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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.

Key words: Amaranthus tricolor L. seedlings, water and alcohol extracts, low molecular weight
antioxidants, amaranthine, ascorbic acid, open ground, protected ground

Article history:
Received: 16 August 2019. Accepted: 30 August 2019

For citation:

Sergiev 1G, Todorova DA, Gins VK, Motyleva SM, Gins EM, Moskalev EA. Nutritional value
of vegetable Amaranthus tricolor L. seedlings grown in Moscow region. RUDN Journal of Agronomy
and Animal Industries, 2019; 14(3):225—238. doi: 10.22363/2312-797X-2019-14-3-225-238

© Ceprues W.T"., Tomoposa [[.A., I'urc B.K., MotsuteBa C.M., I'nuc E.M., Mockanes E.A., 2019.
This work is licensed under a Creative Commons Attribution 4.0 International License
& https://creativecommons.org/licenses/by/4.0/1

CROP PRODUCTION 225


http://journals.rudn.ru/agronomy
https://creativecommons.org/licenses/by/4.0/1

Cepeues U.I. u dp. Bectauk PYJIH. Cepusi: ATPOHOMUYS Y JKUBOTHOBOJICTBO. 2019. T. 14. Ne 3. C. 225—238

NMuweBasa LEHHOCTb CEeSIHLL,EB OBOLLHOIro Bnaa
Amaranthus tricolor L.,
BblpalLEeHHbIX Ha 3e/leHb paccagHbliM CrOCOOOM
B ycnoBuax MockoBckon oonacTtu

W.T. Ceprues’, I.A. Togoposa!, B.K. I'unc?, C.M. MotbL1eBa®,
E.M. I'muc®, E.A. MockaJjes*

MucruryT pusuonoruu u renetuku bonrapckoii akagemuu Hayk, Cogus, Boreapus

Z(DenepanLHLH”d Hay4HBIH LIEHTP OBOIIEBOJCTBA,
n. BHUHCCOK, Mockosckas obnacme, Poccuiickas @edepayus

3Bcepocc1/117101<1/1171 CEJIEKIIMOHHO-TEXHOJIOTHMYECKUI MHCTUTYT CaJOBOJICTBA U MUTOMHHUKOBO/ICTBA,
Mocksa, Poccutickas @edepayus

“BcepoccHiickuil HayYHO-HCCIEN0BATENBCKIN HHCTUTYT KapTOQENTBHOTO X03giCTBa
nmenu A.T". Jlopxa,
n. Kpackoeo, Mockosckas obnacme, Poccutickas @edepayus

*Aemop-xoppecnondenm: iskren@bio21.bas.bg

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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