric indicators were stud-
ied: plant height, mass of plants, leaves, stem, root, length and width of leaf blades.
In the experiment, amaranth plants of Valentina cultivar grown in protected and open
ground were compared. From each experimental plot, 15 plants were collected.
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Biochemical studies were carried out in the Laboratory of physiology and bio-
chemistry of introduction and functional products of Federal Scientific Technological
Center in 2018. Aqueous and alcoholic extracts of leaves, stems and roots of seedlings
were used in the experiments.

Extraction of crushed leaves and other plant organs was carried out with distilled
water at room temperature (water ratio 1:10), followed by centrifugation at 10,000 rpm.
Amount of amaranthine in aqueous extracts was determined spectrophotometrically
considering a molar extinction coefficient of 5.66-10*M™.cm™ and a molar weight
of 726.6 [14]. Content of reduced form of ascorbic acid (AA) was determined by iodo-
metric method based on titration of ascorbic acid in colored extracts with potassium
iodate in acidic medium in presence of potassium iodide and starch [15]. The total con-
tent of antioxidants was determined by amperometric method, the result was expressed
in gallic acid equivalents mEq.GK/g. The measurements were performed on a Tsvet-
Yauza 01-AA device in a constant current mode [16]. The samples were crushed on
a homogenizer in presence of a certain volume of extracting liquid (double-distilled
water, 96% ethanol) at 20...25 °C. Then, the homogenizer was centrifuged at 10,000 g
for 15 minutes at 4 °C. An aliquot of the supernatant was used to determine the total
antioxidant content, if necessary diluting.

The tables 1—4 show the arithmetic mean values and standard deviations.

Results and discussions

Dark-colored A. tricolor seeds of Valentina cultivar germinated with an interval
of two days. A slower increase in seedling height was observed in the stage of the first
pair of true leaves and a sharp increase in plant height with development of subsequent
leaves. Seedlings having well-developed cotyledons and first pair of true leaves were
transplanted into protected and open ground.

Analysis of morphometric parameters of plant before cutting revealed that ama-
ranth seedlings grown in sheltered soil had significantly higher morphometric indica-
tors compared to seedlings grown in open ground.

The photosynthetic productivity of aerial parts of plants was significantly higher
in seedlings in protected soil. When growing amaranth plants in protected ground at
seedling stage, a more massive main shoot (stem) with a smaller mass of leaves is
formed compared to open ground plants. Study of structure of seedlings' crop showed
that aerial mass of seedlings grown in open ground have 52 % of leaves, 35 % of stems,
while young plants in protected ground form 42 % of leaves and 44 % of stems.

Table 1
Determination of structure of Valentina seedlings grown in open and protected ground
Plant Leaf mass, g Stem mass, g Rootmass, g
T |G | percontagebyplantmass, % | Perceniage
Open 2.52 ;2?;2 25902 ?3%2
Protected | 7.90 22?;,2 434;) 114';/0
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It is interesting to note that root mass of seedlings of both variants was 13...14 %
of the aboveground mass. This suggests that photosynthetic metabolites in plants
of open ground are accumulated in large quantities in leaves, while they are distributed
almost evenly between leaves and stems in plants of protected ground.

Gluten-free protein, balanced for essential amino acids, and biologically active
substances with antioxidant activity that affect physiological functions of the human
body, effectively participating in metabolic and protective reactions comprise nutri-
tional and pharmacopoeial value of Valentina leaves (amaranth A. tricolor L.) [17].
Ascorbic acid is a necessary component for human life. Some vegetable crops accumu-
late ascorbic acid in high concentrations: bell pepper — up to 200 mg%, leafy vegetable
plants: vegetable chrysanthemum — up to 80 mg%, watercress and coriander — up to
150 mg% [18].

Table 2
Ascorbic acid in Valentina amaranth plant organs
Plant organs Ascorbic acid content, mg%
9 Protected ground Open ground
Leaves 108 167
Stems 19.8 44
Roots 25.12 22.8

Amaranth seedlings accumulate reduced ascorbic acid in all organs, but in differ-
ent amounts. The data presented in table 2 indicate that the maximum amount of ascorbic
acid accumulates in leaves of both variants, and the minimum — in stems of seedlings
of protected soil and in roots of seedlings of open ground. The data obtained indicate that
content of ascorbic acid in various plant organs depends on temperature conditions during
cultivation. It is known that plant cell reactive oxygen species are formed at low temper-
ature, where superoxide anion radical is the most dangerous. Ascorbic acid is able to
neutralize O,-. In open ground, a decrease in night temperature to 8 °C and lower for
heat-loving seedlings is a stress factor that slows down their growth and development.
Therefore, under these conditions, ascorbic acid, whose level in leaves of amaranth
grown in open ground, was 1.5 fold higher than that in leaves of plants of protected
ground, serves as protection from action of superoxide anion radicals. Compared to
leaves, 5.45-fold decreased ascorbic acid was accumulated in stems of protected seed-
lings and 3.7-fold less accumulated ascorbic acid was in stems of open ground seedlings.
An unequal amount of ascorbic acid was found in roots of young plants grown in open
and protected ground. Ascorbic acid was accumulated in large quantities in leaves and
stems of seedlings grown in open ground, which might indicate its active generation un-
der conditions of weak low-temperature stress. In addition to ascorbic acid, red-colored
pigment amaranthine with antioxidant activity comparable to that of superoxide dis-
mutase is involved in the detoxification of the superoxide anion radical [19]. Leaves and
inflorescences of amaranth seedlings of both cultivation variants contained practically
comparable amounts of amaranthine, while stems of young open-ground plants accumu-
lated 1.5 times more antioxidant than stems of seedlings of protected soil.

Table 3
Amaranthine level in organs of Valentina amaranth plants, mg per g wet weight
Sample Protected ground Open ground
Leaves 0.62+0.03 0.59+0.03
Stems 0.22+0.01 0.34%0.02
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The study of the total content of antioxidants in leaves and stems of amaranth
seedlings grown in protected and open ground revealed the maximum content of anti-
oxidants in water extracts, which was 2.5—3 fold higher than the level of antioxidants
extracted in alcohol extract.

Table 4
Water- and alcohol-soluble antioxidants in Valentina amaranth, mg.Eq.GK/g
Sample Protected Ground Open Ground
Water C,HsOH Water C,HsOH
Leaves 1.88+0.09 0.65+ 0.03 1.65+0.08 0.63+£0.03
Stems 0.80+0.04 0.38+0.02 0.90+0.05 0.23+0.01
Roots 1.15%£0.06 0.30+£0.02 0.80+0.01 0.19+0.01

Moreover, a lower content of water- and alcohol-soluble antioxidants was found
in stems of seedlings of both variants, but it was comparable with leaves.

Flavonoids have previously been shown to be contained in leaves of Valentina
amaranth [19]. It should be noted that electrochemical oxidation of low molecular
weight molecules with antioxidant activity of aqueous and alcoholic extracts can be
described using flavonoids as an example by the following reaction: flavonoid -O—H —
flavonoid ~O+e+H".

Ability of ascorbic acid, amaranthine and flavonoid molecules to oxidize on elec-
trode at a given potential indicates the ability of these molecules to capture free radicals
[21]. The high total content of water and alcohol soluble antioxidants and ascorbic acid
in the leaves of amaranth seedlings indicates a high antioxidant potential of seedlings,
which actively protects young open ground plants from low temperature stress factors.

Conclusions

Low night temperature (8...10 °C) in open ground has a positive effect on photo-
synthetic productivity, growth and development of seedlings. Moreover, their leaf mass
is characterized by the maximum amount of ascorbic acid, a comparable amount of
amaranthine and the total content of water- and alcohol-soluble antioxidants. At a lower
night temperature, more ascorbic acid and hydrophilic antioxidants are accumulated in
stems of open-ground plants compared to protected-seedlings grown at optimum tem-
perature.

In the roots of seedlings grown in open ground, less ascorbic acid and a lower con-
tent of hydrophilic and hydrophobic antioxidants were found, which suggests a more
active outflow of metabolites — antioxidants from roots to plant’s aboveground organs.

The data obtained allows to recommend use of amaranth seedlings grown in open
and protected ground as a dietary antioxidant product for preventive purposes.

BBepeHue

B sxapkux u BIaXHBIX pErHOHaX MHpa BOCTPEOOBAHHBIMU OBOIHBIMH KYJIBTY-
paMH CUMTAIOTCS JINCTOBBIC aMapaHThl poaa Amaranthus cbenoOubIXx BHIOB: A. tri-
color, A. blitum, A. dubius, A. cruentus u A. Viridis [1—3]. Bo MHorux crpaHax
Ad¢puxu u FOro-Boctounoit Asum, B Uugun u FOxunom Kutae B numry mupoko
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yHOTPEOIAIOT JUCTOBYIO 3€J€Hb aMapaHTa, BbIPALIMBAs €€ KaK NEeTPYLIKY, JIUCTbh
U cTe0JIn KOTOPOH NPUMEHSIOT Ha MHUIIEBbIe LieId. Moi1o/ible pacTeHHs OBOIIHBIX BU-
JIOB aMapaHTa HCIIONB3YIOT MPH MPUTOTOBIEHUH Pa3HOOOPa3HBIX CalaToB, 3aKyCOK,
TapHUPOB, CYNOB, HAYMHOK JJIs1 KOHAUTEPCKUX U3EIUi, HAIIUTKOB, MAaKapOHHbBIX U3-
JICTU U 1aXke HapOIHOU Menuiae [4—7].

Crousb IMPOKOE UCIIOIB30BaHUE HAI3EMHOM YacTH OBOIHOIO aMapaHTa B Kaue-
CTBE MHIIEBOTO MPOAYKTA OOBSICHIETCS PSIIOM IPUYKH, B T.4. TEM, YTO B 3THUX CTpaHAX
[IPAKTUYECKU HE BBIPALIUBAIOT MIPSHO-apOMAaTHUYECKUE PACTEHMUS, a 3€JIeHb BO MHOTUX
Osrofax BocrnosiHgeT amapanT [8, 9]. [lomynspHOCTh OBOIIHBIX aMapaHTOB O0YyCJIOB-
JICHA MX MATKUM [TUKAHTHBIM BKYCOM U BBICOKOH ITUTATEIbHOM LIEHHOCTBIO, UX JIUCThS
OTJIMYAIOTCs OOraThIM COEPIKaHHEM OE3IIIIOTEHOBOTO Oellka, BUTAMUHOB, MUHEPAJIOB,
0COOCHHO KaJIbLIMS M JKeJe3a, a Takke Ononornyecku akTUBHBIX BeecTs [ 10]. Kpome
TOTO, B LIEJIOM Psi/Ie CTPaH CYIIECTBYET Ne(UIUT )KUBOTHOTO OEJIKa, a JTUCThS OBOITHBIX
BUJIOB aMapaHTa cozaepkar 10 20 % moiHoueHHOro Oenka, cOanaHCUpOBAaHHOTO 110 He-
3aMEHUMBIM aMUHOKHUCIIOTaM. [109TOMY HaceneHue 3TuX pernoHOB NOIOJHIET HEJ0CTa-
TOK IUILEBOro OeJKa MmyTeM cOopa JIMCThEB AUKOPACTYLIMX OBOLIHBIX aMapaHTOB WU
BBIPAIMBAHKS CESHIIEB U IPUTOTOBJICHUS HA MX OCHOBE pa3HOOOpa3HbIX paunoHoB [11].

B HekoTOphIX cTpaHax cesHIbI (MOJIOJbIE PACTCHMS) aMapaHTa SIBJISIOTCS KOM-
MepuecKUM ToBapoM. B MHIoHE3MM OBOLIHON aMapaHT BBIPAINUBAIOT HA IUIOILATU
2000 ra. B Tponnueckux cTpaHax aMmapaHT BBICEBAIOT KpyIJibli rof. biaromaps kopot-
KOMY LIMKJTy Pa3BUTHUs CesiHIEB (7-8 Helelb) UX Cpe3aroT Ha IMUIIEBOE UCIIOIb30BaHUE
HECKOJIBKO Pa3 3a rofl.

BrlIpamuBanye 0OBOIIHOIO aMapaHTa B HEYEPHO3EMHOM 30HE HA BUTAMUHHYIO 3€-
JIEHb COMPSIKEHO ¢ psiioM npobseM. Hanpumep, Bo3BpaTHbIE X010/Ja B BECEHHUE Me-
CSILBI aripelib-Mail He MO3BOJISIIOT MPOBECTH CEB CEMSIH aMapaHTa B OTKPBITOM IPYHTE
paHbllle KOHIIAa Masi MM Havaja WIOHS; Ae(QUIUT BIard B 3aCyIUIMBBIE TOJBI MOXKET
MOryOUTh yposkai, MOCKOJIbKY CESHIbl amMapaHTa B OOJbLIEH CTENEHH HYKJIAKTCs
B IIOJIMBE B OTJIMYME OT B3pOCIbIX pacTeHHi. [loMuMo 3TOr0, BCXO/BI aMapaHTa B OT-
KPBITOM TPYHTE MOTYT CTpaJlaTh OT COPHOI TPaBbl, CKOPOCTh POCTa KOTOPOH HAMHOTO
IIPEBOCXOIUT POCT MPOPOCTKOB aMapaHTa, a IM03KEe MOJIOJbIE CESHLIBI MOI'YT YHUUTO-
*KuThb yIuTKH [ 12]. IIpu nopamrBaHuu paccajpl aMapaHTa B 3alllUIIEHHOM I'PYHTE Ta-
KHUX IpobseM He Bo3HMKaeT. [103ToMy Ba)KHO MPEACTaBIsATh 3aKOHOMEPHOCTH H3Me-
HEHMsI OCHOBHBIX MOP(}OJIIOrHYeCKUX U OMOXMMUYECKHX IMOKa3aTeNel, Ompeaessto-
IIMX TMPOJYKTUBHOCTb M NUTATEIbHYI0 U (DapMaKONEHHYI0 II€HHOCTh CESHLEB,
JIOpaIIMBAEMbIX B OTKPHITOM M 3aIIMIIEHHOM IPYHTE.

Lenb paboTel — nccienoBaHue MOPPOIOrHIECKUX U ONOXUMHUUYECKHX IT0Ka3aTe-
Jiell CesHIIeB amMapaHTa MpHU JOpalllMBaHUU UX PaCCaJHbIM CIIOCOOOM B OTKPBITOM
Y 3alIMIIEHHOM I'PyHTE Ha MUILEBOE UCIIOJIb30BaHUE.

MaTepManbl n metToabl

OOBEKTOM HCCIIeIOBaHUS SABISIOTCA PACTEHUsl aMapaHTa OBOLIHOrO BHaa Ama-
ranthus tricolor L., copra Banentuna cenekunu BHUU cenekimu 1 ceMeHOBOICTBA
OBOIIHBIX KyJIBTYp (MockoBckast 061acTh). J{i1st moceBa CeMsH HCIOIb30BATIH KACCETHI
C TIPEeIBApUTEILHO YBIAXHEHHON TOp(siHOM cMmechio. [ToceB mpoBoanan Ha TITyOuHY
0,5...1 cm. Ilocne nmoctmwkeHus 4-HEAETHHOTO BO3pPACTa MPOPOCTKH IEPEeCcCakuBaIN
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B [IOYBY B 3aLUIIIEHHOM U OTKPBITOM rpyHTe [ 13]. PacTeHus BeIpaliuBaiv B OTKPBITOM
IPyHTE Ha JEPHOBO-IIO30JIMCTON MOYBE C TSKEIbIM MEXaHHYECKHUM COCTABOM IIPHU
HouHOHM Temmeparype 8...14 °C u areBHoit 9...25 °C, a B 3aIIUIIIEHHOM TPYHTE MpHU
HouHOH Temneparype 14...17 °C u 22...30 °C npu qHEBHOH.

Mozozple pacTeHust B Bo3pacte 6-7 He[enb Cpe3ain U n3ydanu MophomeTpude-
CKHE MOKa3aTeNIH: BBICOTY PACTeHUH, MacCcy paCTeHHUH, TUCTHEB, CTEOIS, KOPHS, [UIUHY
U IIMPHUHY JIUCTOBOM IJIACTUHKU. B omnbITe cpaBHMBAIM pacTeHHs amapaHTa copra Ba-
JICHTUHA, BBIPALIEHHBIE B YCIOBUAX 3aIMIIEHHOTO M OTKPBITOro rpyHTa. C Kaxaoro
OTIBITHOTO y4acTKa ObLI0 coOpaHo 1o 15 pacTeHuii.

Buoxummnueckue nccrieaoBaHus IPOBOAMIIHN B JIAO0OPaTOPUH (PU3UOTIOTHH U OMOXH-
MHH HHTPOAYKIMHU U (pyHKIMOHAIBHBIX poaykToB @I'BHY ®HIIO B 2018 1. B onbITax
UCTIONIb30BAJIM BO/IHBIE M CIIUPTOBBIE AKCTPAKTHI JINCTHEB, CTEOJICH 1 KOPHEW CEsHIIEB.

OKCTpaKLUUIO U3MEJbYEHHBIX JIUCTHEB U APYTUX OPraHOB PACTEHUS IMPOBOAMIHN
JUCTUUTMPOBAHHOM BOJION MpW KOMHATHOM Temnepartype (ruapomonyns 1:10) ¢ mo-
cnenyrommM TeHTpudyrupoanueM npu 10000 o6/muH. KonmmuecTBO amapaHTHHA
B BOJHBIX 9KCTPAKTaX OMPEICIISUIN CIIEKTPOPOTOMETPUIECKAM METOOM C YIE€TOM MO-
nspHOro Koddduuuenta skctuakmun 5,66-10*M-cm? u monsproro Beca 726,6 [14].
CopepxaHre BOCCTaHOBJICHHOU (hopmbl ackopOunoBor KucioTsl (AK) ompenensu
HOJJIOMETPUYECKUM METO/I0M, OCHOBAaHHBIM Ha TUTPOBAHUHU aCKOPOMHOBOM KHCIIOTHI
B OKPAILIEHHBIX IKCTPAKTaX HOJaTOM KaJlMsl B KUCJIOW cpejie B IPUCYTCTBUU HOJUCTOTO
kanus 1 kpaxmana [15]. CymmapHoe colepkaHle aHTHUOKCHJIAHTOB ONPENEIsUId aM-
NEPOMETPUUYECKUM METOJIOM, PE3YJIbTaT BhIPAXKaJlu B HKBHUBAJEHTAX rajJIOBOM KHUC-
notel Mr-3kB. ['K/r. U3mepenus npoBoaunu Ha npudope «LIet-Sy3a 01-AA» B mocto-
SHHOM TOKOBOM pekume [16]. M3menbuenne oOpas3oB MPOBOAWIH B MPHCYTCTBUU
OINpeAeNIEHHOr0 00beMa JKCTparupyromeil KuakocTy (OMAUCTUIUIMPOBAaHHAs BOJA,
96% »>TUnOBBINA cMPT) HAa romoreHusaTope npu temmneparype 20...25 °C. Jlanee ro-
MoreHusar neHtpudyrupyercs npu 10000g 15 mun npu 4 °C. AnUKBOTY CylepHa-
TaHTa UCHOJIB30BAIM ISl ONPEENCHU CyMMapHOTO COJEp KaHUS aHTHOKCHIAHTOB,
pU HEOOXOJMMOCTH, pa30aBsis.

B 1a6s1. 1—4 npuBeaeHsl cpeiHue apupMeTUIeCKre 3HAYCHNS BEJTMUUHBI U CTaH-
JapThl OTKJIOHEHHUS.

Pe3ynbTaTtbl N 06CYyXaeHna

W3 TeMHOOKpanIeHHBIX ceMsH amapanTa, A. tricolor copra BanenTtnHa BbIcesH-
HBIX B KaCCEThI, BCXO/1bl MOSIBUIINCH C MHTEPBAJIOM B Boe cyTok. Habmonanu 3amen-
JICHHBIH IIPUPOCT BBICOTHI IPOPOCTKA B CTAJUM Pa3BUTHA IIEPBOU Mapbl HACTOSILUX
JUCTBEB U PE3KOE YBEIMYECHHUE BBICOTHI PACTEHHUS C Pa3BUTHEM IOCIECAYIOLIMX JIU-
cTheB. 1Ipy nosydeHnn Xopouio pa3BUTHIX CEMANOIbHBIX U IIEPBOM Mapbl HACTOSILUX
JUCTBEB paccaay EepeCcakuBajy B 3alULICHHBIA U OTKPBITBIN TPYHT.

Ananu3 MoOppOoMETpHUECKUX TTOKa3aTeNel pacTeHHs epe CPE3KOi BBIIBIII, YTO
CEesHIIbl aMapaHTa, BBIPALICHHBIE B 3AIMUIICHHOM I'PYHTE, OTINYAIUCH CYIIECTBEHHO
6osiee BBICOKUMH MOP(POMETPUUECKUMH TOKA3aTEeNIIMU IO CPAaBHEHHUIO C CESTHIIAMHU,
BBIPAILICHHBIMHU B OTKPBITOM TPYHTE.

doTocuHTETHYECKAs TPOTYKTUBHOCTh HA/JI3EMHOM MacChl PacTeHW ObLTa CyIie-
CTBEHHO BBIIIIE Y CESHLEB 3allUIIEHHOrO rpyHTa. [Ipy BeIpalBaHuy pacCTeHUI aMapaHTa
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B 3aKPBITOM TPYHTE Ha CTaJMU CesSHIIEB (OpMUpYyeETCs 00Jiee MaCCUBHBIN TNIaBHBIN MOOeT
(cTebernp) ¢ MEHBIIIEH MacCOl TUCTHEB M0 CPABHEHHUIO C PACTEHUSMH OTKPBITOTO TPYHTA.
W3ydenne cTpyKTypbl yporKasi CESHIIEB TI0Ka3allo, 4TO HaJ3eMHasi Macca CEesHIIEB, BBIpa-
IIEHHBIX B OTKPBITOM TPYyHTE, Ha 52 % COCTOMT U3 JIHCTHEB, HA 35 % — U3 credneit ot
o011elt Macchl pacTeHHs1, B TO BpeMs KaK B 3al[MIICHHOM TPYHTE Y MOJOJBIX PAaCTCHHUIM

dopmupyercst mucteeB — 42 % u crebuieit 44 % ot obreit maccsl pacteHus (Tad. 1).

Tabnmua 1

OnpepeneHune CTPYKTYpbl CesHLEB amapaHTa copta BaneHTtuHa,
BblpaLLeHHbIX B OTKPbITOM U 3aL4ULLLEHHOM FPYyHTE

Macca pactenus,

Macca nucTbeB, r

Macca ctebnei, r

Macca kopHen, r

TPyt r Hons oT Macchbl [ons oT macchbl Jons oT macchbl
pacTtenus, % pacTteHus, % pacTtenus, %
OTKpbITbIN 2,52 1,30 0,90 0,32
52 % 35 % 13 %
3alULLEHHbIN 7,96 3,36 3,5 1,1
42 % 44 % 14 %

HHTEpEeCHO OTMETUTh, YTO Macca KOpPHEH y cesHIeB 000MX BapHaHTOB COCTaB-
msina 13...14 % ot Hax3eMHON Macchl. DTO MO3BOJISIET MPEIOI0XKUTh, YTO (POTOCHH-
TETHYECKUE META0OIUTHI B PACTEHUSIX OTKPBITOIO TPYHTA HAKATUTUBAIOTCS B OOJIbIIEM
KOJINYECTBE B JIMCTBSX, TOT/Ia KaK B PACTECHMAX 3AIIUIICHHOTO IPyHTa pachpeneis-
FOTCSI PAKTUYECKH PABHOMEPHO MEKAY JIMCThSIMU U CTEOISIMH.

[MumeByro U GpapMakonelHyr IEHHOCTD JHCTheB amapanTa A. tricolor L. copra
Banentuna cocTaBisieT He TOJIBKO OE3IIIIOTEHOBBIN O€I0K, cOalaHCUPOBAHHBIH 110 He-
3aMEHUMbIM aMHHOKHCIIOTAM, HO ¥ OMOJIOTHYECKH aKTHBHbIE BEIIECTBA C AaHTHOKCHU-
JAHTHOW aKTUBHOCTBIO, KOTOPbIE BO3/ICHCTBYIOT Ha (PU3MOIOTUYECKHE (PYHKIIUH Opra-
HU3Ma YeloBeKa, Y(Q(HEKTUBHO yyacTBYS B METa0OIMYECKHX M 3AIIUTHBIX PEAKIIUAX
[17]. Y3 acceHIMaNbHBIX HYTPUEHTOB HEOOXOAUMBIM KOMIIOHEHTOM JKU3HEICATEIbHO-
CTH YeJIOBEKa SIBISICTCS aCKOPOMHOBAs KHUCIOTA. V3 OBOIIHBIX KyJIbTYp OOJrapCcKuii
nepel; HaKarmiuBaeT aCKOPOMHOBYIO KUCIIOTY B BBICOKOM KOHIEHTpauu 10 200 Mr%,
a TaK)Ke JINCTOBBIC OBOIIHBIC PACTEHHS: XpUu3aHTeMa oBolHas 10 80 mMr%, a BOIsSHON
Kkpecc 1 kopuauap a0 150 mr% [18].

Tabnmuya 2

CopepixaHmne ackopOMHOBOI KUCJIOThI B OpraHax pacTeHuUs amapaHT copta BaneHTuHa,
BblpaLLleHHbIX B YCJIOBUSIX 3aLLMLLLIEHHOI O U OTKPbITOro rpyHTa

OpraHbl pacTeHus Copep>xaHne ackopOUHOBOM KUCOTbI

3alMLLEHHbIV TPYHT OTKPbITLIA FPYHT
Jlnctba 108 167
C1ebnn 19,8 44
KopHu 25,12 22,8

CesHLIBI aMapaHTa aKKyMYJIHPYIOT BOCCTaHOBJIEHHYIO aCKOPOMHOBYIO KHUCJIOTY
BO BCEX OpraHax, OJHaKO B HEOJMHAKOBOM KoyindyecTBe. [laHHblE, MpPUBEICHHbIC
B Ta0i. 2, yKa3bpIBalOT, YTO MAaKCHUMAJIbHOE KOJUYECTBO ACKOPOMHOBOW KHCIIOTHI
HAKaIJIMBACTCS B JIMCThSIX OOOMX BAPHUAHTOB, & MUHUMAIIEHOE — B CTEOJISIX CESHIICB
3aIUIIEHHOIO TPYHTA U B KOPHSX CESIHLEB OTKPBITOro rpyHTa. IloaydyeHHble 1aHHbIE
YKa3bIBaIOT, YTO COZAEp)KaHHE acCKOPOMHOBOM KHCIOTHI B Pa3lIWYHBIX OpraHax pacre-
HUS 3aBHCHUT OT TEMIIEPATYPHBIX YCIOBUH BhIpaliuBaHus. M3BeCTHO, UTO NPU HU3KOMN
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HOJI0XKUTEIBHON TeMIIepaType B paCTUTENILHON KJIeTKEe 00pa3yroTCsl aKTUBHBIE (DOPMBI
KHCJIOPOJia, M3 KOTOPBIX HAMOOIBIIYI0 OMACHOCTH IMPEACTABISET CYNEePOKCHIHBIN
aHWOH-paguKaa. ACKOpOMHOBAs KHCIIOTa CriocoOHa 0o0e3BpexknuBath O2". B oTkphITOM
IpYHTE CHI)KEHHE HOYHOM Temriepatypsl 10 8 °C 1 HKe JJIs TeIUIONIOOMBBIX CESTHIIEB
SBIISIETCS CTpecCc-(PaKTOPOM, 3aMeUISIOIIIM UX POCT U pa3BuTHe. B 3THX ycinoBusx 3a-
IIATON OT JIEHCTBUS CYNEPOKCHIHBIX aHHOH-PAINKAJIIOB CIIy>KUT aCKOpPOMHOBAs KHC-
JI0Ta, ypOBEHb KOTOPOU B JINCTHSIX aMapaHTa, BEIPALIEHHOTO B OTKPBITOM I'PYHTE, B 1,5
pa3a MpeBbILIaeT TAKOBOM B JIUCThSIX PACTEHUH 3alllMIIEHHOr0 TpyHTa. B cTebmsx ce-
SHIEB 3aIUIICHHOrO IPyHTa aKKyMYJIHPYETCs MEHblIEe aCKOPOMHOBOM KHCIIOTHI 110
CPaBHEHHUIO C JIUCThAMHU B 5,45 paza, a B CTEOAX CESIHIIEB OTKPHITOrO rpyHTa HaKar-
JMBAETCs] ACKOPOMHOBOM KUCIIOTHI B 3,7 pa3a MeHbIIIe, ueM B JIMCThAX. HeonnnakoBoe
KOJINYECTBO aCKOPOMHOBOI KUCIOTHI OOHAPYKEHO B KOPHSAX MOJIOJIBIX PACTEHHI, BbI-
pallleHHBIX B OTKPBITOM U 3aIIUIIEHHOM I'PYHTE. ACKOpPOMHOBAS KHCIOTa HaKaIUIMBa-
eTcsl B OOJIbIIIEM KOJTMUECTBE B JIUCTHSIX U CTEOJISIX CESHIIEB, BHIPALICHHBIX B OTKPBITOM
TPYHTE, YTO MOKET YKa3bIBaTh HA €€ aKTUBHYIO I'€HEPALIMIO B YCIOBUAX cIa00ro HU3-
KOTeMIIepaTypHOro ctpecca. [lomrnMo ackopOMHOBOM KUCIIOTHI B 00€3BPEKUBAHHH CY-
IIEPOKCUHOIO aHMOHA-PaJUKala y4aCTBYeT KPACHOOKPAILICHHBIN NMUIMEHT amMapaH-
TUH C aHTHOKCHJAHTHON aKTUBHOCTBIO, CPABHUMOM C aKTUBHOCTBIO CYIIEPOKCH] JIUC-
myTa3sl [19]. Jluctes ¥ couBeTHS CEsHIIEB aMapaHTOB O0OOMX BapHUaHTOB
BBIPALIMBAaHMs COJAEPKAT NPAKTHYECKU CPABHUMBIE KOJIMYECTBA aMapaHTUHA, B TO
BpeMsl KaK CTe€OJIM MOJIOJBIX PACTEHMH OTKPBITOTO I'PyHTa HaKaljuBawooT B 1,5 pasa
00JIbI1I€ AaHTHOKCHIAHTA, YEM CTEOJIN CESIHIIEB 3allUIIIEHHOTO IPYHTA.

Tabnuua 3

OnpeaeneHne amapaHTMHa B pa3/IMYHbIX OpraHax pacTeHuil amapaHTa
A. tricolor L. copTa BaneHTuHa, Mr Ha r cbip. Macchbl

Ob6pagzel, B 3almLeHHOM rpyHTe B OTKPBLITOM rpyHTE
JncTea 0,62+ 0,03 0,59+0,03
Ctebnn 0,22+0,01 0,34+0,02

N3yuenne cyMMapHOTo COAEp)KaHUsI aHTHOKCUIAHTOB B JIUCThSAX U CTEOIAX ce-
SAHIEB aMapaHTa, BbIPAICHHBIX B 3allIMIIICHHOM 1 OTKPLITOM I'PYHTE, BBISIBUJIO MAKCH-
MaJIbHOE COJIEP’KaHNe aHTUOKCHUJIAHTOB B BOAHBIX 3KCTPAKTaX, KOTOpoe B 2,5...3 pa3za
NPEBBIIIANIO0 YPOBEHb aHTUOKCHIAHTOB, SKCTPAarMPOBAHHBIX B CIIUPTOBOM IKCTPAKTE.

Tabnuua 4
OnpepeneHne CyMMbl BOAO- U CTMPTOPACTBOPUMbIX aHTUOKCUAAHTOB
B Pa3/IM4HbIX OpraHax pacTeHuin amapadrT A. tricolor L. copta BaneHTuHa,
BblpaLLLeHHbIX B 3aLULLLEHHOM U OTKPbITOM rpyHTe, Mr. 3kB. NK/r
B 3alumLLEHHOM rpyHTE B OTKPbLITOM rpyHTE

O6pasen Bopa C;HsOH Boga C,HsOH
JnucTba 1,88+ 0,09 0,65+ 0,03 1,65+ 0,08 0,63+ 0,03
C1ebnn 0,80+ 0,04 0,38+ 0,02 0,90+ 0,05 0,23+ 0,01

KopHwu 1,15+ 0,06 0,30+ 0,02 0,80+0,01 0,19+0,01

ITpu 5TOM MeHblIIee CoAepKaHue BOJIO- U CIIUPTOPACTBOPUMBIX AHTHOKCHIAHTOB
00Hapy>KEHO B CTEOIAX CEesTHIIEB 000MX BAPUAHTOB, HO CPABHUMO C JINCTHSIMH.

Panee MBI OKa3aiy, 4TO B IMCThSIX aMapaHTa copta Banentnna congepxarcs ¢uia-
BOHOHBI. ClleTyeT OTMEHUTB, YTO FIEKTPOXUMHIECKOE OKHUCICHUE HU3KOMOJICKYJISP-
HBIX MOJIEKYJI C aHTHOKCHAAHTHOH aKTHBHOCTBIO BOJHBIX M CIIMPTOBBIX AKCTPAKTOB
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MOJKET OBITh OMUCAHO Ha MpuMepe (PIaBOHOUAOB CIEAYIOUIeH peakuuen: GpraBoHOUA
~O-H — ¢daasonoux —O+e+H" [20].

CrocoOHOCTh MOJIEKYJT acKOPOWHOBOW KHCIJIOTHI, aMapaHTHHA, (IaBOHOMIOB
OKHCIISITHCS HA AJIEKTPOJIE MPU 3aJaHHOM HOTEHIIMANIE CBUAETENBCTBYET O CIIOCOOHO-
CTH JAaHHBIX MOJICKYJ yJIaBIUBaTh CBOOOIHBIC pamukaibl [21]. Beicokoe cymmapHoe
coJiepKaHue BOJO- M CHUPTOPACTBOPUMBIX aHTHOKCHIAHTOB U aCKOPOMHOBOW KHC-
JIOTHI B JIUCTBSAX CESHIIEB aMapaHTa YKa3bIBa€T HAa BBICOKUI aHTHOKCHIAHTHBIN TIOTEH-
ouaja CCIHIICB, KOTOpBIfI AKTUBHO 3alIMIIACT MOJIOABIC PACTCHHA OTKPBITOI'O I'PyHTA OT
HU3KOTEMIIEPAaTypHOI'0 cTpecc-paKTopa.

BbiBOp,

Huskas Hounast remnepatypa (8...10 °C) B OTKPBITOM IPYHTE MOJIOKUTEIHHO CKa-
3bIBa€TCs Ha (POTOCUHTETHUECKOM MPOAYKTUBHOCTH, POCTE U Pa3BUTUH cesHLEB. [Ipu
3TOM HUX JIUCTOBAas Macca OTJIMYAETCS MAKCHUMAJIbHBIM KOJIMYECTBOM acKOpPOMHOBOM
KHCJIOTBI, CPAaBHUMBIM KOJIMYECTBOM aMapaHTHHA U CYMMapHbBIM COZEp>KaHUEM BOJIO-
U CIMPTOPACTBOPUMBIX AHTHOKCUAAHTOB. IIpyn NOHM>XEHHON HOYHOH TeMIeparype
B cTeOJIAX pacCTeHUH OTKPBITOrO I'PyHTa HaKallIMBaeTcs OOJblIe aCKOPOMHOBOM KHC-
JOTHI U TUAPOGUIBHBIX AHTHOKCUJAHTOB IO CPABHEHHUIO C CESHI[AMU 3alHIIEHHOIO
IPYHTA, BBIPAIIEHHBIMU [IPU ONITUMAIILHOM TeMIEpaType.

B KOpHSX cesiHLIeB, BHIPAILIEHHBIX B OTKPBITOM IPYHTE, OOHApYKEHO MEHbILIee KO-
JIMYECTBO AaCKOPOMHOBOM KHCIIOTHI M 0Oosiee HU3KOE COjAep)KaHHe THIPO(QMIBHBIX
U TUAPOGOOHBIX AHTHOKCHUIAHTOB, YTO IMO3BOJISET MPEAINONOXKUTh O0Jiee aKTHUBHBIH
OTTOK MeTa0OJIMTOB — aHTUOKCUJJAHTOB U3 KOPHEH B Ha/13€MHbIE OPTaHbl PACTCHUSI.

[Tony4yeHHble JaHHBIE MTO3BOJISIOT PEKOMEHI0BATh UCIOJIb30BAHUE CESHIIEB aMa-
paHTa, BBIPAILICHHBIX B OTKPHITOM M 3AIIUIIIEHHOM I'PYHTE, B KAUECTBE JUETUYECKOTO
aHTUOKCHJIAHTHOI'O MIPOAYKTA MPO(MUIAKTUIECKOTO HA3HAUEHUS.
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Abstract. Elevated trace metal concentrations, in particular, lead (Pb), are prevalent in urban soils
and it is one of the main hurdles for urban agriculture. The growing popularity of gardening in urban areas
could also mean increased public health risk. In this study, the spatial distribution of Pb in New York City
gardens was analyzed and visualized by Geographic Information System (GIS) tools. Pollution level and
ecological risks of gardens and overall New York City (NYC) were evaluated with different indices. The
degree of the contamination factors was ranked as follows: Pb >Cu > Zn > Cr>As>Ni>Cd. The single
ecological risk index and potential ecological index indicated that Pb had moderate to significantly high
risk to the local garden ecosystems. Based on the pollution load index, soil quality of the majority of NYC
gardens were characterized as polluted. Geostatistical, geoprocessing, and spatial tools were used to cre-
ate color-coded maps to support decision making related to gardening and to estimate potential human
health risks from gardening, living, or working in/or near these gardens. These findings have important
implications for the development of pollution prevention and mitigation strategies to reduce public health
risk from garden soil trace metal contamination.
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Introduction

Soil contamination in urban environments has only started to receive attention
over the past few decades, while water and air pollution have been widely recognized
and federal and state legislation were developed in the US since the early part
of 20" century [1]. Significant health risks to urban residents and particularly to gar-
deners can come from interaction with contaminated soil and consumion of garden pro-
duce. Urban gardening has increased significantly in recent years; therefore, the inher-
ent risks of gardening in contaminated soil has become an important issue of public
health as more urban residents become affected by soil contamination.

Urban soil is a sink for anthropogenic Pb and other contaminants. Trace metals
are among the most recalcitrant and lasting contaminants in cities, posing major health
concerns [2]. In urban gardening, principal contaminant exposure pathways to human
body consist of ingestion and inhalation of soil particles (including those lodged in
vegetables through splash and local re-deposition), as well as ingestion of trace metal-
contaminated vegetables [3—?5]. Lead is a known neurotoxin affecting nearly all bodily
systems [1, 6, 7]. Common health consequences for children are behavioral or learning
issues, decreased 1Q, hyperactivity, delayed growth, hearing problems, anemia, and in
rare cases, Pb exposure can lead to seizures, coma, or death [8, 9].

Soil trace metal contamination is mainly the result of historical deposition from
past land use and proximity to polluting sources, such as power plants, incinerators, old
houses, and vehicular traffic [10, 11], as well as geogenic sources [12,13]. According
to an EPA report (14), three main sources responsible for the elevated soil-lead levels
have been identified: (1) lead-based paint; (2) point source emitters; and (3) leaded
gasoline emissions. Many studies cite more than one source as commonly responsible
for elevated soil-lead levels at a given location.

Starting in 1973, the U.S. federal government initiated a gradual phase-out of Pb
in gasoline, and by 1996, banned the sale completely [15]. However, gardens near busy
streets may have accumulated higher levels of Pb in the topsoil. Today, Pb is still emit-
ted from some manufacturing sites such as metal smelting, battery manufacturing, and
other factories that use Pb in industrial processes. Although the Toxic Substances Con-
trol Act (TSCA) banned the use of Pb-based paint in 1978, flakes of lead-based paint
on the outside of the old buildings can also get into the soil close to the foundation of
buildings. Contaminated soil dust can be re-suspended by wind, and mobilized into
homes and yards. Lead contaminated soil has been recognized as one of the major
sources of Pb exposure in urban settings [16].

Urban soils are known to be very spatially heterogeneous, varying in parent ma-
terial and biological, chemical, and physical properties [17]. High concentrations
of trace metals are often reported around the world with high degree of variability.
Trace metals in a soil vary in their availability to plants, soil creatures, and humans
depending how these characteristics spatially fluctuate in the urban landscape due to
functional zoning, proximity to roads, emissions, etc. [17]. Soil Pb distribution in many
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large cities has been investigated (e.g., [18—21], including New York City [22—25].
Previous studies have called for further detailed geospatial analysis of the data using
large-scale Geographic Information Systems (GIS) for a better health-based assessment
[26], as well as the evaluation of soil contamination in the context of risk to human
health and threat to ecological systems. Thus, the aims of this study were: 1) to analyze
the spatial distribution of Pb in NYC gardens, and 2) to assess pollution and ecological
risk indices using available trace metal data.

Materials and methods

Data sources

The data on soil trace metal concentrations have been collected by the Brooklyn
College Urban Soils Lab since 2009and the NYC Urban Soils Institute since 2016.This
is part of a soil screening and testing service provided by the Labs to the public. Gar-
deners were instructed to collect soil from the surface down to depths of 14 to 20 cm
(i.e., 6 inches) and composite soils collected from 5 to 10 locations around the garden.
Each sample was recorded with a unique identification number, location, type of gar-
den, soil trace metal concentration, and other soil characteristics such as pH, salts, or-
ganic matter content, and soil texture.

Soils are mostly screened by a portable X-ray fluorescence (pXRF) analyzer
Innov-X Delta Classic [27], with some samples analyzed by Inductively coupled
plasma mass spectrometry (ICP-MS) Perkin Elmer, Elan DRCe (EPA Method 6020a)
following acid digestion with EPA Method 3052 [28, 29]. The pXRF scans were done
directly on zip lock bags containing air-dried soil sent in by gardeners. Each sample
was scanned three times with 90 sec exposure time. Samples were thoroughly mixed
again between scans. Mean concentrations from the three scans were then recorded.

For external quality control for the ICP-MS analyzed samples reference standards
SRM-2702, SRM-2586, SRM-2587, and SRM-2702a were used. Each batch digestion
of up to 20samples always included at least three of these reference standards. Germa-
nium was used as an internal standard for instrumental drift correction in all analyses.
For the samples with both ICP-MS and pXRF analyses performed, there was good
agreement between the two sets of Pb concentration data, with correlation coefficient
of 0.94. It should be noted that Pb data include both ICP-MS data and pXRF data, but
for other trace metals only ICP-MS data were used for this study.

The first map of Pb contamination for garden soils in New York City(NYC) was
published in 2015 based on data for 1,652 garden soil samples, collected during the
2009—2014 period [23]. Li et al. (2017) added data from other land uses and from
various sources and published a more comprehensive Pb distribution map for NYC.
New data have been continuously collected, georeferenced and added to the original
database. In total, there are 2322 garden soil samples in this study, collected during the
2009—2017 period (Fig. 3). A few samples could represent one garden with different
soil management practices.

Shape files of Green Thumb Gardens, parks, schoolyards, playgrounds, NYC bor-
ough, and zip codes boundaries were downloaded from NYC Open data
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(https://nycopendata.socrata.com/). The list of NYC neighborhoods (Table 2) was
found at the NYC Department of Health and Mental Hygiene Environment & Health
Data Portal. Boundaries for 42 neighborhoods were retrieved from the Official Website
of the City of New York (http://www.health.ny.gov/).

Geospatial analysis and visualization

ESRI ArcGIS 10.5 was used for geospatial analysis and visualization of the trace
metal data. Lead concentration was interpolated by ordinary kriging (Fig. 3). Kriging
allows predicting the value in unmeasured points based on the known data in neighbor-
ing points and spatial relationships between the points. Ordinary kriging uses dimen-
sionless points to estimate other dimensionless points, e.g. Pb contour plots.

The Pb levels are shown in mg/kg and are classified into four categories (0 —
149 mg/kg, 150 — 399 mg/kg, 400 — 1200 mg/kg and > 1,200 mg/kg). The 1200 mg/kg
threshold reflects USEPA standard for non-children play areas and the 400 mg/kg
threshold reflects USEPA standard for children play areas (USEPA 2001). The
150 mg/kg value is an estimated threshold for soil Pb, reflective of the new Center for
Disease Control and Prevention (CDC) guidance. Based on research conducted by the
Toxics Cleanup Program Policy and Technical Support Unit, 2010, a level of 150 mg/kg
of Pb in soil can lead to an approximate blood Pb level of Sug/dl [31].

Soil pollution level and ecological risk assessment

To assess pollution levels and ecological risk of the garden ecosystems the fol-
lowing indices were used:

1. The contamination factors CF; for the same metal was determined as
CFi=Cm/Bm, where Cp, is the measured concentration of the examined metals in the soil
samples, and Bn is the background concentration in unpolluted soils [32]. The follow-
ing values used in this study Cd=0.5, Pb=19, Zn=65, As=5, Ni=17, Cu=14, Cr=13 were
adapted from New York State Department of Environmental Conservation Rural Soil
Background Survey [33].

2. The single ecological risk index Ei=T;-CF;, where T; is the toxic-response factor
for a given metal (e.g. Cd=30, Pb=5, Zn=1, As=10, Ni=5, Cu=5, Cr=2) [32];

3. The potential ecological risk index (PERI)=)(Ei) posed by multiple element
pollution was originally proposed by Hakanson (1980) to assess heavy metal contami-
nation of sediments. Later, it was adopted to evaluate heavy metal contamination in
soils and to relate ecological and environmental effects with their toxicology and the
toxic-response factor [34, 35].

4. The pollution load index introduced by Tomlinson et al. (1980): PLI=(CF;-CF;
-...-CFn)®™ where is the number of metals studied), gives simple comparative means
for assessing a site quality. The PLI shows the number of times by which the metal
concentration in the soil exceeds the average natural background content. It provides a
total indication of the overall level of trace metal toxicity in a given sample. The PLI
value of > 1 is considered as polluted, PLI <1 — no pollution and PLI=1 means that
trace metal load is close to the background level [37].
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Results and discussion

Assessment of soil quality using pollution and ecological risk indices

To assess quality of soils and their contamination levels different indices were
used. Using the contamination factors (CF) showed in Table 1, it was possible to rank
the following degree of contamination factors based on the mean values for 746 sam-
ples analyzed with the ICP-MS: Pb > Cu > Zn > Cr > As > Ni > Cd. The contamination
factors were classified as follows: low (CF<1); moderate (1<CF<3); considerable
(3<CF<6); and very high (CF>6). This shows that Pb had the highest CF, followed by
Cu, Cr and Zn, and all of them fall into the “very high” contaminant factor category.
In comparison, overall Cd and Ni fall into the “low” category. It should be noted that,
however, the CF values for individual samples are highly variable, and sometimes can
differ by 2-3 orders of magnitude. This is consistent with the extreme heterogeneities
commonly found for urban soils.

Table 1

Summary statistics of the contamination factors (CF) for n =746

As Cd
Mean 4 5
Max 120 %
Min 0.02 0.04
Std Dev 5 9

The calculated Ei — Single ecological risk index of the individual contaminants
is represented on logarithmic scale in Fig. 1. It indicates that Pb had moderate to sig-
nificantly high risk to the local ecosystem, while Zn, Cr, and Ni indicated low risks and
other elements (As and Cd) showed low to moderate risk or moderate risk (Cu).
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Fig. 1. Single ecological risk indices of the individual contaminants represented on the logarithmic scale
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Contributions of individual trace elements to the overall potential ecological risk
of the soil are represented on Fig. 2. The ecological risk comes mainly from soil pollu-
tion with Pb (46 %), consistent with the single ecological index (Ei) and the contami-
nant factor (CF). When the overall potential ecological risk (PERI) to the local ecosys-
tems is considered, 12 % of the studied samples had very high PERI (>600), 28 % had
considerable PERI (300-600), 30 % had moderate PERI (150-300), and another 30 %
of the samples had low PERI (<150).

Cr Ni
4% 4%

Pb
46%

As
10%

Cd
19%
Fig. 2. Makeup of the mean potential ecological risk index calculated as the sum of the mean risk factors

of the trace elements (351). The number next to the element represents percent contributions
of individual trace elements to the mean potential ecological risk of the soils

The pollution load index gives simple comparative means for assessing a site qual-
ity. For the 746 samples, PLI ranged from 0.59 to 50 with mean of 4.6.PLI > 1 (polluted
soil quality) indicates progressive deterioration [37]. Only 9 gardens or 1.2 % of sam-
ples were below 1.

Distribution of soil Pb in NYC gardens

Spatial patterns in Pb distribution was mapped and analyzed based on 2322 sam-
plepoints from the compiled database (Fig. 3, Table 2). Each point on the map is
a garden and may represent multiple samples that are from the same street address.
Total Pb concentrations ranged from 3.3 to 45,076 mg/kg (mean 630 mg/kg and median
344 mg/kg). The highest Pb concentrations vary among different neighborhoods
of northern and central Brooklyn. Two gardens were identified with Pb concentration
over 10,000 mg/kg. The garden from the 11205 zip code (Downtown-Heights-Park
Slope) had the highest Pb concentration found in this study 45,076 mg/kg (Fig. 3).
There were 282 soil samples from 245 gardens with Pb concentrations exceeding
1,200 mg/kg. The largest number of samples (219) was from the 11238 zip code (Pro-
spect Heights). If neighborhood (a district comprised of several zip code areas) is con-
sidered, the most number of samples (486) was collected from the Downtown-Heights-
Park Slope area. The highest median Pb level among all zip codes (1,052 mg/kg) was
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found in the 11211 zip code in Greenpoint. The highest median (1,019 mg/kg) among
the neighborhoods was found also in Greenpoint (Brooklyn). Columbia University
study of soils from about 50 homes in Greenpoint show that 92 % of the yards tested
had at least one sample above the residential soil standard for New York (https://green-
pointpost.com/nearly-85-of-greenpoint-backyard-soil-samples-show-unsafe-lead-lev-
els-by-epa-standards-study). It should be noted that there were not enough samples col-
lected in eastern Queens, the Bronx and throughout Staten Island to confident lymap
and predict Pb distributions in those areas.

NYC Gardens: Pb Soil Contamination

% Gardens with Pb >10,000 mg/kg
e Gardens with Pb >1,200 mg/kg
Sample points
Soil Pb (mg/kg)
[ <149
[ ] 150-399
[ ]400-1,200
B > 1200

N

0 25 5 10
m waw O Kilometers A

Basemap: Boundaries for NYC zip codes retrieved
from NYC Open data. Data Sources: Brooklyn College
Urban Soils lab, NYC Urban Soils Institute.

Map prepared by Anna Paltseva on June 29th, 2018

Fig. 3. NYC Gardens: Pb Soil Contamination map shows predicted soil Pb distribution by kriging based
on 2322 garden soil samples. (Note: there were not enough samples collected in eastern Queens,
the Bronx and throughout Staten Island to confidently map and predict Pb distributions in those areas)
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Table 2
Lead concentrations in garden soils of NYC neighborhoods (mg/kg) (total n =2322)
Neighborhood Median Max Min # of samples
Greenpoint 1019 15911 26 71
Williamsburg-Bushwick 586 3970 14 97
Downtown-Heights-Park Slope 558 45076 4 486
Bedford Stuyvesant-Crown Heights 488 4026 3 362
East New York 523 1863 57 24
Sunset Park 519 3515 57 48
Borough Park 498 5474 11 148
East Flatbush-Flatbush 302 9112 10 168
Canarsie-Flatlands 169 863 26 36
Bensonhurst-Bay Ridge 276 1609 11 36
Coney Island-Sheepshead Bay 111 1425 12 44
Kingsbridge-Riverdale 122 965 34 45
Northeast Bronx 147 515 21 16
Fordham-Bronx Park 110 761 23 25
Pelham-Throgs Neck 370 2015 29 5
Crotona-Tremont 97 1374 40 21
High Bridge-Morrisania 172 742 25 20
Hunts Point-Mott Haven 233 541 46 15
Washington Heights-Inwood 196 2439 38 37
Central Harlem-Morningside Heights 154 6395 29 77
East Harlem 92 2639 21 31
Upper West Side 215 2273 31 20
Upper East Side 131 1905 13 31
Chelsea-Clinton 155 2077 14 14
Gramercy Park-Murray Hill 107 1105 11 39
Greenwich Village-Soho 71 3478 10 15
Union Square-Lower East Side 222 1439 32 54
Lower Manhattan 240 3051 24 28
Long Island City-Astoria 295 1039 11 50
West Queens 288 2766 27 36
Flushing-Clearview 147 508 39 15
Bayside-Little Neck 417 673 86 2
Ridgewood-Forest Hills 196 550 19 24
Fresh Meadows 158 653 62 8
Southwest Queens 618 685 82
Jamaica 163 1726 54 15
Southeast Queens 67 82 52
Rockaway 148 780 14 21
Port Richmond 433 840 89 13
Stapleton-St. George 562 1418 27 17
Willowbrook 117 170 64 2
South Beach-Tottenville 44 155 12 8
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Sources of Pb and other contaminants

The Pb distribution map (Fig. 3) shows that, in general, soil Pb content decreases
from the inner city towards outskirts, which is commonly seen for cities with an indus-
trial history [1]. Li et al. (2018) found a general correlation between Pb levels and his-
torical land use, where highly elevated levels of soil Pb corresponded with industrial-
ized areas. Specific hotspots of Pb were identified in neighborhoods with extensive
industrial history such as Red Hook, Brooklyn Heights, Gowanus, Park Slope, Boerum
Hill, Fort Greene, Williamsburg, and Bedford-Stuyvesant. These observations are con-
sistent with our findings with the highest soil Pb found in the same neighborhoods.

Historically, leaded gasoline, lead-based paint, and many other lead-based products
were widely used until around 1990’s [38]. It has been recognized that these contributed
to the widespread Pb deposition into the soil, especially in urban areas. An estimated
4-5 million metric tons of Pb from car exhaust released into the environment from 1929
to 1986 throughout the United States [39] is a big contributor to the soil legacy
of Pb. Although lead-based paint is no longer being used, some old houses with leaded
paint still serve as a source of Pb for soil. Moreover, solid waste incineration (common
in the US and New York City during the 20" century) could be another source of trace
metals (including Pb) causing excessive deposition of contaminants in soil (Walsh et al.
2001). Deposition of 34 million tons of refuse incineration throughout NYC landfills
caused the release of 1 million tons of air pollutants, which eventually settled onto the
topsoil. Manufacturing and smelting activities involving lead-bearing products, as point
sources, also have contaminated soil with large quantities of Pb deposited into the topsoil
within the industrial site and neighboring areas. It is highly likely that at many places
both point and non-point sources of Pb contributed to the elevated levels of Pb in soil.

Lead distribution changes over time

Fig. 5 shows the spatial distribution of garden soil samples the two labs received
from NYC gardeners between 2009 and 2017, color-coded for every three years. There
are no noticeable changes in terms of spatial distributions of the samples received over
time. This, on one hand, may suggest the spatial distribution of gardens in the city, and
on the other hand may point to how effective the information regarding to soil contam-
ination has been delivered.

It is very important to note, however, that over time the Pb levels we found in soil
samples received have not shown any significant decline. One would expect that with
increased awareness and educational campaign, remediation and mitigation actions had
been taken (including replacing with new, clean soil), thus more soil samples would
have lower Pb levels. Our study shows that there is only a slight increase in the %
of samples < 400 ppm, comparing 2009—2011 (51 %) with 2015—2017 (55 %). In the
2015—2017 samples, there were still 13 % above 1,200 mg/kg and 44 % above
400 mg/kg, highlight significant health risk. The environmental challenge remains after
nearly ten years of research and outreach, while more and more urban residents are
getting involved in urban gardening and greening.
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Fig. 4. Distribution of Pb levels in garden soil samples received

NYC Gardens: Sample Distribution over Time
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Fig. 5. Sample spatial disctribution over time between 2009 and 2017 (n=2322 garden soil samples)
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Conclusions

In this study, soil quality assessment indices were calculated based on individual

metals (Pb, Zn, Cd, As, Cu, Cr, Ni) for 746 garden samples. The majority of soils is
contaminated and poses significant risks to human health and ecological systems, partic-
ularly by Pb. A consolidated garden soil Pb database was compiled (total of 2,322 garden
samples), from which color-coded map was created to visualize areas with potential
health risk from soil contamination. The highest Pb levels were found in northern and
central Brooklyn. Generally, Pb levels became lower toward the suburban areas. The Pb
contamination map would be valuable not only to guide remediation efforts but also for
urban planning such as developing gardens and green spaces or sitting of new parks.
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FeonpocCTpaHCTBEHHbIA aHaNIN3 U OLleHKa
3arpsisHeHus caaoBbix nNoys B Holo-Uopke

A.A. ansuesa "2, Y. Yenr?

BpyxmuHckuit komnemx Ioponackoro yausepcutera Hero-Mopka,
Hbvio-Hopk, Coeounennvle [lImamoi

2AcrmpanTypa ['opoxckoro yausepentera Hoio-Hopka,
Hbv1o-Hopx, Coedunennvie LLImamut

* anyapaltseva@gmail.com

AnHotanus. [ToBbIIEHHBIE KOHIIEHTPAIMH MHUKPO3JIEMEHTOB, B yacTHOCTH, cBuHIA (Pb), pacmpo-
CTpaHEHbI B TOPOJICKHX MOYBAX, U 9TO SIBIISETCS OJHHM M3 OCHOBHBIX HPEISTCTBHI IS TOPOJICKOTO CEllb-
CKOro xo3siiicTBa. Pactymias nomyJssipHOCTb CaJJOBOJCTBA B rOpoJiax TaKKe MOXKET O3HA4YaTh MOBBIIICHHUE
PMCKa JUIs 3710pOBbs HACeNeHHs. [IpoCTpaHCTBEHHOE pacripesiesienne CBUHIA B canax Hiro-Mopka Gbino
MIPOAHATIM3UPOBAHO M BU3YaJIM3UPOBAHO C IMOMOIIBIO HHCTPYMEHTOB reorpaduueckoil nHpopMaoHHoH
cuctemsr (TUC). YpoBeHs 3arps3HEHMS U 9KOJIOTHYECKHE PHCKH cafoB i Heio-opka B LieoM oleHuBa-
JIKCH T10 pa3HbIM NokazaTessiM. CTeneHp 3arpsA3HeHus ObUla paH)KMpOBaHa cIeAyromuM oopasom: Pb> Cu>
Zn> Cr> As> Ni> Cd. Eaunblii HHIEKC 3KOJIOTHYECKOTO PUCKA M TIOTCHIIMATIBHBINA YKOJIOTHYECKHI UHIICKC
YKa3bIBalOT Ha TO, 4YTO Pb yMEepeHHO MM 3HAUMTENILHO TOBBIIIAT PUCK JJIsI MECTHBIX CaI0BBIX SKOCHCTEM.
Ha ocHOBe MHJIeKCa Harpy3KH 3arpsi3HEHHs KauecTBO MOUBBI GoNMbIIMHCTBA canoB Hero-Hopka 6110 oxa-
paKTepu30BaHO Kak 3arpsi3HeHHoe. ['eocTaTHcTHYecKHe, reoo0padaThIBaOLIMe M IPOCTPAHCTBEHHBIE MH-
CTPYMEHTHI UCHOJIL30BAIUCH VISl CO3IAHMS KapT C IIBETOBOH KOJUPOBKOW IS MIOMEPKKH MPUHATHS pe-
LIEHUH, CBS3aHHBIX C Ca/I0BOJICTBOM, U /I OLICHKU ITOTEHIMAJIBHBIX PUCKOB JUIS 3I0POBbS YEJIOBEKA, CBSI-
3aHHBIX C CaJJOBOJICTBOM, MIPOKMBAHUEM WM PaOOTO#l B/ WK BOJIM3H CaJI0B. TH BBIBOJIBI HIMEIOT OOJIBIIIOE
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3HaYEeHWEe U1 paspabOTKU CTPATEerWil NPEAOTBPALICHUS 3arpsA3HEHUs, CMSTYCHHsS €ro MOCIEACTBUM
W CHIDKEHUSI pHCKA JUIS 3710POBbsI HACENICHHUS! OT 3arps3HEHUs] IOYBOIPYHTAMHU CaJIOBBIX HOYB.

KiwueBble cioBa: mukpossieMeHnTsl, [ IC-kapTa, 3KOJIOTHYECKUI MHAEKC, CBUHEI, IH(POBOEC
KapTHPOBaHHE TOYBHI, CaI0BOJICTBO FOPOICKOE

KoH(pauKT nHTEpECOB OTCYTCTBYET.

BJIATOJAPHOCTH

ABTOpBI BBIpaXaroT cBoto OnaronmapHocth Tatbsne MopuH, [xopmky Jlosedckn, 3yneme bnanko
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Abstract. The aim of this study was to compare gill, kidney, liver and gut histopathology, and
plasma antioxidant markers of rainbow trout Oncorhynchus mykiss reared in saltwater earthen ponds in
Gomishan, Iran. To this, 10000 fish were distributed in a three-ha earthen pond and 150 fish in three
fiberglass tanks (2000L). Blood samples were taken after 3 months rearing with same commercial feed.
The source of fish and feed was similar between the saltwater pond and fiberglass tanks. After the
3-month rearing, gill, kidney, liver and gut samples were taken from the pond fish; whereas, blood sam-
ples were taken from both the pond and tank fish. There was no significant difference in water tempera-
ture, dissolved oxygen and pH between the pond and tanks; however, water salinity and ammonia was
higher in the pond compared to the tanks. Plasma superoxide dismutase and glutathione peroxidase ac-
tivity of the fish in earthen ponds were significantly higher than those fish reared in fiberglass tanks;
however, there was no significant in thiobarbituric acid reactive substances between the pond and tanks.
The fish had various histopathological symptoms including primary and lamella hyperplasia, lamellar
fusion and epithelial lifting. In the kidney section, the fish showed glomerulus shrinkage and/or disap-
pearance, melanomacrophage aggregates and hematopoietic tissue necrosis. These fish showed necrosis
and melanomacrophage aggregates in liver and goblet cell hypertrophy in gut. The results suggest that
the fish in the earthen pond faced stressful conditions, which might be due to water salinity and ammonia;
however, other possible factors, such as pollutants and different feeding regimen must be considered.
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Introduction

Gomishan site of shrimp culture is important in economy of the Goletan province,
Iran. The site area is near 4000 ha and had total production of 2000 tons of shrimp in
2018. Despite its importance, a problem of the site is seasonality of work period, because
the water temperature is suitable for shrimp culture only four months a year. As a result,
the employees hire workers seasonally, which is considered as a social crisis [1]. A solu-
tion for this problem is to introduce an aquatic species to be cultured in the second term
of year (autumn and winter). In this case, rainbow trout (Oncorhynchus mykiss) seems to
be fitted with the environmental conditions of the site (temperature and salinity); how-
ever, it is necessary to monitor the fish health in these earthen ponds [2].

Histopathological studies are reliable tools to assess fish health, illustrating
the fish responses to toxicant exposure and water salinity [3]. In this case, fish gill is
the major organ for hydromineral control, responding morphologically to water salinity
[4]. Liver is the main site of metabolism and the target of toxicants, showing wide range
of morphological and histological alteration in response to toxicants [5]. Fish kidney is
involved in salinity adaptation, which responds morphologically to toxicants [5]. Fish
gut is an important organ in immune defense, which responds to toxicant and dietary
compounds [3]. Monitoring of these organs provides useful information about the fish
overall health.

Oxidative stress is a condition in when pro-oxidant compounds exceed antioxidant
defense [6, 7]. In this case, stressful conditions lead to oxidative stress. Superoxide
dismutase (SOD) and glutathione peroxidase (GPx) are antioxidant enzymes collec-
tively converting superoxide ions to water and oxygen [7, 8]. Therefore, they are im-
portant in monitoring oxidative conditions of fish. However, these enzymes show dif-
ferent either elevation or demotion under stressful conditions. As a result, thiobarbituric
acid reactive substances (TBARS) are measured as a relevant marker of lipid peroxi-
dation and oxidative stress [9].

According to above, the aim of the present study was to investigate rainbow trout
health (histopathology and antioxidant responses) in earthen ponds of the Gomishan site.

Materials and methods

This study was conducted in an earthen pond in the Gomishan site of shrimp cul-
ture. The pond was filled with the Caspian Sea water in spring, and used for shrimp
culture during spring and summer. Then the pond water was drained and the pond bot-
tom was dried for 2 months. Thereafter, the pond was refilled with the sea water for
trout culture. 10000 rainbow trout (~35 g) were stocked in a 3-ha pond. For comparison
of blood antioxidant marker with a reference, 150 rainbow trout, with the same origin
of the pond fish, were socked in three fiberglass tanks (2000 L). The fish in the pond
and fiberglass tanks were reared for three months using a commercial feed (Faradaneh
Co., Tehran, Iran; 40—44 % protein, 12—16 % fat). Feeding was performed twice
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a day based on 3 % of biomass. Water of the pond was static; whereas, water flow rate
in the tanks was 0.3 L/min. kg fish. Water physiochemical parameters were measured
in the pond and tanks monthly.

At the end of the three-month rearing, 12 fish were sampled from either the pond
or tanks and immediately anesthetized with 100 mg/L eugenol. Immediately after the
anesthesia, blood samples were taken from caudal vein using heparinized syringes and
collected in 2-mL tubes. The blood samples were centrifuged for 10 min for plasma
separation. The resultant plasma was kept at —20 for further analyses. After the blood
sampling, gill, liver, kidney and gut samples were taken from the pond fish. The organs
were fixed in 10 % buffered formalin for histopathological examination.

Plasma SOD, GPx and MDA were determined using commercial kits (ZellBio,
GmbH, Veltinerweg, Germany), as previously reported M.A. Taheri et al. [10]. The
fish organs were parafinized, sectioned (4um thickness) and stained (hematoxylin-eo-
sin) according to A. Hedayati et al. [11]. Histopathological damages were determined
according to Haschek et al. [3] and R.J. Roberts [12].

Plasma and water physiochemical parameters were subjected to t-test. Data were
presented as mean £ SD. All analyses were performed using SPSS v. 22.

Results and discussion

Water physiochemical parameters in pond and tanks are presented in Table 1.
The pond water had significantly higher salinity and unionized ammonia compared to
the tanks. Nevertheless, there was no significant difference in water temperature, dis-
solved oxygen and pH.

Table 1
Water physiochemical characteristics in the pond and tank.
Different letters show significant difference between the pond and tank
Physiochemical characteristics Pond Tank
Temperature (2C) 13x1a 14t 1a
Dissolved oxygen (mg/L) 8.88 £0.55a 8.56 £0.84a
Salinity (g/L) 20.7£1.12b 2.88t0.12a
pH 8.65+0.55a 7.52+0.69a
Unionized ammonia (ug/L) 10.0x1.0b 2.0 +0.40a

Plasma antioxidant parameters are presented in Table 2. The fish reared in the
tanks had significantly lower SOD and GPx activities; but there was no significant dif-
ference in plasma TBARS levels between the fish.

Table 2

Plasma SOD, GPx and MDA in the fish reared in the pond and tanks.
Different letters show significant difference between the pond and tank

SOD (U/L)

GPx (U/L)

TBARS (uM/L)

Pond

35.1£5.89

45.5+7.32b

6.85*1.98a

Tank

VETERINARY SCIENCE

23.7+4.553

30.0+5.21a

5.21+1.57a
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Gill section of the fish reared in Gomishan pond is presented in Figure 1. The fish
had various histopathological symptoms including primary and lamella hyperplasia,
lamellar fusion and epithelial lifting. In the kidney section, the fish showed glomerulus
shrinkage and/or disappearance, melanomacrophage aggregates and hematopoietic tis-
sue necrosis (Figure 2). These fish showed necrosis and melanomacrophage aggregates
in liver (Figure 3) and goblet cell hypertrophy in gut (Figure 4).

Fig. 1. Gill section of the fish reared in the pond. PHP: primary lamella hyperplasia; L: epithelial lifting; LF:
lamellar fusion; SHP: secondary lamella hyperplasia. Hematoxylin-eosin staining (20x)

Fig. 2. Kidney section of the fish reared in the pond. GD: glomerulus disappearance;
M: melanomacrophage aggregates; GS: glomerulus shrinkage; HN: hematopoietic tissue necrosis.
Hematoxylin-eosin staining (20x)
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Fig. 3. Liver section of the fish reared in the pond. N: necrosis; M: melanomacrophage aggregates.
Hematoxylin-eosin staining (20x)

Fig. 4. Gut section of the fish reared in the pond. Arrow heads show hypertrophy of the goblet cells.
Hematoxylin-eosin staining (40x)

The present study showed that saltwater earthen ponds of Gomishan site had dif-
ferent environment conditions compared to freshwater farms of rainbow trout culture.
In these ponds, due to higher pH and static water [13—15], unionized ammonia is
higher than the freshwater systems. Higher ammonia along with saltwater are stressful
for rainbow trout, thus, affect the fish health [13—16].

The pond fish showed higher antioxidant enzymes’ activity but did not elevated
TBARS, compared to the tank fish. This suggests activation of antioxidant system, but
not oxidative stress occurrence [17]. Several factors might be involved in antioxidant
system activation. Ammonia was found to induce oxidative stress in fish leading to
elevated TBARS [18]. Accordingly, oxidative conditions were not so severe as to cause
oxidative stress in the pond fish, and activation of antioxidant system counteracted such
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mild oxidative condition. Beside ammonia, osmotic stress causes oxidative condition,
triggering the fish antioxidant system [19, 20]. Therefore, higher water ammonia and
salinity contributed to activation of antioxidant system of the pond fish. Moreover, con-
sidering the wide difference between the pond and tank media, other possibility such
as pathogens, pollutants, etc. could be considered.

Gill is the main organ for hydromineral control in freshwater fish [4]. It has been
reported that freshwater fish exposed to saltwater expressed some morphological
changes in gill structure [21]. Hyperplasia is a defensive mechanism to thicken gill
membrane for reducing exchange capacity between the internal and external media of
the fish body. This reduces the entrance of harmful substances, including hyperosmotic
water and ammonia, from water to the fish body [22]. Epithelial lifting provides dis-
tance between the fish internal body and ambient water to reduce harmful substances
entrance to the fish body [22]. However, lamellar fusion occurs in adjacent secondary
lamella and extensively decreases respiratory capacity [22].

Beside gill, kidney is involved in water and ions regulation in fish [21]. When
freshwater fish enter hyperosmotic media, water is passively excreted from the fish
body and the animal must actively drink along with suppressing glomerulus filtration.
Accordingly, fish have small glomerulus in freshwater [23]. The fish reared in Gomis-
han ponds had both shrinked and disappeared glomerulus to adapt higher water salinity.
However, melanomacrophage aggregates and necrosis in hematopoietic tissues suggest
that there was other problem in these fish. The liver section showed similar symptoms,
supporting such hypothesis. One of the reasons might be higher water ammonia, which
causes damage in fish kidney [24]. On the other hand, other toxicants such as metals
might contribute to these damages, as they are present in the Caspian Sea water [25].

The pond-reared fish showed increased number and size of goblet cells in gut.
These cells are responsible for mucus secretion and increase in their number and size
translated to higher mucus secretion [26]. The reason for these changes is not clear,
however, the pond water has microbial community different from the tank water. It is
possible some microbes stimulate the fish gut and lead to higher mucus secretion [27].
On the other hand, despite the tank fish that eat solely pellet feeds, the pond fish eat on
both pellet feed and natural foods in pond (e.g. insects, worms, etc.). Thus, it is expected
the pod fish have gut structure different from the tank fish.

In conclusion, the fish in the earthen pond faced stressful conditions, which might
be due to water salinity and ammonia. It is necessary to apply managerial practice to
suppress such problems and augment the fish health and welfare.
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M YCJZIOBUI OKMUCIIUTEJIbHbIX NMPOLLEeCCOB LUTOMNJ1a3Mbl
paayxHon dopenu Oncorhynchus mykiss,
BbipalleHHON B MNNIMHAHOM npyAy C MOPCKOW BOAOM
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LleHTp M3y4yeHust pecypcoB ruIpoOHOHTOB BO BHYTPEHHHX BOJIAX,
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AnHoTanust. [{enb TaHHOTO HMCCIENOBaHMs 3aKII0YANIACh B CPABHCHUM THCTOMATOJNOTHH kalp, mo-
YeK, IeYCHHN 1 KUILIEYHNKA, U OLIEHKE aKTUBHOCTH CHCTEMbI aHTHOKCHAAHTHON 3aLUTHI PALy KHOH (hopenn
(Oncorhynchus mykiss), BeIpaiieHHO# B TIMHSHBIX IpyAax ¢ MOPCKOi Bozoil B r. I'omumian B Vpawue.
Jlyist aToro B MIMHSAHBINA npy mwiomaaso 3 ra nomectiwu 10000 ocoGeid u 150 peIO pactpenenuim B Tpex
pesepByapax u3 crexinoBosiokHa (2000 ). Dopenp BbIpalMBaIM B TEUEHHUE TPEX MECALEB, MOCIE YEro
Y pbIO, KyJIbTUBHPYEMBIX B MPYJY U pe3epByapax, ObUIH B3SThl 00pa3iibl KPOBH, B TO BPEMs KaK 00pas3Iibl
TKaHe# jxa0p, MOYeK, MMeUYSHH U KUILICYHNKa ObLTA B3AThI JJISI THCTOJIOTMYECKOTO aHAIN3a TOJBKO Y TPYI0-
BBIX pbIO. Temmeparypa BOABI, COAEp)KaHUE PACTBOPEHHOTO B BOJE KHCIOpoAa M 3HaueHne pH B mpymy
U pe3epByapax UMEH HECYIIECTBEHHBIC PA3NIMIKs; OIHAKO TAaKHE MapaMeTphbl KaK COJCHOCTh BOJBI H CO-
JiepyKaHue aMMHaKa MMenH Ooiee BEICOKME TTOKa3aTeNy B IPYAy. AKTUBHOCTh IUTOILIA3MaTHYECKOH CyIe-
POKCHAANCMYTA3bl U [Ty TaTHOHIIEPOKCUA3h] Y PBIO, KYIbTHBHPYEMBIX B ITIMHAHBIX Mpyaax, Obuia 3Ha4YH-
TEIBHO BHIIIE 0 CPABHEHHUIO C OCOOSMY, BBIPAIICHHBIMY B CTEKIIOBOJIOKOHHBIX pe3epByapax. Tem He Me-
Hee, MeXAy MpPyJOM M pe3epByapaMH He ObUIO 3HAYHUTENBHOH PasHHIBI IO KOJIMYECTBY BEIIECTB,
pearupyronmx ¢ THoOapOUTypoBoii knucnoToi. Ilocne npoBeeHHs THCTOIOINYECKOT0 aHAIN3a Y PBIO ObLTH
BBISIBJICHBI TakHWe MAaTOMOPQOJIOTHYECKHE M3MEHEHMs Kak HepBHUYHAs TUIEpPIUIashsl JaMeml, CIUsHHEe
JIaMeJJT U SMUTENHANbHBIN TuGTHHT. Ha monepedHoM CeYeHHH MOYeK y PhI0 HAOIIOAA CMOPIIMBAHUE
WJTM NCUE3HOBEHHE KITyOOUKOB, CKOIUICHHSI METaHOMaKpodaroB 1 HEKpO3 TeMOIIOATHYECKOH TkaHu. Kpome
TOT0, y 9THUX PbIO OBLTH OOHAPYKEHBI CIISABI HEKPO30B U CKOTUICHHUS MEIAHOMAKpO(aros B MIEUCHH, a TAKKE
runepTpodusi OOKATOBUIHBIX KIETOK KHIIEYHUKA. Pe3ysIbTaThl HeceIoBaHui MOKa3bIBAIOT, YTO B TIIHHS-
HOM IIpyJy pbI0a OKa3aach IT0J] BO3JCHCTBHEM CTPECCOBEIX (PaKTOPOB, CPEAH KOTOPBIX MOTYT OBITH Tapa-
METPBI COJIEHOCTH BOABI M COZieprkaHus aMMuaka. Ho HeoOX0oquMo yUUTEIBAThE U APYTHE BO3MOKHBIE TTPH-
YHHBI, HATPUMEP, 3aTrPA3HAIONINE BEIICCTBA M PA3IMIHBIC PEKUMBI KOPMIICHHSI.

Kawouessble ciioBa: Gopesib, IIMHSIHBIA Py, CHCTEMa aHTHOKCHIAHTHOM 3aIlIUThI, MOPCKasl BOJIA,
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Galactooligosaccharide effects as prebiotic
on intestinal microbiota of different fish species
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Abstract. Manipulation of the gut microbiota toward potentially beneficial bacteria (probiotics) has
beneficial effects on fish physiology and health. The effects of prebiotics on gut microbiota are species
specific. The present study aimed at investigation of the effects of galactooligosaccharide (GOS) as prebi-
otic on intestinal microbiota of Caspian roach and Caspian white fish fingerlings. which are among
the most economically valuable species in the Caspian Sea. The study was conducted in a completely
randomized design with two set of experiment each of them include three treatments in triplicates
in which 0 (control), 1 and 2% GOS were used in diet for 6 weeks. At the end of the period, changes
in the intestinal microbiota, including total bacterial count, lactic acid count and lactic acid bacteria (LAB)
levels and dominance of LAB in the intestinal microbiota, were measured by culture-based method.
Dietary GOS had no significant effect on total bacterial count in both species (P < 0.05). The LAB levels
in the intestinal microbiota in the treatments fed with prebiotics was significantly higher than the control
group (P <0.05). LAB bacteria showed the highest increase and dominance in treatments fed with
2% GOS. Also, the highest ratio of lactic acid bacteria to the total number of viable bacteria was observed
in the treatment with 2% GOS treatment (P < 0.05). The results of this study indicated the possibility
of alterations in the bacterial communities of Caspian roach and Caspian white fish fingerlings gut toward
beneficial bacterial communities using GOS as prebiotic.

Key words: prebiotic, Caspian white fish, Caspian roach, galactooligosaccharide, gut microbiota
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Introduction

The study of gut microbiota is of high importance not only regarding disease but
also regarding the status of fish physiology and immunity [1]. Establishment of a healthy
microbiome in intestine has direct immune-physiological effects on host. It is now well-
demonstrated that there is a direct cross talk between gut microbiota and immune re-
sponse of fish [2, 3]. With the identification of lactic acid bacteria (LAB) in the intestinal
microbiota of different fish and shrimp shellfish species in the last decade and determi-
nation of their role in the health, welfare and growth performance of the host, the im-
portance of this group of bacteria has become increasingly clear [4, 5]. Although the
presence of LAB in the intestinal microbiota of many fish, including Atlantic cod (Gadus
morhua), rainbow trout (Oncorhynchus mykiss), Beluga (Huso huso), Persian sturgeon
(Acipenser persicus) and Arctic charr (Salvelinus alpinus) has been proven, they are not
the dominant microbiota and constitute a very limited portion of gut microbiota of these
species [6]. In addition, it was not possible to isolate LAB bacteria from several fish
species [5, 6]. Given this fact, it has been attempted to increase the number of these bac-
teria through dietary approaches [7, 8]. One of the most important compounds suggested
in this regard are prebiotics, which are compounds that are not absorbed by host organism
and consumed by potentially beneficial intestinal bacteria (such as LAB) and increase
their numbers [9, 10].

Despite recent studies on the effects of prebiotics on fish growth, immunity and
physiological indices, many aspects of their potential for alteration of gut microbiota
in aquatic and increasing dominance of beneficial bacteria remained unknown [11].
The previous studies revealed that different prebiotics had different effects on LAB levels
and also a single prebiotic had different effects on different fish species. Even in some
cases, using high levels of more complex prebiotics (higher degree of polymerization)
resulted in adverse effects on total bacterial counts and LAB levels [12]. The contradic-
tory of a prebiotic on different host can be due to difference in intestinal microbiota,
physiological condition of digestive tract, etc. [13]. Therefore, determination of a prebi-
otic effect on intestinal microbiota of different species based on comparative studies will
help to identify the best prebiotic to change the gut microbiota for that species.

Galactooligosaccharide (GOS) is one of the most promising prebiotic which pre-
vious studies revealed that it could exerts positive effects in different fish species
[14—16]. In spite of extensive researches on administration of GOS in fish [17—21],
to the best of our knowledge there was no published study the effects of GOS on gut
microbiota of different fish species using comparative study. Therefore, in the present
study we decided to determine the possible effects of GOS on intestinal microbiota
of Caspian roach and Caspian white fish.

Materials and methods

Experimental diets

A commercial feed (Dansu, Iran) was used as a control diet (non-supplemented
diet). To prepare experimental diet the basal diet was supplemented with two levels
of GOS as prebiotic (1 and 2 %). The ingredients were blended thoroughly in a mixer.
Then, water was added and made into pellets. The pellets were air-dried, ground and
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sieved to produce a suitable crumble (ca. 500um). The experimental diets were stored
in plastic bags at —2 °C for further use.

Fish husbandry

The present study was conducted at the Gharasu Fisheries Research Station.
The Caspian white (Rutilus kutum) fish and Caspian roach (Rutilus caspicus) finger-
lings were supplied by Sijowal Caspian Sea Teleost Fish Propagation & Cultivation
Centre (Golestan province, Iran). Fish with mean weight of 1.3 g were stocked in nine
separate tanks for each species (totally 18 tanks) at density of 30 fish per tank. The fish
were acclimated to lab condition for 2 weeks and then feeding with experimental diets
were started. During acclimation, fish were fed with control diet. The culture system
water was closed with constant aeration. To maintain water quality every 2 days 50 %
of water was exchanged. The water quality parameters were controlled and maintained
at optimum levels.

Prebiotic

The prebiotic used in the presents study was GOS that was kindly supplied by
Friesland Foods Domo Company (Zwolle, The Netherlands). The commercial product
name was Vivinal-GOS® and obtained through the enzymatic conversion of lactose and
mainly consists of galactose and glucose molecules.

Evaluation of gut microbiota

Total viable autochthonous heterotrophic aerobic bacteria and LAB levels were de-
termined at the start of trial from 15 specimens from the initial pool of fish. Also,
at the end of the feeding trial (week 8) microbiological studies were performed. Fish were
starved for 24 h to study the autochthonous microbiota. Three specimen were randomly
selected from each tank (i.e. n = 9 per treatment).The intestine of fish were assessed and
prepared for bacteria culture as we described on previous study [12]. Briefly, the surface
bacteria were killed before dissection using 0.1 % benzalkonium chloride. With utmost
care to be aseptic, the intestine of samples obtained, washed with sterile saline and ho-
mogenized using tissue homogenizer (Potter-Elvehjem, USA). The homogenized intes-
tine was serially diluted to 107 by using sterile saline (0.85 % NaCl). Then, to dermine
the level of total bacteria and LAB a portion of the diluates (100 uL) was spread onto
plate count agar (PCA) (Merck, Germany) and de Man, Rogosa and Sharpe (MRS) agar
(Merck, Germany), respectively. The seeded plates were incubated at room temperature
(25°C) for 5 days [22]. Thereafter, the colony forming units (CFU) g~* were counted from
statistically viable plates (i.e. plates containing 30-300 colonies)[23].

Statistical analysis

Prior to statistical analysis, the normality of data and homogeneity of variance
were checked and confirmed. Then, the statistically significant difference (at P < 0.05)
between treatments was checked using One-way analysis of variance (ANOVA) fol-
lowed by Duncan's multiple range tests (36). All statistical analysis were performed
using SPSS 16.0 (SPSS Inc., Chicago, IL, USA). The figures were drawn using Excel
software (Micorsoft Office ver. 2016).
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Results and discussion

The total viable autochthonous heterotrophic aerobic bacteria (THAB) level
(Log CFU/qg) in the intestine of Caspian roach and Caspian white fish fingerlings fed with
different levels of galactaligosaccharide (GOS) as prebiotics is shown in Figure 1. At the
beginning of the feeding trial, the THAB of intestinal microbiota was 5.10 + 0.24 log
CFU/g. As shown in Figure 1 A, dietary administration of 1 or 2% GOS in diet had no
significant effect on THAB counts in the gut microbiota of Caspian roach (P > 0.05).
Similar result was noticed in case of the gut microbiota of Caspian white fish (P > 0.05)
(Figure 1 B).
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Fig. 1. The effects of different levels of galactoaligosaccharide (GOS) as prebiotic on total bacterial counts
(log CFU/q) in Caspian roach (A) and Caspian white fish (B) fingerlings.
The bars (mean +SD) assigned similar letters indicate no significant difference (P > 0.05)
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The effects of different levels of GOS prebiotics on the level of LAB of lactic acid
bacteria (Log CFU/qg) in the gut microbiota of Caspian roach and Caspian white fish
fingerling sare summarized in Figure 2. At the beginning of the period, no lactic acid
bacteria were isolated from the gut microbiota of both fish species. Indeed, the number
of LAB in the intestinal microbiota were statistically too few to count (TFTC; lower
than 30 colonies in the first dilution). Similarly, at the end of trial in case of both fish
species the LAB levels were TFTC in the control treatment. While, feeding with GOS
caused significant increase of LAB level in gut microbiota of the Caspian roach and
Caspian white fish fingerlings. In both species, the highest LAB level was noticed in
gut microbiota of fish fed with 2% GOS. There were significant difference between
1% GOS and 2% GOS treatment in case of gut microbiota LAB level in Caspian roach
(P < 0.05). However, no significant difference was noticed in case of 1 and 2% GOS
in Caspian white fish (P > 0.05).
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Fig. 2. The effects of different levels of galactoaligosaccharide (GOS) as prebiotic
on Lactic acid bacteria levels (log CFU/g) in Caspian roach (A) and Caspian white fish (B) fingerlings.
The bars (mean £SD) assigned with different letters indicate significant difference (P < 0.05)
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In addition, we calculated the ratio of LAB (potentially useful probiotic bacteria)
to THAB in the gut microbiota of both species to see the alteration in the dominance
of LAB in gut microbiota (Table 1). The obtained results showed that the ratio of LAB
to THAB in all prebiotic treatments was significantly higher than the control treatment
(P < 0.05). The highest increase in the ratio of lactic acid bacteria to the total number
of viable bacteria was observed in the 2% GOS treatment (P < 0.05). Although the
addition of GOS to Caspian white fish diet significantly increased the ratio of lactic
acid bacteria, this increment was not dose dependent; there was no significant differ-
ence between 1 and 2 % levels (P < 0.05).

Table 1

The ratio (%) of lactic acid bacteria to the total viable bacteria in the gut microbiota
of Caspian roach and Caspian white fish fingerlings fed with different levels of GOS as prebiotic.
The data in a row (mean * SD) assigned with different letters indicate significant difference (P < 0.05)

Treatments
Fish species
Control 1% GOS 2% GOS
Caspian roach TFTC® 1.70+0.34° 4.84+0.81°
Caspian white fish TFTC® 4.45+0.16° 4.12+0.41*

The intestinal microbiota of the fish includes a complex and diverse community
of aerobic and anaerobic bacteria. One of the group of bacteria in the gut microbiota
are LAB that are of great importance nowadays as probiotics [24]. Although isolation
of lactic acid bacteria from the gut microbiota of various species of fish has been re-
ported, these bacteria are not among the predominant bacterial communities in the gut
and are present in low abundance [5]. Lactic acid bacteria are capable of inhibiting the
growth of pathogenic bacteria through excretion of bacteriocins and thereby can pose
positive effects on the health status and disease resistance of fish [25]. Although iden-
tification of the gut microbiota of fish and its manipulating is complex and is not fully
understood, providing knowledge regarding possible alternative for modulation of gut
microbiota toward beneficial populations is of high importance and can be a promising
strategy for enhancing immunity and disease resistance [26—28]. This strategy can
help to reduce utilization of antibiotics in aquaculture which per results in sustainable
aquaculture [11]. One of the proposed methods for modulation of the intestinal micro-
biota composition is the use of dietary supplements such as prebiotics [2, 7—9, 29].
To date, many studies have been conducted on the beneficial effects of prebiotics on
humans and pets, and in recent years, the use of these supplements in the diet of fish
and other aquatic animals has been considered. The efficacy and efficacy of prebiotics
have been shown to be influenced by the degree of polymerization, fermentabulity, host
species, resident gut microbiota [8]. Therefore, considering the inter-species variation,
in order to ensure the beneficial effect of the prebiotic used in the diet and the optimal
prebiotic selection, comparative studies should be done.

The results of the present study revealed no significant alteration in THAB in the gut
microbiota of both Caspian roach and Caspian white fish (Figure 1). In line with the findings
of the present study, dietary administration of inactive yeast (Saccharomyces cerevisiae)
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and prebiotic fructoaligosaccharide (FOS) had no significant effects on THAB in the intes-
tinal microbiota of Beluga sturgeon (Huso huso) [12, 30]. Similarly, feeding turbot with
FOS supplemented diet exerts no significant effect on THAB [31]. On the other hand,
negative effects on THAB level was reported in beluga fed with inulin [32]. The ina-
bility of dietary prebiotic to alter the THAB seems to be due to the limited binding sites
in the gut [1, 33]. Indeed, the previous studies revealed that prebiotics seems to change
the balance of gut microbiota by providing energy source for the beneficial bacteria
rather than increasing the THAB. Therefore, the THAB cannot be altered very much
due to the limited binding sites.

Concerning the effects of the tested prebiotic (GOS) on potentially useful intesti-
nal bacteria, the results indicated a significant increase in the number of LAB in the
intestinal microbiota of both Caspian white fish and roach compared to the control
treatment. The highest increase was observed in fish fed with 2% GOS. Previous stud-
ies on the aquatic gut microbiota revealed despite the limited number of LAB in the gut
microbiota, these potentially useful (probiotic) bacteria can be increased through ad-
ministration of optimum prebiotics and become dominant bacterial communities [8].
Although there is no comparative study regarding the effects of prebiotics on the com-
position of the gut microbiota of Caspian white fish and roach, the results of this study
are consistent with those of Hoseinifar, Mirvaghefi, Amoozegar, Merrifield, Ringa [34]
that showed the use of GOS (as a prebiotic) in the diet significantly increased the num-
ber of LAB in the gut microbiota of rainbow trout. In addition, the use of FOS and yeast
prebiotics significantly increased the number of LAB in the gut microbiota of Beluga
[12, 30]. Similar results have been observed regarding the effects of FOS on the levels
of probiotic bacteria in the intestinal microbiota of Turbot [31]. However, in contrast
with these finding, inulin had no significant effect on LAB levels in the intestinal mi-
crobiota of the Beluga [35]. Despite the several reports on the prebiotic effects of GOS
on physiological and health indices of fish, there are limited reports on the prebiotic
effect on the intestinal microbiota composition of fish. According to the results of the
present study, GOS is an effective prebiotic for modulation of gut microbiota of both
species. The observed differences regarding the dose can be due to differences in the
physiological characteristics of the gut, the prebiotic type and the microbiota composi-
tion of the gut of these species.

In conclusion, the results of this study showed that the use of GOS can be taken
into account as an effective prebiotic in Caspian roach and Caspian white fish diet,
aimed at modulation of the balance of gut microbiota toward beneficial bacteria. How-
ever, determining the possible effects on physiological parameters as well as mode
of action needs further investigation.
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Annotanus. O6oraieHye KuIeyHoi MUKpOOHOTHI MOTEHIMAIBHO MOJIe3HBIMU OakTepusiMu (TIpo-
OMOTHKAMH) OKa3bIBAET OJIATOTBOPHOE BIIMSHUE HA (PM3UOJIOTHUECKUE MPOLIECCHI M 3I0POBbE pbi0. O/1HAKO,
Bo3/ielicTBHE PEOUOTHKOB HAa MUKPOGIIOPY KHIIICUHHKA SBIsIeTCs BUnocnenuduansiM. Hacrosiiee nccre-
JIOBaHME HANPABJICHO HA M3y4YEHHE BIMSHUS TAIAKTOOIUTOCAXapUIOB B KaueCTBE NPEOHOTHKA HA KHIIIeY-
HYIO MHKPOOHOTY KaCHHUICKO# IITOTBBI U MAJIbKOB KaCIHIICKOTO KyTyMa, SIBJISFOLIMXCSI OTHUMU U3 HAanOO-
Jiee 9KOHOMHYECKH IIEHHBIX BHIOB PbIO, oburaromux B Kacmuiickom mope. MccnenoBanne mpoBOAMIOCH
B TeueHHe 6 HeZeNb MO MOJHON PaHIOMHU3HPOBAaHHOI cXeMe, B ABYX HMOBTOPEHHUSX, KaXKIO€ U3 KOTOPBIX
BKJIIOYAJIO TPH BapuaHTa 00padotku — 0 (koHTpois), 1 u 2 % I'OC, B TpexkpaTHO# noBTOpHOCTH. [Tocie
9TOr0 ¢ TOMOIIBIO KyJIbTYPAIbHOI0 METO/Ia ObLIM U3YYeHBI M3MEHEHHSI B MUKPOOHOTE KHIICUYHHKA PHIO,
BKJIIOYast o0Iee KONMMYEeCTBO OaKTEpHil, KOMMYECTBO MOJIOYHOH KHCIOTHI M MOJIOYHOKHCIIBIX OaKTepui,
a TaKoKe BIUSHUE MOJIOYHOKHCIBIX OaKTepHil Ha MUKPO(IIOPY KUIIEYHHUKA. [IHeTHYeCKHEe TaTaKTOONIUIOC-
axapuIbl He OKa3aJli 3HAYNTEILHOTO BIMSAHHS Ha 00Iee KoimnuecTBo OakTepmii y oboux Bumos (P < 0.05).
YPpOBEeHb MOJIOYHOKHCIIBIX OAKTEPHU B KUIIEYHHKE ObLUT 3HAYUTENHHO BBIIIC MPH JICUSHHN MPEOUOTHKAMH,
4yeM B KOHTpoJIbHOH TpyTe (P < 0.05). 3HaunTenbHOE yBEIMUSHHE KOJIMYECTBA MOJIOYHOKHUCIIBIX OaKTepHid
U 1X TpeoOiafanue ObUI0 OTMEYEHO B BapHaHTE C UCIIONIB30BaHUEM 2 % ranakrooiaurocaxapuaos. Kpome
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TOT'0, CAMOE BBICOKOE KOJIMYECTBO MOJIOYHOKUCIIBIX OAKTEPHil O OTHOIICHHIO K O0IIEMY KOIMYECTBY KHU3-
HECIIOCOOHBIX OaKTepuil HaOMIOAANoCh B BApUAHTE C WCIOJb30BaHHEM 2 % TallaKTOOJIUTOCAXapHUIOB
(P < 0.05). Pe3ynbTaThl TaHHOTO HUCCIIEOBAHUS JOKA3hIBAIOT BO3MOKHOCTE M d(()EKTHBHOCTH HCIIONB30-
BaHWS TaJIAKTOOJIUIOCAXapHIOB B KauecTBE MPEOHOTUKA JUTsl 000TalICHHUSI KUIICYHOH OaKTepUaTbHOW MUK-
POdIOpPBI KACTHHACKON TUIOTBBI K MATBKOB KaCIUHCKOTO KyTyMa.

KioueBble cjioBa: MpeOHOTHK, KACITUICKUN KyTYM, KacIllUiiCKas MJI0TBA, raJlaKTOOIUIOCaXapH/I,
KUIIeYHAs MUKpoOuoTa

BJIATOJAPHOCTH

ABTOpBI BBIpaXaroT OnarogapHocTs cotpyanukam Friesland Foods Domo (3somte, Hupepnansmsr),
TF00€3HO MPEIOCTaBUBIINAM IIPENapaThl-TIPeOHOTHKH. Takke MBI XOTeIH ObI HOOIarogapuTh COTPYA-
HHKOB HCCIIEI0BATENbCKOM cTaHmy Ghareshsoo 3a moMoIs B IPOBEICHNH HAYYHBIX SKCIIEPHMEHTOB.
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Abstract. The present study was undertaken to evaluate the lethal toxicity and stress signs of Floni-
camid toward juvenile common carp (Cyprinus carpio). The 96 h LC50 values, determined 43.17 mgL™
by probit analysis in a semi-static system. LC50 24, 48 and 72 h were 47.54, 41.83 and 43.51 mgL?, respec-
tively. Behavioral changes include hyperexcitement, erratic swimming, dark coloration, loss of equilibrium
and lethargy were observed with different intensities. Consequently, mortality rate, stress signs and behav-
ioral changes observed in response to the Flonicamid are dependent to dose and time exposure.

Key words: Flonicamid, lethal concentration, Cyprinus carpio, intoxication symptoms, behavior
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Introduction

Flonicamid is the approved common name for the chemical composition, 1K1220;
N-cyanomethyl-4-trifluoromethyl nicotinamide. It is a novel systemic pyridine carbox-
amide pesticide discovered by Ishihara Sangyo Kaisha, Ltd (Tokyo, Japan). It is used for
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controlling hemipterous pests, and thysanopterous pests that are resistant to other in-
secticides. It is a useful pesticide for the control of sucking pests such as aphids, white-
flies, trips, some micro lepidoptera, and a number of coleopteran species [1]. Floni-
camid causes starvation in sucking insects via inhibit their feeding. The mechanism
is stop feeding by blocking the ion channel. After spraying Flonicamid, although in-
sects are able to attach to the plant, their salivation and sap feeding are limited or com-
pletely blocked [2].

The high rate of human population growth and the rapid pace of industrialization
have caused the problem of sewage disposal. The domestic wastes and untreated or
partially treated industrial sewages, may have pollutants like heavy metals, pesticides
and many organic compounds, affect the fish and other aquatic organisms with sev-
eral negative side effect on non-target organisms such as fish disease or death. Actu-
ally, it is a well-known fact that indiscriminate use of pesticides in agriculture has
resulted in extensive distribution in the environment and also has a direct impact on
non-target organisms [3].

Investigation the behavior is considered as a promising tool in ecotoxicology [4].
Behavior of toxicant exposed fish is the integrative measures of neurotoxicity and reflect-
ing biochemical and physiological reactions to the toxicant. Also, behavior is a unified
result of endogenous and exogenous processes and low level of exposures have been
involved in various behavioral and physiological impairments [5]. Monitoring fish be-
havior which exposed to pesticides performed in several investigations [4, 6].

Using pesticides is common in the extensive agriculture farms of southern region
of the Caspian Sea in Iran which located nearby the fish farms. Therefore, the fish in
this region, either in the sea or fish farms are endangered by pesticides [4]. As Floni-
camid has a favorable toxicological profile, with low toxicity to mammals, recently, it
has been widely used as a safe insecticide in the agricultural farms of this region.

The present study has aimed to determine the lethal toxicity of Flonicamid and its
effects on some behavioral changes of juvenile common carp (Cyprinus carpio). Com-
mon carp is a highly edible fish and preferred for culture due to its high growth rate
and prolific breeding in confined water. Also, it is commercial and an important aqua-
culture fish species in the southern Caspian Sea. Common carp is cultured for food
consumption and also restoration of fish stocks.

Materials and methods

Fish maintenance & pesticide preparation

Total number of 200 juvenile common carp with average weight and length of
48 £ 4.25 gand 11 £ 1.5 cm, respectively, were stored in a 2000 L capacity fiberglass
tank. During two weeks acclimation, the fish were fed 1.5 % of the body weight with
commercial carp feed, twice a day (Mazandaran Animal & Aquatic Feed Co., Sari,
Mazandaran, Iran) and aerated continuously. 50 % water exchanging performed daily.
Leftover food in the tank was removed daily when water of the tank was changed.
Physicochemical properties of water were monitored during the experiment. Water
temperature, dissolved oxygen, salinity, and pH were measured by Hach HQ40d

280 BETEPMHAPHA



Ghelichpour M et al. RUDN Journal of Agronomy and Animal Industries, 2019; 14(3):279—288

portable apparatus (Loveland, Colorado, USA). Also, photometer (Wagtech 7100,
Berkshire, UK) was used to calculate total hardness, alkalinity, and calcium.

Behavior monitoring

The fish behaviors, clinical and apparent characteristics were monitored during
Flonicamid exposure daily. Changes in fish swimming and coloration and any other
apparent symptoms were reported for each group to compare the effect of concentration
and time of Flonicamid exposure on experimental fish.

Determination of lethal concentration

150 common carp were distributed into 15 fiberglass tanks with 160 L volume. The
tanks were considered as five groups for five different Flonicamid concentrations. Three
replicate were taken for each concentration. 0 (control), 30, 40, 50 and 60 mg L™ were
determined according to the pre range finding test. The fish were exposed to the distinct
concentrations of Flonicamid (with specifications in Table 1) for 96 h to determine LC50
values after 24, 48, 72 and 96 h. They were starved 24 h prior to exposing and during
assay no food was given to the fish. The mortality was recorded in each group and dead
fish were removed from tanks. Simultaneously renewed water, some amount of the pes-
ticide were added into tanks to keep the concentration of the treatments, daily.

Table 1
Specifications of Flonicamid
Pesticide CAS number Supplier Grade Chemical name Altr?;r:ggve
Flonicamid 158062-67-0 Ishiharab Commercial 1KI220; Teppeki

Sangyo Kaisha, formulation N-cyanomethyl-

Ltd Tokyo, (50 % WG) 4-trifluoromethyl
Japan nicotinamide
Analysis

The fish behavior was monitored immediately after exposure to Flonicamid and con-
tinued every one hour in the first day. Then, the fish behavior was investigated three times
a day in every 24 h up to 96 h after Flonicamid exposure. Data on mortality of fish were
investigated according to time by probit method in statistical SPSS software (version 17).
Based on probit analysis method, LC50 values and 95 % lower and upper confidence limits
determined. In Finney’s method, a regression equation and graphical interpolation are used
to determine the LC50 value. To draw the graphical interpolation, logarithms of the chem-
ical compound concentration and the probit value of percentage mortality are used on the
X axis and Y axis, respectively. The 95 % confidence limits of the LC50 values were cal-
culated by the formula of Mohapatra, Rengarajan [7] in Finney’s method.

Results and discussion

Physicochemical characteristics of water in the experiment were checked daily to
establish the environmental parameters. Table 2 shows these parameters.
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Table 2
Physicochemical characteristics of water

Characteristics Unit Mean = SD
Water temperature °C 27.5+1.25
pH — 8.5+0.25
Dissolved oxygen mg L™ 7.1+0.84
Salinity mg L™’ 2.63+0.15
Electro conductivity uscm™ 4630£55
Total hardness (as CaCOg3) mg L™’ 300%£17.5
Alkalinity (as CaCO3) mg L™’ 350 +20.3
Calcium mg L™ 110+11.7

Toxicity stress and behavioral and apparent physiological symptoms

Uncoordinated behavior was observed in fish exposed to different concentra-
tions of Flonicamid. At the initial of exposure, the brownish gray powder of Floni-
camid caused the water appearance foamy and cloudy. The fish stopped swimming
with a swinging motion in their location in response to sudden changes in the sur-
rounding environment. Then, to avoid the toxicant water, they swam to the water
surface with hyper excitement behavior and fast swimming which seems this behav-
ior was because of low oxygen conditions. Also, faster activity of opercula was ob-
served as surfacing and gulping of air. After some time, the fish became slow with
erratic swimming. Body pigmentation increased, therefore, the fish coloration be-
came dark especially fins and tail. The darkish color increased gradually and ex-
panded to other parts of the body. The fish exposed to higher concentration of Floni-
camid showed a faster color exchange. Eventually, fish with lateral swimming lost
their equilibrium and consciousness. Then, they stayed motionless on the bottom of
tank and became exhausted and lethargic. Lastly, they died with open mouth and
operculum. These alterations occurred so fast in fish exposed to higher Flonicamid
concentration (50 and 60 mgL™) compared to the lower one (30 and 40 mgL™)
which some behaviors were not obvious clearly in higher dose, such as erratic and
slow swimming.

Lethal concentration of Flonicamid

Lethal concentration (LC50) is basically for acute toxicity. LC50 is the concentra-
tion of a toxicant chemical compound such as pesticide, which Kills 50 % of the exper-
imental organism in a specific period of time exposure, usually 96 h. According to
Figure 1, by increasing the concentration of Flonicamid, the fish mortality rate has also
increased, which indicates a direct relationship between mortality and concentration of
the pesticide. LC50 of Flonicamid after 24, 48, 72 and 96 h exposure were determined
47.54, 41.83, 43.51 and 43.17 mgL™?, respectively (Table 3). LC10-99 in each time
exposure of Flonicamid is in Table 4.
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Fig. 1. Percentage mortality of Cyprinus carpio after 96 h exposure to different concentrations of Flonicamid

Table 3
Lethal concentration of Flonicamid (mgL™")
. LC50 values 95 % confidence limit .
Duration (h) (mg L) lower upper Slope £ SE Intercept = SE Sig
24 47.54 42.35 52.67 25.512+£7.80 -42.78 £13.14 | 0.001
48 41.83 35.05 48.18 14.48 +4.38 -23.49+7.18 0.001
72 43.51 38.88 48.09 28.37 £8.63 -46.49+£14.20 | 0.001
96 43.17 37.36 48.77 18.29 +5.36 -29.91+£8.83 0.001
Table 4
Lethal concentrations of Flonicamid (mgL—-1) (95 % confidence intervals)
depending on exposure time for Cyprinus carpio
Lethal Exposure time (h)
concentration 24 48 72 96
LC10 38.99 29.50 36.40 32.74
(27.68—43.38) (16.34—35.16) (26.71—40.24) (21.17—31.70)
LC50 47.54 41.83 43.51 43.17
(42.35—52.67) (35.05—48.18) (38.88—48.09) (37.36—48.77)
LC90 57.97 59.32 52 56.92
(52.40—79.09) (50.69—97.89) (47.28—68.80) (50.01—83.17)
LC99 71.98 86.85 63.18 76.97
(60.94—133.71) (65.73—244.75) (54.30—109.63) (61.73—165.86)

Some apparent physiological and behavioral alterations observed in juvenile common
carp exposed to Flonicamid and they were obvious approximately 30 min after exposure
to the highest concentration of Flonicamid (60 mgL™). The sequence of intoxication symp-
toms were initially stopped swimming with a swinging motion due to abrupt stress (it was
clear in high Flonicamid concentrations), hyperactivity and irregular swimming, swim-
ming near the water surface for oxygen uptake, erratic swimming, darkening the body color
due to accumulation of pigments, lethargy because of energy consumption to against stress
and death, ultimately. Some behavior alterations and intoxication symptoms observed
in the previous studies. Jonsson, Toledo [8] reported excitation, erratic swimming with
increase in respiratory frequency, swimming near the water surface for oxygen uptake,
convulsion and hysteria in two species Hyphessobrycon bifasciatus and Brachydanio rerio
exposed to acute toxicity of endosulfan. Joshi, Rege [9] also noticed similar symptoms in
Gambusiaaffinis exposed to other organochlorine insecticides such as DDT and BHC and
a few inorganic salts. The teleosts exposed to pyrethroids and some organophosphates
showed behavior alterations and intoxication symptoms [10].
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Hyperactivity and irregular movement are the symptoms related to the central
nervous symptoms. Although the mecanism of action of Flonicamid is not comletely
known in fish, this pesticide may interfere withthe connection of some
neurotransmitters in specific receptors like their function in insects [8]. Alterations in
the levels of intra- and extracellular sodium and potassium may be another reason to
the hyperactivity and irregular movement in fish exposed to the pesticides [11]. The
various behavioral changes such as abnormal swimming, jerks of body, loss of balance
and anorexia are some indications observed in Oreochromis niloticus and Chrysichthys
auratus exposed to atrazine, Channa punctatus exposed to mecuric chloride and
malathion and Heteropneutes fossilis exposed to Malathion [12—14]. Fast swimming
and jumping, faster opercula activity, erratic swimming, vigorous jerks of the body,
mucus elevation, increased body pigmentation, loss of balance and consciousness,
rolling movement, became exhausted and lethargic were the intoxication symptoms
reported in Channa punctatus exposed to carbosulfan, glyphosate and atrazine [6].

Dark coloration due to pesticides exposure is a symptom which reported in previous
studies like Cyprinus carpio exposet to indoxacarb, Salmo salar and Oncorhynchus mykiss
exposed to emamectin benzoate [15, 16]. Dark coloration of fish exposed to Flonicamid
might be as a result of interference of pesticide in melanophore aggregation due to cortisol
hormone elevation in the stressful condition. According to Nunes, Gaio, Carvalho,
Guilhermino [17] different factors may affect dark pigmentation in fish for example, cap-
ture, environmental stress, and as a defense mechanism when they feel threatened. Increas-
ing the intensity of fish pigmentation associates with stress responsiveness, since fish sub-
jected to stressful conditions [18]. Common carp to 2,4-Dichlorophenoxyacetic acid [19]
showed light coloration. Light coloration may due to mucus hypersecretion.

Acute toxicity data has been used to determine water quality guidelines. The
results of the LC50 (median lethal concentration) of the present study at 96 h were
43.17 mgL! for Flonicamid. Therefore, it seems Flonicamid may be the moderate
toxic substance for juvenile common carp. Toxicity of the pesticides was both time
and concentration dependent, thus accounting for differences in LC10-99 values
attained at different times and concentrations of exposure. There is no report on Floni-
camid LC50 in any fish species. Therefore, may be further investigations show dif-
ferent data even in the common carp. Because toxicity of chemicals to aquatic organ-
isms has been shown to be affected by age, size, health of the species and also, phys-
iological parameters like temperature, pH, dissolved oxygen and turbidity of water
and concentration and formulation of chemical [20].

Conclusions

The result of the present study showed that Flonicamid as a new pesticide has ad-
verse effects on behavioral and some apparent physiological parameters of common carp.
Initially swinging motion, hyperexcitement, erratic swimming, dark coloration, loss of
equilibrium and lethargy are the intoxication symptoms due to Flonicamid exposure.
The symptoms are related to the time and concentration of Flonicamid exposure as other
pesticides. Calculating the lethal concentration of Flonicamid in different times and con-
centrations indicate that pesticide toxicity depends on different parameters.
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OnpepeneHve cpeaHeil netanbHO KOHLEHTPpaUum
M CUMNTOMOB MHTOKCUKaLIUM HOBOIro
nupuaAnHKapookcaMmuaHoro necrtuumaa
dnoHukamupa Ha Kkapna Cyprinus carpio

M. leanmunyp** 2, A.T. Mupraea® %, A.Il. Xumenec® *

1Terepanckuii ynusepcurer, Tezepan, Uparn
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AnHoTanus. Hacrosiiee vccienoBaHue ObUIO POBEACHO VIS OIICHKH JIETATbHON TOKCUYHOCTH U OTIpe-
JICTICHHs] CUMITTOMOB MHTOKCHKAIMK (DIIOHMKaMHUIa 110 OTHOIICHMIO K Mosoziomy kapiy (Cyprinus carpio).
Cpennsisi TeTanbHasi KOHIEHTpaIws 3a 96 4 otMeuaetcs rpu 43,17 MI/J1 ¢ TOMOIBIO MPOOUT-aHAIH3a B TIOJTY-
cratmdeckoi cucreme. CpemHsisi JeTaiabHas KOHIEHTpauust depes 24, 48 m 72 4 cocraBmm 47,54, 41,83
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143,51 mr/n coorBercTBeHHO. Cpe/iu MOBEICHUECKUX N3MEHEHHI Pe00IIaiaii THIepBo30YIKICHHE, HEYCTOM-
YMBOE IUIABAHUE, TEMHAs! OKpacKa, I0Tepsi PABHOBECHS 1 JIETapIysi, KOTOpbIe HAOIIONAIUCh C pa3IniHOi UH-
TEHCUBHOCTHIO. CJIe/10BaTeNIbHO, YPOBEHb CMEPTHOCTH, CTPECCOBBIE TIPU3HAKK U TIOBEICHYECKUE N3MEHEHUS,
Ha0MmoaeMble B OTBET Ha pHeM (IIOHHKaMHIA, 3aBUCAT OT JO3bI M BpEMEHH BO3/IeHCTBUS IIpenapara.

KuaroueBble cioBa: GIoHUKaMU, JieTabHast KOHIeHTpanust, Cyprinus carpio, CUMIITOMbBI HHTOK-
CHUKAallMH, OBe/IeHHE
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