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Abstract. The study of variability of morphological features in red-colored varieties of amaranth and their
correlations at different stages in the conditions of the Moscow region makes it possible to identify features
that affect productivity, amount of amaranthine and other biologically active substances. After analyzing
vegetative characteristics, the varietal features of amaranth plants were proved to have a smaller impact on
‘root length’, ‘plant height’ and ‘number of leaves’ characteristics than the cultivation conditions, especially
at the initial stages (ISB (Influence share of the weather conditions) from 22 to 58 %). It follows from the
phenotypic variability analysis that the genotypic component values varied significantly only at the last stages
(Cvg>35 %). The maximum values of phenotypic variability were marked in all varieties at the stage of active
growth considering the ‘root length’ (Cve=32...47 %) and the ‘number of leaves’ (Cve=48...85 %). The
generative characteristics seemed to be significantly influenced by the varietal factor (ISA (Influence share of
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varietal characteristics) =40...88 %) starting from the third stage. The genotypic component of all varieties was

high considering the inflorescence weight (Cvg=75...86 %). In signs of general productivity, it was studied

that the leaves (93...112 g/plant) contributed the most for amaranth forms, which mass in all varieties largely

depended on weather conditions (ISB > 55 %). The interrelation of the leaves productivity was noted high with

all the vegetative characteristics on phase III-V (r =0.71...0.92) and with ‘inflorescence mass’ on phase V-VI.
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Introduction

Amaranthus L. plants are a source of valuable bioactive compounds that could be
used in various spheres of national economy. Amaranth exceeds traditional grain and
vegetable crops in nutrients content especially in protein and fat; the amaranth protein
is especially valuable, as it contains the optimal ratio of essential amino acids [1, 2].
Leaves and inflorescences of red amaranth forms are raw materials for a valuable food
dye — amaranthine, its antioxidant properties could be compared with ascorbic acid [3].

An important feature of the amaranth is plasticity, which ensures the variability both
of plant morphological characteristics and of biochemical composition of substances
and their content in leaves. The wide variability of the content of various amaranth
substances is designed by its genotype and conditions of plant growth: region climate,
cultural practices, stage of plant development [4, 5].

The aim of this study was to design the maximum plant productivity of red amaranth
forms depending on the growth stage and establish the interrelation with the quantitative
characteristics of amaranth plants grown in open field in Nonchernozem zone of the
Russian Federation (Moscow region).

Materials and methods

Various morphological characteristics of red amaranth varieties (Valentina, Don
Pedro and Fakel) and green amaranth varieties with red inflorescences (Pamyati Kovasa
and Ecu 17020) were studied at biometric analysis depending on the growth stage and
weather conditions in 2013—2016 [6-8].

The methodology for field experiments was developed considering the peculiarities
of field experiment in selection, variety and primary seed breeding of vegetable crops
set by OST-4671-78.

Field experiment in cultivation of varieties of different amaranth species was
performed in open fields of Federal Scientific Vegetable Center in 2013—2016. Amaranth
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seeds were sown in open field in an ordinary way manually in the 4th decade of May.
Field experiments (size of plots and sowing schemes) were carried out according to
OST 4671-78. During the growing season we performed phenological observations,
accounted for biometric characteristics, collected amaranth species. The phenological
observations were carried out in accordance with the methodological guidelines for
the study of green crops [9—12], the dates of onset of the most significant phases for
amaranth plants were noted.

The obtained data were processed statistically using MS Excel spreadsheets. The
necessary observations, accountings and analyzes were conducted on the techniques
considering peculiarities of field experiment in breeding and crop production under the
method of field experiment according to Litvinov [13].

For data processing, a scheme of two-factor experiment was used: influence of
variety factor — Factor A (variety) and cultivation condition — Factor B (year) on
variability of the studied characteristics. The total phenotypic dispersion is represented
by decomposition into individual components: environmental variability (Cve, %) and
the influence of varietal factor — a genotypic component (Cvg, %) [13].

Results and discussion

Root length. Analyzing variability of ‘root length’ parameter, an increase in values
was observed as the amaranth plants develop. The most favorable conditions for root
system development in most varieties (except Valentina) were formed in 2013, when the
average root length of plants was significantly higher by the beginning of flowering. Don
Pedro variety had some significant differences between the years (Cve = 25...47 %).
The parameters for 2014 are characterized by a sharp transition from phase II to phase
IIT with achieving plateau after phase III. In 2013—2014, parameters of ‘root length’
for Fakel are characterized by a sharp increase from phase I to phase III. In 2015—2016
the values almost immediately achieve plateau: after phase I in 2015 and after phase II
in 2016 [14].

The following features can be distinguished in green varieties. Pamyati Kovasa
demonstrates slow growth of root system at the initial stages of its development only
under unfavorable 2015 conditions. Ecu 17020 variety had the least susceptibility to the
changing weather conditions during its vegetative growth (Cve< 20 %) [9, 14].

The results of two-factor analysis demonstrated that the varietal factors (factor A) of
the amaranth plant have a smaller impact on root system growth than cultivation conditions
(factor B—the year), especially at the initial development stages (Fig. 1). The influence
of factor A ranged from 1 to 30 %, and factor B— from 20 to 57 %.

This is also confirmed by low values of genotypic component of phenotypic
variability of ‘root length’ characteristics (Cvg <15 %). The maximum values of
ecological variability for all variety characteristics were noted at the stage of active
growth (Cve=29...44 %).

MORPHOLOGY AND BIOCHEMISTRY OF PLANTS 11
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Fig. 1. Influence of genotype — factor A (variety) and cultivation conditions — factor B (year) on root
length of amaranth varieties at different growth stages (2014—2016)

Height of plants. The highest growth parameters were marked in Ecu 17020 and Don
Pedro, while Pamyati Kovasa amaranth had the lowest growth. The maximum height
of plants was in 2013 (Fig. 2).

Fig. 2. Height of amaranth plants depending on variety (A), growth stage and research year (B)

Under the conditions of growing red variety Valentina, schedules for 2014—2015
reach a plateau at reproductive stages, and 2013 curve is constantly growing. Don Pedro’s
plant height curves have been observed to plateau at different stages of plant development.
2013 and 2014 can be considered for Fakel as reaching a plateau after phase III, and the
indicators for 2015—2016 differ significantly at the early stages.
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In 2013 and 2014, for green varieties Pamyati Kovasa and Ecu 17020, we can note
a constant increase in ‘plant height’ curves. At the same time, in 2015—2016, graphs
for Pamyati Kovasa reach plateau after phase III, and phase IV (See Fig. 2) [15, 16].

It should be noted that in different years the influence of year conditions was essential
in phase II-VI IS, >52 %. The greatest varietal differences were noted at the last stages
(Cvg>35 %).

Number of leaves. The patterns above are similar to changing the ‘number of leaves’
characteristic. The influence of year conditions was significant (ISB >34 %), and ‘plant
height’ reached its maximum starting from phase III, ISB>82 %. The differences
between 2013 and 2015—2016 are the most noticeable. In 2014, there were no significant
differences compared to 2013 in the active growth phase, but the number of leaves on
plants was significantly lower at the beginning of budding and later stages [14, 15].

From the analysis of phenotypic variability, it follows that the values of genotypic
component ranged throughout the ontogenesis (Cvg=5...77 %). The values of
environmental variability coefficients were the largest for Pamyati Kovasa variety
(Cvg =34 %); at other stages, the influence of year conditions was significant for all
varieties (Cve=52...87 %) depending on the variety and phase of development.

Plant productivity by total leaf weight. Some similar features in the development
dynamics were identified for the ‘total leaf weight’ characteristic, however, the influence
of weather conditions was significant at all stages of development, in contrast to the
varietal factor (ISA<15).

2013 was distinguished by high values at phase IV for Don Pedro, Fakel and Pamyati
Kovasa varieties; at phase V — for Valentina variety. For Ecu 17020, the leaf mass after
phase IV remained unchanged till the end of the growing season.

On average over the years, the highest productivity was noted in the three
varieties — Don Pedro, Fakel and Pamyati Kovasa at the beginning of seed formation
(95...112 g/plant). In varieties Valentina and Eku 17020 (more than 120 g/plant) — at
the ripening stage (V phase). Varietal differences are more significant than ‘leaf mass’
and ‘number of leaves’ [13, 15, 16].

Inflorescence length. Among the studied varieties, two groups can be
distinguished: with large inflorescences (Fakel, Valentina, Pamyati Kovasa) and
small inflorescences (Don Pedro and Ecu 17020). Comparing the values for different
years, general patterns were found: a high growth rate of inflorescences at the
stage ‘beginning of budding-flowering’ and its slowdown to phase IV (Fig. 3).
The most optimal conditions for Valentina and Don Pedro were in 2015; for Fakel
and Ecu 17020 —in 2013 [17, 18].

Significant fluctuations in the coefficient of phenotypic variability were observed
in late-ripening varieties of amaranth Don Pedro (Cve=236...87 %) and Eku 17020
(Cve =25...84 %) with maximum values in phases IV and V (Cve =72...94 %). The
values of genotypic component had the maximum variation a in phase IV (Cvg=43 %).

These features explain the more significant influence of genotype on development
of reproductive system of amaranth plants. The share of influence of this factor at the
stages of maturation was more than 45 %, which is significantly higher than that of
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plant height (ISA <25 %), root length (ISA <30 %), and number of leaves, (ISA<5 %).
At the same time, the effect of cultivation conditions, factor B, is significantly less
(IBS<37) (Fig. 3).

Fig. 3. Influence of genotype — factor A (variety) and cultivation conditions — factor B (year)
on inflorescence length of amaranth varieties at different growth stages (2014-2016)

Inflorescence mass. On this basis, two groups of varieties can be distinguished:
Valentina, Fakel and Pamyati Kovasa with large inflorescences (>25 g); Don Pedro and
Ecu 17020 with small inflorescences (<10 g). Varietal differences were observed at all
stages of inflorescence development (ISA=43...87 %), and influence of year was more
significant at budding stage (ISA=37 %). The genotypic component of variability for
inflorescence mass in all varieties was distinguished by high values of the studied trait
in phases II-VI (Cvg=75...86 %).

In the first group, Fakel and Pamyati Kovasa have a similar dynamics of inflorescence
mass growth in all years, while in 2016 Valentina showed a sharp decrease in this indicator.
In the second variety group, Eku 17020 was the most susceptible to changes in weather
conditions and had a comparable mass of inflorescences in 2013 and 2014 [16, 19].

Analyzing the correlation of the total leaf productivity, it should be noted that it
should be noted that in all studied varieties, high positive correlations were noted for
‘root length’, ‘plant height’ and ‘number of leaves’ in phases III and IV and for ‘number
of leaves’ and ‘plant height’ in phases II and V (r >0.84). The ratio of ‘leaf mass’ with
generative characteristics is as follows: for ‘inflorescence length’ it is positive at stages
IT and V, for ‘inflorescence mass’, an increase in correlation with the last phase of
inflorescence development can be noted (r =0.8).

At the same time, significant relationships between the mass of inflorescence and
other morphological characteristics of plants (root length, plant height, number of leaves)
were not found in the studied varieties [8, 20].
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Conclusions

Grouping varieties according to the total productivity of vegetative mass
(leaves +inflorescence) depends on the phase of development — Pamyati Kovasa and
Eku 17020 had the largest plant mass (> 100 g/plant) at the flowering stage, at the stage
of seed formation this indicator was comparable in all varieties (115...121 g/plant), and
at the stage of beginning of seed formation, Valentina could be distinguished by this
parameter (more than 140 g/plant).

The greatest differences between the studied varieties in the group were noted for
‘plant height’ (Cvg>25 %), the coefficient of genetic variability for number and weight of
leaves was 15...27 % depending on the growth stage; for length of root and inflorescence
Cvg<15 %. Eku 17020 variety differs in plant height, Don Pedro — in number of leaves,
Valentina and Eku 17020 — in leaf mass, Pamyati Kovasa — in inflorescence length,
Fakel — in inflorescence mass.

Thus, the overall productivity (leaves and inflorescences) in the open ground of the
Moscow region is due to early maturity, varietal characteristics of the reaction rate to
changing weather conditions in the region, year of cultivation and the ratio between the
main quantitative traits at different growth stages of amaranth plants.
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N3meHUYnBOCTb MOpPdOMETPUUECKUX NOKa3aTenen
KPaCHOOKPpaLLEHHbIX COPTOB aMapaHTa C BbICOKUM
copep)XaHMeM 6MoNorMYeckn akTUBHbIX BELLLECTB B YC/IOBUAX
OTKpbITOro rpyHTa MockoBckol o6nactu

C.O. ITnaronoBa' -~ =5, K.X. Toppec MuHb0?,
E.M. Tunc! *, M.C. I'uuc*? ", E.B. PomanoBa!

'Poccuiickuii yHUBEpCUTET APY>KObI HAPOAOB, 2. Mockea, Poccuiickas ®edepayus
*Texuuueckuit ynusepcutet Kotonakcy, 2. JlakamyHea, IKk8adop
3®enepasbHbIM HAYUHBIN LIEHTP OBOIIEBO/CTRA,
noceiiok BHUMUCCOK, Mockoeckas 064., Poccuiickas @edepayus
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AnHoTanms. V3yueHre U3MeHUMBOCTH MOP(OIOrMUeCKHUX MPHU3HAKOB KPaCHOOKPAIIIeHHBIX COPTOB
amapaHTa ¥ UX KOpPPe/SILIMOHHBIX B3aMMOCBsI3eM Ha pasHbIX CTafIUsX OHTOreHe3a B yCA0BUSIX MOCKOBCKOM
006/1aCTH MO3BOJIUJIO OTIPeZIe/TUTh 0COOEHHOCTH, BAMSIOLIYE Ha (HOPMUPOBaHHe MPOYKTUBHOCTH, TI0JyUeHHe
MAaKCHMaJIbHOTO KOJIMYeCTBa aMapaHTHHA U PyruX 6MOMIOrnuecKy akKTUBHBIX Bel|eCTB. AHA/IM3 BereTaTMBHbIX
TIPU3HAKOB BBISIBUJI, UTO COPTOBBIE 0COGEHHOCTH PAaCTeHHU aMapaHTa OKa3bIBalOT MeHbLIee BJKUSHHUE Ha JITUHY
KODHSI, BBICOTY PaCTe€HUH U UKMC/IO JIUCTHEB, YeM yC/IOBUS BhIPALMBaHMUs, 0COOEHHO Ha Haua/bHBIX CTaJMsX
(B, ot 22 n10 58 %). ViccenoBanye heHOTUINIUECKON H3MEHUMBOCTH TI0KA3a/I0, UTO 3HAYEHUS TeHOTUINYECKOM
COCTaBJ/ISIIOIIeH N3MeHUMBOCTH BapbUPOBAIM Ha MOC/IeHUX cTafusix cospeBanust (Cvg > 35 %). Ha HavyanbHbIX
CTaJysIX BBICOKOW M3MEHUYHMBOCTbHIO OTVIMUW/INChH BereTaTUBHbIe NIPU3HaKK: JyiHa KopHs (Cve = 32...47 %)
1 uncsio ctbeB (Cve=48...85 %) — B 3aBUCHMOCTH OT yC/I0BUIA rofia. B penpoflyKTUBHBIH TIeprog pa3BUTHS
y BCeX reHepaTUBHBIX NPU3HAKOB (akKTop copTa 6bUT Hanboee CyIeCTBeHHBIM HaUMHAasE CO CTa/IUU LIBETEHUS
(OBA =40...88 %). 3HaueHust MpH3HaKa — MacChl COL{BETHI — BapbHPOBAa/IX B 3aBUCUMOCTH OT BJIHSIHUS Te-
HOTHUINYECKOH COCTaB/IsIIOIel H3MEeHUMBOCTH BceX copToB (Cvg = 75...86 %). VI3 aHanu3a NpU3HAKOB 00111eit
MIPOAYKTUBHOCTH PacTeHHH! C/lefjyeT, YTO OCHOBHOM BKJIaJ] y COPTOB aMapaHTa BHOCAT JiMCTbs (93...112 r/pac-
TeHHe), Macca KOTOPhIX 3aBUCHUT OT TIOTO/HBIX YC/I0BUH ([IB, > 55 %). BBICOKMMY KOppesALuaMH GbLId 0TMe-
YeHbI B3aUMOCBSI3H 0011jeli TPOJYKTUBHOCTH JIMCTHEB CO BCEMU BereTaTMBHBIMU NpH3HaKamu Ha II1-V ¢a3ze
(r=0,71...0,92) u mMaccoit coerus Ha V-VI dasax cospeBaHusl.

KnroueBblie cioBa: Amaranthus L., mopdostorus, ¢peHoTHUNNYeCKasi U3MEHUUBOCTb, IIPOAYKTUBHOCTE,
amapaHTHH

3asB/IeHHe 0 KOH()IMKTe MHTEPECOB: aBTOPHI 3asIB/ISOT 00 OTCYTCTBUU KOH(IMKTa HHTEPECOB.

VicTopusi cTaTbM: MOCTYNU/IA B peAakiyio: 11 aBrycra 2021 r.; npuHsTa K nybnukaryu: 2 nekabps 2022 r.
Jna qutupoBanus: Platonova S.Y., Torres Mino C.J., Gins E.M., Gins M.S., Romanova E.V. Variability

of morphological characteristics of red forms of amaranth with a high content of biologically active substances

under conditions of the Moscow region // RUDN Journal of Agronomy and Animal Industries. 2023. T. 18. Ne 1.
C. 9—19. doi: 10.22363/2312-797X-2023-18-1-9-19
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