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Abstract

The breeding of spring durum wheat varieties resistant to leaf rust is considered a topical
issue. The aim of our research is to identify promising spring durum wheat lines resistant to leaf
rust with a complex of economically valuable traits. In 2022-2024, 163 spring durum wheat lines
were studied for resistance to brown rust, growing season, grain yield, specific weight,
vitreousness, and protein content. Immunological evaluation of spring durum wheat varieties was
carried out using standard laboratory methods on seedlings grown in a greenhouse. The physical
and physicochemical properties of the grain were evaluated using standard methods. The selected
spring durum wheat samples will be recommended to breeders as sources of resistance to leaf rust,
as well as sources of high quality for the creation of new competitive varieties adapted to the

conditions of Northern Kazakhstan.

Resumo

O melhoramento de variedades de trigo duro de primavera resistentes a ferrugem da folha
¢ considerado um tema de grande relevancia. O objetivo desta pesquisa ¢ identificar linhagens
promissoras de trigo duro de primavera resistentes a ferrugem da folha e que apresentem um
conjunto de caracteristicas economicamente valiosas. Entre 2022 e 2024, 163 linhagens de trigo
duro de primavera foram estudadas quanto a resisténcia a ferrugem marrom, ciclo de crescimento,
produtividade de graos, peso especifico, vitrificagdo e teor de proteina. A avaliacdo imunolédgica
das variedades de trigo duro de primavera foi realizada utilizando métodos laboratoriais padrao
em plantulas cultivadas em casa de vegetacdo. As propriedades fisicas e fisico-quimicas dos graos
foram avaliadas por meio de métodos padrao. As amostras selecionadas de trigo duro de primavera
serdo recomendadas aos melhoristas como fontes de resisténcia a ferrugem da folha, bem como
fontes de alta qualidade para a criacdo de novas variedades competitivas adaptadas as condig¢des

do norte do Cazaquistao.
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1.Introduction

Kazakhstan is one of the major producers of spring wheat and ranks among the top ten
grain exporters to the global market (TASS, 2024). In 2024, Kazakhstan harvested a record grain
crop of 26.6 million tons, with an average yield of 16 centners per hectare (KazTAG, 2024).

The majority of grain supplied to the global market is produced in Northern Kazakhstan.
The main factors constraining yield growth in this region include the sharply continental climate,
limited precipitation during the growing season, and the widespread occurrence of diseases in
wheat crops.

One of the most significant factors reducing both yield and grain quality in durum wheat
(Triticum durum) is infection by fungal diseases, including leaf rust caused by Puccinia triticina
Erikss.

Infection with leaf rust causes significant yield losses in wheat, exceeding 40% even at
early stages, and affects extensive geographic areas (Koyshybayev, 2018). The occurrence of leaf
rust in Northern Kazakhstan is recorded annually, except in drought years. Epiphytotic of this
disease were observed five times during the period from 2003 to 2024.

This disease disrupts the functioning of the photosynthetic apparatus, leading to leaf
desiccation and a reduction in the thousand-kernel weight (Babkenov et al., 2023). The
development of leaf rust also results in shriveled grain, reduced flour yield, and deterioration of
key wheat quality parameters (Ellis et al., 2023).

The main methods for controlling this disease include agronomic, chemical, and biological
approaches. However, from both economic and environmental perspectives, the most effective
strategy is the cultivation of resistant varieties.

To date, more than 80 genes conferring resistance to leaf rust have been identified in wheat
(Kumar et al., 2022); however, most of them are ineffective against pathogen populations in

Kazakhstan. Traditionally, resistance genes are classified as seedling (juvenile) and adult plant
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genes: the former generally confer resistance at all stages of plant development, whereas the latter
provide resistance only at later growth stages (MclIntosh et al., 1995).

At present, only a limited number of durum wheat varieties resistant to leaf rust are
cultivated in Northern Kazakhstan. Therefore, breeding programs aimed at developing varieties
resistant to leaf rust are essential for reducing yield losses, increasing total grain production, and
enhancing the country’s export potential, making this a highly relevant objective.

The aim of this study was to identify promising spring durum wheat lines resistant to leaf

rust and possessing a set of economically valuable agronomic traits.

2. Materials and Methods

The climate of Northern Kazakhstan is sharply continental and characterized by
pronounced temporal and spatial variability. Winters are cold, while summers are hot, with sharp
fluctuations in air temperature and uneven distribution of precipitation, accompanied by strong
wind activity.

The summer period is characterized by high temperatures and low relative humidity. On
average, about 140 mm of precipitation falls during the summer months, with annual variations
ranging from 60 to 265 mm. A distinctive feature of the regional climate is a prolonged dry period
(late May—June), during which, in some years, precipitation is extremely limited.

In 2022, the meteorological conditions during the growing season of spring wheat were
characterized as dry (hydrothermal coefficient, HTC = 0.6). A total of 100.3 mm of precipitation
was recorded in June, July, and August, which is 36.0 mm below the long-term average (Figure
1). Thus, hot and dry weather prevailed throughout the growing season, which was not conducive
to high yield formation or to the development of foliar and stem diseases.

In 2023, the meteorological conditions during the growing season of spring wheat were

characterized as extremely dry (hydrothermal coefficient, HTC = 0.2). A total of 36.5 mm of
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103  precipitation was recorded in June, July, and August, which is 99.8 mm below the long-term
104  average.

105 Thus, hot and extremely dry weather prevailed throughout the growing season, which was
106  not conducive to the formation of high yields or to the development of foliar and stem diseases.
107 In 2024, the meteorological conditions during the growing season of spring wheat were
108  characterized as wet (HTC = 1.3). A total of 232.2 mm of precipitation was recorded in June, July,
109  and August, which is 95.9 mm above the long-term average of 136.3 mm.

110 Thus, hot and wet weather prevailed throughout the growing season, which favored high
111 yield formation and the development of foliar and stem diseases.

112 The juvenile resistance of spring durum wheat lines to the local population of the leaf rust
113 pathogen was studied under greenhouse conditions at the Plant Disease Immunity Laboratory,
114  based at the “Scientific and Production Center of grain farming named after A.I. Barayev” LLP in
115  Akmola Region. A total of 163 spring durum wheat lines were used as plant material. The durum
116  wheat cultivar Damsinskaya 90, which is susceptible to leaf rust, served as the standard.

117 The following agronomically important traits were evaluated: growing period, grain yield,
118  resistance to leaf rust, protein content, thousand-kernel weight, and vitreousness.

119 The phytopathological assessment was conducted on seedlings using a standard laboratory
120  method under controlled temperature and humidity conditions (Jin et al., 2007). The inoculum
121  consisted of a composite population of Puccinia triticina Erikss., collected during survey
122 inspections of commercial spring wheat fields.

123 Leaves infected with leaf rust were collected from wheat fields, and the urediniospores of
124  the fungus were multiplied on the susceptible cultivar Damsinskaya 90. Seeds of each wheat line
125  were sown, 10—12 seeds per line, in 4000-ml plastic containers. After inoculation, the seedlings
126  were incubated in a moist chamber in darkness at 18 =2 °C and 100% relative humidity for 14

127  hours.
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128 The seedling reaction to inoculation with the leaf rust spore suspension was assessed on
129  the 14th day using the standard 4-point Stakman scale (Stakman et al., 1962).

130 The type of reaction to leaf rust was evaluated using the scale of E. B. Mains and H. S.
131  Jackson (Mains et al., 1926): 0 — immune, no disease symptoms; 0; — necrosis without pustules; 1
132 — highly resistant, very small pustules surrounded by necrosis; 2 — moderately resistant, medium-
133 sized pustules surrounded by necrosis or chlorosis; 3 — moderately susceptible, medium-sized
134  pustules without necrosis; 4 — highly susceptible, large pustules without necrosis; X —
135  heterogeneous type, pustules of different types on the same leaf, with the presence of chlorosis
136  and necrosis.

137 Seedlings with leaf segments showing reaction types 0, 0; and 1 were classified as resistant
138  (R); types 1-2 and 2 as moderately resistant (MR); types 2—3 and X as moderately susceptible
139  (MS); and types 3 and 4 as susceptible (S).

140 The physical and physicochemical properties of the grain were determined, including test
141 weight, vitreousness, and protein content (ISO 7971-1:2009; GOST 10987-76; Sadkiewicz, 2005).
142 Statistical analysis was performed using several statistical software packages. The primary
143  tools included SNEDECOR (designed for agricultural trials), Microsoft Excel for preliminary
144  calculations and data structuring, STATISTICA 10 for advanced descriptive statistics and
145  ANOVA, as well as R (version 4.x) for multivariate analysis, including correlation matrices and
146  hierarchical clustering.

147

148 3. Results

149 Between 2022 and 2024, an immunological assessment was conducted on 163 lines from
150  the spring durum wheat breeding laboratory at the “SPC GF named after A.l. Barayev” LLP.
151  According to our results, 12 lines were characterized by absolute resistance to leaf rust, including
152 272-08-9, 156-11-9, 156-11-10, 250-06-14, 88-12-6, and others. One line, 221-15-4, was classified

153  as highly resistant. Three lines 214-12-14, 299-14-6, and 177-05 were considered moderately
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154  resistant. Ten lines, including 333-05-5, 203-00-2, 148-11-1, 88-10-14, and 272-08-14, showed
155  moderate susceptibility (Table 1).

156 The vegetation period of the studied lines varied between 91 and 99 days, and on average
157  for the studied samples it was 94.9 days, while for the standard variety Damsinskaya 90 it was 94
158  days. Six lines 272-08-9, 202-15-4, 206-08-1, 299-14-6, 221-15-4, and 156-11-9 matured 1-3 days
159  earlier than the standard (Table 2 and 3).

160 Over the three-year study period, the average grain yield of the standard variety
161  Damsinskaya 90 was 22.8 c/ha, while the studied lines ranged from 16.1 to 28.8 c/ha and on
162  average, this figure was 23.3 c/ha. Nine lines 272-08-9, 156-11-9, 156-11-10, 88-12-6, 339-13-8,
163  88-10-14, 299-14-6, 250-06-14, and 221-15-4 significantly exceeded the standard in yield.

164 Protein content in the promising lines varied from 14.7% to 17.8%, compared to 16.3% in
165 the standard variety. Eight lines 88-12-6, 339-13-8, 299-14-6, 88-10-14, 356-11-24, 250-06-14,
166  221-15-4, and 177-05 exhibited higher protein content than the standard.

167 The average natural weight of the Damsinskaya 90 standard over three years of study was
168 746 g/l, while that of the lines studied varied from 690 to 780 g/l. Eleven samples exceeded the
169  standard variety in this respect: 339-13-8, 82-12-11, 299-14-6, and others.

170 The vitreousness of the studied samples varied from 54 to 61%, while for the Damsinskaya
171 90 standard it was 59%. Two lines exceeded the standard for this characteristic: 339-13-8 and 339-
172 13-8.

173 A correlation analysis of the average values of the main agronomic traits of spring wheat
174  for 2022-2024 revealed that most relationships between traits associated with leaf rust resistance
175  were not statistically significant (p < 0.05) (Figure 2). Moderate positive correlations were
176  observed between the growing season and protein content (r = 0.38), between the growing season
177  and vitreousness (r = 0.38), and between yield and test weight (r = 0.48). Thus, with an increase
178  in the growing season, protein content and vitreousness increase, and with an increase in yield, the

179  test weight of the average values of the studied samples increases.
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4. Discussion

In Northern Kazakhstan, spring wheat varieties susceptible to brown rust are mainly
cultivated, therefore, it is very important to develop varieties resistant to this disease. Among the
163 spring durum wheat lines studied, 16 samples were identified as resistant to brown rust,
accounting for 9.8%. This low percentage is consistent with the results of other researchers
(Babkenov et al., 2019; Tajibayev et al., 2023).

Wheat grain yield is an integral indicator that receives significant attention in breeding
programs. This indicator depends on many factors, such as soil, weather conditions, diseases,
pests, etc. In our studies, the yield of the spring durum wheat lines studied ranged from 16.1 to
28.8 cwt/ha, which is consistent with data obtained in studies by other scientists carried out in
Northern Kazakhstan (Morgounov et al., 2022; Shamanin et al., 2021; Dolinny et al., 2025).

Protein content is one of the main criteria determining the quality of wheat grain. It
determines not only the nutritional value of the grain and its processed products, but also the
technological properties of flour. According to this indicator, the standard variety Damsinskaya
90 was characterized by a high protein content (16.3%), which can be explained by favorable
weather conditions during the grain filling period. This indicator meets the requirements for strong
wheat, which is consistent with the data of other researchers (Dashkevich et al., 2022). When
selecting grain quality in breeding programs, it is recommended to pay close attention to indicators
such as protein content, as it is often at a restrictive minimum that does not allow for high-quality
grain to be obtained in years with varying weather conditions (Helguera et al., 2020). According
to the results of studies conducted in 2022-24, three lines should be highlighted: 88-12-6, 339-13-
8, and 299-14-6, which are characterized by a complex of economically valuable traits. Line 339-
13-8 is completely resistant to leaf rust, exceeds the standard variety Damsinsky 90 in yield by 3.9
c/ha, in protein content by 0.3%, in specific weight by 24 g/l, vitreousness by 2%, and matures at
the same rate as the standard variety. Line 88-12-6 is characterized by absolute resistance to brown

rust and exceeds the standard in terms of yield by 0.5 c/ha and protein content by 0.5%.
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Line 299-14-6 showed moderate resistance to leaf rust and yielded 25.4 c/ha, which is 2.6
c/ha higher than Damsinskaya 90. Its protein content exceeded the standard by 0.6%, by 34 g/l in

terms of specific weight, and ripened one day earlier than the standard variety.

5. Conclusions

Thus, over three years of research, 16 samples resistant to brown rust were selected from
163 spring durum wheat lines studied: 272-08-9, 156-11-9, 156-11-10, 250-06-14, 88-12-6, and
others. Nine lines significantly exceeded the yield of the standard variety Damsinskaya 90: 272-
08-9, 156-11-9, 156-11-10, 88-12-6, 339-13-8, 88-10-14, 299-14-6, 250-06-14, and 221-15-4.
Eight samples showed high protein content compared to the standard: 88-12-6, 339-13-8, 299-14-
6, 88-10-14, 356-11-24, 250-06-14, 221-15-4, 177-05. Eleven lines exceeded the standard variety
in terms of actual weight: 339-13-8, 82-12-11, 299-14-6, etc. Two lines were identified that
exceeded the standard in terms of vitreousness: 339-13-8 and 339-13-8.

Three lines were selected based on a set of economically valuable traits: 88-12-6, 339-13-
8, and 299-14-6. The selected spring durum wheat samples will be recommended to breeders as
sources of resistance to leaf rust, as well as sources of high quality for the creation of new
competitive varieties adapted to the conditions of Northern Kazakhstan. Currently, three lines: 88-
12-6, 339-13-8, and 299-14-6 are being actively propagated and prepared for transfer to state
variety testing.
Authors’ contributions
S.A. Babkenova and A.T. Babkenov conceived and designed the study.
R.S. Zhylkybaev, M.U. Utebayev and T.Yu. Zhigula conducted the experiments and collected
the data.
A.T. Sayanov participated in the data analysis.
Y K. Kairzhanov supervised the research and contributed to manuscript preparation and editing.

All authors read and approved the final manuscript.



SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.15497

232 Conflict of interest

233 The authors declare that they have no conflict of interest regarding the publication of this paper.
234

235  Data availability statement

236  The data supporting the findings of this study are included in the manuscript.

237

238  Acknowledgements

239 This research has been funded by the Ministry of Agriculture of the Republic of
240  Kazakhstan BR24892821 “Breeding, seed production of grain crops to increase potential of
241 productivity, quality, stress resistance in various soil-climatic zones of Kazakhstan”.

242

243 References:

244  Kazakhstan plans to export around 12 million tons of grain in 2024. (2024). URL:

245 https://tass.ru/ekonomika/22194937

246 Harvesting of grains and legumes in Kazakhstan is 99.8% complete. (2024). URL:

247 https://kaztag.kz/ru/news/uborka-zernovykh-i-zernobobovykh-v-kazakhstane-zavershena-

248 na-99-8-kabmin

249  Koishybaev, M. (2018). Wheat diseases. Ankara: FAO

250 Babkenov, A., Babkenova, S., Dashkevich, S., Kanafin, B., Shabdan, A., & Kairzhanov, Y. (2023).

251 Resistance to brown and stem rust in spring soft wheat varieties in the arid climate of
252 northern Kazakhstan. OnLine Journal of Biological Sciences, 23(4), 411-417. DOI:
253 https://doi.org/10.3844/0jbsci.2023.411.417

254  Ellis, J. G, Lagudah, E. S., Spielmeyer, W., & Dodds, P. N. (2014). The past, present and future
255 of breeding rust resistant wheat. Frontiers in plant science,5, 641. DOL:

256 https://doi.org/10.3389/fpls.2014.00641



https://tass.ru/ekonomika/22194937
https://kaztag.kz/ru/news/uborka-zernovykh-i-zernobobovykh-v-kazakhstane-zavershena-na-99-8-kabmin
https://kaztag.kz/ru/news/uborka-zernovykh-i-zernobobovykh-v-kazakhstane-zavershena-na-99-8-kabmin
https://doi.org/10.3844/ojbsci.2023.411.417
https://doi.org/10.3389/fpls.2014.00641

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.15497

257  Kumar, K., Jan, 1., Saripalli, G., Sharma, P. K., Mir, R. R., Balyan, H. S., & Gupta, P. K. (2022).

258 An update on resistance genes and their use in the development of leaf rust resistant
259 cultivars in wheat. Frontiers in Genetics, 13, 816057. DOI:
260 https://doi.org/10.3389/fgene.2022.816057

261  MclIntosh, R. A., Wellings, C. R., & Park, R. F. (1995). Wheat rusts: An atlas of resistant
262 genes. CSIRO Publication, Collingwood. doi, 10, 978-94.

263  Jin, Y., Singh, R. P., Ward, R. W., Wanyera, R., Kinyua, M., Njau, P., ... & Yahyaoui, A. (2007).

264 Characterization of seedling infection types and adult plant infection responses of
265 monogenic Sr gene lines to race TTKS of Puccinia graminis f. sp. tritici. Plant
266 Disease, 91(9), 1096-1099. DOI: https://doi.org/10.1094/PDIS-91-9-1096

267  Stakman, E. C., Stewart, D. M., & Loegering, W. Q. (1962). Identification of physiologic races of
268 Puccinia graminis var. tritici.

269  Mains, E. B., & Jackson, H. S. (1926). Physiologic specialisation in the leaf rust of wheat, Puccinia
270 triticina Erikas.

271 ISO 7971-1:2009. Cereals — Determination of Bulk Density, Called Mass Per Hectoliter.

272 GOST 10987-76 Grain. Methods of determination of vitreuesness.

273 Sadkiewicz, J. (2005). International association for cereal science and technology ICC. Ekologia i
274 Technika, 13,215-216.

275  Babkenov A.T., Babkenova S.A., Kairzhanov E.K. Studying genetic resources of spring bread

276 wheat in the environments of Northern Kazakhstan. Proceedings on applied botany,
277 genetics and  breeding.  2019; 180(4):  44-47. (In  Russ.) DOLI
278 http://dx.doi.org/10.30901/2227-8834-2019-4-44-47

279  Tajibayev, D., Mukin, K., Babkenov, A., Chudinov, V., Dababat, A. A., Jiyenbayeva, K., ... &
280 Baloch, F. S. (2023). Exploring the agronomic performance and molecular characterization
281 of diverse spring durum wheat germplasm in Kazakhstan. Agronomy, 13(7), 1955. DOI:

282 https://doi.org/10.3390/agronomy13071955



https://doi.org/10.3389/fgene.2022.816057
https://doi.org/10.1094/PDIS-91-9-1096
http://dx.doi.org/10.30901/2227-8834-2019-4-44-47
https://doi.org/10.3390/agronomy13071955

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.15497

283  Morgounov, A., Savin, T., Flis, P., Babkenov, A., Chudinov, V., Kazak, A., ... & Shamanin, V.

284 (2022). Effects of environments and cultivars on grain ionome of spring wheat grown in
285 Kazakhstan and Russia. Crop & Pasture Science, 73(5), 515-527. DOI:
286 https://doi.org/10.1071/CP21493

287  Shamanin, V. P., Flis, P., Savin, T. V., Shepelev, S. S., Kuzmin, O. G., Chursin, A. S., ... &

288 Morgounov, A. L. (2021). Genotypic and ecological variability of zinc content in the grain
289 of spring bread wheat varieties in the international nursery KASIB. Vavilov journal of
290 genetics and breeding, 25(5), 543. DOI: https://doi.org/10.18699/VJ21.061

291  Dolinny, Y., Esimbekova, M., Savin, T., Rysbekova, A., Kobernitsky, V., Miller, Y., ... &

292 Zhirnova, 1. (2025). Trait-based clustering and index ranking to identify high-yielding
293 spring wheat genotypes under the conditions of northern Kazakhstan. Brazilian Journal of
294 Biology, 85, €300898. DOI: https://doi.org/10.1590/1519-6984.300898

295  Dashkevich, S., Utebayev, M., Kradetskaya, O., Chilimova, ., Zhylkybaev, R., & Babkenov, A.

296 (2022). The Geneti ¢ Potential of Spring Durum Wheat Grain Quality in the Nort h of
297 Kazakhstan. OnLine J. Biol. Sci, 22(3), 347-355. DOI:
298 https://doi.org/10.3844/0jbsci.2022.347.355

299  Helguera, M., Abugalieva, A., Battenfield, S., Békés, F., Branlard, G., Cuniberti, M., ... &
300 Vazquez, D. (2020). Grain quality in breeding. In Wheat quality for improving processing
301 and human health (pp. 273-307). Cham: Springer International Publishing. DOI:

302 https://doi.org/10.1007/978-3-030-34163-3_12

303

304

305

306

307

308


https://doi.org/10.1071/CP21493
https://doi.org/10.18699/VJ21.061
https://doi.org/10.1590/1519-6984.300898
https://doi.org/10.3844/ojbsci.2022.347.355
https://doi.org/10.1007/978-3-030-34163-3_12

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.15497

30,0 120,0

25,0 100,0

20,0 —

15,0

PRECIPITATION, MM

TEMPERATURE °C

10,0

June July August

= P, mm 2022 22,2 52,9 25,2
. P, mm 2023 13,2 10,6 127
. P, mm 2024 62,3 63,3 106,6
. P, mm LTM 39,5 57,0 39,8
—1°C2022 20,2 21,1 17,2
et °C 2023 20,0 244 19,0
t°C2024 22,6 21,7 17,3
t°CLTM 18,3 19,9 174

309

310 Figure 1. Average Monthly Temperature and Precipitation During the Growing Season (June—
311  August) in 2022-2024

312

313  Table 1 — Immunological evaluation of spring durum wheat varieties for resistance to brown rust

314  (2022-2024, Akmola region)

Disease
Type of reaction, score Intensity, %
Damsinskaya 90, st 4 80
272-08-9
156-11-9
156-11-10
250-06-14
88-12-6
339-13-8
202-15-4
73-15-11
33-15-16
206-08-1
356-11-24
82-12-11
221-15-4
177-05
214-12-14
299-14-6

Variety, line

=

=lle] e} e} e} o] o] (el () fa) fa]

—_
==

\SRRSH] ) L fe) le] [e] [} (o) fe) el [a )l [er) [en ) far ) fan)

||

315

316



SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.15497

317  Table 2 — Economically valuable characteristics of spring durum wheat lines (2022-2024, Akmola

318  region)

. . Vegetation . Protein Net weight, | Vitreousness

Variety, line peri%) d. days Yield, c/ha content, % o/l & %
Damsinskaya 90, st. 94 22.8 16,3 746 59
272-08-9 91 242 15,4 753 54
156-11-9 93 28,2 15,7 763 55
156-11-10 97 26,5 16,3 753 58
88-12-6 96 23,3 16,8 746 54
339-13-8 95 26,7 16,6 770 61
202-15-4 92 16,1 16,1 690 57
73-15-11 94 19,9 15,9 702 57
33-15-16 99 20,6 16,0 699 59
214-12-14 95 227 15,8 723 58
299-14-6 93 254 16,9 780 59
206-08-1 92 21,3 14,7 761 54
88-10-14 99 28,0 16,8 757 56
356-11-24 98 17,7 17,4 761 58
82-12-11 96 18,8 16,2 771 57
250-06-14 97 28,8 16,5 743 60
221-15-4 93 22,9 17,8 749 57
177-05 94 25,5 16,5 751 56
LSDys - 3.1 - - -

319

320 Table 3 — Mean values and standard deviation of trait expression in spring durum wheat varieties

321 (2022-2024, Akmola region)

Quality parameter Mean Min Max SD
Vegetation period, days 94,9 91,0 99,0 2,4
Yield, c/ha 23,3 16,1 28,8 3,7
Protein content, % 16,3 14,7 17,8 0,7
Net weight, g/l 745.4 690,0 780,0 25,6
Vitreousness, % 57,2 54,0 61,0 2,1
322
323

324 Note: Dtr — Disease Type of reaction, Vp - Vegetation period, Y — Yield, PC — protein content, NW - Net weight, V - Vitreousness

325  Figure 2. Correlation matrix of key agronomic traits (average data)
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