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Resource potential of amaranth and possibilities of its cultivation
in the conditions of the south of Western Siberia

Amaranth, with more than 60 species, was introduced to Europe in the 16th century and is currently gaining
popularity due to its high content of protein, vitamins and antioxidants. Its importance has increased in recent
decades, both globally and in the conditions of Siberia, where it has become an object of selective breeding.
The article provides a brief historical sketch on the study and breeding of new amaranth varieties in the south
of Western Siberia. In addition, the biological features of amaranth (Amaranthus L.) and its importance as a
valuable food and fodder crop are considered. The analysis of breeding traits allowed us to identify the most
promising samples for successful cultivation in the south of Western Siberia: amaranth panicle (PC-318 and
PC-391) and dark amaranth (PC-42). They are characterized by the shortest growing season and have greater
resistance to adverse factors. The results of the study show that amaranth can become an important crop for
Western Siberia, providing high yield and adaptability in difficult climatic conditions.

Keywords: squalene, growing season length, Amaranthus cruentus L., Amaranthus hypohondriacus L.,
Amaranthus caudatus L., Amaranthus tricolor L., introducer, ontogenesis stages.

Introduction

Amaranth (Amaranthus L.) is a genus of plants in the Amaranth family (Amaranthaceae Juss.) with
more than 60 species. The greatest diversity of forms, species and varieties is represented on the territory of
South America and Mexico, which is its homeland. Northern India and China are considered to be the second
center of form formation. Amaranth was introduced to Europe only in the 16th century by the Spaniards for
ornamental purposes and only two centuries later it was cultivated for seeds and animal feed.

Amaranth is of great importance in the food industry and fodder production. Plants contain a large
amount of protein, balanced and unique in amino acid composition, valuable oils, pectin. Daily consumption
of 100 g of amaranth seeds provides the human body with essential amino acids for 140 % of the adequate
daily intake. It is important to note the presence of antioxidants in the seeds and green mass: carotenoids,
amaranthine, squalene and vitamins B,, C. The ascorbic acid content in different varieties of amaranth can be
up to 50 mg/100 g [1-4]. In fodder production, amaranth is valued for its high potassium content and a large
amount of easily digestible plant protein (1.0-1.5 tons/ha) [5]. The most valuable species in economic terms
are: amaranth panicle (Amaranthus cruentus L.), amaranth sad (4. hypohondriacus L.), amaranth caudate (A.
caudatus L.), and amaranth tricolor (A. tricolor L.).

In Russia, fodder species of amaranth became known in the 30s of the XX century, when Nikolai
Ivanovich Vavilov brought seeds from an expedition to South America. He actively advocated for the wider
use of amaranth in agriculture because of the large number of advantages of this crop. Even in difficult cli-
matic conditions, high yields were noted because the C-4 type of photosynthesis provides amaranth with rap-
id growth and drought resistance [6, 7]. The resumption of amaranth research as a valuable food, fodder and
ornamental crop occurred only at the end of the XX century and is currently being actively pursued [8]. Due
to the difficult weather and climatic conditions of Siberia, the assortment of fodder crops in the region was
rather scarce. To solve this problem, comprehensive research on the evaluation of non-traditional crops and
selection of promising introducers was launched. Since the mid-1980s, active study of agrobiological fea-
tures of the “forgotten” high-protein crop in Siberia began using seed samples transferred from VIR (Federal
Research Center All-Russian Institute of Plant Genetic Resources named after N.I. Vavilov). Thus, at the
workshop “Results of research and applied work with amaranth for 1987-1988”, the staff of Altai State Uni-
versity Marina Mikhailovna Yablokova, Raisa Nikolaevna Afonina and Elena Vasilievna Repetunova pre-
sented a report on the successful experience of growing amaranth in the conditions of the Altai Territory [9].
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In the conditions of the Tomsk and Novosibirsk regions, scientists under the leadership of Valentina
Pavlovna Rykova also identified promising early maturing samples of the collection, which in the zone of
risky agriculture give high yields [10, 11].

A little later, in 1995, the Federal Research Center IRCIG SB RAS together with the Omsk Agrarian
Scientific Center registered the first in Siberia broad-plastic and early maturing amaranth variety
“Cherginsky” [12].

Since the early 2000s, Svetlana Ivanovna Mikhailova, Tatiana Petrovna Astafurova, and Anastasia
Anatolievna Burenina have been actively studying amaranth biology at Tomsk State University [13—17]. In
2006, the State Register of Breeding Achievements Allowed for Use in the Russian Federation included the
variety “Yantar” developed by the Federal Altai Scientific Center for Agrobiotechnology and FIC ICIG SB
RAS. The variety has a short vegetation period (106 days) and has a special value in fodder production. It
significantly surpasses oilseed radish, rape, peas and beans in terms of yield of fodder mass and quality of
plant raw material [18, 19].

In 2019, scientists of the Kuzbass State Agricultural Academy showed interest in grain forms of ama-
ranth and optimized the technology of their cultivation in the conditions of the West Siberian forest-steppe in
the Kemerovo region. In particular, the dependence of the quality of green mass and grain yield on the bio-
logical characteristics of the variety and such an agrotechnical technique as row spacing width was deter-
mined [20]. Currently, the staff of the Siberian Botanical Garden of TSU is implementing a project on culti-
vation of agricultural plants on carbonaceous farms in the sub-taiga zone of Western Siberia and, in addition
to the range of traditional crops, offers amaranth as a promising introducer [21]. Thus, the interest in ama-
ranth as a highly productive agricultural crop with a valuable protein composition has been growing rapidly
in recent years.

The purpose of this work was the primary evaluation of a number of breeding and significant traits of
plants of the amaranth genus to identify the most promising species and varieties for cultivation in the south
of Western Siberia.

Experimental

The objects of the study were 7 amaranth cultivars of different origins: 1) Amaranthus cruentus L. —
PK-318 (Russia), PK-391 (Brazil); 2) Amaranth hybrid (4. Aybridus L. convar erythrost.) — PK-96 (Germa-
ny); 3) Amaranth caudatus (4. caudatus L.) — PK-146 (Germany), PK-150 (Greece); 4) Amaranth tricolor
(A. tricolor L.) — PK-168 (Nepal); 5) Dark amaranth (4. Aypochondriacus L..) — PK-429 (Mexico).

Seed material was obtained from the world collection of plant genetic resources of All-Russian Institute
of Plant Industry named after N. Vavilov, St. Petersburg. To perform the experimental part of the work we
used “Methodology of tests for distinctiveness, uniformity and stability of amaranth Federal State Center
“State sort committee” (2007).

Pre-sowing tillage was carried out in spring using a gasoline cultivator Huter GMC-6.5. Sowing was
carried out on June 3. Seed sowing rate was 0.5 kg/ha, sowing density was 20 plants/m”. Repetition of the
experiment was fourfold, experimental plot area was 1 m”. Sowing was carried out manually in a wide-row
method. Seeds were mixed with washed coarse sand. Later, we additionally thinned the seedlings and regu-
larly loosened the soil during the growing season to break the soil crust and kill weeds. Starting from the
emergence of seedlings, phenological phases were noted and morphological parameters were measured.
Seeds were harvested and threshed manually.

Results and Discussion

In the vegetation period of amaranth there are 5 phenological phases: sprouting, growth, bottoming,
flowering and fruiting. On average, the totality of all development periods is 110-140 days and varies de-
pending on the variety and species. Seeds begin to germinate when the soil warms up to +10...+12°C, but the
seedlings are extremely unstable to any frost. Therefore, sowing amaranth in the south of Western Siberia
should be carried out when the threat of return frosts has finally passed — in the last decade of May or early
June. Sprouts appear on the 6th-7th day and their development in the first three weeks is extremely slow due
to a small supply of nutrients because of the size of the seeds. However, due to a special type of photosyn-
thesis, the plants begin to grow rapidly after the start of the growth phase and the formation of green
phytomass. The budding phase lasts 1-2 weeks on average, energy is redistributed to the formation of inflo-
rescences — panicles, and growth in height is somewhat slower. Then, flower blossoming and seed ripening
take place [22].
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Amaranth plants have a fairly high seed production coefficient, but not every variety has seeds that
reach physiological maturity before the onset of frost and cold weather. Therefore, breeding selection of this
crop is aimed at developing early-ripening, cold- and drought-resistant varieties with high yield values.
Among the species and varieties studied, Russian (PK-318, “Frant”) and Brazilian (PK-391) amaranth varie-
ties, as well as dark amaranth from Mexico (PK-429) showed excellent performance. The vegetation period
for representatives of these species was 95—-100 days, with the first seeds beginning to form on the 60-65th
day (Fig.). Hybrid amaranth (PK-96, Germany) should be considered later maturing. In this species, the bud-
ding phase occurred on 93-95 days from seedlings, and the first seeds on single specimens matured on
105-110 days. Amaranthus caudatus (PK-146, Germany) had a similar growing season, but was twice af-
fected by harmful insects and mold fungi. Tricolor amaranth (PC-168, Nepal) and Greek tail amaranth (PC-
150) did not have time to form seeds before the first frosts and finished the vegetation at the budding and
flowering stage. These species have too long vegetation period and their cultivation in local conditions is
inexpedient.

Figure. Amaranth panicle (PK-318, Russia) during growth and flowering phases

In addition to the growing season, an important economic and valuable feature of amaranth is the low
stature of plants. Private farms do not have special harvesting machines and use combines like KSK-100,
KPKU-75, etc. For morphological description of the studied species we used the materials of “Methods of
testing for distinctiveness, homogeneity and stability of amaranth” of Federal state center “State sort commit-
tee” (2007). The obtained data are presented in Table.
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Table
Morphological traits of the studied amaranth breeding samples
PC- Species name Average plant| Average plant |Presence of| Stem thick- | Coloration of | Inflorescence
height in the |height at the end |side shoots | ness at the | leaf lamina, coloration
middle of of vegetation, end of vege-| presence of
vegetation, cm cm tation, cm “spot”
318 Amaranthus 110 190 - 1,9 red, no. red
cruentus L.
96 Amaranthus 136 223 - 2,2 green, V- red
hybridus L.convar shaped “spot”
erythrost. in the center
146 Amaranthus 126 190 - 1,9 green, no green
caudatus L.
150 Amaranthus 106,5 160 + 2,5 green, no green
caudatus L.
168 |Amaranthus tricolor 57,5 100 - 1,2 green, egg- red
L. shaped “spot”
in the center
391 Amaranthus 71 119 - 1,2 green, no green
cruentus L.
429 Amaranthus 76,5 146 - 1 green, no  |green with red
hypochondriacus L. spots
Statistical characteristics*
X 97.6 161.1
o 29.7 433
Cv 30.4 26.9
SDx 11.2 16.4
Note. X — mean, 6 — standard deviation, CV — coefficient of variation, %, SDx — standard error of the experiment

According to the results of the experiment of the first year, hybrid amaranth plants (PK-96, Germany)
were the tallest — up to 223 cm. The average height of amaranth panicle PK-318 (Russia) at the time of har-
vesting was 190 cm, dark amaranth PK-429 (Brazil) — 146 cm. The lowest of the listed varieties was the
height of Mexican amaranth panicle PC-391 (Mexico) — 119 cm.

All the studied samples with a vegetation period suitable for local conditions can be proposed for culti-
vation not only as food and fodder plants, but also for ornamental purposes. In addition, the leaves of the red-
colored amaranth variety (PK-318, Russia) can be used to produce fermented tea, which is of great im-
portance in functional nutrition [23].

Conclusion

Thus, at the primary stage of study of a number of samples from the amaranth collection of “All-
Russian Institute of Plant Industry named after N. Vavilov” the most promising species, varieties and breed-
ing samples for cultivation in climatic conditions of the south of Western Siberia were identified: amaranth
panicle (PK-318, “Frant”, Russia; PK-391, Brazil), dark amaranth (PK-429, Mexico).
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K.C. ITaguenko, M.M. CunantbeBa, /[.B. CokonoBa

AMAapaHTTBIH PeCyPCTHIK dJieyeTi KOHe OHbI
Bartbic Cibipain oHTYCTIriHIE 6CIipy MYMKIH/IT]

Adnmeictan actaMm Typi 6ap amapant Eypomara XVI raceipiia eHri3iIreH oHE Kasipri yaKbITTa aKybI3JIbIH,
BUTAaMHHJICPAIH JKOHE aHTHOKCHIAHTTApAbIH KeIl OoiybiHA OaiyaHBICTBI TaHbIMan Ooubin Kenedi. OHBIH
MaHBI3bl COHFbI OHXKBUIABIKTapaa daeMaik Maciutabra na, Cidipae ne ecTi, OHIa OJ CeNeKUMSUIBIK ipIKTey
obbekTiciHe afinanasl. Makananga bateic CibipaiH OHTYCTITiHIE aMapaHTThIH jKaHA COPTTApPBIH 3ePTTEY JKOHE
ecipy TypaJbl KbICKalla Tapuxu odepk OepinreH. COHBIMEH KaTap, aMapaHTThIH OHONOTHSIIBIK epEeKIIeTIKTepl
(Amaranthus L.) XoHe OHBIH KYHABl a3bIK-TYJIK JKOHE JKEM-IION JaKbUIAaphl pETiHAETi MaHBI3EI
KapacTeIpsurad. Ceneknusuislk Oenriepai tanpay bartsic CiGipmiH OHTYCTITiHIE TaOBICTHI OCIpYy YIIIH €H
TIepCIIEKTHBAIIBI YITUIep/Ii aHbIKTayFa MYMKIiHIIK Oepni: mamrakrsl amapanT (ITK-318 sxene IIK-391) sxone
kyHripr amapanTt (I1IK-42). Omap eH KbICKa BereTalMsUIBIK KEe3eHMEH CHIIAaTTala]bl JKOHE KOJaWChI3
(axTopiapra yiKeH Te3IMIUTiKKe ne. 3epTTey HoTmkenepi amapanTThiH bateic Cibip YIIiH MaHBI3BI aybLI
MIapyaIlbUIbIFGl  JaKbUIbIHA alHaTybl MYMKIH €KEHIH KOpCeTTi, ONl JKOFapbl OHIMIUIIK IeH Kyphaemi
KJIMMATTBIK XKaFqainapaa OeiiMaenyai KaMTaMachl3 eTei.

Kinm co30ep: ckBaineH, BereTalUsIbIK KE3CHHIH Y3aKTbiFbl, Amaranthus cruentus L., Amaranthus
hypohondriacus L., Amaranthus caudatus L., Amaranthus tricolor L., >xepciHAIpINITeH TYp, OHTOTEHE3
Ke3eHaepi.

K.C. Ilaguenko, M.M. CunantbseBa, /[.B. CokonoBa

PecypcHblii IOTEHIIMAJI aMAPAHTA U BO3MOKHOCTH €r0 BbIPAalllUBAHUSA
B yCJ10BUSX 0ra 3anagnoit Cudbupu

AwmapanT, HacuuThIBatomuii 6onee 60 BUIOB, 3aBe3eH B EBpomy B XVI Beke u B HacTosIIee BpeMsl HaOupaeT
MOMyJISIPHOCTh Onarojapsi BEICOKOMY COIEPXKaHHIO Oenka, BUTAMHHOB UM aHTHOKCHAAHTOB. Ero 3HaueHume
BO3pOCIIO B MOCIEIHNE JECATHICTHS, KaKk B MUPOBOM Macmrabe, Tak U B ycioBusix CuOMpH, Te OH cTaa
00BEKTOM CENEKIIMOHHOT0 0TOOpa. B craThe mpuBeneH KpaTkuili HCTOPHIECKUH OYEPK 10 U3YIECHHIO U BBIBE-
JICHUIO HOBBIX COPTOB aMapaHTa Ha fore 3anagaoi Cubupu. Kpome Toro, paccMOTpeHBI OHOTIOTHYECKHE 0CO-
G6eHHOCTH amapaHTa (Amaranthus L.) 1 ero 3HaYNMOCTb KaK LIEHHOI NMUIIEBOH 1 KOPMOBOH KyJIbTypHL. AHa-
JIM3 CEJICKLMOHHBIX NPH3HAKOB II03BOJIMII BBIACIUTH HauOojee MEepCreKTHBHBIC 00pasubl ISl yCHEIIHOrO
BO3/IEJIBIBAHMS B YCJIOBUSIX tora 3amanHoit Cubupu: amapant merenpyatsiii (ITIK-318 u IIK-391) u amapanT
temHbId (IIK—42). OHu xapakTepu3yrorcsi Hanbosee KOPOTKMM BETETAlOHHBIM IEPHOAOM M 00JIAfaloT
Gonbliel yCTOMYMBOCTBIO K HEONAaronpusATHBIM (akTopaMm. Pe3ynbTaTsl HcclefoBaHMS MOKa3bIBAIOT, YTO
aMapaHT MOXeET CTaTh BAKHOM CEJIbCKOXO3SHCTBEHHON KyJNbTypoil 1uid 3anaagnoi Cubupu, odecrieunBasi Bbl-
COKYIO YPOXKaHOCTb U a[JalITHBHOCTH B CIIOKHBIX KIIMMATHIECKHX yCIOBHSX.

Knoueevie cnosa: cxBajeH, IJIMHA BeTeTalMOHHOrO INepuona, Amaranthus cruentus L., Amaranthus
hypohondriacus L., Amaranthus caudatus L., Amaranthus tricolor L., "HTpOXYLIEHT, CTaANY OHTOTCHE3A.
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