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Abstract. This article presents the results of research on proso millet breeding for resistance
to lodging. While the Akmola region is one of the most favorable for cultivation of cereal crops,
strong winds in the region can severely damage the plant structure, and therefore, limit potential yield.
Therefore, plant breeding for lodging resistance, particularly in proso millet, which has a weak straw
and root system, is an important and relevant area of research which is often understudied. The research
is based on 2020-2025 field data from the Akmola region. The study includes variety samples of
different origins, foreign and local. For statistical analysis lodging risk index, integral risk index, index
of potential stability were calculated. By focusing on such traits as plant height (H), straw diameter
(D), and number of internodes (N), we were able to identify the most resistant genotypes by different
parameters which will be further included in plant breeding programs to increase proso millet yield.
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Anaarna. by Makanana TapbeIHBIH KaThIl KaTyFa TO3IMIUTIHE OaFbITTAFAaH CEICKIIUSIIBIK
3epTTey HOTHXKeNepl YCHIHBUIIBL. AKMOIA OOIBICH aiiMarbiHA €H KOJAWIbI JOH1 JaKbUIAAPABI 6Cipy
OonbIn TaOBUTABI, ajaila KYIITi KeNJaep OCIMAIK KYPBUIBIMBIH KATThI 3aKbIMJIAybIHAH, OJIECYETTI
OHIMILTITiH ToMeHAeTenl. COHABIKTaH, OCIMIIKTEp CENEKIUSACHIHIA >KaThIl KalyFa TO3IMILTIK,
acipece cabaHbl MEH TaMBbIp JKYHeEC] dJICi3 Tapbl 1aKbUIbIHAA MaHBI3/IbI JkoHE 03eKTi. Tannay AkMona
oOunbIickiHaH anbiHFad 2020-2025 sxpuiapaarsbl JalaliblK JepeKTepre Heri3aenret. 3epTTeyre apTypil
HIBIFY Teri 0ap, MEeTeNIK KoHe >KepruIikTi yiaruiep Kipeai. CTaTUCTUKANBIK Tajlgay YIUiH ToyeKenl
WHJICKC1, MHTETPaJl TOyeKeJl MHIEKCI, MHIACKCTBIH dJieyeT To3iMauIiri ecenrteninai. CoHbIMEH KaTap
ecimaik owmikTiri (H), caban quametp (D), xoHe OybrHapasbiK caHbl (N)CHIKTBI OCNTiIEpIHE €CeTKe
aneIHabl. Tanmay OapbIChIHIA €H TO3IM/i TeHOTHITED IpiKTEeNiN, )KOFaphl OHIMIUTIKKE OarbITTaIFaH
ceNIeKIHsl OarapiamManapblHa €Hr13y YChIHBUIIBI.

KinT ce3mep: Tapbl, TeHOTUIITEP, JKATHII KATyFa TO3IMIUTIK, TO3IMILUTIK Oaramay.
MOBBIIEHUE YCTOMYNUBOCTH K IOJETAHHUIO COPTOB M OBPA3IIOB ITPOCA
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AHHoOTauMs. B gaHHON cTarbe NpenCTaBiIEHbI PE3YJAbTaThl MCCIEAOBAHUN IO CEJICKIUU
Mpoca Ha YCTOWYMBOCTD K IMOJIETaHUI0. XOTsI AKMOJIMHCKAsi 001acTh SBJSETCS OHOM U3 Hambosee
ONaronpusATHBIX JJISl BHIPALIUBAHUS 3€PHOBBIX KYIIBTYp, CUJIbHBIE BETPBI B PETHOHE MOTYT CEPbE3HO
NOBPEIUTh CTPYKTYPY PacTeHH U, CI€A0BATEIbHO, OTPAHUYUTh OTEHUUANIBbHBIN ypoxkail. [Toatomy
CEJIKIIMsI PACTeHUWH Ha YCTOWYMBOCTH K IOJIETAaHHIO, OCOOCHHO IMpOca, KOTOPOE MMEET Cladyio
COJIOMY M KOPHEBYIO CHCTEMY, SIBIISICTCSI BaXKHON M aKTyaJbHOW 0OJIACTBIO MCCIIEIOBAHHM, KOTOpas
4acTO OCTaeTCsl HEAOOLEHEHHOW. AHanu3 OCHOBaH Ha MnoieBblX JaHHbIX 2020-2025 romoB
AxmonuHCKOM obnactu. MccnenoBanue BKIIOYaeT 0Opasilbl COPTOB PA3IMYHOTO MPOUCXOKIACHHUS,
KaK MHOCTPAHHBIX, TAK U MECTHBIX. JIJIsI CTAaTUCTUYECKOTO aHaJIn3a ObUTH pACCUMTAHBI MHIEKC PHCKa
MOJIETaHUsl, HHTETPAIbHBIA MHAEKC PUCKA U MHAEKC MOTCHIIMAIbHON YCTOMYMBOCTH. Y UUTHIBAsI TAKHE
MpU3HAaKH, Kak BbicoTa pactennit (H), nmamerp crebneit (D) u konmuuectBo Mexaoysnuit (N), Mbl
CMOTJIM BBISIBUTH HanOoJiee YCTOWYMBBIE T€HOTHIIBI IO Pa3IMYHBIM IapamMeTpaM, KOTopbie OyayT B
JaTbHEHNIIEM BKIIFOUEHBI B IPOrPaMMBbI CEJIEKIIUU PACTEHUN JIsl TOBBILIEHUS! YPOXKaWMHOCTH Tpoca.

KiaroueBble cjioBa: IIpOCO, Ir€HOTUIIBI, IOJIETAaHUE, OLICHKA yCTOfI‘II/IBOCTI/I.

Introduction. Proso millet is a vital drought-resistant cereal and forage crop, valued for its
high yield, low maintenance, and low waste. The grain is used to produce nutritious cereal, alcohol
and forage, while straw and green mass are used for hay and silage. Proso millet is also rich in protein,
gluten-free, and improves soil structure (Dyussibayeva et al., 2024: 1-12). There is a multiple number
of studies on this crop; the authors focus on studying diversity of the proso millet (Zargar et al., 2023:
1-14), its productivity (Yousifet al., 2025: 1-5), resistance to plant diseases (Dyussibayevaetal., 2017:
852-858); the lodging of proso millet plants is seriously understudied.

However, while cultivating this crop in the north of the country lodging is often present because
of winds. The Akmola region is characterized by strong winds (Imangulova et al., 2020: 77-82), the
data obtained from the regional meteorological stations at the altitude of 10 m indicate that the average
annual wind speed varies from 2.9 to 4.9 m/s, but the maximum speed can be up to 34 m/s (Energy
Wind). Under these weather conditions, plant internodes quickly grow and stretch, and accumulation
of skeletal formations (cellulose and hemicellulose biopolymers) and process of lignification of cell
walls, which determine mechanical strength of stem tissues, are delayed (Yu et al., 2025; 1-12).

Lodging of plants leads to significant yield losses (Erndwein et al., 2020: 1-11), as carbohydrate
and protein metabolism changes reduce grain quality and complicate harvesting. Lodged plants still
can spring up. In cereals (wheat, rye, barley, etc.), internodes of the apical part of the stem are capable
of re-growing thanks to intercalary meristem, which promotes stem elongation and development of key
primary structures. Under the influence of geotropism and phototropism, in lodged plants underside of
upper stem nodes grows, raising the upper part. Resistance to abiotic environmental factors, especially
lodging, plays a crucial role in maximizing the productivity of agricultural crops with high yield
potential (Wu et al., 2022: 133-144).

In irrigated and intensive farming conditions, resistance to lodging is a factor that significantly
influences proso millet productivity. This indicator depends on certain morphological characteristics,
including plant stem length, lower internode length, leaf blade attachment angle, straw diameter, and
others. According to many researchers, dwarf varieties are more resistant than tall plants. Lodging
resistance in cereal crops is determined not only by dwarfism, but also by a thick and strong stem,
short lower internodes, a robust root system, and developed mechanical tissues. These traits lower the
center of gravity, reduce windage, and increase straw structural strength, preventing breakage under
its own weight or wind pressure. Therefore, dwarfism, straw diameter, and number of internodes can
be used to evaluate varieties for lodging resistance. Lodging resistance can be improved by developing
new varieties that possess these traits.

Materials and methods of research. Field experiments were conducted at the A.I. Barayev
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Research and Production Centre for Grain Farming on experimental plots of the Laboratory of Genetic
Resources of Grain Crops from 2020 to 2025.

The source material included both local and foreign proso millet variety samples to be used in
further research on the creation of varieties adapted to the soil and climatic conditions of the zone.

While assessing resistance of genotypes to lodging, the traits such as plant height, straw
diameter, and number of internodes were taken into account.

Statistical processing of data was carried out based on the phenological observations and
measurements based on index and multivariate analysis. The index method uses a system of relative
indicators to measure dynamics, compare complex subjects, and perform factor analysis. Multivariate
analysis simultaneously examines the relationships between two or more variables, revealing hidden
structures and causal relationships. Both approaches are essential for in-depth data processing and
decision-making in the plant breeding process.

In plant breeding, the lodging risk index is often calculated to identify and establish a pattern
when selecting the most resistant forms. LR is lodging risk index; SI is potential resistance index;
LR, is integral risk index, calculated taking into account the three most significant traits affecting
lodging, in many cases, straw diameter also influences potential resistance, as SI index was highest
in potentially resistant genotypes (Kocherina et al., 2008: 1-87). This makes it possible to conduct
targeted proso millet breeding, including not only dwarf forms with a small number of internodes, as
1s common with many agricultural crops, but also other genotypes in the proso millet collection.

Calculation of lodging resistance indices was performed in Excel program:

df["LR"] = df["Height"] / df["Diameter"]

dff"SI"] = df["Diameter"] / df]"Height"]

df["LR2"] = (df]"Height"] * df]"Internodes"]) / df["Diameter"]

The following indices were calculated for each genotype:

- LR = H/D - lodging risk index

- LRy =H x N /D - integral risk index

- SI=D/H - index of potential stability

Results. Under the drought-prone climatic conditions in 2020-2022, proso millet plants had
short height (49-68 cm). Therefore, the 2023-2025 samples proved to be the most suitable for proso
millet cultivation, accurately reflecting the plant height.

In the Akmola region, the optimal proso millet plant height for high lodging resistance is
considered to be 65-80 cm. Short and medium-sized plants are more resilient, as taller plants are more
susceptible to wind damage. In different years with varying climatic conditions, the shortest samples
were the VIR (All-Russian Institute of Plant Genetic Resources) collection sample K-2374 (62.7 cm)
and the local variety Barnaulskoye Kormovoe (74.4 cm).

When assessing stability, it's also important to consider the straw diameter, as thicker straws
have greater structural stability. Foreign varieties with lower internode diameter of 0.9 cm or more
are of particular interest: Ames 11555, PI 175798, PI 365844, P1 476399, PI 346938, PI 223792,
PI 173752 K-9681, K-10215, K-10204, K-9598. Short lower internodes or the smallest number of
them decisively ensure stability as the genotypes with the length of lower internodes of no more than
5.0-6.5 cm, including the accessions from the VIR collection K-3742 and K-9910, the accessions from
foreign collections PI 182258, P1 289322, P1 346933; the Pamyati Bersieva variety from the domestic
collection.
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Figure 1. Morphological characteristics of proso millet varieties determining their resistance
to lodging (2020-2025)

Thus, the genotypes identified by valuable morphological characteristics can be used in the
selection of lodging-resistant proso millet varieties.

For each genotype, the lodging risk indices LR = H/D and LRy = HXN/D, as well as the index
of potential stability SI = D/H, were calculated. SI values ranged from 0.00097 to 0.00843, indicating
a high differentiation of genotypes in lodging resistance. The minimum LR and LR, values and the
maximum SI values belonged to the Kokchetavskoe 6, Ames 11674, and Saratovskoe 6 genotypes,
while the K-9539 genotype had extremely high LR and LR, values, indicating an extremely high
lodging risk. The obtained data were used to calculate the index and multivariate analysis (Table 1).

Table 1. Genotypes with the highest resistance potential (highest by resistance index)

Genotype H, cm N D (cm) LR SI LR

Kokchetavskoe 6 106.8 5.6 0.9 118.7 0.00843 664.5
Ames 11674 95.2 6.0 0.8 119.0 0.00840 714.0
Saratovskoe 6 84.2 4.8 0.7 120.3 0.00831 577.4
Shortandinskoe 11 87.0 5.4 0.6 145.0 0.00690 783.0
Ames 11555 134.6 8.2 0.9 149.6 0.00669 1226.4

Notes: H - plant height; N - number of internodes; D - straw diameter; LR - lodging risk index; SI - potential resistance index; LR -
integral risk index.

The assessment of lodging resistance based on index and multivariate analysis showed that
the genotypes Kokchetavskoe 6, Saratovskoe 6, Ames 11674, Shortandinskoe 11 and Ames 11555
combine relatively moderate height and increased straw diameter, indicating increased mechanical
stability of the stem.

Based on the results of the data analysis, it was evident that the genotypes with the highest risk
of lodging (highest by LR) were the variety samples K-9539 and PI 170589, and the Chinese samples
NO.4,NO.2, NO.3 (Table 2).
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Table 2. Genotypes with the highest risk of lodging (highest by LR)

Genotype H, cm N D (cm) LR SI LR

K-9539 309.6 5.0 0.3 1032.0 0.00097 5160.0
PI 170589 86.4 5.4 0.3 288.0 0.00347 1555.2
No. 4 79.8 4.8 0.3 266.0 0.00376 1276.8
No. 2 132.6 5.4 0.5 265.2 0.00377 1432.1
No. 3 1254 4.8 0.5 250.8 0.00399 1203.8

Notes: H - plant height; N - number of internodes; D - straw diameter; LR - lodging risk index; SI - potential resistance index; LR2 -
integral risk index.

The above mentioned variety samples are characterised by an extremely unfavorable ratio of
height and diameter, which indicates a high potential susceptibility to lodging.

Conclusion. Based on the results of the lodging resistance assessment, valuable genotypes
were identified: K-2374 (62.7 cm), Barnaulskoe kormovoe (74.4 cm) - by dwarfism, regardless of
climatic conditions; Ames 11555, P1 175798, P1 365844, P1 476399, P1 346938, P1 223792, P1 173752
K-9681, K-10215, K-10204, K-9598 - with more stable straw; K-3742, K-9910, P1 182258, P1289322,
PI 346933, Pamyati Bersieva - with short internodes.
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