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ECOLOGICAL TESTING OF PROSO MILLET COLLECTION
UNDER CONDITIONS OF WESTERN
AND NORTHERN KAZAKHSTAN

Proso millet (Panicum miliaceum L.) is a highly valuable cereal crop and one of the key food crops
grown by humans. Proso millet is widespread in America, Europe and Asia. Therefore, the search for
ways to increase the production of millet crops due to the growth of the world’s population is very rel-
evant today. Of all grain crops, proso millet stands out for its biological characteristics, such as drought
and heat resistance. For this reason, proso millet can be grown in different soil and climatic conditions of
Kazakhstan. However, this requires a comprehensive assessment of the adaptability of genotypes from
various origins for the subsequent expansion of the cultivation range of this crop. For this purpose, do-
mestic and foreign collection varieties of proso millet were selected for ecological testing in two regions:
Northern and Western Kazakhstan, which are characterized by different climatic conditions. In our stud-
ies, the agricultural technology developed for these regions was used, as well as the guidelines for variety
study of the world collection of proso millet. According to the methodology, phenological observations
of plant growth and development and analysis of crop structure elements were carried out during the
study. The statistical analysis revealed a significant relationship between the traits of productive tillering,
weight of 1000 seeds, and number of grains in the main panicle, which can enhance the efficiency of
plant breeding efforts aimed at increasing variety yield. Based on the assessment results, highly produc-
tive genotypes were identified for the two regions: K-10215 (671.9 g/m?), K-2468 (885.3 g/m?), Yarkoe
5 (572 g/m?), Shortandinskoe 7 (548 g/m?), and Saratovskoe 3 (492.6 g/m?). These genotypes can be
utilized in breeding programs to develop new highly adaptive proso millet varieties.

Key words: proso millet, germplasm, ecological testing, correlation analysis.
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barbic xoHe CoATycTik KasakcraH KaFAambiHAQ
Tapbl KOAAEKLUSICbIH DKOAOTUSIABIK, CbIHaY

Kaaimri Tapbl (Panicum miliaceum L.) AMepukaaa, Eyponasa xxeHe A3usiaa KeHiHeH TapaAraH Oa-
FaAbl ASHAI AAKbIA >KOHE MaHbI3Abl a3blK-TYAIK AAKbIAAAPbIHLIH Oipi 60AbIN caHaraabl. COHAbIKTaH
>Kep WapbIHAAFbl XaAblK, CaHbIHbIH 6CYiH eCKepe OTbIpbIM, Tapbl AAKbIAAAPbIH OHAIPYAI apTTbIPY >KOA-
AapblH i3AeCTipy 6YriHri TaHAQ eTe ©3eKTi MoceAere aHaAAbl. bapAblK ASHAI AAKbIAAAPAbIH, iLLIiHEH
Tapbl KYPFaKLWbIAbIK, MeH bICTbIKKA TO3IMAIAIK CUAKTbl GMOAOIMAABIK, KAaCMETTEPIMEH epeKLIEAEHEA].
OcbiFaH 6aAaHbICTbI Tapbl KasakcTaHHbIH 9PTYPAI TOMbIPAK-KAMMATTbIK, >KaFAaibIHAA ©CIPYre TUIMAI.
AereHmeH, OYA AAKbIAAbIH COPTTapbIH 6CIPY aAaHbIH KEHENTY YLiH SPTYPAI LbIKKAH FEHOTUMNTEPAIH
GeMiMAGATILTITIH KeweHAl 6ararayAbl Taaan eteai. Ocbl MakcaTTa 9pPTYPAI KAMMATTBIK, >KarF AanAap-
MeH cunatTaAaTtbiH COATYCTiK »kaHe baTtbic Ka3akcTaHAQ 3KOAOTMSIABIK, CbiHAY YLLIH TapbiHbIH OTAHABIK,
JKOHE LIETEAAIK KOAAEKLUMSAABIK, COPTTapbl IpiKTeAAl. 3epTTey XYMbICbIMbI3AA OCbl 6HIpAep YLUiH 83ip-
AEHIeH arpoTEXHOAOIUSICbIH, COHAAM-aK, BAEMAIK Tapbl KOAAEKLMSCbIH 3epTTeyY YLLUiH Tapbl AAKbIAbIHbIH,
aAyaH TYPAIAITiH 3epTTeyre apHaAFaH SAICTEMEAIK HYCKayAapAbl ManAaAaHbIAAbL. DAicTeme 60MbIHLLA
3epTTey Ke3eHiHAE OCIMAIKTEPAIH ©Cyi MeH AaMybiH (DEHOAOTMSABIK, BaKblAayAap >KoHe OHIMAIAIKTIH
KYPbIAbIMADBIABIK, IAEMEHTEpPIHE TaApay XKYprisiaai. OcbliAarilla, CTaTUCTUKAABIK, TaAAdy HOTUXKeAepi
GoiibiHLLIA BHIMAT TynTeHy 6eArici MeH 1000 TYKbIMHbIH, CAaAMarbl MEH HEri3ri WallarbiHbIH ASHAEP CaHbl
apacblHAQA ThiFbI3 6aMAAHbIC aHbIKTAAAbI. AHbIKTAAFaH GaAaHbICTAP COPTTAPAbIH OHIMAIAIFIH apTTbIpy
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6OVbIHLLIA CEAEKLMSIABIK, XXYMbICTaPAbIH TUIMAIAITIH apTTbipyFa MyMKIHAIK Gepai. baraaay HeTuxeaepi
GoMblHLLIA eKi armakTa GaraAbl XXoFapbl 6HiMAT reHoTunTep: K-10215 — 671,9 r/m?, K-2468 — 885,3 1/
M?, Sipkoe 5-572 r/m?, LLlopTtaHabl 7 -548 r/m?, CapaTtoBckoe 69 M? aHbIKTaAAbl. BOAIN aAbiHFaH copTyA-
riAepAi >kaHa >koFapbl OeniMAI Tapbl COPTTapbIH 83ipAey YLIiH nanAasaHyra 60AaAbl.

TyviiHn ce3aep: Tapbl, FreHAIK KOP, 3KOAOTUSIAbIK, CbIHAK, KOPPEASILIMSABIK, TAAAQY.

A.B. PbicbekoBa'*, 9.H. Atocnbaesa', M.M. Abbiakanposa’,
A.E. 3eitHyaAnHa', A.E. Opa3sos?
THAO «Ka3axckui arpoTexHMUeckuini MCCAeAOBaTeAbCKUiA YHMBepcnTeT nmenn C. CeridyAarHa,
AcTtaHa, KazaxctaH
|2AO «MexAyHapoAHbIN yH1BepcuTeT AcTaHa», AcTaHa, KasaxcraH
*e-mail: a.rysbekova@kazatu.edu.kz

JKOAOrMYecKoe UcnbiTaHue KOAAEKU MM Mpoca
B YCAOBUAX 3al’laAHOr0 4 Cesepuoro KasaxcTtaHa

INpoco o6bikHOBeHHOe (Panicum miliaceum L.) — ueHHas KpynsHasi KYAbTypa sIBASIETCSI OAHOM 13
Ba>KHENMLLMX MPOAOBOABCTBEHHbIX KYAbTYP, KOTOpAs LUMPOKO pacrnpocTpaHeHa B Amepuke, EBpore n
A3nn. CAep0BATEALHO, MOUCK MyTEN YBEAMYEHMS MPOU3BOACTBA MPOCSHbIX KYAbTYP MpPW pPOCTe Ha-
CEeAEHMS 3EMAM BECbMa aKTYaA€H Ha CErOAHSLLHUIA AeHb. M3 BCeX 3€PHOBbIX KYAbTYP MPOCO BbIAEAS-
€TCs CBOMMM BUOAOTMUYECKMMM OCOBEHHOCTSAMM, KaK 3aCyXOYCTOMUYMBOCTBIO, a TaKXKe >KapoyCTONYM-
BOCTbO. 10 3TOM NpMYMHE NPOCO MO>XKHO BbIPALLMBaTh B Pa3HbIX MOYBEHHO-KAMMATUYECKMNX YCAOBUSX
KasaxcraHa. OaHaKo, 3T0 TpebyeT KOMIMAEKCHOW OLEHKM aAanTUBHOCTU FEHOTMIOB Pa3AMUYHOIO NMpo-
MNCXOXKAEHMS AAS MOCAEAYIOLLEro paclUMpeHns apeasd BO3AEAbIBAHUS COPTOB AQHHOM KyAbTypbl. C
3TOM LEeAbIO BbIAM MOAOGPAHbI OTEYECTBEHHbIE M 3apyBesKHbIE KOAAEKLMOHHbIE COPTOOBpasLibl Npoca
AAS 9KOAOTMYEKOro UCMbITaHMa B ABYX pernoHax: CeBepHoro m 3anaaHoro KasaxcraHa, xapakTtepu-
3UBYIOLIMXCS Pa3HbIMU KAMMATUUYECKMMM YCAOBMSAMM. B HalmMx nccaepoBaHUMSIX OblAa MCMOAb30BaHa
arpoTexHuka, paspaboTaHHasl K AQHHbIM PErvoHam, a TakXKe MEeTOAMYECKME yKa3aHUsl M0 COPTOMU3Y-
YEHMIO KYAbTYpPbl NMpoca MO M3yYeHMIO MUMPOBOM KOAAEKLMN. COrAaCHO METOAOAOIMU B MEPUOA UC-
CAEAOBaHUS ObIAM MPOBEAEHbI (PeHOAOrMYECKME HAOAIOAEHMS 32 POCTOM M PasBUTMEM PacTeHUI U
QHAAM3 M0 SAEMEHTAM CTPYKTYpbl Yporkast. Tak, Mo pe3yAbTaTaM CTaTMCTUUYECKOro aHaAM3a yCTaHOBAE-
Ha 3HAYMTEeAbHas CBA3b NMpPU3HaKa NMPOAYKTMBHAs KYCTUCTOCTb € Maccor 1000 ceMsH M UMCAOM 3epeH
C IAQBHOWM METEAKM, UTO MO3BOAUT MOBbICUTb 3(PPEKTUBHOCTb CEAEKLMOHbIX PaboT Ha MOBbILEHWIO
NMPOAYKTUMBHOCTM copTO06pasLoB. 1o MTOram 3KOAOrMUYECcKon OLEHKM MO ABYM PErMoHam BblAEAEHDI
LieHHble BbICOKOMPOAYKTMBHbIE reHoTurbl: K-10215 — 671,9 r/m?, K-2468 — 885,3 r/m?, Slpkoe 5 — 572
r/m?, LLlopTaHamHckoe 7 — 548 r/m?, CapaTtoBckoe 3 — 492,6 r/m2, KOTOpble MOTYT 6bITb MCMOAb30BaHbI
B CEAEKLIMOHHBIX MPOrpammax npu CO3AaHMM HOBbIX BbICOKOAAAMTUBHbIX Y MPOAYKTUBHbIX COPTOB MPO-
ca B ycaoBmsix CeBepHoro u 3anaaHoro KasaxcraHa.

KAtoueBble croBa: Npoco, reHoPOHA, SKOAOTMYECKOE UCTbITaHWE, KOPPEASLMOHHBINA aHAAMS.

Introduction

Proso millet (Panicum miliaceum L.) has a sig-
nificant weight in the grain balance of multiple re-
gions of Kazakhstan [1]. This cereal crop belongs
to annual cereals. Archaeological data suggests
that proso millet was first cultivated in Northern
China approximately 10,000 years ago [2]. Today,
it is widely cultivated across America, Europe, and
Asia and remains one of the most important food
crops globally [3]. Proso millet is valued for its short
growth cycle and low moisture requirements, mak-
ing it an excellent choice for crop rotation. Its in-
clusion in rotation helps conserve moisture in deep
soil layers, suppress winter weeds, and reduce pest
and disease incidence, making it an ideal compan-
ion crop for other cereals [4]. Additionally, in cases
where adverse weather conditions delay or prevent
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the sowing of other crops, proso millet can be used
as an intercrop to minimize economic losses [5]. Be-
yond its role as a food crop, proso millet is widely
utilized in poultry and livestock feed, snack produc-
tion, and winemaking, with the highest demand cur-
rently observed in poultry fodder production [6].
However, one of the reasons for proso millet
low yield is drastic continentality and aridity of the
climate in the main regions of the country [7]. Due
to global climate change and complex natural and
climatic conditions of Kazakhstan, the development
of adaptive properties in cultivated plants becomes a
priority direction of agricultural science in address-
ing the issues of food security of the country [8].
In order to expand the area of distribution of agri-
cultural plants, it is necessary to assess the response
rate of varieties in different soil and climatic zones.
This approach has proven to be one of the most ef-
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fective methods in plant breeding, enabling the
identification of a variety adaptive potential, stress
tolerance, genetic flexibility and plasticity, as well
as its resistance to abiotic and biotic stresses. Since
different crop genotypes respond differently to the
same cultivation environment, ecological testing
and study of variety-environment interactions are
crucial steps before introducing new varieties into
agricultural production [9].

The success of crop breeding relies on under-
standing the genotypically determined interrelation-
ships of quality traits, selecting suitable parental
forms for hybridization, and conducting an objec-
tive evaluation and selection of breeding material
[10]. Correlation analysis between traits is widely
used in breeding, particularly in the early stages of
cereal crop development, where a large number of
genotypes is assessed with limited seed material.
Grain quality traits exhibit variability in their cor-
relations depending on individual characteristics,
growth periods, and environmental conditions.
Therefore, identifying traits that consistently exhibit
stable relationships or significant divergence is es-
sential. When the absolute value of the correlation
coefficient is sufficiently high or approaches a linear
dependence, correlation coefficients can be effec-
tively utilized in breeding programs [11]. For suc-
cessful variety development, it is crucial to combine

multiple quality traits while ensuring stability across
different years. To avoid random selection, plant
breeders should focus on key indicators of quality
and productivity that demonstrate consistency and
strong correlations with other important traits. The
analysis of correlations consists in selecting the
most significant genotypes from a set of quantitative
indicators for improving the efficiency of selection
[12]. Thus, the aim of the research was the ecologi-
cal testing of proso millet collection samples of dif-
ferent ecological and geographical origins in the
Western and Northern regions of Kazakhstan and
the selection of highly adaptive variety samples for
their subsequent involvement in the breeding pro-
cess aimed at improvement of the quality and pro-
ductivity of the crop.

Materials and methods

The proso millet gene pool was used as research
material. There were 90 samples obtained from dif-
ferent countries such as Kyrgyzstan (1), Argentina
(1), Pakistan (1), France (1), Afghanistan, USA (1),
Uzbekistan (1), Canada (1), Iran (2), Australia (2),
Belarus (2), Hungary (2), China (3), Tajikistan (3),
India (5), Ukraine (5), Turkey (12), Russia (20),
Kazakhstan (22), as well as 4 local breeding lines
(Figure 1).

12
2,

m Kyrgyzstan m Pakistan m France Afghanistan mUSA

B Argentina B Uzbekistan B Canada B [ran B Australia

H Belarus m Hungary u China = Tajikistan = India
Ukraine B Turkey = Russia E Kazakhstan

Figure 1 — Proso millet varieties and samples from different ecological and geographical origins

Field experiments were laid in the growing sea-
son of 2024 on experimental plots of two regions of
the country: dry-steppe zone of Akmola region (A.IL
Baraev Research and Production Centre for Grain

Farming) and steppe zone of Aktobe region (Aktobe
Agricultural Experimental Station).

The research was conducted according to the
methodology for studying the world collection of
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proso millet [13]. The soils of the experimental plot
were dark chestnut, the distance between plants was
10 cm, the arrangement of plots was systematic with

three repetitions for each sample. Meteorological data
during the growing season of the ecological trial were
provided by local meteorological stations (Table 1).

Table 1 — Location and soil and climatic data of the two study regions, 2024 (June-August)

Region Akmola region Aktobe region
Geographical coordinates 51.41'/70.59’ 50.27/57.20'
The type of soil The chestnut dark brown The chestnut dark and black soil
(3.6-4.1% humus) (2.7% humus)
Precipitation, Mmm 309,1 223.1
Temperature, °C 18,2 22,0
Max, °C 27 28,0
Min, °C 13,6 18,9

The meteorological conditions during the study
period were characterized by a relatively uniform
temperature regime compared to the long-term av-
erage data for these regions. Thus, the distribution
of average daily air temperatures for 2024 for the
period June-August amounted to — 18.2 °C in Ak-
mola region, which was almost at the level of av-
erage multiyear data of recent years. Similar tem-
perature conditions during the growing season were
observed in Aktobe region, they did not exceed 22.0
°C. Although these regions are characterized by in-
sufficient moisture, the precipitation is distributed
unevenly both across years and within a given year.
However, during the summer period, the annual pre-
cipitation exceeded long-term averages, reaching
309.1 mm and 223.1 mm, respectively. Throughout
the study period, the temperature conditions and the
precipitation generally ensured optimal soil mois-
ture, promoting uniform emergence of proso millet
sprouts. This, in its turn, had a significant impact on
the duration of the vegetation period of the studied
collection genotypes.

25 plants from each sample were selected to eval-
uate their qualitative and quantitative parameters for
the structural analysis of productivity elements. The
average values of key plant traits, including plant
height (PH), number of seeds per panicle (NSPP),
seed weight per panicle (SWPP, g), and productive
tillering (PT) at the maturity stage, were recorded.
Additionally, the weight of 1000 seeds (MTS) and
productivity per square meter (Y) were measured
after harvest. To ensure a comprehensive and ac-
curate assessment of the growth and development
characteristics of proso millet varieties, two groups
of traits were analyzed: plant adaptation traits and
productivity component traits. The plant adaptation

158

traits included emergence to tillering duration (ETD,
days), tube formation from the fifth leaf emergence
to tillering (FLPI, days), flowering-to-maturity du-
ration (FMD, days), sprouting-to-maturity vegeta-
tion duration (SMD, days), total vegetation period
(VP, days), and plant height (PH, cm).

Statistical analysis of the obtained data was per-
formed using Excel 2007, while primary data analy-
sis, including correlation coefficient calculations,
was conducted using R Studio (IDE) for Windows
(version R 3.6.0, 2019). For the environmental test
data, the following parameters were calculated:
mean, minimum and maximum values, spread, and
standard deviation. Correlation coefficients were
used to analyze the mean values of 90 genotypes for
six quantitative traits.

Results and discussion

The characterization of agronomic traits within
a gene pool is a crucial step in selecting genotypes
that are adaptable to various environmental condi-
tions and possess desirable productive traits for
future breeding programs aimed at developing im-
proved varieties [14]. During the 2024 growing sea-
son, a comprehensive evaluation of 90 proso millet
varieties was conducted in the Northern (A.l. Baraev
Research and Production Centre for Grain Farm-
ing) and Western (Aktobe Agricultural Experimen-
tal Station) regions of the country. The assessment
focused on identifying valuable agronomic traits to
support breeding efforts for enhanced crop perfor-
mance. The study of the world collection of proso
millet including 61 foreign varieties and 29 local va-
rieties analysed phenotypic variability between the
two regions, including the important traits as plant
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height, productive tillering, number and weight of
grains from the main panicle, weight of 1000 seeds,
plant productivity and vegetation period. As a result,
it was revealed that that in the current year under
the prevailing soil and climatic conditions of the
A.L. Barayev Research and Production Centre the
average height value, varied from 92 to 154 cm, and
in the Western region it was 78.7-144.7 cm, which
indicates the influence of weather conditions (223.1-
309.1 mm of precipitation), as in both regions the
average height of proso millet plants in the past
years was only 73.4+4.2 and 73.3+2.9, respectively.

For the trait of productive tillering the stable re-
sults of 1.7+0.9 was obtained in the Northern region
of the country. However, in the Western region the
climatic conditions did not favour the development
of productive tillering and varied between 0.68 and

1.48. The number and the weight of grains from the
main panicle had the most significant differences, as
well as the ecological conditions of growth. Thus,
observations on the experimental plots showed that
there were fluctuations of 128-1392 grains from each
panicle in the conditions of Northern region, which
averaged 621+0.7 grains, while in the Western re-
gion the fluctuations were 102-1072 grains and the
average was 429+0.5, respectively. The weight of
grains from the panicle, according to the data from
the experimental plots of A.l. Baraev Research and
Production Centre for Grain Farming was 5.24+0.1 g,
which was not a big difference comparing to the one
from the Western region; this trait had a large vari-
ability between genotypes: 0.9-15 g for the North-
ern region and 0.26-8.82 g for the Western region
(Table 2).

Table 2 — Mean values and variability of the main traits depending on the growing conditions

2024
Traits Units Region*
mean=+ variability
Northern 12442 92-154
Plant height sm
Western 106+0,4 78,7-144,7
o Northern 1,7+0,9 1-3,2
Productive tillering pc/1 plant
Western 1,0+0,4 0,68-1,48
. . Northern 621+0,7 128-1392
Number of seeds in panicle pc
Western 429+0,5 102-1072
) ) ) Northern 5,2+0,1 0,9-15
Weight of seeds in panicle g
Western 3,44+0,8 0,26-8,82
Northern 7,73+0,3 4,5-11,5
1000 seeds weight g
Western 7,01+£0,8 3,9-9,93
o Northern 269+0,6 85-1259
Productivity g/m?
Western 289+0,4 35-636
Northern 88,8+0,8 78-98
Vegetation period days
Western 89,3+0,3 76-106
Note: different climatic regions of the Republic of Kazakhstan: Northern region — A.I. Baraev Research and Production Centre for
Grain Farming (Akmola); Western region — Aktobe Agricultural Experimental Station (Aktobe).

Large grain size shows the seed and food sig-
nificance of the variety and determines the nutrient
content, germination, food and fodder qualities of
the genotype. At the same time, it is limited by the
varietal characteristics of the plant, duration of its
development, i.e. varietal specificity in combination
with environmental conditions. Lack of productive
moisture and increased temperatures during the
grain filling period lead to a significant reduction in
grain size [15]. Therefore, the need to determine the

adaptive potential of proso millet gene pool for the
1000 seeds weight trait by testing in different con-
ditions is an urgent task for plant breeding. During
the study period from May to August, the most fa-
vourable conditions for the formation of large grain
were present for the both regions of the country
(7.73+0.3), when the mass of 1000 seeds of some
varieties (K-10215, Pamyati Bersieva, Yarkoye 5,
Shortandinskoye 7) was up to 9.9-11.5 g. Similar
results of 1000 seeds weight were obtained in the
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conditions of Aktobe Agricultural Experimental
Station, where it was 7.01+0.8 g in average and var-
ied from 3.9 g to 9.93 g depending on the genotype.
However, previous studies have shown that there
were worse conditions for grain filling in the both
studied regions (5.8+0.12 g) in previous years. The
experimental data indicate that the evaluation of the
average plant productivity (Y) of proso millet va-
rieties showed similar productivity levels between
the Northern and Western regions of the country,
with an average yield of 269+0.6 g/m?. The analy-
sis of seed productivity per square meter allowed
for the identification of the most productive geno-
types, which demonstrated stable yields regardless
of environmental conditions: K-10215 — 671.9 g/
m?, K-2468 — 885.3 g/m?, Yarkoye 5 — 572 g/m?,
Shortandinskoye 7 — 548 g/m?, Saratovskoye 3 —
492.6 g/m?. These genotypes can serve as promising
candidates for further breeding programs aimed at
improving proso millet productivity.

The climate of Northern Kazakhstan is not able
to ensure reliable ripening of medium-ripening and
late-ripening forms of proso millet, which compli-
cates attempts of their introduction in this region.
Proso millet sprouts tolerate short-term temperature
drops to +5°C. Autumn frosts below +2°C disrupt
seed development and cause leaf freezing. In Akmo-
la region May and September often have an average
daily temperature below 9 ° C, and frosts can occur
from early September, so, the main requirement for
proso millet varieties is a short growing season. In

a
MTS_2024 015
Y_2024 03 0
Cour
SWPP_2024 023 028 013 1o
05
0.0
NSPP_2024 023 016  -021 055 05
-
PT_2024 . 0.01 019 024 051
PH 2024 018 025 008 020 023 | 058
& & AE{:" s s s
AR R i e Q
¢ \@Q EJQ\Q & -

this context, a key objective of the study was the
selection and genetic evaluation of the gene pool to
identify promising genotypes for the development
of new proso millet varieties adapted for cultivation
in the Northern region of the country.

The analysis of the vegetation period (VP) in
proso millet plants revealed that the samples can
be classified into three distinct groups based on
their duration of vegetation: early-ripening (70-
80 days); mid-ripening (81-95 days); late-ripening
forms (100 days and more). The weather condi-
tions of this region in 2024 were characterised by
abundant precipitation of 223.1 mm, which led to
an increase in the duration of the growing season,
but it was still possible to identify 15 early-ripen-
ing genotypes, they accounted for 25% of the total
foreign collection. Thus, according to the results
of phenological studies in conditions of Akmola
and Aktobe regions, the vegetation period was in-
creased by almost 13 days and averaged 88.8+0.8
and 89.3%0.3, respectively.

As aresult of ecological testing of the proso mil-
let collection, the early-ripening and high-yielding
samples (up to 1200 g/m?) with vegetation period
of 67-82 days suitable for cultivation in the condi-
tions of dry-steppe and steppe zone of the Republic
of Kazakhstan were selected.

Correlation analysis related to the climatic con-
ditions of proso millet gene pool has been studied
insufficiently in comparison with the main agricul-
tural crops (Figure 2).
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Note: PH — plant height (cm), NSPP — number of seeds per panicle (pcs), SWPP — seed weight per panicle (g),
PT — productive tillering (pcs/1 plant), MTS — 1000 seeds weight (g), Y — grain yield per square metre (g/m2),
VP — vegetation eriod (day). Highlights: red is positive correlation and blue is negative correlation (p < 0.05).

Figure 2 — The correlation coefficient (r) between valuable agronomic traits under specific conditions
of A.I. Baraev Research and Production Centre for Grain Farming (Akmola): a — domestic collection; b — foreign collection.
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In this study, the correlation coefficients be-
tween key agronomic traits of proso millet varieties
were analyzed to assess their interrelationships. This
analysis provides valuable insights into trait associ-
ations, aiding in the selection of genotypes with de-
sirable characteristics for plant breeding programs.
Thus, in the conditions of Akmola region, the data
obtained in the current year indicate that productiv-
ity of local genotypes of proso millet Y is not related
to weight of 1000 seeds MTS and weight of grains
per panicle SWPP (r=-0.23, -0.33).

For the domestic collection, a positive correla-
tion was observed between productive tillering PT
and number of seeds per panicle NSPP (r=0-0.93).
Less stable positive correlation was found for num-
ber of seeds per panicle NSPP and vegetation period
VP; productive tillering PT and vegetation period
VP; plant height PH and vegetation period VP, their
correlation was 0.55, 0.51 and 0.58, respectively.

For the foreign collection under conditions of
A.L. Baraev Research and Production Centre for
Grain Farming, a positive correlation was revealed
for multiple traits (r=0.14-0.45). Nevertheless, a sig-
nificantly stable correlation was revealed between
the traits of plant height PH and productive tiller-
ing PT (r=0,37); and between number of grains per
panicle NSPP and plant height PH (r=0,45).

For the domestic and foreign collection, there
was negative relationship between number of grains
per panicle NSPP and plant productivity per square
metre Y (r=-0.11-0.23); productive tillering PT and
weight of 1000 seeds MTS (r=-0.24-0.3).

According to the results of the research in the
conditions of Aktobe Agricultural Experimental
Station (Western region), positive relationships
were found between the traits: plant height PH and
productive tillering PT; productive tillering PT
and number of seeds per panicle NSPP; number of
seeds per panicle NSPP and seed weight per pani-
cle SWPP, number of seeds per panicle NSPP and
weight of 1000 seeds MTS, productive tillering PT
and weight of 1000 seeds MTS, weight of 1000
seeds MTS and vegetation period VP, productive
tillering PT and vegetation period VP. The coef-
ficient for these traits was r=0.11-0.85 for the do-
mestic varieties, while the foreign samples showed
0.1-0.62.

In general, productive tillering was significant
at seed filling phase and impacted both the number
of grains per panicle and the weight of 1000 seeds.
However, it was evident from the study that plant
height PH did not affect productivity (Figure 3) as
reported in the other similar crop breeding studies
[16-18].
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Note: PH — plant height (cm), NSPP — number of seeds per panicle (pcs), SWPP — seed weight per panicle (g),
PT — productive tillering (pcs/1 plant), MTS — 1000 seeds weight (g), Y — grain yield per square metre (g/m2).
Highlights: red is positive correlation and blue is negative correlation (p < 0.05).

Figure 3 — The correlation coefficient (r) between valuable agronomic traits under specific conditions
of Aktobe Agricultural Experimental Station (Aktobe): a — domestic collection; b — foreign collection.
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According to the research data, duration of
vegetation period in the Western region insigni-
ficantly influenced the yield: the longer were the
interphase periods of samples, the better productiv-
ity they showed (r=0.05-0.24). Also, the vegetation
period affects the trait of 1000 seed weight. Thus,
the conducted correlation analysis allowed to iden-
tify the traits affecting the overall productivity of
proso millet genotypes depending on environmen-
tal factors.

Conclusion

According to the results of ecological testing of
the proso millet collection of domestic and foreign
selection, weak relationship between genotype and
environment was revealed, as no significant differ-
ences between correlations were observed. Statisti-
cal processing of experimental data confirmed the
interaction of individual valuable traits, with a sig-

nificant relationship established for the pair of traits
of productive tillering and number of grains per
panicle (r=0.45-0.93). Thus, the analyses of proso
millet in two regions (Northern and Western parts
of Kazakhstan) significantly differing in bioclimatic
potential allowed to highlight the varieties K-10215,
K-2468, Yarkoye 5, Shortandinskoye 7, Saratovs-
koye 3 as productive and possesing high adaptive
capacity for their introduction and expansion of the
sowing area.
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