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Abstract

The aim of this research was to study the agronomic traits of common proso millet (Panicum miliaceum L.) used
in productivity-enhancing plant breeding programs. The study was conducted in 2024-2025 on experimental field
plots at the Aktobe Agricultural Experimental Station. Observations were made by using biometric measurements
of plants height and morphological characteristics of their productivity. The biological material consisted of 176
proso millet genotypes of various origins; experimental data were collected for all the genotypes. Based on the
results of a comprehensive assessment, the following genotypes that demonstrated superior thousand-grain weight,
plant height, panicle length, growing period, and overall productivity were identified: Kormovoe 89, Yarkoe 6,
Yarkoe 3, Merei (line P-1553), Shortandinskoe 7, Shortandinskoe 10, K-10343, K-10312, K-9605, K-917, K-1923,
Donskoe, Saratovskoe 7, Candidum 1025. These valuable genotypes can be recommended as sources for
enhancing the productive properties of proso millet.

Keywords: proso millet, gene pool, selection, variety, valuable agronomic traits, vegetation period, productivity.
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Anjarma
Byn 3eprreyaiH MakcaThl OHIMILTKTI apTTHIPATHIH OCIMIIKTCP CCICKUMSLIBIK OaraapiaaMaapsl YINIH KAKSTTi
Ka7iMri Tapsl (Panicum miliaceum L.) Garambl epeKIIeMiKTePiH 3epTTey O0mmpl. 3eprreyiep 2024-2025 sxpiiaapsl
Axre0c aybpul MAPYAIIBUTBIFBI TOKIPHOC CTAHIUACHIHBIH TOKIPHOCTIK JAMANBIK YIACKCICPIHAC >KYPTi3iIAi.
Bakpumaynap eciMmik OHMIKTITiHIH OHOMETPIAIBIK ©IIEMACPIH KOHE OCIMIIK OHIMIUINTIHIH MOP(OIOTHSIIBIK
CHIIATTaMANIAPBIH KOJJAHY apPKbLIBI KYPri3iimi. BHONOTHSUIBIK MaTepman SpTypii mberry Teri 6ap 176 Tapsl
TCHOTHITIHCH TYP/IBI KOHE OAPJIBIK TCHOTHITSP OOMBIHINA TOKIpHOCHTIK AcpekTep kuHanapl. Kemewnai Oaramay
HOTIDKE ISPl OOMBIHINA MBIH AOH CAJIMAFBI, OCIMAIK OMIKTIT], IMAINAK Y3bIHABIFBL, BSTCTAINMIBIK KC3CH Y3aKTBIFBI
JKOHE YKAJIITbI OHIMALTIT] OOHBIHIIA KeTecl TeHoTHnTep aHbIKTanael: Kopmosoe 89, Spkoe 6, Spkoe 3, Mepeii (P-
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1553 sxemici), oprarmuackoe 7, oprarmuackoe 10, K-10343, K-10312, K-9605, K-917, K-1923, louckoe,
Capatosckoe 7, Kanaumym 1025. Bysr KyHOpl TEHOTHIITEPAL Tapbl JAKBUIBIHBIH OaFaibl OCITITIEPiH KaKCapTy
Ke3aepi peTiHae OarmapiaMarapra YCHHBLIAIEL.

Kinar cesaep: Tapbl, TCHCTHKAIBIK KOP, CCICKIMA, COPT, MAPYAIMBIIBIK-KYHIBI OCITIIC), BETCTANUAIBIK KC3CH,
OHIMIITK.
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AHHOTATIHSA

Lenpto maHHOTO HWCCIECAOBAaHMS OBLIO HM3YHUCHHE IIEHHBIX XapaKTCPHCTHK OOBIKHOBEHHOTO mpoca (Panicum
miliacewm L.), HEOOXOOWUMBIX U1 TPOTPAMM CCICKIMH PACTCHUH, HANPABICHHBIX HA IOBBIICHHUC
npoaykruBHOCTH. HccnenoBanue mpoBoauiocsk B 2024-2025 rogax Ha SKCOEPUMEHTAIbHBIX MOJIEBBIX YYACTKAX
AXTIOOWHCKON CEIbCKOXO3AWCTBEHHOH JKCIICPUMCHTANBHOW cTaHmuu. HaOmoaeHHsT NPOBOAMIHCH C
HCIIOJIb30BAHUEM OHOMETPHYCCKHX HW3MEPCHHH BBICOTHI PACTCHHH M MOP(OIOTHUCCKHX XapaKTEPHCTHK
MPOIYKTUBHOCTH pacTeHuil. BHOIOrMYecKMil Marepuan CcOCTOsI W3 176 TEeHOTHNOB Mpoca Pa3IHIHOTO
TIPONCXOKIACHIST, IKCIICPUMEHTABHBIC JAHHBIC ObLITM COOPaHBI AT BCEX TeHOTUIOB. Ha OCHOBAaHUM pe3yIbTaTOB
KOMIUICKCHOH OLICHKH OBIIM BBIABJICHBI CICAYIOIIWE TCHOTHIBL, IPOJECMOHCTPHPOBABIINEC ITPEBOCXOIHBIC
MOKA3aTETH MACCHI THICAYH 3EPEH, BBICOTHI PACTCHUSA, ATIHHBI METEIKH, MPOAODKUTCIBHOCTH BETETALMOHHOTO
neproaa u odmeit npoaykrusroctH: Kopmosoe 89, Spkoe 6, Spkoe 3, Mepeh (;mmuwns P-1553), IlloprarauHCKoe
7, Mloprarmuackoe 10, K-10343, K-10312, K-9605, K-917, K-1923, Jlonckoe, Capatosckoe 7, Kanmuaym 1025,
BrinenuBnmecs IEHHbIC TCHOTHIBI MOTYT OBITh PEKOMCHIOBAHBI B KAUECTBE WCTOUHWKOB IS IOBBIIMICHHA
MPOAYKTUBHBIX CBOMCTB Mpoca.

KmoueBnie cioBa: mpoco, TCHO(OHI, CENCKIHA, COPT, XO3IHCTBCHHO-LCHHBIC MPH3HAKH, BCTCTAIIHMOHHBIHA
TIEPUOJ, YPOKAHHOCTB.

Introduction

Common or Proso millet (Panicum miliaceum L.) is an annual grain crop introduced into
cultivation approximately 10,000 years ago in the semi-arid regions of China. It is primarily
grown in India, Nigeria, Niger, and China [1]. Due to its high nutritional value and health
benefits, proso millet is used as livestock and poultry feed in many countries. Recently, its high
content of various minerals and amino acids, as well as the low or zero content of gluten in the
grain, have attracted the attention of the industry and the scientific community. Common proso
millet is used as a rotation crop in winter wheat and fallow systems due to its high water use
efficiency [2]. This practice not only prevents the loss of organic matter from no-till soil but
also reduces weed and disease infestations. Despite the compelling environmental and
medicinal benefits of common proso millet, it remains a poorly understudied and underutilized


mailto:e.dyussibayeva@kazatu.edu.kz

M. Ko3bi0aes aTeinaarsl CKY Xa6apumbicnbn /
Bectnuk CKY umenu M. Ko3bi6aesa. Ne 2 (70). 2026 59

crop [3]. Breeders worldwide strive to develop superior varieties using both classical and
advanced breeding methods. However, the lack of adequate genetic resources slows the process
of crop improvement [4-5]. Proso millet genetic material, representing a wide genetic diversity,
is stored in gene banks maintained by several countries. The rapid growth of genomic research,
along with high-throughput phenotyping, promises to accelerate proso millet breeding [6]. The
development of proso millet varieties that are high-yielding, resistant to lodging and seed
shattering, ready for combine harvesting, and enriched with nutrients will facilitate increased
proso millet cultivation and use in the food industry [7].

The scientific novelty of this research lies in the first assessment of proso millet genotypes
from the VIR and USDA collections under the environmental conditions of the region, which
enabled the identification of previously uncharacterized sources of high productivity,
environmental adaptability, and resistance to biotic and abiotic stresses. The obtained results
expand the genetic resources available for proso millet breeding and provide a basis for the
development of improved cultivars adapted to changing climatic conditions.

Research Methods

The plant material. The study was conducted in 2024-2025. The research materials were
the germplasm of proso millet consisted of 176 genotypes.

The field experiment design. The collection of proso millet was sown in 6-row, 2-meter-
wide plots (each plot had an area of 1.8 m?) in the Aktobe region. There were 14 plots in one
pass of the seeding unit; between the passes there is a 30-cm-wide interplot strip. The variety
"Pamyati Bersieva" was used as a standard which was selected by the AAES (Aktobe
Agricultural Experimental Station); and it was sown every 19 plots. All samples were sown at
the recommended seeding rate for the dry steppe zone of 2.5-2.7 million germinated seeds/ha:
approximately 600 seeds per plot, in physical weight, depending on the weight of 1000 seeds
(3-5 g). The seeds were sown using an SSFK-5-7 seed drill mounted on a compact T-16MG
tractor with a KShK-1.5 ring-and-spur roller. The disc seeder sowed to a depth of 5-7 cm.

Methodology of field experiments. A comprehensive assessment of the genetic diversity
of the studied proso millet varieties used both field and laboratory research methods. During
the growing season and after harvest, the following observations and records were made:
phenological data, overall phenotypic assessment (5-point scale), drought tolerance, lodging
resistance, yield structure analysis, and 1 000-grain weight. During the emergence phase — the
beginning of grain filling — several plants of each variety were assessed for vegetative mass
development per unit area (1 m?) to identify varieties suitable for use as green fodder. To
evaluate the biological, economic, and qualitative indicators of the studied proso millet
assortment, the methodology of state variety testing was applied [8].

The meteorological data for the growing experimental period 2024-2025 was gathered at
the local weather station (table 1).

Table 1. Location, environment, and weather data during agronomic seasons

Site/Region Aktobe Region
Latitude/Longitude 50.27°/57.20°
Soil type black soil and dark chestnut (2.74% humus)
Conditions Rainfed
Year 2024 2025
Annual rainfall for summer season, mm 167.9 120.0
Mean temperature, °C 19.9 25.3
Max temperature, °C 24 .4 30.0
Min temperature, °C 13.8 19.0
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Statistical processing of the obtained data. The experimental data were processed
according to B.A. Dospekhov [9] and N.L. Udolskaya [10] on a PC using the AGROS-1
program (version 2.09-2.11/1993-2009; authors S.P. Martynov, N.N. Musin, T.V. Kulagina);
Statist 1, Statist 2 (version 2005/2012, author LF. Spivak-Lavrov). Heatmap data processing
was based on Pearson correlation, a standard method for analyzing the strength of a linear
relationship between variables.

Study Results

The collection was sown on May 19. The seedlings were observed between May 28 and
30. Field germination for most proso millet varieties was 70-80%. In 2024-2025, the duration
of the period from germination to panicle emergence in proso millet varieties varied, depending
on the early maturity - from 36 to 51 days; the duration of the ripening period for all forms of
proso millet varied within the range of 39-51 days. Based on the data obtained from studying
the vegetation of proso millet varieties and samples in the collection, we were able to

conditionally divide them into 4 maturity groups: Early, Mid-season, Mid-late, and Late-season
(table 2).

Table 2. Duration of proso millet growing season, days (2024-2025)

Proso millet First half of the growing Second half of the growing Shoots —
forms season (shoots — panicle season (panicle emergence — | ripening
growing) ripening)
Early-season 36 39 75
Mid-season 42 41 83
Mid late-season 47 43 90
Late-season 51 47 98

On average, under these conditions, the earliest maturing proso millet samples (up to 80-
82 days) were: Yarkoe 3, Merei (line P-1553), Shortandinskoe 7, Shortandinskoe 10, K-10312
and others.

In the western region of Kazakhstan, the study of the proso millet collection including
foreign and local proso millet varieties was conducted to record phenotypic variability across
two different years of study, including seven of the most important traits of this crop. Based on
the results of phenotypic analysis, the most valuable genotypes possessing a complex of
valuable agronomic traits were selected (table 3).

Table 3. The most promising genotypes by productivity and characteristics, 2024-2025.

Vegetation| Productive | Panicle | 1000 seed | Grain weight | Number of Grain
Genotypes period, | tillering, pc/1 | length, | weight, g | per panicle, g| grains per |vield, g/m?
days plant cm panicle, pcs

Pamyati Bersieva 85 1,15 20,04 82 4,1 494 321
St.

Kormovoe 89 88 1,16 24,1 7,86 5,0 632 337
Yarkoe 6 89 1,07 19,72 7.85 4,2 506 353
Yarkoe 3 80 1,42 20,45 8,02 3,1 615 369
Merei 82 1,13 19,87 6,47 4,7 736 338
(line P-1553)

Shortandinskoe 7 77 1,55 20,12 7,85 3.4 439 364
Shortandinskoe 10 80 1,12 21,37 7,75 3,5 487 360
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K-10343 92 1,21 19,98 8,21 8,6 1058 355
K-10312 78 1,35 27,22 8,23 4,8 595 337
K-9605 86 1,00 21,57 8.19 6.8 839 349
K-917 90 1.20 19,86 7.34 5.0 645 402
K-1923 88 1,21 18.9 8,64 9,47 1094 518
Donskoe 38 1,33 19,72 7.73 45 525 388
Saratovskoe 7 89 1,33 19,61 8,66 5,8 599 375
Candidum 1025 85 1,26 20,5 7.60 6,58 667 483
Stat. - M+tm= - Mtm= - M=m= M+tm=
1.193+0.03; 6.9240.10; 330.5+14.75; [ 181.3+£8.0;
Cv=22.0% Cv=14.85; Cv=44.63%; | Cv=44%;
and P=2.21% P=149% P=4.49% P=4.43%
Note: M + m = mean + standard error; Cv = coefficient of variation (%); P = experimental precision (%), reflecting
the relative error of the mean estimate

Growing period of mid-late and late-ripening proso millet varieties ranged from 90 to 100
days or more: Zolotistoe kormovoe, K-8528, Zolotistoe, K-10286, Kormovoe 2020, K-3806,
PI 163298, PI 163300, PI 173750, P1 177015, K-2253, K-9605, Voronezhskoe 989, Donskoe
5, Mironovskoe 51, Aktyubinskoe kormovoe, Uilskoe beloe, and others.

Productive tillering under 2025 conditions was generally insignificant and amounted to
M=m=1.193+0.03 stems/plant, Cv=22.0% and P=2.21%.

According to Number of grains per panicle (from 500 to 800 pcs. and more) in the
prevailing hydrothermal conditions of 2025, the following varieties stood out: Yarkoe 3,
Yarkoe 120, Merey, Kormovoe 89, Saratovskoe 3, K-10343 Zolotistoe, Zhodinskoe, K-3751,
Ilyinovskoe, k-10312, Lin. S-11/82, k-9605, k-1980, Aktyubinskoe Beloe and others with M+m
=330.5+14.75 pcs.; Cv=44.63%; P=4.49%.

The following varieties had increased grain size (1000 seed weight of 8-9 g or more)
under 2025 conditions: Yarkoe 5, Yarkoe 7, Abakanskoe kormovoe, PI 296376, Zolotistoe
kormovoe, Shortandinskoe 10, K-10343 Zolotistoe, K-2778, Zhodinskoe, K-10312, K-9373,
Davskoe, P1 211058, Gorlinka, Volgogradskoe 4, Voronezhskoe 989, k-2982 with an average
value of 6.92 + 0.10 g; the variation coefficient Cv was 14.85% and P (experimental precision)
was 1.49%.

Productivity. The yield for the most of the proso millet varieties under the current growing
season conditions ranged from 150 g/m? to 250 g/m? with a range of variability from 50-70 to
380-440 g/m?; the yields of standard varieties were 243 g/m? for Pamyati Bersieva and 294
g/m? for Yarkoe 6. The following varieties proved to be the most productive (+15-40% over
the standard level) in 2025: Yarkoe 3, Yarkoe 120, Shortandinskoe 10, Zolotistoe, k-8528, k-
2778, k-10215, k-7751, Ilyinovskoye, K-9605, K-917, K-2636, Aktyubinskoe Beloe, and
several others (M+m=181.3+8.0 g/m?% Cv=44%; P=4.43%). The yield increase over standard
varieties was achieved due to better plant survival at harvest, number of grains per panicle, and
size of the formed grain. The overall phenotypic score for the proso millet collection ranged
from 2-2.5 to 4.0-4.3 points. The biological yield of green mass during the panicle emergence
- flowering period was assessed for a number of the samples of general-purpose and forage
proso millet varieties. It ranged from 1000-1600 g/m? (equivalent to 100-150 c/ha) for the
following varieties: Yarkoe 120, Lin. 9/82, Zhodino, Lin. 1665, P1222811, Shortandinskoe 10,
K-9539, K-9701 Subflavum 443, P1365844, Kormovoe 89, Uilskoe local up to 2000-2600 g/m?
(in terms of 200-260 c/ha) - Yarkoe 3, Yarkoe 5. Yarkoe 6, Yarkoe 7, Merey, Nadezhnoe,
Saratovskoe 10, Orenburgskoe 20, Danila, Liniya S-24/82, k-10352 Zolotistoe, Shortandinskoe
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11, k-8503 Aktyubinskoe white, Aktyubinskoe kormovoe. After drying, the air-dry mass of
these samples ranged from 250-400 to 500-600 g/m?.

Compared with the standard cultivar Pamyati Bersieva (321 g/m?), all selected genotypes
demonstrated higher grain yield, with increases ranging from 5.0 to 61.4%. The best results
were recorded for K-1923 (518 g/m?, +61.4%), Candidum 1025 (483 g/m?, +50.5%), K-917
(402 g/m?, +25.2%), and Donskoe (388 g/m?, +20.9%). The yield advantage of K-1923 was
primarily associated with a substantially higher grain number per panicle (1094 vs. 494 grains
in the standard) and grain weight per panicle (9.47 vs. 4.1 g). Similarly, Candidum 1025
combined higher grain weight per panicle (6.58 g) with a higher grain number per panicle (667
grains), resulting in a marked increase in productivity. In contrast, Shortandinskoe 7 and Yarkoe
3 exhibited superior productive tillering, exceeding the standard by 34.8% and 23.5%,
respectively, indicating alternative mechanisms contributing to yield formation.

Based on the results of comprehensive studies of agronomic traits of proso millet in 2024-
2025, valuable genotypes were identified: Kormovoe 89, Yarkoe 6, Yarkoe 3, Merei (line P-
1553), Shortandinskoe 7, Shortandinskoe 10, K-10343, K-10312, K-9605, K-917, K-1923,
Donskoe, Saratovskoe 7, Candidum 1025.

Correlation analysis related to climatic conditions of proso millet germplasm are
understudied comparing to the major crops. In our research, correlation coefficients between
the main valuable agronomic traits of proso millet varieties were studied. The table represents
Pearson correlation coefficients (r). Statistically significant correlations are marked with * (p <
0.05) and ** (p <0.01) (table 4).

Table 4. Significant correlations between climatic variables and agronomic traits of proso
millet genotypes.

Variables r p-value
Amount of precipitation (APR) — plant height (HT) 0.66 <0.01
Amount of precipitation (APR) — seed weight per panicle (SWMP) 0.56 <0.05
Amount of precipitation (APR) — number of seeds per panicle (NSMP) 0.55 <0.05
Amount of precipitation (APR) — grain yield (GY) 0.53 <0.05
Year (YR) — plant height (HT) -0.66 | <0.01
Year (YR) — grain yield (GY) -0.53 | <0.05

Thus, under the western conditions, the data obtained in 2024-2025 indicate that the yield
of proso millet genotypes GY is not related to year conditions YR (r=-0.53) and average
temperature AMT (Figure 1).
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Figure 1 Correlation coefficients among the agronomic traits in the conditions Aktobe region:

*VP - vegetation period, HT - Plant height, PT - productive tillering, TSW - 1000 seed weight, SWMP -
seed weight per panicle, NSMP - Number of seeds per panicle, GY - yield per square meter, YR - year, AMT -
average temperature, APR - amount of precipitation. Note: Correlations with p < 0.05 are highlighted in colour.
The colour indicates either positive (blue) or negative (red) correlation.

Negative correlation was also observed between plant height HT and year YR, average
temperature AMT; number of seeds per panicle NSMP and seed weight per panicle SWMP with
year YR, average temperature AMT, r consisted -0.55-0.66. In this study, no relationship was
observed between productive tillering PT - year YR and productive tillering PT - average
temperature AMT (r=-0.27); 1000 seed weight TSW - amount of precipitation APR (r=-0.29).
Plant height HT and amount of precipitation APR (r=0.66); seed weight per panicle SWMP and
amount of precipitation APR (r=0.56); number of seeds per panicle NSMP and amount of
precipitation APR (r=0.55); yield GY and amount of precipitation APR (r=0.53) showed high
trait dependence among all varieties.

Discussion

The evaluation of 176 proso millet genotypes under the environmental conditions of
Western Kazakhstan revealed substantial variation in productive tillering, seed number per
panicle, seed weight per panicle, and 1000 seed weight. Similar levels of phenotypic diversity
have been reported in proso millet germplasm collections evaluated in India, Africa, and
Mediterranean environments, where broad genetic variation was considered a prerequisite for
effective breeding and adaptation to diverse agroecological conditions. Vetriventhan and
Upadhyaya (2019) identified wide phenotypic diversity for productivity and nutritional
characteristics in a global collection of proso millet germplasm. The ranges of variation
recorded in the Western Kazakhstan collection for productive tillering, seed number per panicle,
seed weight per panicle, and thousand-seed weight are consistent with the magnitude of
diversity reported in these studies. The presence of highly productive accessions within the
evaluated material indicates that the collection possesses valuable genetic resources comparable
to those identified in major international germplasm collections and can serve as an important
source of breeding material for improving yield potential and environmental adaptation [11].

The significant positive association observed between precipitation and both seed number
and seed weight per panicle is consistent with previous studies demonstrating that water
availability during flowering and grain filling is a major determinant of proso millet
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productivity. Researchers in semi-arid regions of India and Sub-Saharan Africa have likewise
reported that reduced rainfall during reproductive stages leads to a decrease in grain set and
panicle productivity, whereas favorable moisture conditions increase grain number and grain
weight. These findings suggest that precipitation is one of the principal environmental factors
affecting yield formation across contrasting proso millet-growing regions [12, 13].

The superior agronomic performance observed during the 2024-2025 growing seasons,
particularly for productive tillering and panicle productivity traits, may be explained by the
environmental conditions prevailing during the experimental years. Similar responses have
been reported in Mediterranean and continental climates, where seasonal differences in rainfall
distribution significantly influenced yield components and genotype ranking. Therefore, the
observed variation among years highlights the importance of evaluating germplasm under
multiple environmental conditions to identify stable and broadly adapted genotypes.

Diftferences in maturity groups also deserve consideration. Studies conducted in India and
North Africa have shown that early-maturing genotypes often exhibit greater drought
avoidance, whereas medium- and late-maturing forms may achieve higher yield potential under
favorable moisture conditions. The diversity of maturity groups represented in the present
collection may therefore contribute to the observed variability in productivity and adaptation
traits. Similarly, Calamai et al. (2020), who evaluated 80 accessions of proso millet under
Mediterranean conditions, reported substantial variation in grain productivity and yield-related
traits among accessions [14, 15].

Overall, the results confirm findings from previous international studies: broad
germplasm collections constitute an essential source of alleles for improving yield stability,
stress tolerance, and adaptation to climate variability. At the same time, the present study
provides new information on the performance of VIR and USDA accessions under the specific
soil and climatic conditions of Western Kazakhstan, thereby expanding knowledge on their
breeding value and regional adaptability.

Conclusion

Thus, despite promising traits that may confer resistance to environmental stress, P.
miliaceum remains a minor cereal crop, grown primarily in arid and semi-arid agricultural
regions with low resource inputs as a subsistence crop for local populations. This study presents
data from a two-year field experiment evaluating the valuable traits of proso millet accessions
in the Western regions of Kazakhstan. The results made it possible to identify valuable varieties
and samples of proso millet. This data can be used in future proso millet breeding programs to
develop new and improved genotypes adaptable to arid zones and with desirable productivity
traits. The evaluated proso millet germplasm demonstrated considerable variability in
agronomic and productivity traits, allowing the identification of promising donor genotypes for
specific breeding objectives.

For plant breeding aimed at increasing grain yield, the most valuable genotypes were K-
1923 (518 g/m?), Candidum 1025 (483 g/m?), K-917 (402 g/m?), and Donskoe (388 g/m?), all
of which substantially exceeded the standard cultivar Pamyati Bersieva. As sources of high
grain weight per panicle, K-1923 (9.47 g), K-10343 (8.6 g), K-9605 (6.8 g), and Candidum
1025 (6.58 g) are recommended for use in breeding programs targeting enhanced yield
potential. For improving grain number per panicle, K-1923 (1094 grains), K-10343 (1058
grains), K-9605 (839 grains), and Merei (736 grains) represent valuable donor material. Early
maturity, an important trait for arid environment, was observed in Shortandinskoe 7 (77 days),
K-10312 (78 days), and Yarkoe 3 and Shortandinskoe 10 (80 days). These genotypes may be
useful for developing early-ripening cultivars adapted to unstable moisture conditions. The
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highest productive tillering was recorded in Shortandinskoe 7 (1.55 shoots per plant), Yarkoe
3 (1.42), K-10312 (1.35), Donskoe (1.33), and Saratovskoe 7 (1.33), indicating their potential
value as donors of enhanced plant productivity and stand density. Based on the combination of
traits, K-1923, Candidum 1025, K-917, and Donskoe are recommended for grain-oriented
breeding programs, whereas Shortandinskoe 7, Yarkoe 3, and K-10312 may be valuable for
forage and dual-purpose breeding due to their early maturity and high tillering ability.
Genotypes combining high grain productivity with favorable yield components, particularly K-
1923 and Candidum 1025, should be prioritized for further breeding and multi-environment
testing in Western Kazakhstan.

During the preparation of this manuscript, the authors used artificial intelligence tools
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originality of the manuscript.

Acknowledgments: The work was performed within the program financing by the
Ministry of Agriculture of the Republic of Kazakhstan under the budget program 267,
BR22885305 «Breeding and genetic technology for the development of systems for long-term
storage, restoration, monitoring and rational use of agrobiodiversity, as the basic basis for
improving breeding programs of RK».

References:

1. Lu H., Zhang J., Liu K.B., Wu N, Li Y., Zhou K. Earliest domestication of common millet (Panicum
miliaceum) in East Asia extended to 10,000 years ago // Proceedings of the National Academy of Sciences
of the United States of America. - 2009. - Ne 106(18). — P. 7367-7372. DOI: NA

2. Zargar M., Dyussibayeva E., Orazov A., Zeinullina A., Zhirnova L., Yessenbekova G., Rysbekova A.
Microsatellite-Based Genetic Diversity Analysis and Population Structure of Proso millet (Panicum
miliaceum L.) in Kazakhstan // Agronomy. — 2023. - Ne 13(10). —2615. DOIL: 10.3390/agronomy 13102615
3. Rysbekova A., Abylkairova M., Orazov A., Zeinullina A., Hu Y.G., Ydyrys A., Zargar M., Dyussibayeva
E. Application of Inter-Simple Sequence Repeat Markers in Genetic Variance Detection of Proso Millet
(Panicum miliaceum L.) Germplasm Cultivated in Kazakhstan // ES Food Agrofor. - 2025. — Ne 20. - 1471.
DOI: 10.30919/faf1471

4. Cygankov A.V., Cygankov V.I., Rysbekova A B., Dyusibacva E.N., Cygankova N.V. Ispol'zovanic
geneticheskogo raznoobraziya kul'tury prosa pri sozdanii adaptivnyh zasuhoustojchivyh sortov v usloviyah
Zapadnogo Kazahstana // Sb. nauch. statej v 2-h tomah. Tom 1. Zadachi sel. i sem. zernovyh kul'tur po mat.
Mezhd. nauch. konf., posv. 300-letiyu RAN. — Moscow: FIC «Nemchinovka», 2024. - S. 223-241 [in
Russian]. DOI: NA

5. Dyussibayevaa E., Abylkairova M., Tsygankov V., Zhirnova I, Zeinullina A., Yessenbekova G., Orazov
A., Tsygankov A., Dolinny Y., Rysbekova A. Evaluation of the agronomic traits and correlation analysis
of phenotypes of proso millet (Panicum miliaceum L.) germplasm in Kazakhstan // Brazilian Journal of
Biology. — 2024. - Ne 84, -¢287947. DOI: /10.1590/1519-6984.287947 P. 1-12

6. Dipak K. Santra, Rituraj Khound, Saurav Das. Proso Millet (Panicum miliaceum L.) Breeding: Progress,
Challenges and Opportunities // Advances in Plant Breeding Strategies: Cereals. - 2019.- Ne 5(1). - P. 223-
2027. DOI: NA

7. Bortesi L, Fischer R. The CRISPR/Cas9 system for plant genome editing and beyond.Biotechnol. Adv. -
2015. -33(1). — P. 41-52. DOI: 10.1016/j biotechadv.2014.12.006

8. Metodika gosudarstvennogo sortoispytaniya sel'skohozyajstvennyh kul'tur. -Almaty: KGI MSH RK,
2002. — 378 s. [in Russian]. DOIL: NA

9. Dospekhov B.A. Metodika polevogo opyta. - M.: Agropromizdat, 1985. - 352 s. [in Russian]. DOI: NA
10. Udol'skaya N.L. Vvedenie v biometriyu. — Alma-Ata, 1976. — 84 s. DOIL: NA




66

M. Kosbibaes aTeinaarsl CKY Xa6apmbichbn /
Bectauk CKY umenu M. Ko3bi6aesa. Ne 2 (70). 2026

11. Vetriventhan M., Upadhyaya H.D. Variability for Productivity and Nutritional Traits in Germplasm of
Kodo Millet, an Underutilized Nutrient-Rich Climate Smart Crop // Crop Sci. - 2019. — Ne 59. - P.1095-
1106. DOI: 10.2135/cropsci2018.07.0450

12. Sood S., Khulbe R K., Agrawal P K., Upadhyaya H.D. Barnyard millet global core collection evaluation
in the submontane Himalayan region of India using multivariate analysis // Crop J. - 2021. — Ne 3. - P.517-
525. DOI: 10.1016/j.¢j.2015.07.005

13. Sanon M., Hoogenboom G., Traoré S.B., Sarr B., Garcia A.G.Y., Somé L., Roncoli C. Photoperiod
sensitivity of local millet and sorghum varicties in West Africa // NJAS Wagening. J. Life Sci. - 2014. -
No 68. —P. 29-39. DOIL: 10.1016/j.njas.2013.11.004

14. Craufurd P., Mahalakshmi V., Bidinger F. Adaptation of sorghum: characterisation of genotypic
flowering responses to temperature and photoperiod // Theor Appl Genet. - 1999. — Ne 99, — P.900-911.
DOI: 10.1007/5001220051311

15. Calamai A., Masoni A., Marini, L., Dell’acqua M., Ganugi P., Boukail S., Benedettelli S., Palchetti E.
Evaluation of the Agronomic Traits of 80 Accessions of Proso Millet (Panicum miliaceum L.) under
Mediterrancan Pedoclimatic Conditions // Agriculture. - 2020. — Ne 10. - P.578. DOL
10.3390/agriculture10120578

Information about the authors

V.L Tsygankov — Candidate of Agricultural Sciences, Corresponding Member of the National Academy
of Agrarian Sciences of the Republic of Kazakhstan, Head of the Department of Selection and Primary
Seed Production, Kazakh Research Institute of Horse Breeding and Fodder Production, Aktobe,
Kazakhstan; e-mail: zigan60@mail.ru;

A.V. Tsygankov — Master of Agronomy, Senior Researcher, Kazakh Research Institute of Horse Breeding
and Fodder Production, Aktobe, Kazakhstan; e-mail: mirestnonesdes1@mail.ru;

E.N. Dyussibayeva — corresponding author, PhD, associate professor, S. Seifullin Kazakh Agrotechnical
Research University, Astana, Kazakhstan; e-mail: e.dvussibaveva@kazatu.edu.kz;

A.B. Rysbekova — Candidate of biological sciences, associate professor, S. Seifullin Kazakh Agrotechnical
Research University, Astana, Kazakhstan; e-mail: aiman_rb@mail ru;

N.V. Tsygankova — Candidate of Agricultural Sciences, Head of the Laboratory of the Federal Research
Center «Nemchinovka» — Skolkovo Innovation Center, Moscow region, Novoivanovskoye settlement,

Russia; e-mail: tzugnatali@yandex.ru;
M.M. Abylkairova — doctoral student of S. Seifullin Kazakh Agrotechnical Research University, Astana,

Kazakhstan; e-mail: margarita abkv@gmail.com.
K.S. Izbastina — PhD, associate professor, S.Seifullin Kazakh Agro Technical Research University,

Astana, Kazakhstan; e-mail: izbastina.k(@gmail.com.



mailto:zigan60@mail.ru
mailto:mirestnonesdes1@mail.ru
mailto:e.dyussibayeva@kazatu.edu.kz
mailto:aiman_rb@mail.ru
mailto:tzugnatali@yandex.ru
mailto:margarita.abkv@gmail.com
mailto:izbastina.k@gmail.com

