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GENERAL CHARACTERISTICS OF THE WORK

Relevance of the research. Under current conditions, global climate change acts as a key
factor transforming the agroecological situation. This is manifested in a steady increase in average
annual temperatures, destabilisation of the moisture regime, and an increase in the frequency of
extreme weather events. In this regard, drought and soil salinisation are identified as the most critical
abiotic limiting factors, posing a direct threat to the sustainability of crop production and global food
security. Selection of resistant genotypes is one of the methods for mitigating the impact of abiotic
environmental factors.

Degree of the development of the research study. The issues of the impact of climate
change on soil salinization processes, the efficiency of irrigation methods, and the state of global
water resources, as well as their impact on the cultivation of strategically important crops (rice, wheat,
maize, barley), have been widely reflected in the modern scientific literature (UNCCD, 2017). The
macroeconomic consequences and forecasts of the decline in agricultural production have been
analyzed in detail in the works of international organizations and independent researchers, assessing
the potential losses of developing countries by 2050 and the risks of reducing gross output (United
Nations, 2015; Cline, 2007; Adger et al., 2003; Walli, AL-Jubouri, 2022). The regional aspects of
irrigated land degradation, particularly on the example of Irag, have been studied in the works of
Qureshi and Al-Falahi (2015), as well as Al-Jassim (2021), who substantiated the direct threat to
food security and social stability due to progressive salinization and drought. Priority areas of
adaptation, including the development of stress-tolerant genotypes, have been highlighted in the
studies of Zandwijk et al. (2021). The genetic and breeding aspects of development new wheat
varieties, as well as the empirically confirmed economic efficiency of their introduction (yield
increase and high benefit-cost ratio), have been thoroughly discussed in the works of Ray et al. (2013)
and Meena et al. (2020).

Objectives of the study: To identify the level of agroecological adaptation and stress
resistance of winter wheat varieties to a complex of limiting abiotic factors (soil moisture deficit,
high growing season temperatures, salinity) under the conditions of Southern Iraq, for the
scientifically based selection of stably productive genotypes and the development of practical
recommendations for optimizing varietal composition in the grain production system of the region.

Research objectives:

1. To evaluate the adaptive potential and stability of the production process of winter wheat
varieties under the combined effects of soil drought and salinity through a comprehensive analysis of
morphometric traits and yield structure components.

2. To establish correlations between physiological indicators of adaptation (relative water
content in leaves, concentration of photosynthetic pigments, and activity of the enzymatic and non-
enzymatic antioxidant system) and winter wheat productivity to confirm the agricultural criteria for
selecting resistant genotypes under limited conditions.

3. To conduct agroecological differentiation and ranking of varietal material based on an
integrated assessment of morphophysiological and molecular indicators for the individualized
selection of stress-tolerant genotypes and optimization of regional adaptive assortment.

4. To identify morphophysiological and molecular indicators of winter wheat adaptability to
complex salinity and moisture deficiency, substantiating their diagnostic significance for predicting
productivity and differentiated selection of genotypes in arid regions.

5. To formulate practical recommendations for differentiated selection of genotypes and
adjustment of elements of winter wheat cultivation technology in the soil and climatic conditions of



Southern Iraq, ensuring stabilization of productivity and preservation of the technological properties
of grain.

) Scientific Novelty: For the first time, a comprehensive agroecological stratification of
23 winter wheat genotypes was performed under conditions of combined salinity and soil drought in
southern Iraqg, enabling the selection of the Dujela, Faris, and Buhuth 22 varieties as stable
components of an adaptive assortment. A unique set of SSR-PCR markers, including the stress-
specific Malik 1 and Malik 2 detectors, was developed, enabling early diagnosis of tolerance and
shortening the production variety testing cycle. For the first time, a reliable association between the
DRF1, NAC20L, and microsatellite sequence loci and field-specific stress tolerance parameters has
been established. Fourteen sequences deposited in NCBI GenBank have been integrated into the
predictive variety testing protocol, forming a scientific and methodological basis for optimizing
regional variety technologies in limited agroecosystems.

Theoretical and practical significance. The theoretical principles on the patterns of
productivity development of winter wheat under conditions of combined drought-salinity stress have
been refined. The established correlation of field morphophysiological responses with molecular
genetic markers provides a scientific basis for predictable agroecological stratification of varieties.
The identified relationships between integral yield indicators and rapid diagnostics expand the
concept of a managed production process and form a theoretical basis for designing adaptive varietal
technologies in limited agroecosystems.

For the agrotechnological practice of Southern Irag, the winter wheat varieties Dujela, Faris,
and Buhuth 22, which maintain stable productivity under combined moisture deficit and soil
salinization, have been selected for production implementation. Rapid diagnostics based on SSR-
PCR markers (Malik 1, Malik 2) have been integrated into the scheme for early stratification of
seeding material, reducing the field evaluation cycle by 30-40%.

Object and subject of research. The object of research is genotypes of bread wheat (Triticum
aestivum L.) and their adaptive responses to the impact of abiotic stresses (salinity and drought). The
subject of research is the agroecological and productive manifestations of phenotypic plasticity of
winter wheat genotypes under the influence of a complex of limiting soil and climatic factors
(available moisture deficit, high-temperature stress, secondary salinization of the root zone) in the
agroclimatic conditions of Southern Iraq.

Research Methodology and Methods. The theoretical and methodological basis of the
work rests on the principles of adaptive agriculture and the concept of a managed production process,
where the formation of winter wheat yield is considered as a result of the regulated interaction of
genetic potential with limiting environmental factors. The methodological strategy provides for the
integration of field, physiological, and molecular monitoring into the system of varietal technology
support for arid regions. Field trials were conducted under the conditions of Southern Iraq according
to a split plot design with observance of zonal agrotechnical standards; recording of phenology, yield
structure elements, and productivity was carried out according to the regulations of the Vavilov
Institute of Plant Genetic Resources (VIR) and the State Variety Testing Commission of the Russian
Federation. Physiological and biochemical screening (water status, pigment complex, antioxidant
activity, accumulation of osmoprotectants) and molecular genetic typing (ISSR/SSR-PCR) were used
as diagnostic tools for early assessment of adaptive potential and substantiation of differentiated
cultivation practices. Statistical data processing included analysis of variance, correlation and
regression modelling, calculation of ecological plasticity and stability coefficients (Finlay—Wilkinson

4



and Eberhart—Russell methods), and genotypes clustering. The reliability of the findings was ensured
by multiple replicated experiments, the use of certified laboratory protocols, cross-validation of field
and laboratory indicators, and the statistical significance of the relationships.

Provisions submitted for defence:

1. Patterns of productivity formation of winter wheat under conditions of interrelated salinity
and drought stress.

2. Adaptive value of winter wheat varieties Dujela, Faris, and Buhuth 22 under conditions of
combined drought and salinity, manifested in the stable development of ear structural elements under
critical water-salt conditions.

3. Diagnostic value of a complex of SSR markers, including the stress-oriented primers Malik 1
and Malik 2, providing a rapid assessment of the adaptive potential of winter wheat genotypes to
limiting abiotic factors.

4. Coordination of quantitative winter wheat yield indicators with qualitative grain parameters
(wet gluten content, grain weight, vitreousness) under conditions of interrelated salinity-arid stress.

Degree of reliability and approbation of the research results is ensured by a sufficient
volume of multi-year experimental data obtained over three field seasons (2021-2024) on a
representative sample of 23 bread wheat varieties using the split-plot design with three replications.
The reliability of the conclusions is confirmed by the application of standardized methods generally
accepted in world practice and rigorous mathematical and statistical processing of data arrays
(analysis of variance, LSD, Ward's cluster analysis, Pearson's correlation) using specialized software
packages. A key factor in reliability is the convergence of results obtained at different levels of
organization: the identified morpho-physiological and biochemical adaptations of tolerant varieties
are fully confirmed by molecular diagnostic data (PCR-ISSR/SSR) and verified by the deposition of
14 new nucleotide sequences in the international GenBank database (NCBI).

The abstracts and articles based on the research results were presented at several conferences,
including: the 2025 University of Kufa Conference on "The Role of Scientific Research in Solving
Agricultural Problems™ in Irag; the 2025 Al-Muthanna University Conference "The First Scientific
Conference on the Management of Scientific Research for Sustainable Development” in Iraq; as well
as the 2024 Peoples' Friendship University Conference — the International Conference on Food
Quality and Safety in Russia.

Publications based on the results of the dissertation research: 12 scientific papers have
been published, including 3 articles in scientific journals indexed in Scopus/WOS, 2 articles in peer-
reviewed scientific journals included in the VAK list, 4 articles in other journals, and 3 abstracts at
international conferences.

Structure and volume of the dissertation. The dissertation consists of 216 pages, divided
into an introduction, three main chapters, and a conclusion. It includes 44 tables, 46 figures, and 18
appendices. The list of references contains 237 sources.

Personal contribution of the author. The applicant participated in formulating the goals and
objectives of the research, collected and analysed data, processed and interpreted the results, and
prepared publications.



MAIN CONTENT OF THE DISSERTATION

Chapter 1 «Literature Review» is devoted to the analysis of modern scientific data on the
global significance of wheat and the impact of abiotic stresses (drought and salinity), exacerbated by
global climate change, on morphophysiological and biochemical parameters of plants. It also
substantiates the role of genetics and breeding in the development of stress-tolerant varieties and the
mitigation of the negative consequences of these factors for agricultural production.

Chapter 2 «Materials and Methods» describes the objects, conditions, and research
methodology, as well as methods of data collection, processing, and statistical analysis of
experimental data. Field research was conducted on an experimental site located in southern Iraq
(coordinates: 31.3518° N, 45.2211° E) over three growing seasons: 2021/2022, 2022/2023, and
2023/2024. The climate of the region is characterized as arid (BWh type according to the Koppen
classification). The research material consisted of 23 varieties of bread wheat (Triticum aestivum L.),
the origin and pedigree of which are presented in Table 1.

Table 1 — Wheat varieties used in the study

Genotype | Sample Pedigree Genetic origin Source

Ministry of
Science and
Irag/ Technology \
Hybridization | Seed
Technology
Centre

1 Baraka AB IARI x STD

Shurug Al
Nahar
Attila / 3* Pastor, France/ Agricultural
(CIMMYT, ICARDA) Hybridization | Supplies
Trading
Company

2 Wafia BW

Ministry of
Science and
Technology \
Agricultural
Research
Department -
Latifiya
Research
Station

Irag/

3 Latifiya CL Australian breed x Aras Hybridization

Alreef
Alkhadraa
company for
General

BISU/3/YAVT79/ALOI/ALTARS4/ Spanish/ Trading and

4 Binakal DB CD93683.7Y.040M-03 OY- e :
Hybridization | Agricultural
LPAP.B :
Supplies. The
Spanish
company Fito
Semillas.




Institute of

Genetic
Inia 66 (Rad) Radiation of seeds Iraq / Engineering
5 Uruk EU S and
of Enya 66 Radiation .
Biotechnology\
University of
Baghdad
6 Fateh GF MixPac x Aras
7 Buhuth 10 HB Abaa 95 x Abaa 99 Iraq /
8 Abaa 95 QA Veery eer (CIMMYT) Hybridization | Ministry of
Ures/Bow's'//Pollmer's Agriculture
9| Abaa99 RA (CIMMYT and ICARDA) /Agricultural
CMSS96Y03236M-050M-040M- Research
10] Buhuth22 | TB |~ 020M-0508y-020sy-IM-0Y raq/ | Department
11| Buhuth 158 IB 119-S2/57-S2. Cr7.S2 Radiation
12 Sham FS W-3018-A/JUPATECO-73
13| Babul 113 JB MEXIPAK/R23 . .
— - - Iraqi Atomic
Radiation of Mexipac seeds with Iraq / Energy
14 Al Iraq KA full cobalt 60 doses and 10 kilos Radiation Organization
rad, Max. (Rad)
Debbana
Italy/ Modern
15 Bwru LB H31/Trapf21 / Enesco hybridization | Agriculture
Company
16 | Baghdad MB MX105-6MVLT40 / BNSN / Ministry of
- X - Iraq Science and
17 | Abo ghurayb SA Ajeeba x Lian 12 x Mexico24 Hybridization | Technology
18 Buhuth PB 118//S2/57-S2-CR7-S2 Department of
Agricultural
19| Faris NF STARITR77/773/SLMS Iraq / Research and
Radiation Food
Technology
Exposing the resulting hybrid Iraq / Iragi Atomic
20 Tammuz oT (Maxipac x Saber Beek) to Hybridization | Energy
radiation and Radiation | Organization
College of
. ) Iraq / Agriculture -
21 Dujela ub 8409644HS2-6H Radiation Al-Muthanna
University
Agricultural
. (Donshchina x Pamyati Fedina) x Russia/ Technological
22 | Nemchinovka | = VN Moskovskaya 39 Hybridization | Institute -
RUDN
College of
: . . Turkey/ Agriculture -
*
23 | Abo Raghif WA Inia 66 / 2 * Mexipak Hybridization | Al-Muthanna
University




The experiment was established using the split-plot design with three replications.

Factor A (main plots) — salinity stress: control (5 dS/m, natural water from river), moderate
stress (10 dS/m), and severe stress (15 dS/m). Dosed application of NaCl was controlled using a
portable conductivity meter (HANNA, HI98304 DiST 4).

Factor B (subplots) — water stress (drought): control (90% of field capacity — FC),
moderate (60% FC), and severe (30% FC). Moisture reserves and irrigation rates were calculated
based on the determination of field capacity and permanent wilting point using the pressure plate
method (according to L.A. Richards).

Factor C (sub-subplots) : 23 wheat varieties.

Sowing was carried out in November. Irrigation was performed using the drip irrigation
method (efficiency 85%), which allowed strict dosing of water supply and prevented solution flow
between plots. Stress factors were imposed gradually, starting from the germination stage, and
maintained until harvest. Agronomic practices followed the standard procedures for the experimental
zone.

The following methods of data collection and evaluation were employed during the research.

Morphological traits and yield. Harvesting was conducted at full maturity stage. Plant
height, productive tillering, flag leaf area (FLA, cm? = length x width x 0.95), grain weight per spike,
1000-grain weight, biological and economic yield (t/ha) were determined.

Tolerance indices. To assess the response of genotypes to stress, the following were
calculated: stress intensity (Sl), yield index (Y1), yield stability index (YSI), stress tolerance index
(STI), and stress susceptibility index (SSI) using standard formulas (Fischer & Maurer, 1978;
Fernandez, 1992; Jaddoa, 2017), where Ys and Yp are the yield of the variety under stress and control
conditions, respectively.

Physiological parameters. Chlorophyll content was assessed in situ using a SPAD meter.
Proline content was determined according to the method of Bates et al. (1973). Relative water content
in tissues (RWC, %) was calculated using the formula: RWC = (FW — DW) / (TW — DW) x 100,
where FW, DW, and TW are fresh weight, dry weight, and turgid weight of the sample, respectively.

Biochemical and enzymatic indicators. The activity of antioxidant enzymes (SOD, POD,
CAT) and the concentration of reactive oxygen species (H202) were determined
spectrophotometrically using standard methods. Total nitrogen content (N) was determined by the
Kjeldahl method. The concentrations of Na* and K* ions were measured using a flame photometer
(Model FF-200), and the Na*/K* ratio was calculated.

Grain quality. The content of protein, starch, crude gluten, and moisture in grain was
determined by near-infrared spectroscopy (NIR) using the Perten Instruments AM 5200-M analyser.

Molecular genetic analysis.

DNA extraction and PCR. Total DNA was extracted from fresh leaves of 10-day-old
seedlings using the FAVORGEN kit (Plant Genomic DNA Extraction Maxi Kit). Amplification was
carried out under standard conditions: initial denaturation at 94°C (3 min), 32 cycles (94°C — 30 s,
annealing — 30 s, 72°C — 1 min), and final extension at 72°C (5 min).

PCR-ISSR analysis. To assess genetic diversity and construct genetic fingerprints (DNA
fingerprinting), 20 ISSR primers were selected and applied for the first time to the wheat genome
(Table 2). A total of 460 samples were analysed.



Table 2 — Primer sequence (5'-3"), temperature, and length for twenty ISSR primers in this
study (Mandal et al. 2019; Mohamad et al. 2017; Alhasnawi 2019).

Primers Sequence (5'-- 3) Length (meres) Annealing. °C
ISSR-1 (AG)9C 19 58
ISSR-2 (AC)8G 17 52
ISSR-3 (AG)8T 17 50
ISSR-4 (TG)8C 17 52
ISSR-5 (AC8Y 17 48
ISSR-6 A(CAG)5 16 52
ISSR-7 B(CT)8Y 18 50
ISSR-8 R(ACA)5 16 40
ISSR-9 (CAQ)7G 22 74
ISSR-10 (CTMY 19 56
ISSR-11 (CA)8DT 18 50
ISSR-12 (CTC)6G 19 64
ISSR-13 (GT)8C 17 52
ISSR-14 G(CA)8 17 52
ISSR-15 (GAAYT 21 56
ISSR-16 (GA)BV 17 48
ISSR-17 (GT)8C 17 52
ISSR-18 (GA8BG 17 52
ISSR-19 (GA)BHC 18 52
ISSR-20 (GACA)5 20 60
Note: B = C/G/T; D = A/G/T; H= A/C/IT;R= A/G; V = AICIG; Y =CIT

PCR-SSR analysis (microsatellites). For molecular marking of tolerant genotypes
(identified based on phenotyping results and assigned to clusters A and B) and sensitive genotypes
(clusters C and D), 4 pairs of SSR primers were used, including two newly developed primers (Malek
1 and Malek 2), as well as known markers xcfd-18, xgwm-493, Xgwm130, and Xwmc245 (Table 3).
A total of 72 samples were analysed.

Table 3 — SSR primers for identifying varieties tolerant to drought and salinity

Stresses | Primers Sequences (5'-- 3) (I;ﬁ Qg; Annealing.°C|  Sources
ot FSSTSCmOorSeTTe | aen | s | ew

F: ATTGCAAGGAGCACATCCGA/
Xgum 130 | ‘e oerrraTaToocatece. | 2L | eues ¢ 2000)
et [ STACATCAIOCACCACTICT | | e [T
L e RIS, |y | o [P
g FATCCNIGATCCACOTACAS) | aon | oome | gt




Sequencing and bioinformatics. Amplicons specific to tolerant varieties were sequenced
using the Sanger method (Macrogen Inc., South Korea). Identified nucleotide substitutions were
analysed for their effect on the amino acid sequence of target proteins using the Expasy Translate
server. The obtained sequences were deposited in the international NCBI GenBank database.

Statistical data analysis. Primary processing of electrophoresis results (binary coding of
band presence/absence) was performed using Gel Analyzer software. To eliminate differences in
measurement units of morphological and physiological traits, data were standardized (calculation of
Z-scores). Genetic similarity was assessed using the Dice coefficient, and cluster analysis (Ward's
method) was performed based on the Euclidean distance matrix. Analysis of variance (ANOVA) and
comparison of means were conducted using the LSD test (least significant difference) at a
significance level of p < 0.05 in Statistix 8.1 and SPSS software. Pearson's correlation analysis was
performed in OPSTAT software. Calculation of polymorphism parameters (PIC, EMR, MI, Rp) was
carried out using standard molecular genetics formulas.

Chapter 3. Results and Discussion
3.1. Results of morphological traits of genotypes exposed to abiotic stresses
3.1.1 Morphological traits of genotypes

The results of morphological data, presented in Table 4, revealed no significant differences (p
> 0.05) between agricultural seasons (2022—2024) for most morphological traits. This consistency
confirms the genetic stability of the varieties that were assessed under salinity and drought stress
conditions. Such stability was attributed to several methodological factors: the high efficiency (85%)
of the drip irrigation system, which ensured precise water distribution; the use of the pressure plate
method for accurate soil moisture determination and water requirement calculations; and the relative
uniformity of climatic conditions, including rainfall and temperature, during the study period. These
combined factors minimized environmental variance. The genotypes SA, NF, UD, TB, CL, and AB
had the highest mean values and low standard deviation (SD) values, as well as positive Z-score
values for morphological traits under the influence of salinity and drought stress across the studied
traits.

Table 4 — Mean values of morphological traits and productivity components of bread wheat
genotypes under drought and salinity conditions (2022—2024)

: Weight of . Flag Leaf . Number of
Genotypes|  Stress factor Biomass. 1(?00 Yield. A?rea. Plant height. tellers,
g/plant . t/ha 2 cm

grains. g cm NO/plant.

AB 72.9/83.9 |52.3/59.6| 5.69/6.18 |66.6/68.2 | 84.5/91.3 | 9.3/9.9
BW 80.7/88.4 146.1/54.8| 5.04/5.37 |45.6/47.2 | 68.2/75.9 | 6.6/7.5
CL 97.8/108.0 |36.2/44.1| 6.06/6.37 | 39.0/40.6 [103.7/110.8| 10.4/10.5
DB 67.7/74.4 141.0/49.9| 4.23/4.17 |42.7/443| 79.7/87.7 | 8.1/9.5
EU 76.5/85.4 |33.7/42.8| 4.83/5.08 |34.0/35.6 | 49.7/57.6 | 5.7/6.5
FS 54.3/59.7 |21.7/31.2| 2.79/3.25 |27.6/29.2 | 41.2/49.2 | 6.8/7.8
GF Drought/Salinity 62.3/94.2 |130.9/40.1| 35/6.15 |41.4/43.1| 79.2/86.6 | 7.7/8.6
HB 64.1/90.5 [40.2/49.1| 3.75/5.51 | 46.0/47.7 | 65.5/73.1 4.6/5.0
IB 60.3/91.6 |42.0/50.9| 3.48/5.72 |39.3/41.0| 71.3/78.8 | 85/3.9
JB 63.7/71.1 |35.6/44.7| 3.74/3.92 |39.3/40.9 | 96.7/103.8 | 8.0/8.8
KA 70.7/66.5 |52.5/61.0] 4.39/3.89 |42.4/44.1| 85.8/93.1 | 6.9/7.8
LB 84.0/77.9 |31.2/40.4| 5.67/4.68 |12.5/14.1| 39.3/47.3 7.3/8.9
MB 67.2/71.7 [42.6/51.5| 3.79/4.17 | 35.7/37.3 | 76.1/83.6 7.2/8.2
NF 99.5/110.8 |62.3/70.5| 6.38/8.03 | 58.5/60.1110.6/117.5| 10.8/11.1
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oT
PB
QA
RA
SA
B
uD
VN
WA
Average
LSD.05

54.6/65.2 |23.3/32.7] 3.2/3.61 |36.0/37.6| 68.7/76.3 | 7.1/8.1
50.3/62.3 |26.8/36.1] 2.7/3.32 |29.6/31.3 | 83.6/91.0 | 5.9/6.9
80.2/86.9 |25.7/35.0| 4.95/5.29 |33.2/34.8 | 82.0/89.5 | 3.7/4.8
75.0/79.5 |27.7/35.8| 4.63/4.83 |33.9/355| 87.5/94.9 | 6.5/7.5
99.6/124.5 |35.2/43.1| 7.49/8.32 | 43.7/45.3 | 78.2/85.6 | 11.0/13.2
101.1/104.0{33.9/43.0] 7.51/6.72 | 34.7/35.9 | 83.7/87.7 | 11.4/11.1
118.2/115.0|28.0/37.2| 7.77/8.05 |10.1/11.1 | 49.2/57.0 | 11.9/11.6
78.0/88.7 |17.7/24.7| 491/541 |17.0/18.7 | 30.1/37.7 | 8.9/9.8
81.4/76.0 |36.1/45.1| 5.25/4.2 |285/30.2 | 78.5/85.9 | 7.3/8.3
76.5/85.9 |35.8/44.5| 4.86/5.31 |36.4/38.0| 73.6/80.9 | 7.9/8.5
1.55/1.43 |2.72/2.66| 0.08/0.08 |1.36/1.36 | 5.79/2.86 | 0.28/0.31

3.1.2 Evaluation of wheat grain content under the influence of salinity and drought stress

Analysis of the biochemical parameters of grain (Table 5) indicates that the effect of abiotic
stressors exerts a differentiated influence on its quality. It was established that drought exhibits a
more pronounced inhibitory effect on the biochemical composition of grain compared to salinity. At
the same time, a number of genotypes were identified — Dujela (UD), Abo Ghurayb (SA), Buhuth 22
(TB), Faris (NF), Latifiya (CL), and Baraka (AB) — which maintained high grain quality indicators
under both conditions, indicating their pronounced tolerance to salinity and water deficit.

The genotypes Abo Ghurayb (SA) and Dujela (UD), possessing maximum biochemical
potential, represent particular breeding value: they are characterized by the highest content of protein
(up to 13.57%), gluten (up to 27.32%), and starch (up to 59.49%). At the same time, the genotypes
Sham (FS) and Buhuth (PB) exhibited high sensitivity to stress factors, demonstrating minimal
accumulation of assimilates.

Table 5 — Evaluation of grain quality under salinity and drought stress

Genotypes Stress factor Protein % Moisture % Gluten % Starch %
Baraka (AB) 13.34/11.46 6.89/5.28 26.1/25.03 | 51.36/49.9
Wafia (BW) 13.24/11.37 8.45/7.72 23.68/24.03 | 47.04/46.64
Latifiya (CL) 13.36/11.53 6.59/5.21 26.33/25.24 | 52.92/51.41
Binakal (DB) 12.77/11.09 10.52/9.06 22.8/22.32 | 44.73/43.86
Uruk (EU) 13.07/11.28 8.94/8.57 23.42/23.0 |46.13/45.12
Sham (FS) 12.15/10.68 | 11.73/11.49 | 20.65/19.55 |42.16/39.01
Fateh (GF) 13.33/10.83 7.84/10.37 25.97/20.65 |48.49/42.79
Buhuth10 (HB) 13.26/11.04 8.04/9.61 24.61/21.34 | 47.99/43.47
Buhuth158 (I1B) 13.33/10.81 7.96/10.46 25.1/20.52 | 48.16/42.2
Babul 113 (JB) 12.66/10.95 10.7/9.67 22.5/21.04 | 44.03/43.3
Al Iraq (KA) Salinity / Drought | 12.65/11.11 10.9/8.91 21.56/22.59 |43.42/44.49
Bwru (LB) 13.02/11.45 9.78/7.46 23.28/24.57 |45.13/47.12
Baghdad (MB) 12.72/11.06 10.61/9.54 22.79/21.95 | 44.55/43.6
Faris (NF) 13.53/11.56 6.45/4.92 26.78/25.38 | 55.58/53.83
Tammuz (OT) 12.52/10.76 11.3/10.66 21.64/20.1 | 43.3/42.11
Buhuth (PB) 12.24/10.7 11.48/10.78 | 20.23/18.66 |43.08/40.98
Abaa 95 (QA) 13.22/11.36 8.81/7.74 23.54/23.66 |46.43/46.51
Abaa 99 (RA) 13.05/11.26 9.15/8.69 23.29/22.85 |45.76/44.83
Abo Ghurayb (SA) 13.57/11.57 7.08/4.89 27.12/26.8 |59.49/53.99
Buhuth 22 (TB) 13.53/11.71 6.53/4.65 26.39/26.47 |55.42/54.32
Dujela (UD) 13.56/11.73 6.14/4.35 27.32/25.93 |55.92/57.77
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Nemchinovka (VN) 13.25/11.3 7.84/8.21 24.4/23.44 | 47.86/45.71
Abo Raghif (WA) 13.01/11.39 8.81/7.59 22.96/24.46 | 44.86/46.8
Average 13.06/11.22 8.81/8.08 24.02/23.02 | 47.99/46.51
LSD.05 0.32/0.26 1.19/1.26 1.19/1.26 3.72/4.0

It was established that in a number of genotypes under drought conditions, there is an increase
in gluten and starch content compared to salinity, presumably due to the concentration effect of dry
matter accompanying a reduction in grain moisture. On average across the sample, drought exerts a
more pronounced inhibitory effect on the biochemical profile of grain: the reduction in protein content
from 13.06 to 11.22% is statistically significant (exceeding LSDo.s).

3.1.3 Sensitivity of genotypes to salinity and drought stress based on yield trait

Analysis of the stress susceptibility index (SSI), stress tolerance index (STI), and yield
stability index (YSI) (Table 6) revealed a significant effect of abiotic stressors on the productivity of
the studied accessions. It was established that the genotypes Abo Ghurayb (SA), Dujela (UD), and
Faris (NF) are characterized by combined resistance to salinity and drought, combining minimum
SSI values with maximum STI and YSI values. The accessions Buhuth (PB) and Sham (FS)
demonstrated the highest sensitivity to stress factors. At the same time, the genotypes Dujela (UD)
and Buhuth 22 (TB) exhibited the highest specific adaptation exclusively to water deficit conditions,
achieving record stress tolerance index (STI) values under drought.

Table 6 — Tolerance and sensitivity indices of genotypes based on grain yield t/ha

Genotypes _ SSI _ STI _ YSI
Salinity Drought Salinity Drought Salinity | Drought
Baraka (AB) 0.47 0.62 0.96 1.03 0.84 0.79
Wafia (BW) 0.83 0.65 0.84 0.82 0.73 0.77
Latifiya (CL) 0.49 0.58 1.03 1.15 0.84 0.8
Binakal (DB) 0.9 0.75 0.53 0.61 0.69 0.74
Uruk (EV) 0.79 0.53 0.75 0.72 0.73 0.81
Sham (FS) 1.17 1.09 0.36 0.31 0.62 0.62
Fateh (GF) 0.58 0.83 1.0 0.44 0.8 0.7
Buhuth10 (HB) 0.63 0.85 0.82 0.5 0.78 0.7
Buhuth158 (IB) 0.78 1.0 0.92 0.46 0.75 0.66
Babul 113 (JB) 0.82 0.87 0.46 0.5 0.71 0.7
Al Iraq (KA) 0.98 0.57 0.47 0.62 0.68 0.78
Bwru (LB) 0.78 0.56 0.63 1.0 0.73 0.8
Baghdad (MB) 091 0.82 0.53 0.51 0.69 0.71
Faris (NF) 0.32 0.47 1.54 1.21 0.89 0.84
Tammuz (OT) 0.89 0.89 0.4 0.37 0.7 0.69
Buhuth (PB) 1.04 1.17 0.36 0.3 0.65 0.6
Abaa 95 (QA) 0.57 0.65 0.74 0.79 0.8 0.77
Abaa 99 (RA) 0.66 0.74 0.66 0.73 0.75 0.74
Abo Ghurayb(SA) 0.28 0.34 1.63 1.59 0.9 0.88
Buhuth 22 (TB) 0.45 0.36 1.13 1.61 0.85 0.88
Dujela (UD) 0.35 0.3 1.56 1.69 0.89 0.89
Nemchinovka(\VVN) 0.61 0.79 0.79 0.82 0.79 0.73
Abo Raghif(WA) 0.84 0.79 0.53 0.93 0.71 0.74
Averages 0.7 0.71 0.81 0.81 0.76 0.75
LSD.05 0.07 0.06 0.03 0.04 0.02 0.02
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3.2 Results of physiological indicators of genotypes subjected to abiotic stresses

Analysis of physiological parameters (Table 7) revealed the mechanisms underlying the
differences in genotype tolerance to salinity and drought. It was established that the genotypes Abo
Ghurayb (SA), Dujela (UD), Faris (NF), and Buhuth 22 (TB), previously identified as tolerant based
on a complex of yield indices and biochemical parameters, are characterized by a combination of
physiological advantages: elevated chlorophyll content (up to 50.04 SPAD), high relative water
content in tissues (RWC up to 86.03%), minimal hydrogen peroxide accumulation (H-O> up to 1.60
units), and maximum superoxide dismutase activity (SOD up to 1.07 units). These genotypes also
demonstrate a pronounced ability for osmotic regulation, as evidenced by increased proline
accumulation (up to 0.64 mg/g).

In contrast, the genotypes Sham (FS) and Buhuth (PB), which exhibited high sensitivity to
stressors, are characterized by inhibition of the photosynthetic apparatus (reduction in chlorophyll to
32.66 SPAD), pronounced water deficit (RWC up to 54.52%), and intensive development of oxidative
stress (maximum H:02 accumulation up to 3.95 units) against a background of weak antioxidant
system activity (SOD 0.75-0.87 units).

Table 7 — Physiological indicators of genotypes under the influence of abiotic stresses

Chlorophyll |  Proline.

Genotype Stress factor (SP AFI):))y ma/g RWC H202 SOD
Baraka (AB) 46.6/40.57 | 0.47/0.51 |73.48/72.08| 1.88/2.74 | 0.92/0.98
Wafia (BW) 43.8/37.41 | 0.4/0.47 |68.59/68.08 | 2.29/3.14 | 0.86/0.93
Latifiya (CL) 46.63/40.63 | 0.55/0.58 |73.87/72.41| 1.85/2.66 | 0.93/1.01
Binakal (DB) 40.27/36.67 | 0.34/0.41 |64.09/62.74| 2.54/3.32 | 0.84/0.9
Uruk (EU) 40.73/33.97 | 0.36/0.44 |67.26/65.91| 2.36/3.18 | 0.85/0.91
Sham (FS) 38.06/32.66 | 0.29/0.29 |57.81/54.52| 3.09/3.95 | 0.75/0.86
Fateh (GF) 41.1/36.1 | 0.42/0.44 |72.87/62.69 | 2.23/3.58 | 0.88/0.89
Buhuth 10 (HB) 40.07/36.34 | 0.43/0.47 |69.57/61.13| 2.28/3.41 | 0.86/0.9
Buhuth 158 (IB) 40.33/35.17 | 0.4/0.44 |71.59/60.66 | 2.26/3.63 | 0.87/0.88
Babul 113 (JB) 41.37/36.2 | 0.3/0.39 |62.03/60.86| 2.73/3.55 | 0.82/0.89
Al Iraq (KA) 41.23/37.13 | 0.34/0.37 | 61.2/60.52 | 2.77/3.29 | 0.81/0.91
Bwru (LB) 42.41/37.26 | 0.37/0.42 |65.53/65.08 | 2.46/3.05 | 0.85/0.94
Baghdad (MB) Salinity / Drought| 42.17/36.47 | 0.36/0.4 |62.48/61.69 | 2.69/3.36 | 0.83/0.9
Faris (NF) 47.33/41.27 | 0.57/0.62 |81.76/73.36| 1.69/2.65 | 0.95/1.01
Tammuz (OT) 40.0/33.93 | 0.29/0.35 |60.03/58.58 | 2.89/3.75 | 0.81/0.87
Buhuth (PB) 39.86/33.79 | 0.29/0.32 |59.22/56.36| 2.95/3.8 | 0.8/0.87
Abaa 95 (QA) 43.2/36.27 | 0.41/0.46 |67.31/67.08| 2.32/3.15 | 0.86/0.92
Abaa 99 (RA) 42.53/37.41 | 0.38/0.45 | 65.81/65.8 | 2.43/3.22 | 0.85/0.91
Abo Ghurayb (SA) 50.04/40.63 | 0.59/0.63 |86.03/80.36| 1.6/2.55 | 0.96/1.02
Buhuth 22 (TB) 46.7/41.76 | 0.56/0.63 |78.81/76.69 | 1.75/2.51 | 0.94/1.05
Dujela (UD) 47.7/45.53 | 0.57/0.64 |85.09/84.58 | 1.65/2.46 | 0.95/1.07
Nemchinovka (VN) 42.03/38.0 | 0.41/0.42 |69.37/66.07 | 2.28/3.17 | 0.86/0.92
Abo Raghif (WA) 42.37/38.52 | 0.39/0.44 |71.48/70.13| 2.51/3.1 | 0.84/0.94
Averages 42.89/37.55 | 0.41/0.46 |69.36/66.41| 2.33/3.18 | 0.86/0.93
LSD.05 3.13/294 | 0.08/0.07 | 5.71/6.38 | 0.48/0.46 | 0.05/0.05

On average across the sample, drought conditions exerted a more pronounced physiological
effect compared to salinity, which was manifested in a decrease in chlorophyll content and RWC, as
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well as a significant increase in H20: and proline concentrations, indicating enhanced oxidative
damage and activation of osmoregulatory mechanisms in plants.

3.3 Results of biochemical indicators of genotypes subjected to abiotic stresses

Analysis of the ionic composition of plants (Table 8) revealed pronounced varietal differences
in the ability to maintain ion homeostasis under salinity and drought conditions. The genotypes
previously identified as tolerant — Abo Ghurayb (SA), Dujela (UD), and Faris (NF) — were
characterized by minimal Na* accumulation (0.14-0.16%), maximum K* content (0.37-0.41%), and
the lowest Na*/K* ratio (0.33-0.43), indicating efficient selective capacity of the root systems and a
high level of osmotic regulation. These genotypes simultaneously demonstrated increased nitrogen
content (2.49-2.59%), reflecting the maintenance of metabolic activity under stress.

In contrast, the sensitive genotypes Sham (FS) and Buhuth (PB) accumulated maximum Na*
concentrations (0.22%) with minimal K* content (0.18-0.20%) and a high Na*/K* ratio (1.15-1.29),
indicating ionic imbalance and the toxic effect of salinity. Reduced nitrogen content in these
accessions (1.87-1.90%) confirms the inhibition of physiological and biochemical processes.

Table 8 — Estimation of Na*, K*, and N content in genotypes under salinity and drought stress

Genotype Sodium (Na") % | Potassium (K*) % Ratio Na"/K* Nitrogen (N) %
Baraka (AB) 0.17 0.33 0.57 2.4
Wafia (BW) 0.18 0.27 0.81 2.28
Latifiya (CL) 0.16 0.33 0.51 2.58
Binakal (DB) 0.19 0.21 1.14 2.15
Uruk (EU) 0.19 0.26 0.82 2.2
Sham (FS) 0.22 0.18 1.29 1.87
Fateh (GF) 0.18 0.31 0.67 1.99
Buhuth 10 (HB) 0.18 0.29 0.86 2.06
Buhuth 158 (IB) 0.18 0.3 0.65 1.95
Babul 113 (JB) 0.19 0.21 1.24 2.04
Al Irag (KA) 0.2 0.21 1.17 2.17
Bwru (LB) 0.19 0.24 0.92 2.37
Baghdad (MB) 0.19 0.21 1.09 2.07
Faris (NF) 0.16 0.37 0.43 2.49
Tammuz (OT) 0.21 0.2 1.14 1.91
Buhuth (PB) 0.22 0.2 1.15 1.9
Abaa 95 (QA) 0.19 0.26 0.85 2.25
Abaa 99 (RA) 0.19 0.24 0.99 2.17
Abo Ghurayb (SA) 0.14 0.41 0.33 2.55
Buhuth 22 (TB) 0.16 0.34 05 2.58
Dujela (UD) 0.16 0.37 0.43 2.59
Nemchinovka (VN) 0.18 0.28 0.81 2.23
Abo Raghif (WA) 0.19 0.21 0.94 2.35
Averages 0.18 0.27 0.84 2.22
LSD.05 0.04 0.07 0.28 0.08

3.4 Classification of genotypes according to their resistance to abiotic stresses

Based on a comprehensive assessment of morphological and physiological traits, yield
components, and sensitivity indices, the 23 genotypes were classified into four clusters according to
their level of tolerance to abiotic stressors (Table 9).
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Table 9 — Classification of genotypes based on morphological and physiological indicators
under the influence of abiotic stress
Drought Stress (90%, 60%, 30%) of Field capacity

. Highly Moderately Moderately Highly
€ Regsltzas?gf (I (;VEI Tolerant Tolerant Sensitive Sensitive
% (A) (B) (©) (D)

0 nghI{Z)olerant UD, SA NE

9{ Moderately

S22 Tolerant B CL, AB, GF

wn

4 (B)

= Moderately

n . EU, RA, VN

> Sensitive ' X ' HB, IB

£ © BW, QA, LB

& Highly Sensitive FS, OT, PB

U) ) i) i)
(D) KA, DB, WA MB. JB

For drought stress:

Cluster A (highly tolerant): Dujela (UD), Abo Ghurayb (SA), Buhuth 22 (TB);

Cluster B (moderately tolerant): Latifiya (CL), Faris (NF), Baraka (AB);

Cluster C (moderately sensitive): Uruk (EU), Abaa 99 (RA), Al Iraqg (KA), Binakal (DB),
Nemchinovka (VN), Wafia (BW), Abaa 95 (QA), Abo Raghif (WA), Bwru (LB) — the most numerous
group;

Cluster D (highly sensitive): Sham (FS), Tammuz (OT), Buhuth (PB), Buhuth 10 (HB),
Baghdad (MB), Babul 113 (JB), Fateh (GF), Buhuth 158 (IB) — characterized by a pronounced
reduction in plant height, biomass, and grain yield.

For salinity stress:

Cluster A (highly tolerant): Abo Ghurayb (SA), Dujela (UD), Faris (NF);

Cluster B (moderately tolerant): Baraka (AB), Fateh (GF), Latifiya (CL), Buhuth 22 (TB);

Cluster C (moderately sensitive): Uruk (EU), Abaa 95 (QA), Abaa 99 (RA), Bwru (LB), Wafia
(BW), Buhuth 10 (HB), Buhuth 158 (IB), Nemchinovka (VN);

Cluster D (highly sensitive): Binakal (DB), Baghdad (MB), Abo Raghif (WA), Babul 113 (JB),
Al Iraq (KA), Tammuz (OT), Buhuth (PB), Sham (FS) — showed a significant reduction in productivity
and yield-related traits with increasing salt concentration.

The genotypes Abo Ghurayb (SA) and Dujela (UD) are consistently included in the highly
tolerant cluster for both stressors, confirming their combined tolerance. The genotype Sham (FS) is
classified as highly sensitive, demonstrating vulnerability to both environmental factors.

3.5. Results of molecular diagnostics

Evaluation of new PCR-ISSR markers

Twenty new ISSR primers were used in the PCR analysis, which amplified a total of 821
fragments, with an average of 41.05 bands per primer (doubling ratio). Gel electrophoresis results
showed no cleavage for primers ISSR-8 and ISSR-20, while the remaining 18 primers demonstrated
the ability to differentiate genotypes in the study.
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Genetic fingerprinting (Genetic Passporting) of genotypes using PCR-ISSR markers

Genetic similarity (GS) among 23 genotypes was analysed in Figure 1, which revealed the
lowest similarity between WA and CL of 0.21 and the highest similarity between genotypes MB and
RA of 0.75, with an average similarity of 0.48. The dendrogram indicates two main clusters; the first
includes genotype WA from Turkey with a genetic distance of 0.79 from other clusters. The second
cluster is subdivided: genotype BW from France shows a distance of 0.63 from other subgroups.
Furthermore, genotypes RA and QA share common genetic sources from CIMMYT, with genotype
RA being a parent in hybridization with genotype HB. Cluster (10) consists of genotypes JB and OT,
linked through radiation mutation from a common ancestor (MEXIPAK). These results contributed
to identifying the genetic fingerprint of each genotype in the study.

The dendrogram cluster tree for the twenty three wheat lines obtained from ISSR primers and generated by using classify UPGMA cluster analysis

a8 J1
DB .,
g — 3}
BW ]2
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] —— )
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— :
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Figure 1 — Dendrogram constructed using UPGMA cluster analysis based on the Dice
similarity coefficient obtained from ISSR primers for twenty-three bread wheat genotypes.

Diagnosis of drought-tolerant genotypes using PCR-SSR markers

Analysis of PCR-SSR markers by gel electrophoresis revealed radioactive bands indicating
drought-tolerant genotypes (CL, NF, SA, UD, and TB) with primer Malek 1 and drought-tolerant
genotypes (AB, CL, TB, UD, SA, and NF) with primer Malek 2, while the drought-sensitive
genotypes PB, JB, and LB were absent for both primers, which is consistent with previous
morphological and physiological results. Consequently, the drought-tolerant genotypes NF, UD, SA,
TB, AB, and CL were selected for subsequent sequencing and genetic mapping studies (Fig. 2).
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Primer: Malek 2 Primer: Malek 1

Figure 2 — Electropherogram (gel electrophoresis) of primers (Malek 1, Malek 2)

Diagnosis of salinity-tolerant genotypes using PCR-SSR markers

The PCR-SSR results obtained by gel electrophoresis showed that the primer xgwm-493
identified the salinity-tolerant genotypes AB, NF, CL, SA, UD, and TB, while the primer xcfd-18
identified the salinity-tolerant genotype CL. These radioactive bands indicate the interaction of the
primers with the DNA genome of the studied genotypes, although the salinity-sensitive genotype PB
did not show any bands for any of the selected primers, confirming the validity of the physiological
and morphological results under field conditions. These results pave the way for the transition to the
stage of genetic sequencing and identification of genes responsible for salinity tolerance, as shown in
Figure 3.

Primer: xgwm-493

Figure 3 — Electropherogram (gel electrophoresis): (xcfd-18) and (xgwm-493)

Identification of genetic loci resistant to abiotic stress

The study focused on three loci in Triticum sequences: the DRF1 gene, the NAC20L gene, and
the microsatellite sequence. Analysis of the DRF1 gene revealed up to 99% sequence similarity with
Triticum turgidum (GenBank accession no. KM504244.1) in samples E1, E2, R1, R2, and R3, while
100% similarity was found for the NAC20L gene sequences of Triticum aestivum (GenBank
accession no. XM_044571539.1) in samples S1, S2, S3, S4, and S5. Furthermore, complete sequence
similarity was confirmed for the sequenced samples Q1, Q2, Q3, and Q4 with the microsatellite
sequences of Triticum turgidum (GenBank accession no. AF275898.1). Details of the obtained PCR
fragments and their exact positions were established for the target bacterial sequences using NCBI.
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All genetic sequences listed in Table 10 were accepted for deposition on the NCBI web server,
ensuring unique accession numbers for each analysed sequence.

Table 10 — Genetic sequences of loci resistant to abiotic stress

Ne.Se Acc.Ne Acc.Ne.GenBan Locus Primers | strain Sam code Genotype
q k P s
Seql EP87366 Malek-E1 | E1 AB Baraka
Seq?2 EP87366 Malek-E2 | E2 CL Latifiya
DRF1
Seqs | FB7366 (Triticum | MAIeK1 1y lekR1 |R1 |NF | Faris
! turgidum) (drought)
PP87366 Abo
Seq4 3 Malek-R2 | R2 SA Ghurayb
Seq gp87366 Malek-R3 |R3 | TB S;h“th
PP37367 BankIt2835921
Seq6 0 Malek-S1 | S1 CL Latifiya
Seq7 EP87367 Malek-S2 | S2 NF Faris
NAC20L
Seqs | Po7367 (Triticum | Malek2 | eks3 |s3 |sa | AO
2 . (drought) Ghurayb
PP87367 aestivum) Buhuth
Seq9 Malek-S4 | S4 B
3 22
Seql0 ZP87367 Malek-S5 | S5 ubD Dujela
Seqill :P87364 Malek-Q1 | Q1 NF Faris
Seq12 :P87364 M'szate"'t xgwm- | Malek-02 | Q2 |uUD | Dujela
Seq13 | o364 PenAEEESE 1 (rriioum (sa?ii?t) Malek-Q3 | 03 |sa | AP
a 4 turgidum) y Ghurayb
Seql4 ZP87364 Malek-Q4 | Q4 | TB S;h“th

Note: Sequence = Seq., Accession number = Acc. No., Genetic locus = Locus, Samples = Samp.

CONCLUSION

1. Based on the results of a three-year field study (2022—-2024) conducted under representative

agroecological conditions of southern Irag, a comprehensive assessment of the yield potential of 23
winter wheat genotypes was performed under the combined effect of soil drought and salinity stress.
Based on the calculation of stress tolerance indices (SSI, STI) and cluster analysis, an agrotechnical
differentiation of the studied material was carried out, allowing the ranking of genotypes according
to their degree of adaptability to limiting environmental factors. A group of lines (Dujela, Abo
Ghurayb, Buhuth 22, Faris, Baraka, Latifiya) was identified, which maintain stable formation of
vegetative biomass and structural components of yield under critical values of the water-salt regime.
The obtained results provide a methodological basis for optimising the regional varietal composition,
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adjusting crop management parameters, and integrating stress-tolerant genotypes into adaptive
farming systems of arid zones, thereby ensuring stabilisation of total grain yields while maintaining
resource efficiency of production.

2. The identified physiological, agronomic, and biochemical indicators confirm that the
stabilisation of the production process of winter wheat under abiotic stress conditions is determined
by the ability of genotypes to maintain the functional stability of the photosynthetic apparatus and
water relations. In the selected adaptive genotypes, the relative water content in leaf tissues remained
within the range of 50.0-55.2% even when critical values of soil drought and salinity were reached,
which prevented the deterioration of transpiration activity. The simultaneous stabilisation of the
chlorophyll pool (40.5-47.7 SPAD units) created a metabolic basis for osmoregulation through the
targeted accumulation of proline and the synchronous activation of enzymatic antioxidant defences
(SOD, POD, CAT), minimising oxidative degradation of cellular structures. A key element of the
adaptive response was the regulation of ion homeostasis: tolerant genotypes restricted sodium
translocation to the shoots, maintaining the Na*/K* ratio at 0.33—0.57 and preserving the intensity of
nitrogen metabolism under stress conditions. The combination of these physiological indicators
makes it possible to reliably differentiate the varietal composition for specific soil-climatic
boundaries, adjust water and nutrient management regimes, and develop technological cultivation
maps for winter wheat in arid zones with the risk of combined salinity-drought stress, which in the
long term ensures yield stabilisation and enhances the resource efficiency of crop production.

3. An approach for accelerated agroecological passportisation (genetic passporting) of winter
wheat varietal material, based on the combined use of ISSR and SSR markers, has been developed
and validated. The application of a panel of 18 ISSR primers provided an objective assessment of
genetic diversity and verification of the origin of the initial forms. The diagnostic markers Malek 1,
Malek 2 and xgwm-493 demonstrated high information content for the rapid screening of genotypes
regarding tolerance to a complex of limiting abiotic factors. The first time identified and deposited
in the NCBI GenBank repository, 14 nucleotide sequences associated with the functional loci DRF1
and NAC20L, as well as with groups of microsatellite sequences, have expanded the instrumental
basis for molecular monitoring of the seed stock. The implementation of molecular marker-mediated
diagnostic elements into the regulations of regional variety testing makes it possible to differentially
select tolerant varieties for soil and climatic conditions, adjust the elements of cultivation technology
(sowing rates, sowing dates, and mineral nutrition regimes), and reduce the period of production
tests, which ensures an increase in the predictability of gross grain harvests and optimisation of
resource provision for crop production in arid zones.

4. 1t has been experimentally established that the preservation of grain technological properties
under abiotic stress conditions is achieved primarily through the use of genotypes integrated into
adaptive farming systems. When the electrical conductivity of the soil solution increased to 15 dS/m,
activation of compensatory mechanisms of nitrogen metabolism was observed, manifested as an
increase in the mass fraction of crude protein by 14.6% and crude gluten by 26.6% relative to the
control treatment. In stress-susceptible forms, this metabolic shift was accompanied by a critical
reduction in thousand-grain weight and total yield, which negated the agronomic feasibility of
growing such genotypes under limiting conditions. A comprehensive comparison of field experiment
data, physiological diagnostics, and molecular profiling made it possible to substantiate a
technological approach: the structure of regional crop rotations and the production variety testing
programme should include genotypes in which the presence of stable DNA markers is reliably
correlated with the stability of yield structural components. Such differentiation of the varietal
composition ensures predictable product quality, optimisation of sowing rates and nutrient
management regimes, and enhances the resource efficiency of winter wheat cultivation in arid and
saline agricultural lands.

5. Based on the obtained data, practical guidelines have been formulated for improving the
regional farming systems of Southern Iraq. The varieties Dujela, Faris, and Buhuth 22 have been
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selected as priority components of the adaptive varietal composition of winter wheat, ensuring stable
realisation of yield potential under the combined impact of soil drought and salinity stress. The
proposed scheme for evaluating varietal material, combining the calculation of ecological plasticity
parameters, rapid diagnostics of the physiological status of crops, and molecular genetic screening,
allows for the differentiated selection of genotypes according to specific soil-climatic conditions. The
integration of this approach into production variety testing practice increases the reliability of yield
prediction and forms a scientific-methodological basis for differentiated regulation of crop
management practices (optimal sowing dates, optimal plant stand density, and water supply regime).
The implementation of these solutions contributes to the stabilisation of total grain yields and
enhances the resource sustainability of crop production in arid zones with the risk of soil salinisation.
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ABSTRACT

ABIOTIC FACTORS AND RESISTANCE OF DIFFERENT WINTER WHEAT
VARIETIES IN THE CONDITIONS OF SOUTHERN IRAQ

ALBO HUSSAIN MALIK HIBAISH WALLI

Currently, global climate change leads to increased abiotic stresses, threats to food security, and
economic losses. The aim of this study was to evaluate the tolerance of different winter wheat
varieties (Triticum aestivum L.) to abiotic stresses using morphological, physiological, biochemical,
and molecular indicators. Field experiments were conducted in southern Iraq over three years (2022—
2024). The study revealed that the varieties Dujela and Abo Ghurayb exhibited high tolerance to both
salinity and drought, while Faris was highly tolerant to salinity and moderately tolerant to drought.
The variety Buhuth 22 showed moderate tolerance to salinity and high tolerance to drought. The
varieties Baraka and Latifiya demonstrated moderate tolerance to stresses caused by salinity and
drought. Fourteen gene sequences were identified for varieties that showed tolerance, associated with
gene loci conferring resistance to salinity and drought. All investigated genetic sequences were
deposited on the NCBI web server with unique accession numbers assigned.

Keywords: Abiotic stress, Winter wheat, Salinity, Drought, Molecular markers, Gene
sequences.

AHHOTALNUA

ABHOTUYECKHUE ®AKTOPHI 1 YCTOMYUBOCTH PA3ZHBIX COPTOB O3UMOM
MNINEHUIBI B YCJIOBUSAX IO’)KHOI'O HPAKA

AJIbBO XYCEWMH MAJIMK XUBAMIII BAJLJIA

B Hacrosimiee Bpems riio0anbHOE M3MEHEHHE KIIMMaTa MPUBOANT K YCUIICHUIO a0OMOTHUYECKUX
CTPECCOB, CO3/IaHUIO YIpo3 ISl IPOJIOBOJIBCTBEHHOW 0€30MacHOCTH W SKOHOMHYECKUM IMOTEPSIM.
[lenpt0 JMaHHOTO WCCIENOBaHHUA OBUIO OICHHTh TOJIEPAHTHOCTH PA3IUYHBIX COPTOB O3MMOM
nmenuns! (Triticum aestivum L) k aOnoTHYecKUM cTpeccaM ¢ HCIOJIb30BaHHEM MOP(OIOrHIECKHX,
¢u3noIOrNUecKuX, OMOXUMHUYECKUX M MOJIEKYJSPHBIX ToKa3zareneld. [lonmeBpie 3KCIIEpHUMEHTHI
npoBoAWIUCH Ha tore Mpaka B Teuenue Tpéx net (2022-2024 rr.). HccrnenoBanue BBISBHUIO, UYTO
copta Dujela u Abo Ghurayb nposiBuii BEICOKYIO TOJIEPaHTHOCTH KaK K 3aCOJICHHUIO, TaK U K 3aCyXe,
B TO BpeMsI Kak Faris ObuT BEICOKO TOJIEPAHTEH K 3aCOJICHHIO H YMEPEHHO TOJIepaHTeH K 3acyxe. Copt
Buhuth22 moka3zan ymepeHHY0 TOJCPAHTHOCTH K 3aCOJICHUIO U BHICOKYIO TOJICPAHTHOCTH K 3aCyXe.
Copra Baraka wu Latifiya mpomemMoHCTpupoBanu yMEpeHHYIO TOJEPAaHTHOCTH K CTpeccam,
BBI3BaHHBIM 3aCOJICHUEM H 3aCyXoi. bbuto nnentudummposano 14 mocnenoBareabHOCTEN TEHOB JJIS
COPTOB, MPOSIBUBIIUX TOJEPAHTHOCTb, ACCOLIMMPOBAHHBIX C JIOKYCAMU T'€HOB, 00€CIEUnBAIOIINMU
YCTOWYMBOCTh K 3aCOJICHHIO M 3acyxe. Bce mccienoBaHHBIE TEHETHUECKUE IMOCIIET0BATEILHOCTH
Oobun genoHupoBaHbl Ha BeO-cepBepe NCBI ¢ mpucBoeHHEM yHUKaJIbHBIX HHAEKCOB JIOCTYIIA
(HOMEpPOB pETUCTpaLnn).

KirueBble ciaoBa: aOuoThyeckwii crpecc, oO3uMasl IIIEHHUIIA, 3acOJIEHHE, 3acyxa,
MOJIEKYJISIPHBIE MapKephl, IIOCIIEA0BATEILHOCTH TEHOB.
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HuccepranonHas pa®oTa BBINOJIHEHa B arpoOMOTEXHOJOTHYECKOM JernapTaMeHTe arpapHo—
TEXHOJIOTHYECKOT0 MHCTUTYTa DeepalbHOTO TOCYAapCTBEHHOTO aBTOHOMHOTO 00pa30BaTeIbHOTO
yupexJieHus Bbiciiero oopazoBanus «Poccuiickuii yHuBepcuret apyx0bl HapoaoB uMenu Ilatpuca

JlymyMOBI»

Hay4unblie
PYKOBOAUTEJIN:

Odunuanbubie
ONMOHEHTHI:

Benymas opranusanus:

3aprap Meiicam, JOKTOp CEJIbCKOXO3SIICTBEHHBIX HAYK,
JOLIEHT, TTpodeccop arpoOHMOTEXHOIOTHUECKOTO AeTapTaMeHTa
arpapHO—TEXHOJIOTMYECKOTr0 UHCTUTYTa, DenepaibHOe
roCyJapCTBEHHOE aBTOHOMHOE 00pa30oBaTeIbHOE YUPEKICHHE
BbIcIIero oopa3oBanus «Poccuiickuii yHuBepcureT ApyKObl
HaponoB umeHu [latpuca JIlymymObD»

Makuna Ejgena HukosiaeBHA, JOKTOP CENBCKOXO3SIMCTBEHHBIX
HayK, JOIIEHT, MPodeccop arpoOMOTEXHOIOTHIECKOTO
JIETIApTaMEHTA arpapHO—TEXHOJOTMYECKOr0 HHCTUTYTA,
denepanbHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE
yapexIeHue BhIcIIero oopazoBanus «Poccuiickuii yHUBEpCUTET
IpyXObI HapooB uMmeHH [latpuca JIlymymMObI»

Temupo6exoBa Cyayxan KynaiioepaueBna, npodeccop, TOKTOp
ouonornueckux Hayk, @OI'BHY «Bcepoccuiickuii HayudHO-
UCCJIEIOBATENILCKUNA ~ WHCTUTYT (DUTOMATOJIOTUU, BEAYLIHi
Hay4HBIN COTPYAHUK

bamartoB Uoparum MycaeBu4, 1OKTOp OMOJIOIMYECKUX HAYK,
qupektop  Beepoccniickoro Hay4YHO-UCCIIEI0BATEIBCKOIO
WHCTUTYTAa MEIMOPUPOBAHHBIX 3eMenb - Gumnan OI'BHY OUIL]
«ITouBennsiii nHCTUTYT UM. B.B. JlokyudaeBa»

@enepabHOE  TOCYAapCTBEHHOE  OIOJDKETHOE  HAy4yHOE
yupexaeHus  «DenepanbHbli  MCCIENOBATENIBCKUN  LIEHTP
«Hemumnoska» 121205, Poccusi, r. MockBa, Teppuropus
WunoBarmonHoro nenTpa Ckonkoo, 6ynbBap bosnsoit, 1om 30,
crpoenue 1, odpuc 304

3amuTa 1uccepTay cocTouTes « 9 » okTsa0ps 2026 T.B_ 4acoB Ha 3aceIaHUM TUCCEPTALIMOHHOTO
copera IIJIC 2021.004 mpu ®I'AOY BO «Poccuiickuil yHHUBEpCUTET ApPY>KObI HApOIOB HMEHU
[Marpuca Jlymym6s» (PYIH) no anpecy: 117198, r. Mocksa, yin. Muxiyxo—MakJas, 1. 8, kop. 2.

C nucceprauueit MOXHO 03HakoMuThes B Oubanoreke B Y HUBL] (Hayunoii 6ubmuorexe) PI'AOY
BO «Poccwuiickuii yauepcuter qpyxx0s1 HaponoB umenu [latpuca JIlymymos» (PY/IH) no anpecy:
117198, r. MockBa, yia. Mukiyxo—Makas, 1. 6, u Ha caiite: https://www.rudn.ru/science/dissovet.

ABTOpedepaT pazociaH « » ceHTs0ps 2026 T.

VYueHslil cekperapb

nucceptarmontoro cosera [1JIC 2021.004,
KAaH/IUJIAT CEIbCKOXO35MCTBEHHBIX HAYK B.A. bypayuxuii
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OBLIASA XAPAKTEPUCTUKA PABOTBI

AKTYaJIbHOCTh HMccCJe0oBaHUi. B COBpEeMEHHBIX YCIOBHUSX TIJIOOAIbHOE H3MEHEHHE
KJIMIMAaTa BBICTYIAET KII0UYEBbIM (PaKTOPOM, TPAaHC(HOPMHUPYIOIIUM arpO3KOIOTHYECKYI0 00CTaHOBKY.
OTO OpOosBISETCS B YCTOMYMBOM IMOBBIIICHUU CPETHETOJOBBIX TEMIIEpaTyp, AeCTaOMIH3aIUU
peKuMa YBIXHEHHUS U POCTE YAaCTOTHI 3KCTPEMAaJIbHBIX MTOTOTHBIX SABJICHUNA. B 3T0ii cBsA3M 3acyxa u
3aCOJICHHUE [TOYB OIPENEAIOTCS Kak Haubosee KpUTUYHbIE a0MOTUYECKUE TUMUTHPYIONINE (DaKTOPBI,
OpPEACTABISIOMKE  HPSIMYyI0  YIpo3y  YCTOMYMBOCTHM  PAacTEHHEBOACTBA U IJIOOAJIBHOM
MPOJOBOJILCTBEHHON Oe3omacHOCTH. CeneKlus yCTOMYMBBIX TE€HOTUIIOB SIBJSETCS OOHUM W3
METOJIOB CMSITYCHHS BO3ICUCTBUS a0MOTUYECKUX (DAKTOPOB OKPYXKAIOIICH CPE/IbI.

CreneHb pa3padoTaHHOCTH TeMbl HccieaoBaHuii. [IpobaemaTrka BIMAHAS KITUMATHYECKUX
U3MEHEHH Ha MpPOLECCHl 3acCONieHHA M04YB, 3(PPEKTUBHOCTH METOIOB OPOLICHUS MU COCTOSHHE
MHUPOBBIX BOIHBIX PECYpPCOB, a TaK)K€ MX BO3JEHCTBHE Ha BO3/ENIBIBAHUE CTPATETHMUECKU Ba)KHBIX
KYJIBTYp (pHUC, NIIEHUIA, KYKYpY3a, SS[MMEHb), HalllJla IIMPOKOE OTPAaKEHUE B COBPEMEHHOM Hay4qHOI
mureparype (UNCCD, 2017). MakposKOHOMHUYECKHE TIOCIEACTBUS M MPOTHO3BI CHIKCHUS
CEIIbCKOXO3HCTBEHHOTO MPOM3BOACTBA JCTAIFHO MPOAHATM3UPOBAHBI B Pa0OTaxX MEXIyHApPOIHBIX
OpraHu3aliiii ¥ HE3aBUCHMBIX HCCIIEAOBATENIeH, OLEHUBAIOMIMX MOTEHIMAJIbHBIE  YOBITKU
paszBuBaronxcs crpad kK 2050 r. u pucku cokpamenus BasioBoro nponspoacTsa (United Nations, 2015;
Cline, 2007; Adger et al., 2003; Walli, AL-Jubouri, 2022). PeruonaibHble acIeKTHI Aerpaaaiiu
OpoIlIaeMBIX 3eMeJb, B YaCTHOCTH Ha TpuMepe Mpaka, uccienosansl B Tpyaax Qureshi u Al-Falahi
(2015), a taxxke Al-Jassim (2021), xoTopble OOOCHOBaIM MPSMYIO Yrpo3y IMPOJOBOJILCTBEHHON
0€30MacHOCTH U COLMAILHON CTaOMIBHOCTH BCIICACTBHE MPOTPECCHUPYIONIETO 3aCOJICHUS U 3aCyXH.
[TpuopuTeTHBIE HANpaBICHUS aJaNTaliy, BKIOYas pa3pabOTKy CTPECCOYCTOMYMBBIX T'€HOTHUIIOB,
ocBemeHbl B uccnenoBaHumsx Zandwijk et al. (2021). I'eHeTndeckwe W CEIICKIIMOHHBIC ACIICKTHI
CO3/IaHUSI HOBBIX COPTOB TIIEHUIIBI, a TAK)KE IOATBEPXKACHHAS HSMIMPUYECKH SKOHOMHUYECKas
3¢ (eKTUBHOCTh MX BHEAPEHUs (MPUPOCT YPOKAHHOCTH U BHICOKOE COOTHOIICHUE BBITOJ U 3aTpar),
noZpoOHO paccMoTpeHsI B padoTtax Ray et al. (2013) u Meena et al. (2020).

Ileab  mccienoBaHusi: BbISIBUTH  YPOBEHb  arpo’KOJIOTMUECKOM — ajanTauuud U
CTPECCOYCTOWYMBOCTH COPTOB O3MMOI MIICHUIBI K KOMIUIEKCY aOMOTHYECKHX JUMHTHPYIOMINX
(dakTopoB (epUIMT MOYBEHHOM BJIArM, BBICOKHE BEreTAlMOHHBIE TEMIIEPATyphl, 3aCOJEHHE) B
ycnoBusix OxHoro HWpaka ams HaydyHO OOOCHOBaHHOrO OTOOpa CTAOMIIBHO TPOJYKTHUBHBIX
TeHOTHUIIOB M pa3pabOTKU MPAaKTUYECKUX PEKOMEHIALMN MO ONTUMM3AlMKU COPTOBOIO COCTaBa B
CUCTEME 3epHOBOTO ITPOU3BOJICTBA PETHOHA.

3aga4u ucciae10BaHus.

1. OueHuTh aanTHBHBIN MOTEHIMAT U CTAOMIBHOCTh MPOAYKIIMOHHOTO IPOIECCa COPTOB
03MMOM TIIEHWIIBI NMPH COBMECTHOM JI€HCTBMM ITOYBEHHOW 3aCyXH M 3acCOJIEHUS TOCPEICTBOM
KOMILIEKCHOTO aHalTn3a MOP()OMETPHUECKUX MTPU3HAKOB U 3JIEMEHTOB CTPYKTYPHI YPOKasl.

2. YCTaHOBUTBH KOPPEISLIMOHHBIE 3aBUCUMOCTH MEXY (PU3UOIOTHUECKUMHU HHIAMKATOpaMHU
QIaTITUBHOCTH (OTHOCUTEIHFHOE COJIEPYKAHHUE BOJIBI B JINCTHSIX, KOHIEHTPAHS (OTOCHHTETUIECKUX
NUTMEHTOB, aKTMBHOCTb ()EPMEHTATUBHOM M He(pepMEHTATUBHOM aHTMOKCHJAHTHOM CHUCTEMBbI) U
NPOJYKTHBHOCTHIO O3WMOW TIICHUIIB JJIsI OOOCHOBAHHSI arpOHOMHYECKHX KPHTEPHUEB OTOOpa
COPTOB B JINMUTHPYIOLIUX YCIOBUSX.

3. IlpoBectu arposkonoruueckyro auddepeHIuanio W paHXUPOBAHHE COPTOBOTO
MaTepuaja Ha OCHOBE HWHTETPaJIbHON OLIEHKH MOP(HOPU3NOIOTHUECKUX M MOJEKYISPHBIX
WH/INKATOPOB JUIA WHAWBUIAYAIM3UPOBAHHOTO TOA00pa CTPECC-TOJNEPAHTHBIX TEHOTHIIOB U
ONTUMU3AIMH PETHOHAIBHOTO AIalITUBHOIO COPTUMEHTA.

4. BeisiBuTh MOpGhO(PHU3HOIOTHIECKIE U MOJICKYIISIPHBIE HHIUKATOPHI aTAITHBHOCTH 03UMOK
MIIEHUIBI K KOMILJIEKCHOMY 3aCOJICHHI0 W JAe(DUIUTY BIAard, 0OOCHOBAB HX IUArHOCTHYECKYIO
3HAYUMOCTD JUTSI IPOTHO3MPOBAHHUS MPOYKTUBHOCTH U MU HEPEHIIMPOBAHHOTO TIOA00pa COPTOB B
apUIHBIX PETHOHAX.
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5. CdopmupoBaTh MpaKkTUUECKHE pEeKOMEHAanuu Mo auddepeHInpoBaHHOMY IMOA00PY
COPTOB U KOPPEKTHPOBKE 3JIEMEHTOB TEXHOJOTUH BO3/EIBIBAHUS O3MMOM MIIEHULBI B MIOYBEHHO-
KIMMaTtudeckux ycnoBusax FOxuoro Mpaka, obecniedunBaroniye cTabMIM3annio IpOAYKTHBHOCTH U
COXpaHEHHE TEXHOJOTHUECKUX CBOWCTB 3€pHA.

Hayuynass HoBHM3HAa. BrepBble  BBIIOJIHEHA  KOMIUICKCHAs  arpoOdKOJOTHYECKas
cTpaTuduKanys 23 TeHOTUIIOB 03UMOH MIIEHUIIBI B YCIOBUSIX COBMECTHOTO 3aCOJICHHS U TOYBEHHOU
3acyxu Ha rore Mpaka, mo3BomuBiias orobpars copra Dujela, Faris u Buhuth 22 B kauectse
CTaOMJIBHBIX KOMIIOHEHTOB aIalTHBHOTO COPTHUMEHTA. Pa3paboTan opurnHambHbIN KomIuieke SSR-
[TLIP-mapkepoB, BKIrOUarommii crpece-cnenuduynsie aerekropsl Malik 1 u Malik 2, xoropsrii
o0ecreynBaeT pPaHHIOK IHATHOCTHKY TOJIEPAHTHOCTH W COKpAIIaeT LUKI MPOH3BOJICTBEHHOTO
COpTOUCIIBITaHus. BriepBbie ycTaHOBIIEHA JOCTOBEpHAs conpsukEHHOCTH JTIoKycoB DRF1, NAC20L u
MHUKpPOCATEJUIMTHBIX TTOBTOPOB C IMOJIEBBIMU TapaMeTpaMu CTPECCOYCTOWYMBOCTH. YeThpHAAIATh
nenonupoBanubix B NCBI  GenBank mociemoBarenbHOCTEHl HHTETPUPOBAHBI B PErjaMEHT
NPEIUKTUBHOTO COPTOTECTUPOBAHUS, (OPMHUPYST HAYYHO-METOIMUECKUI Oa3uc ISl ONTUMH3ANN
PETHOHAIBHBIX COPTOTEXHOJIOTUI B IMMUTHPOBAHHBIX arpOIKOCHCTEMAX.

Teopernueckasi 4 NPaAKTHYeCKasi 3HAYUMOCTb. Y TOUHEHBI TEOPETHUECKUE MOJIOKEHHS O
3aKOHOMEPHOCTSAX (DOPMUPOBAHHS MPOJTYKTUBHOCTHA O3UMOM TIIEHHIIBI B YCIOBHUIX KOMILIEKCHOTO
3aCyIUIHBO-COJIEBOTO CTpEcca. Y CTAHOBJICHHAS! CONPSIKEHHOCTD MOJIEBBIX MOP(HOPU3NOTOTHUECKUX
peakiuii ¢ MOJICKYJSIPHO-TEHETUYECKMMU MapKepamMH 00eClieYrBaeT HayYHOE OOOCHOBAaHHUE ISt
IPOTHO3UPYEMOH  arpo’KOJIOTHYECKON CTpaTu(UKaluu COPTOB. BEIsSBICHHBIE B3aMMOCBSI3U
UHTETPaJIbHBIX TIOKa3aTelield ypPOXKAMHOCTH W JKCIPECC-AHMArHOCTHKU PACIIUPSIOT KOHIICTIIIUIO
YIPaBIAEMOr0 TMPOAYKIMOHHOTO Tporecca W (OPMHUPYIOT TEOPETHUECKH Oasuc  yis
MPOCKTHUPOBAHUS aIAITHBHBIX COPTOTEXHOJIOTHA B JINMUTHPOBAHHBIX arpO3KOCUCTEMaX.

Jlnst arporexHoIorndeckoi mpaktuku FOxxnoro Mpaka moAroToBIEHBI K TPOU3BOJICTBEHHOMY
BHEJpeHUIo copra o3umoi mmienunbl Dujela, Faris u Buhuth 22, coxpansroniye cTaOUIbHYIO
NPOYKTUBHOCTD IPH KOMIUIEKCHOM JE(MHUIMTE BIIATH U 3aCOJICHUH ITOYB. DKCIpECcC-AUarHOCTHKA Ha
6aze SSR-TILIP-mapkepoB (Malik 1, Malik 2) unTerpupoBana B cxemy paHHEW cTpaTHHUKAIIHHA
MIOCEBHOT'0 MaTepHralia, COKpaIias IUKJ MPOU3BOACTBEHHOTO arnpooupoBanwus Ha 30—40 %.

O0bexkT M npeaMer uccjeaoBaHui. OOBEKTOM MCCIIEOBAHUS SBISIIOTCA COpTa MATKOM
mmrenunpl (Triticum aestivum L.) ¥ uX aganTHUBHBIC PEaKIMUd Ha BO3JCHCTBHE aOMOTHYCCKHX
CTpeccopoB (3acosieHus U 3acyxu). [Ipenmer nccienoBanuii — arpo3KoI0ruyeckie u NpoJyKTUBHBIE
NpOSIBJICHUST (PEHOTUITMYECKON TUTACTUYHOCTH COPTOB O3MMOHM TMIICHUIBI TP BO3JEHCTBUU
KOMIUIEKCa JTUMHUTHPYIOIIMX TMOYBEHHO-KIMMATHYeCKNX (DaKTOpoB (IedUIUT AOCTYMHOM BIarw,
BBICOKOTEMIIEPATypPHBII  CTpecc, BTOPHYHOE  3aCOJCHHE  KOPHEOOMTaeMoro  cjosi) B
arpokiauMaTuyeckux ycnoBusax FOxnoro Upaka.

MeTom0/10rusi M1 MeTOAbI MCCJIEA0BaHUI. TeopeTHKO-METOJOIOTHUECKU 0a3uc paboThI
OTMPAETCs Ha MPUHIIMIIBI AAANTUBHOTO 3eMJIEIENTUS U KOHIIETILUIO YIPaBIseMOr0 MPOJyKIIMOHHOTO
nporiecca, rae GOpMHUPOBAHHUE YPOKAHHOCTH O3MMOM MIIIEHHUIIBI PACCMATPUBACTCS KaK Pe3yibTaT
PErylupyeMoro B3aUMOJICHCTBUS TEHETHYECKOro TMOTEHIHaNa C JUMHUTHPYIOIIUMHU (paKkTopaMu
cpenpl. MeTtoanueckasi CTpaTerus MPeaycMaTpPUBAET UHTETPALIUIO TIOJIEBOTO, (PU3NOIOTHIECKOTO U
MOJIEKYJISIPHOTO MOHHUTOPMHIAa B CHUCTEMY COPTOTEXHOJOTHYECKOTO OOECIEeYeHUsl apHIHBIX
pernoHoB. IloneBble wucnbITaHus npoBefeHbl B ycnoBusax [OxHoro HMpaka no cxeme
PaHIOMHU3UPOBAHHBIX OJIOKOB C COOJNIOJIGHUEM 30HAJIBHBIX arpoOTEXHUYECKHX HOPM; YYET
(beHomorN!, 3IEMEHTOB CTPYKTYPHI YPOsKasi U TIPOTYKTHBHOCTH BBHITIOIHEH 1O periameHTam BUP u
['occoptkomuccun P®. ®Puznonoro-0MOXMMUYECKUH CKPUHUHT (BOAHBIM CTaTyc, NMUTMEHTHBINA
KOMIUIEKC, AHTHOKCHJIAHTHAs AaKTUBHOCTh, HAKOIUICHHE OCMOIPOTEKTOPOB) H MOJICKYISIPHO-
renerndyeckoe tunupoBanue (ISSR/SSR-IILIP) nmpumeHeHbI Kak JUAarHOCTHYECKUE HHCTPYMEHTBI
JUIT paHHEHW OIIEHKW aJalTHBHOTO IMOTEHIMala U 000CHOBaHUS IU((epeHIINPOBAaHHBIX TPUEMOB
Bo3fenbiBaHusl. CraThcThyeckas oOpaOOTKa [JaHHBIX BKIIOUYanda JUCTICPCHOHHBIN aHANuU3,
KOPPEISIIUOHHO-PETPECCHOHHOE  MOJICIMPOBAaHUE, pacuéT KOIPPHUIMEHTOB  JKOJOTHYECKON
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IacTHUHOCTH W ctabunbHOocTH (Metomel  Finlay—Wilkinson, Eberhart-Russell), a Taxke
KJIacTepu3anuio coproB. Hané€xHOCTh BEIBOJOB 0OecrieueHa MHOTOKPAaTHON ITOBTOPHOCTBIO OTIBITOB,
MCIIOJIb30BaHUEM aTTECTOBAHHBIX JIAOOPATOPHBIX IIPOTOKOJIOB, NEPEKPECTHON MPOBEPKON MOJIEBBIX
U 1a0OPaTOPHBIX WHAUKATOPOB U CTATUCTHUYECKON JTOCTOBEPHOCTHIO 3aBUCUMOCTEH.

IToJ105keHNs1, BBIHOCHUMbIE HA 3AIIMTY.

1. 3aKkoHOMEpHOCTh (OPMHUPOBAHUS NPOAYKTUBHOCTH O3MMOH IIIECHUIBI B YCIOBHSIX
B3aMMOCBS3aHHOT'O 3aCOJICHHO-apUIHOIO CTpecca.

2. AnanTuBHAs LIEHHOCTh COPTOB o3uMoii mmenutsl Dujela, Faris u Buhuth 22 B ycnoBusx
COMPSKEHHOTO BO3ACUCTBUA 3aCyXU U 3aCOJICHUS, IPOSBIIAIONIASCA B YCTOMYMBOM (POPMUPOBAHUU
CTPYKTYPHBIX JIEMEHTOB KOJIOCA ITPH KPUTUUYECKUX 3HAUEHUSAX BOJHO-COJIEBOIO PEKUMA.

3. marHoctuueckas ILIEHHOCTb KoMmIuiekca SSR-mapkepoB, BKIIIOYAIOIIETO CTpecc-
opueHTtupoBanHbie mpaiiMepsr Malik 1 u Malik 2, obecneunBaromero >KCIpPECC-OLCHKY
aJalTUBHOTO MOTEHIIMAa COPTOB O3UMOM MIIEHULBI K JIMMUTUPYIOIIMM a0UOTHYECKUM (DaKTOpam.

4. CKOOpIMHUPOBAHHOCTh KOJMYECTBEHHBIX MTOKA3aTeNel YPOKalHOCTH O3UMOM MIIIEHUIIBI C
KaueCTBEHHBIMU  IapaMeTpaMu 3epHa (MaccoBas JOJS ChIpOMl  KIEGHKOBHHBI, HaTypa,
CTEKJIOBHUJIHOCTb) B YCJIOBHSX B3aUMOCBSI3aHHOTO 3aCOJIEHHO-apUIHOTO CTpecca.

CreneHb [10CTOBEPHOCTH M AanpodaluM pe3ybTATOB HCC/eN0BaHUN obecrieunBaeTcs
JOCTaTOYHBIM 00BEMOM U MHOTOJIETHUMH IKCIIEPUMEHTAIEHBIMH JAHHBIMH, TTOJTyYCHHBIMH B TEUCHHE
Tpex moJieBbIX ce30HOB (2021-2024 rr.) Ha penpe3eHTaTUBHON BBIOOpKE M3 23 COPTOB MSATKOM
NIICHHUIBI C WCIOJAb30BAaHMEM METOJa paclieIVICHHBIX JensHok (Split-plot) u  TpexkparHoi
MOBTOPHOCTH. J[OCTOBEPHOCTH BBIBOJIOB MOJATBEPKAACTCS IPUMEHEHUEM OOLICTIPUHSATHIX B MUPOBOU
IIPAKTUKE CTaHJIAPTU3UPOBAHHBIX METOJUMK M CTPOroil MaTeMaTHKO-CTaTUCTHUYECKOW 00paboTKON
MacCCHUBOB JJaHHBIX (AUCIIEPCUOHHBIN aHanu3, LSD, kinactepHslii ananus Yopaa, koppensiuus [Tupcona)
B CIICIUATIM3HUPOBAHHBIX MPOTrPaMMHBIX Hakerax. KimodeBbIM (pakTOpOM JOCTOBEPHOCTH SIBIISIETCS
CXOJUMOCTh PE3YJbTATOB, MOJTYYEHHBIX HA Pa3HBIX YPOBHSAX OpPraHU3aIlMH: BBIABICHHBIE MOpQO-
¢uznonornueckue U OMOXMMHUYECKUE aJalTalluyd TOJEPAHTHBIX COPTOB MOJHOCTHIO MOATBEP:KICHBI
JaHHBIMU MOJIeKYJIsipHO# qrarnocTuku (ITL[P-ISSR/SSR) u BepuuinpoBaHbl IyTeM JICTOHUPOBAHHS
14 HOBBIX HYKJICOTH/IHBIX [TOCIICIOBATEIBHOCTEN B MEXIyHApOAHYI0 0a3y nanHbix GenBank (NCBI).

Te3uchl M cTaThu, OCHOBAaHHBIE HAa PE3yJbTaTaX HCCIIEAOBaHM, OBLIM MpEACTaBICHbl Ha
HECKOJIbKUX KOH(epeHIUsX, BKIovas: KoHpepennuto YHuepcuteta Kydsr 2025 rona Ha temy
«Ponb HayuyHBIX HCCHEOBAaHMNH B pPELICHUM CENbCKOXO3IWCTBEHHbIX Mpobiem» B Hpake;
KoH(pepeHuuo YHuBepcuteta Anb-Myranna 2025 roga «IlepBas HayuyHas KoH(eEpeHLHs IO
YIPaBJIEHUIO HAayYHBIMH HCCIIEOBAHMAMM B IENAX YCTOWYMBOro pa3BuTHs» B Hpake; a Taxxke
KoH(pepeHInIo YHuBepcurera aApyx0osl HaponoB 2024 rona — MexayHapoIHyt0 KOH(EpPEHIUIO 110
Ka4yecTBY U 0€30IIaCHOCTH MUILEBBIX MPOIYKTOB B Poccum.

I[Iy0nukanuu mo pe3yjbTaraM JMCCePTALMOHHOIO HccienoBanus: OnyOnukoBaHo 12
HaY4HbIX paboT, B TOM 4Huclie 3 cTaThM B HaYYHBIX JKypHaJlaX, HHIEKCUpyeMbIX B Scopus/WOS, 2
CTaTbU B PEICH3MPYEMBIX HAYYHBIX KYpHAIax, BXOAAmmX B crmucok BAK, 4 cratem B npyrux
KypHajax ¥ 3 Te3nuca Ha MeX/yHapOAHbIX KOH(PEPEHLIUSX.

CTpykTrypa u 00béM auccepraumu. Juccepraius cocTouT u3 216 cTpanull, pa3aenéHHbIX
Ha BBEJICHUE, TPU OCHOBHBIC IJIaBHI U 3aKioueHue. OHa BimrodaeT 44 tabnuipl, 46 pucyHkoB u 18
npuioxeHui. CIMCOK JINTepaTypbl COAEPKUT 237 NCTOYHUKOB.

JInunbiii BkJaax aBropa. Cowuckarenb ydyacTBOBal B (OPMYIHMPOBKE LeJed M 3agad
HCCIIeIOBaHMsl, coOMpall ¥ aHaJTU3UPOBAJ IaHHbIe, 00padaThIBaJl 1 UHTEPIPETUPOBAJ PE3YNIbTATHI, a
TaKXe FOTOBUJI MyOJIHKAIUH.
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COJAEPKAHUE JTUCCEPTALIUU

I'maBa 1 «O0630p JuTepaTypbD» IOCBSIIEHA aHAIU3Y COBPEMEHHBIX HAYYHBIX JAaHHBIX O
r7100aMbHOM 3HAYUMOCTH TMIIEHUIBI U BIMSHUNA aOMOTUYECKHX CTPECCOB (3aCyXM W 3aCOJICHHS),
yCyryOIsieMbIX I100alIbHBIM U3MEHEHHEM KJIMMaTa, Ha Mop(hodu3noioruieckue 1 OMoXuMHIECKUe
nokaszarenu pacteHuil. Takke B Heil 00OCHOBaHAa pOJb TEHETHKH M CEJIEKIMH B CO3JaHUU
CTPECCOYCTOMYUBBIX COPTOB W HUBEIMPOBAHUU HETATUBHBIX IMOCIEACTBHI JaHHBIX (PAKTOPOB s
CeNIbCKOXO03SHCTBEHHOTO IPOM3BOJICTBA.

I'maBa 2 «Marepuajibl U MeTOAbI» OIKCHIBACT OOBEKTHI, YCIOBUS U METOOJOTHUIO
UCCIICIOBAaHM, a TaKkKe MeToabl cOopa, 0OOpabOTKM ¥  CTaTUCTHYECKOro  aHalu3a
9KCIIEPUMEHTANBHBIX JaHHBIX. [loneBble HCcleOBaHUS MPOBOAMIMCH HA OMNBITHOM Y4YacTKe,
pacnoyioxkeHHOM Ha tore Mpaka (xoopaunatei: 31.3518° c.m., 45.2211° B.1.), B TeUeHHE Tpex
BEreTalMOHHBIX ce30HO0B: 2021/2022, 2022/2023 u 2023/2024 rr. Kinumat pernoHna xapakTepuszyercs
Kak apuaabli (tun BWh no knaccupukanumn Kénmnena).

MarepuaaoM UCCICIOBaHMIA CIIyKuin 23 copra msarkoi mmenunsl (Triticum aestivum L.),
MPOMCXOXKACHUE U POAOCIOBHAS KOTOPBIX MPECTAaBICHBI B Tabmuie 1.

Tabnuna 1 — Copra NIeHuIbl, UCIIOIH30BaHHbBIE B UCCIICI0BAHUM

Ne i/ Coprt Kon PonocnoBHas [Ipoucxoxenve Hcrounuk
1 2 3 4 5 6
Viax / MuHHCTEPCTBO HAYKHU U
1 Baraka | AB IARI x STD pak texnojioruii \ Ientp
['ubpum3anus .
CEMEHHBIX TEXHOJIOTHI
Kommanus Shurug Al
5 Wafia BW Attila/ 3* Pastor, (CIMMYT,|  ®panuwmst / Nahar o mocraBkam
ICARDA) ['ubpuan3aiyst | CeIbCKOXO3SMCTBEHHOM
TIPOTYKITHN
MHUHUCTEPCTBO HAYKU U
TEXHOJIOT I \
Viak / JenaprameHT
3 Latifiya | CL Australian breed x Aras pak CEITbCKOXO3HCTBEHHBIX
['ubpunm3arms N
HCCIICAOBAHUH —
HccnemoBarennckas
cranuus Jlatudus
Kommanus Alreef
BISU/3/YAVT9/ Alkhadraa o o0meit
4 Binakal | DB ALOI/ALTARS4/ Wcnanws / TOPTOBJIE U
CD93683.7Y.040M-03 OY- | I'mOpuam3zamusi | CelbCKOXO3SHCTBEHHBIM
LPAP.B nocraBkaM. VcmaHckas
komrtanug Fito Semillas
WNHucTuTyT reHHon
Inia 66 (Rad) Radiation of UHKCHEPUH 1
S Uruk EU seeds of Enya 66 Vpax / Papmanms 6H0TeXH0JP;omH \
barganckuil yauBepcuTer
6 Fateh GF MixPac x Aras MuHucTEpCTBO
7 Buhuth 10 | HB Abaa 95 x Abaa 99 Vivax / CEITLCKOr0 X03sicTBa /
8 | Abbad5 |QA| Veeryeer CIMMYT) | pak JlemapTameHT
— - T'uOpumsarus o
9 Abba99 | RA Ures/Bow's'//Pollmer CeMbCKOXO3AHCTBEHHBIX
s (CIMMYT and ICARDA) MCCIIe/IOBAHUM
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CMSS96Y03236M-050M- MWuHHCTEPCTBO
10 | Buhuth22 | TB | 040M-020M-050Sy-020sy- CEJTbCKOT0 X035 CTBa /
IM-0Y Upax / Paquanus JenaprameHT
11 | Buhuth158 | IB 119-S2/57-S2. Cr7.S2 CEJTbCKOX03HCTBEHHBIX
12 Sham FS | W-3018-A/JUPATECO-73 WCCIICIOBAHMIA
OkoHuanue Taor. 1
1 2 3 4 5 6
13 | Babul 113 | JB MEXIPAK/R23
Radiation of Mexipac Vivax / P HWpakckast opraHu3arus
14 Allrag | KA |seeds with full cobalt 60 doses DA/ FUMAIIBY 1 arommoit SHEPrUU
and 10 kilos rad, Max. (Rad)
Wranus / Kommanust Debbana
15 Bwru LB H31/Trapf21 / Enesco Tubpumsams Modern Agriculture
16 Baghdad | MB | MX105-6MVLT40/BNSN MUHHCTEPCTBO HAYKH U
17 | AP 1 SA | Ajesba x Lian 12 x Mexicoza| . P/ TEXHOJIOTHH,
ghurayb I'uOpun3arus JleriapraMeHT
18 Buhuth PB 118//S2/57-S2-CR7-S2 CEITbCKOXO3SHCTBEHHBIX
19 Faris | NF | STAR/TR77/773/SLMS  |Vpax/Pammamms| oo oottt
THIICBBIX TEXHOJIOTHI
Exposing the resulting hybrid HUpak / "
20 Tammuz | OT | (Maxipac x Saber Beek) to | I'mOpuau3arust u ParCiad Oprarisatiis
radiation - 110 aTOMHO¥ 3HEPTHU
CenbCKOX035IMCTBEHHBIN
21 Dujela ub 8409644HS2-6H Wpax / Paquarwist | KowiepK - YHUBEPCUTET
Anb-MyTtanHa
Nemchinov (Donshchina x Pamyati Poccust / Arpapro — .
22 ka WN Fedina) x Moskovskaya 39 | T'mOpumm3armws TEXHONOTHTICCKIH
uHcruryt PYJIH
_ _ _ Typms / CenbCKOX035IMCTBEHHBIN
23 | Abo Raghif | WA Inia 66 / 2 * Mexipak TH6pumsams KOJUIE/DK — Y HUBEPCHTET
Anpb — MyrtaHHa

OneIT 3aJI0)K€H METOAOM pacllerieHHbIX JenstHok (split-plot design) B TpexkpaTHOH
MOBTOPHOCTH.

®akTop A (ryIaBHBbIE JeJAHKH) — €0JIeBOil cTpecc: KOHTposib (5 1CM/M, ecTecTBeHHas
MUHepanu3auusi BoJbl), ymepeHHbI crpecc (10 aCm/mM) m cunpHbld cTtpecc (15 aCwm/m).
JozupoBanHoe BHecenue NaCl koHTponupoBanu mnopTaTUBHbIM KoHAykTOMeTpoM (HANNA,
HI98304 DiST 4).

®akTop B (cyOmensinkm) — BOAHBIN cTpecc (3acyxa): koHTpoib (90 % moneBoit
Brnaroémkoctu — [1B), ymepennsiii (60 % I[1B) u cunpnsrit (30 % I1B). Bnarozanacel U moJiMBHBIE
HOPMBI PacCCUMTBIBAJIM HA OCHOBE omnpezeneHus [1B 1 BIaXXHOCTH yCTOMUMBOTO 3aBsAJaHUs METOI0OM
OT’)KUMHBIX Tu1acTUHOK (1o L.A. Richards).

®aktop C (cydneassnku 3-ro nopsiaka): 23 copra NIIEHULIBI.

[ToceB nmpoBoawu B HOsiOpe. OpolieHne BHIMOIHAIOCh METO10M KanenbHoro mosma (KIT/]
85 %), 4TO MO3BOJISLIO CTPOrO JO3MPOBATh 0JAa4y BOJBI U MCKJIKOYMTH NEPETEKAHUE PACTBOPOB
Mexay aenstikaMu. CtpeccoBble pakTophl Co37aBalld OCTENIEHHO, HaunHas ¢ (pa3bl mpopacTaHus, U
HOJIEP>KUBAIM JI0 YOOPKH Ypokasi. ArpOTeXHUKA — OOIIEPUHATAS JUIsl 30HBI IPOBEICHUS OIbITA.

B mporecce uccnenoBanmii mpoBOAMIN CAEAYIOIINE METOABI COOpa U OIIEHKH JTAHHBIX.

Mopdgoaoruyeckue NMpU3HAKH U YPO:KAiHOCTb. YUETHYIO YOOPKY NMpOBOAWIH B (hazy
nosHoM cmenoctd. Onpenensiu BBICOTY pacTeHHH, NPOAYKTUBHYIO KYCTHUCTOCTb, IUIOIIAIb
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dmarooro mucta (FLA, cM? = jumnHa X mmpura X 0,95), Maccy 3epHa ¢ kooca, Maccy 1000 3epem,
OMOJIOTUYECKYIO U XO3SIICTBEHHYIO YPOKaHOCTH (T/1a).

HNHupaexcebl TOJIEPAHTHOCTH. [[71s1 OLIEHKM peakluu TeHOTUIIOB HA CTPECC PacCUUTHIBAIIU:
uHTeHCUBHOCTh crpecca (SI), manmekc ypoxaiinoctu (YI), MHIEKC CTaOMIBHOCTH YpPOKAMHOCTH
(YSI), uanexc tonepantHoctd K crpeccy (STI) m mHaekc ayBcTBHTENBHOCTH K cTpeccy (SSI) mo
cranaapTaeiM popmynam (Fischer & Maurer, 1978; Fernandez, 1992; Jaddoa, 2017), rae YS u Yp —
YPO>KaHOCTH COPTa B CTPECCOBBIX U KOHTPOJIbHBIX YCIOBHIX COOTBETCTBEHHO.

®u3unoiornyeckue mapamerpbl. Conepikanve XJI0popuilia OIEHUBAIH in Situ ¢ TOMOIIBIO
SPAD-metpa. Coneprkanue npoiuHa onpeaessum mo mertony Bates et al. (1973). OtHocuTtenbHOE
coxepskanue Boubl B TKaHsax (RWC, %) paccuuteiBanu no ¢popmyne: RWC = (FW — DW) / (TW —
DW) x 100, rne FW, DW u TW — cbIpoii, CyXoii U TypropHbIii Bec 00pasia COOTBETCTBEHHO.

Buoxumuyeckue u ¢epMeHTATUBHBIE TMOKa3aTeJdU. AKTUBHOCTh AHTHOKCHIIAHTHBIX
dbepmentoB (SOD, POD, CAT) u koHleHTpaiuio akTuBHBIX ¢opMm kuciopoaa (H202) onpenensuim
CHEKTPOPOTOMETpUYECKH 10 OoOumenpuHiAThiM MetonukaM. Coxepkanue obmero azora (N)
BoIIBIsUI MeTogoM Kobenppansa. Konuentpamuio noHoB Na® u K u3mepsanu Ha 1miaMeHHOM
doromerpe (Model FF-200), paccunthiBaiu cootHoienue Na'/K*.

KauecTBo 3epua. Coxmepxkanue Oenka, Kpaxmania, ChIpOd KIEHKOBHUHBI M BJIard B 3€pHE
OTpeAeIsIN  MeToAoM OymkHel wH(pakpacHoit crektpockormu (NIR) ¢ ucnomb3oBanuem
ananu3aropa Perten Instruments AM 5200-M.

MousekyJIsIpHO-TeHeTHYeCKH i aHaJIu3.

Boigesenne JHK u IIIP. Toransnyto JJHK Bbigensiim u3 cBexux auctbeB 10-aHEBHBIX
cestHiieB ¢ ucnoib3oBanneM Habopa FAVORGEN (Plant Genomic DNA Extraction Maxi Kit).
AMIITH(UKALIIO POBOIMIIM B CTAHIAPTHOM peXHUMe: HauanbHas neHatypauus 94 °C (3 mun), 32
nukia (94 °C — 30 ¢, omxur — 30 ¢, 72 °C — 1 mun), ¢punansras >norranus 72 °C (5 Mun).

ISSR-ananu3. /[ OneHKH TeHETUYEeCKOro pa3HOOOpa3usi M IMOCTPOCHHSI T€HETHUECKUX
«otmeyatkoB» (DNA fingerprinting) BmepBble UIsi T€HOMa IIIEHHUIBI OBUTM TOAOOpaHBl U
npumenensl 20 ISSR-npaiimepos (tabnuma 2). [Ipoananusuposano 460 oOpasios.

Tabnuua 2 — ITocnenosarensHoctu 20 ISSR-nmpaiiMepoB, HCIOIB30BAHHBIX B HCCIIEIOBAHUU

[paitmep IMocnenoBarenbHOCTH (5' -- 3') JlmiHa, 1. H. Temmneparypa omxura, °C
ISSR-1 (AG)9C 19 58
ISSR-2 (AC)8BG 17 52
ISSR-3 (AG)8T 17 50
ISSR-4 (TG)8C 17 52
ISSR-5 (AC)8Y 17 48
ISSR-6 A(CAG)5 16 52
ISSR-7 B(CT)8Y 18 50
ISSR-8 R(ACA)5 16 40
ISSR-9 (CAQ)IG 22 74
ISSR-10 (CM9Yy 19 56
ISSR-11 (CA)BDT 18 50
ISSR-12 (CTC)6G 19 64
ISSR-13 (GT)8C 17 52
ISSR-14 G(CA)8 17 52
ISSR-15 (GAA)7 21 56
ISSR-16 (GA)8V 17 48
ISSR-17 (GT)8C 17 52
ISSR-18 (GA)BG 17 52
ISSR-19 (GA)BHC 18 52
ISSR-20 (GACA)S 20 60
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[Tpumeuanue: B = C/G/T; D = AIG/T; H= AIC/T; R=AIG; V =AICIG; Y =CIT

SSR-ananu3 (MukpocareaauTsl). /11 MOIEKYISIpPHON MapKUIIUK TOJEPAHTHBIX TEHOTHUIIOB
(BBIICTICHHBIX 110 Pe3yJbTaTaM (EHOTHUIIMPOBAHUS B KJIacTephl A 1 B) 1 4yBCTBUTENBHBIX (KIaCTEPhI
C u D) ucnons3oBanm 4 mapel SSR-mpaiiMepoB, BKIIOYasi IBa BHOBh pa3paOOTaHHBIX IpaiimMepa
(Malek 1 u Malek 2), a taxxe m3BectHbie mapkepbl Xcfd-18, xgwm-493, Xgwm130, Xwmc245
(tabmuna 3). [IpoananuszupoBano 72 obpasiia.

Tabnuua 3 — SSR-nipaiiMepsl [UIsl BBISIBIIEHHUS] COPTOB, TOJEPAHTHBIX K 3aCYX€ U 3aCOJICHHUIO

Crpecc | Ilpaiimep INocnenosarensHoCTs (5' - 3) Jlmina, 11. 1 Tgﬂfgga Hcrounnk
ek | CAGGUGGOTATCACCARAT | D20 | G2 | Homs
Xgwm130| o crceterTTATATCGCGTCCC | 202 | 6264 2021
Xume245 o AGaToCTCTGGGAGAGTCCTTA, 222 | S0 |G

s | SACACCONOACH | s [
XM £ ncATCATGCOTACCTARTGG | 221 | 002 | i

CexkBeHupoBanue ¥ OMOMH(OPMATHKA. AMIUIMKOHBI, CHEUU(UUYHbIE JUISI TOJEPAHTHBIX
copToB, cekBeHupoBain 1o metony Conrepa (Macrogen Inc., IOxnas Kopes). Broisaiennsie
HYKJICOTH/HbIE 3aMEHbl AHIM3UPOBAJIM HA NpPEAMET BIMSIHUA HAa aMHMHOKHUCIOTHYIO
MOCJIEI0BAaTENbHOCTD LIENEBBIX OEIKOB ¢ Hcnoib3oBaHueM cepepa Expasy Translate. [Tonyduennsie
MOCJIEI0BATENbHOCTH JACTTIOHUPOBAHbI B MEKIyHapoaHyto 6a3y nanHbix NCBI GenBank.

CraTucTuyeckuil aHanu3 aaHHbIX. [lepBuuHyo 00paboTKy pe3ysbTaToB ANIEKTpodopesa
(OmHapHOE KOAMpOBaHHE HaIW4Ms/OTCYTCTBUA mojoc) npooaunan B IO Gel Analyzer. [lns
HUBEJIMPOBAHUS DPa3IMUUil B €IUHHUIIAX H3MEpPEHUs MOpP(OJIOrMYecKUX MU (U3HOIOTHUECKUX
NPU3HAKOB JJaHHbIE CTAHIAPTU3UPOBAIIH (pacyeT Z-0leHOK). ['eHeTrnueckoe CX0ICTBO OLIEHUBAIIH O
kodddurmenty Jlaiica, kmacTepHbId aHamu3 (METOJ YOp/aa) BBHIMOJHSJIN HAa OCHOBE MATPHIIBI
eBKINIO0BbIX paccTossHui. [lucnepcuonnsiii ananmu3 (ANOVA) u cpaBHEHHE CpeIHHX 3HAu€HUI
OPOBOJIWIN C UcHoib3oBaHWeM LSD-tecta (HaMMeHbIIeH CyIIECTBEHHOM pa3HOCTH) MpPU YpOBHE
3HauuMoctu P < 0,05 B mporpammax Statistix 8.1 u SPSS. Koppensuuonnsiii ananus [lupcona
BomonHsiin B [IO OPSTAT. Pacuer momumopdusma (PIC, EMR, MI, Rp) mpoBogmnu mo
CTaHJapTHBIM (OpMYJIaM MOJIEKYJISIPHON T€HETHKH.

I'nmasa 3 Pe3yabTaTsl u 00Cy:KIeHUE

3.1 PesyabTaTsl MOP(OIOrHYeCKUX NPU3HAKOB COPTOB, IOJABEP/KEHHBIX BO3/1EHCTBHIO
a0MOTHYECKHNX CTPECCOB

3.1.1 Mopdonornyeckne Npu3HAKM TeHOTUIIOB
Pesynbratel Mopdosornueckux JaHHBIX, MPEACTABICHHBIE B TaOmwie 4, HE BBIIBWIN
JIOCTOBEPHBIX paznuuuit (P > 0,05) Mexny celbckoX03siCTBEHHBIMU ce30HamMu (2022-2024 rr.) nist
OOJTBITMHCTBA MOP(OTOTUUECKUX MPU3HAKOB. JTa COTJIACOBAHHOCTD MOATBEPIKIAET T€HETUUECKYIO
CTaOUITBHOCTH COPTOB, KOTOpBIE OBUIH OIICHEHBI B YCIOBHUSIX COJIEBOTO CTpecca W 3acyxu. Takas
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CTaOMIBHOCTh OblJTIa OOYCJIOBJIEHA HECKOJIBKMMH METOJOJOTHYECKUMH (HaKTOpaMU: BBICOKOM
3P PeKTUBHOCTHIO (85 %) cHCTEMBI KaleIbHOTO OPOIIEHUs, 00ECIICUHBIICH TOUHOE paclpeieieHue
BOJIbI;, UCIIOJB30BAHUEM METOJA IUIATO JJIsi TOYHOTO OINPENEICHUS BJIKHOCTH TOYBBI M pacyéra
noTpeOHOCTH B BOJIE; @ TAK)KE OTHOCUTEIIBHOW OJTHOPOJHOCTHIO KIIMMATHUECKUX YCIOBUH, BKITIOUYAs
KOJIMYECTBO OCAJTKOB M TEMIIEpaTypy, B TCUCHHE IEpUOJA HCCICAOBaHUSI. DTH OObEAMHEHHBIC
dakTopbl MUHUMU3HPOBATU cpenoByto aucnepcuro. ['enotunsr SA, NF, UD, TB, CL u AB umenu
camble BBICOKHE CPE/IHUE 3HAYCHHS M HU3KHE 3HAYCHUS CTaHAapTHOro oTkKiIoHeHus (SD), a Taxke
MOJIOKHUTEJIbHBIE 3HAUYEHHUs Z-ToKas3aTessi M0 MOP(OIIOTHYECKUM IMPHU3HAKAM IOJI BO3JCHCTBHEM
COJICBOT'O CTPECCa U 3aCYXH MO U3YYCHHBIM IPU3HAKAM.

Tabnuua 4 — Cpennue 3HaueHUs MOPHOIOTrHUECKUX IPU3HAKOB U 3JIEMEHTOB IPOLYKTUBHOCTH
TE€HOTUIIOB MSTKOM IIIEHULbI B YCIIOBUSAX 3aCyxH U 3acoieHus (2022-2024 rr.)

CrpeccoBeiii | bruomacca Macca YporxaltHOCTb Ilnowane |- Beicora - Komriectso
I'enotun >| 1000 ’|hmaroBoro| pacteHus, | CTEOJIEH,
daxTop r/pacr. T/Ta 5
3epeH, T JIUCTA, CM cM IIIT./pacT.
AB 72,9/839 |52,3/59,6/ 5,69/6,18 | 66,6/68,2 | 84,5/91,3 9,3/9,9
BW 80,7/88,4 |46,1/54,8| 5,04/5,37 | 45,6/47,2 | 68,2/75,9 6,6/7,5
CL 97,8/108,0 |36,2/44,1| 6,06/6,37 | 39,0/40,6 |103,7/110,8| 10,4/10,5
DB 67,7/74,4 141,0/49,9| 4,23/417 | 42,7/44,3 | 79,7/87,7 8,1/9,5
EU 76,5/854 |33,7/42,8| 4,83/508 | 34,0/35,6 | 49,7/57,6 5,7/6,5
FS 54,3/59,7 |21,7/31,2| 2,79/325 | 27,6/29,2 | 41,2/49,2 6,8/7,8
GF 62,3/94,2 30,9/40,1| 3,5/6,15 41,4/43,1 | 79,2/86,6 7,7/8,6
HB 64,1/90,5 40,2/49,1| 3,75/551 | 46,0/47,7 | 65,5/73,1 4,6/5,0
IB 60,3/91,6 [42,0/50,9] 3,48/5,72 |39,3/41,0| 71,3/78,8 8,5/3,9
JB 63,7/71,1 |35,6/44,7| 3,74/392 | 39,3/40,9 | 96,7/103,8| 8,0/8,8
KA 70,7/66,5 |52,5/61,0/ 4,39/3,89 |424/44,1 | 85,8/93,1 6,9/7,8
LB 84,0779 |31,2/404| 5,67/468 |125/14,1| 39,3/47,3 7,3/8,9
MB |3acyxa/3aconenue| 67,2/71,7 |42,6/51,5| 3,79/4,17 | 35,7/137,3 | 76,1/83,6 7,2/8,2
NF 99,5/110,8 162,3/70,5| 6,38/8,03 | 58,5/60,1 |110,6/117,5| 10,8/11,1
oT 54,6/65,2 23,3/32,7| 3,2/3,61 36,0/37,6 | 68,7/76,3 7,1/8,1
PB 50,3/62,3 26,8/36,1| 2,7/3,32 29,6/31,3 | 83,6/91,0 5,9/6,9
QA 80,2/86,9 [25,7/350] 4,95/5,29 | 33,2/34,8 | 82,0/89,5 3,7/4,8
RA 75,0/79,5 |27,7/358| 4,63/4,83 | 33,9/355 | 87,5/94,9 6,5/7,5
SA 99,6/124,5135,2/43,1| 7,49/832 | 43,7/453 | 78,2/85,6 | 11,0/132
TB 101,1/104,0/33,9/43,0] 7,516,72 | 34,7/359 | 83,7/87,7 | 11,4/111
ubD 118,2/115,0/128,0/37,2| 7,77/8,05 |10,1/11,1 | 49,2/57,0 | 11,9/11,6
VN 78,0/88,7 |17,7/24,7| 491/541 | 17,0/18,7 | 30,1/37,7 8,9/9,8
WA 81,4/76,0 |36,1/45,1| 5,25/4,2 28,5/30,2 | 78,5/85,9 7,3/8,3
Cpennee 76,5/85,9 |358/445| 4,86/531 | 36,4/38,0 | 73,6/80,9 7,9/8,5
HCPos 1,55/1,43 |2,72/2,66] 0,08/0,08 | 1,36/1,36 | 5,79/2,86 | 0,28/0,31

3.1.2 OueHka coaep:KaHusl 3epHA NMIIEHUIBI 101 BJIUSIHHEM COJIEBOr0 CTpecca U 3aCyXu

AHanu3 OMOXMMHMYECKHX IOKa3aTeneil 3epHa (Tabi. 5) CBHUIETENBCTBYET O TOM, 4YTO
BO3JICUCTBHE AOMOTHYECKHX CTPECCOPOB OKa3biBaeT IU(DPEpEeHIIMPOBAaHHOE BIUSHUE Ha €ro
Ka4ecTBO. Y CTAHOBJIEHO, YTO 3aCyXa MOKAa3bIBaeT 0oJiee BBIPAKEHHOE MHTHOMpYoliee JieiicTBUe Ha
OMOXMMHYECKHH COCTaB 3€pHa MO CPaBHEHHUIO ¢ 3acojieHueM. [Ipu 3ToM HMAeHTHUPUIMPOBAH Pl
rernotunoB — Dujela (UD), Abo Ghurayb (SA), Buhuth 22 (TB), Faris (NF), Latifiya (CL) u Baraka
(AB), — KOTOpbBIC COXpaHMJIM BBICOKME MOKa3aTeIM KavyecTBa 3epHa B OOOMX YCJOBHUSX, YTO
CBUJIETEJIBCTBYET 00 UX BBIPAKEHHOM TOJIEPAHTHOCTH K 3aCOJIEHUIO U BOJAHOMY JE€DUIIHTY.
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Oco0yI0 CeleKIMOHHYIO IIEHHOCTh MpeacTaBistior reHotunsl Abo Ghurayb (SA) u Dujela
(UD), oOnanmaroriue MaKCHUMAaJIbHBIM OHOXMMHYCCKHM TOTCHIMAIOM: OHH XapaKTePU3YHOTCS
HauboIBIIKM cojiepkanueM Oenka (10 13,57 %), kineiikoBunsl (10 27,32 %) u kpaxmana (1o 59,49
%). B To xe Bpemst renoturiel Sham (FS) u Buhuth (PB) nposiBuii BBICOKYO YyBCTBHTEIBHOCTD K

CTPECCOBBIM (baKTOpaM, ACMOHCTPpHUPYSA MUHUMAJIbHOC HAKOIINICHUE aCCUMHAJISTHTOB.

Ta6JII/IHa 5-— OHGHKa Ka4deCTBa 3€pHa 1o BOSI[CI;'ICTBI/IGM CTPECCOB 3daCOJICHUA U 3aCYXH

['enorum CTE)ZT;;%ZHH benok, %  |Brnaxzocts, % [KneiikoBuna, % Kpaxman, %
Baraka (AB) 13,34/11,46 6,89/5,28 26,1/25,03 51,36/49,9
Wafia (BW) 13,24/11,37 8,45/7,72 23,68/24,03 | 47,04/46,64
Latifiya (CL) 13,36/11,53 6,59/5,21 26,33/25,24 | 52,92/51,41
Binakal (DB) 12,77/11,09 | 10,52/9,06 22,8/22,32 | 44,73/43,86
Uruk (EV) 13,07/11,28 8,94/8,57 23,42/23,0 | 46,13/45,12
Sham (FS) 12,15/10,68 | 11,73/11,49 | 20,65/19,55 | 42,16/39,01
Fateh (GF) 13,33/10,83 | 7,84/10,37 | 25,97/20,65 | 48,49/42,79
Buhuth10 (HB) 13,26/11,04 8,04/9,61 24,61/21,34 | 47,99/43,47
Buhuth158 (IB) 13,33/10,81 | 7,96/10,46 25,1/20,52 48,16/42,2
Babul 113 (JB) 12,66/10,95 10,7/9,67 22,5/21,04 44,03/43,3
Al Irag (KA) 12,65/11,11 10,9/8,91 21,56/22,59 | 43,42/44,49
Bwru (LB) 13,02/11,45 9,78/7,46 23,28/24,57 | 45,13/47,12
Baghdad (MB) Baconenue/3acyxa | 12,72/11,06 | 10,61/954 | 22,79/21,95 | 44,55/43,6
Faris (NF) 13,53/11,56 6,45/4,92 26,78/25,38 | 55,58/53,83
Tammuz (OT) 12,52/10,76 | 11,3/10,66 21,64/20,1 43,3/42,11
Buhuth (PB) 12,24/10,7 | 11,48/10,78 | 20,23/18,66 | 43,08/40,98
Abaa 95 (QA) 13,22/11,36 8,81/7,74 23,54/23,66 | 46,43/46,51
Abaa 99 (RA) 13,05/11,26 9,15/8,69 23,29/22,85 | 45,76/44,83
Abo Ghurayb (SA) 13,57/11,57 7,08/4,89 27,12/26,8 | 59,49/53,99
Buhuth 22 (TB) 13,53/11,71 6,53/4,65 26,39/26,47 | 55,42/54,32
Dujela (UD) 13,56/11,73 6,14/4,35 27,32/25,93 | 55,92/57,77
Nemchinovka (VN) 13,25/11,3 7,84/8,21 24412344 | 47,86/45,71
Abo Raghif (WA) 13,01/11,39 8,81/7,59 22,96/24,46 | 44,86/46,8
Cpennee 13,06/11,22 8,81/8,08 24,02/23,02 | 47,99/46,51
HCPos 0,32/0,26 1,19/1,26 1,19/1,26 3,72/14,0

VYCTaHOBIEHO, YTO y psAa TEHOTUIIOB B YCIOBHAX 3aCyXd NPOMCXOAWUT IIOBBILICHHUE
COJIepKaHusl KJIEMKOBMHBI M Kpaxmaja II0 CPaBHEHHMIO C 3aCOJCHHEM, HPEIOI0KUTEIbHO
00ycioBaeHHOE 3P (HEKTOM KOHLIEHTPUPOBAHMS CyXOT0 BEIECTBA IPU CHUKEHUH BIAXXHOCTH 3€pHA.
B cpennem mo BbIOOpKE 3acyxa OKas3blBaeT 0oJiee BBIPDAKEHHOE WHIHOMpYIOlee BIUSHUE Ha
OMOXMMHYECKHI MPOoQMIIb 3epHA: CHIDKEHUE cojnepkanus Oenka ¢ 13,06 mo 11,22 % smusiercs
CTaTHUCTUYECKH NOCTOBepHBIM (TipeBbitnacT HCPos).

3.1.3 UyBCTBUTEIBbHOCTh FT€HOTHIIOB K CTPECCaM 3aCOJICHUS U 3aCyXH Ha OCHOBeE NPU3HAKA
YPO:KaAHOCTH
Anamu3 wHAekcoB uyBcTBHTENbHOCTH (SSI), TonepantHoctm (STI) m crabmibHOCTH
ypoxaiitHoctu (YSI) (Tabn. 6) BBIABMI 3HAUMMOE BIUSHUE a0MOTUYECKUX CTPECCOPOB Ha
NPOAYKTHBHOCTh HM3YYaeMbIX OOpPAa3IOB. YCTaHOBJIEHO, YTO KOMIUIEKCHOH YCTOWYMBOCTBIO K
3aCOJICHHUIO M 3acyxe xapakrepusyrotcst reHoTunbl Abo Ghurayb (SA), Dujela (UD) u Faris (NF),
COUeTaloIie MHHHMalbHbIe 3HaueHWs SS|I ¢ makcumanbHbIME TokazatemsiMu STI m YSI.
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HanbosbIiryio 4yBCTBHTEIBHOCTD K CTPECCOBBIM (hakTOpaM MPOoAeMOHCTPHpOBain 00pasibsl Buhuth
(PB) u Sham (FS). B o e Bpems, rerotumnsl Dujela (UD) u Buhuth 22 (TB) nposiBuiin HauBBICIITYO
crnenu(UYecKylo ananTaluilo HMCKIIOYUTEIBHO K YCIOBHUSM BOJHOTO Je(UIUTA, JIOCTUTHYB
PEKOPAHBIX 3HaUEHMUI nHAeKca TonepantHocty (STI) mpu 3acyxe.

Tabnuna 6 — [lokazarenu TOJIEPaHTHOCTH U YyBCTBUTEIbHOCTU T€HOTUIIOB HA OCHOBE
ypOXKaHOCTH 3€pHa, T/Ta

R SSI STI YSI
3aconenue | 3acyxa | 3aconenue | 3acyxa | 3acosenuwe | 3acyxa
Baraka (AB) 0,47 0,62 0,96 1,03 0,84 0,79
Wafia (BW) 0,83 0,65 0,84 0,82 0,73 0,77
Latifiya (CL) 0,49 0,58 1,03 1,15 0,84 0,8
Binakal (DB) 0,9 0,75 0,53 0,61 0,69 0,74
Uruk (EU) 0,79 0,53 0,75 0,72 0,73 0,81
Sham (FS) 1,17 1,09 0,36 0,31 0,62 0,62
Fateh (GF) 0,58 0,83 1,0 0,44 0,8 0,7
Buhuth10 (HB) 0,63 0,85 0,82 0,5 0,78 0,7
Buhuth158 (1B) 0,78 1,0 0,92 0,46 0,75 0,66
Babul 113 (JB) 0,82 0,87 0,46 0,5 0,71 0,7
Al Irag (KA) 0,98 0,57 0,47 0,62 0,68 0,78
Bwru (LB) 0,78 0,56 0,63 1,0 0,73 0,8
Baghdad (MB) 0,91 0,82 0,53 0,51 0,69 0,71
Faris (NF) 0,32 0,47 1,54 1,21 0,89 0,84
Tammuz (OT) 0,89 0,89 0,4 0,37 0,7 0,69
Buhuth (PB) 1,04 1,17 0,36 0,3 0,65 0,6
Abaa 95 (QA) 0,57 0,65 0,74 0,79 0,8 0,77
Abaa 99 (RA) 0,66 0,74 0,66 0,73 0,75 0,74
Abo Ghurayb(SA) 0,28 0,34 1,63 1,59 0,9 0,88
Buhuth 22 (TB) 0,45 0,36 1,13 1,61 0,85 0,88
Dujela (UD) 0,35 0,3 1,56 1,69 0,89 0,89
Nemchinovka(\VVN) 0,61 0,79 0,79 0,82 0,79 0,73
Abo Raghif(WA) 0,84 0,79 0,53 0,93 0,71 0,74
Cpenaee 0,7 0,71 0,81 0,81 0,76 0,75
HCPos 0,07 0,06 0,03 0,04 0,02 0,02

3.2 Pe3yabTaThl GU3H0JI0THYCCKUX OKA3aTeIeH FeHOTHIIOB, NOABEPKEHHbIX BO3/1eHCTBHIO
a0MOTHYECKHX CTPECCOB

Ananu3 ¢Quzmonoruveckux rmokaszareneil (Tabna. 7) MO3BOMHMI PACKPBITh MEXaHU3MBI,
JIeKallre B OCHOBE Pa3IMUMii TEHOTUIIOB 110 TOJIEPAHTHOCTH K 3aCOJICHHIO M 3aCyXe. Y CTaHOBIIEHO,
yro reHotunsl Abo Ghurayb (SA), Dujela (UD), Faris (NF) u Buhuth 22 (TB), panee
UACHTH()HUIIMPOBAHHBIC KaK TOJIEPAHTHBIC TI0 KOMILIEKCY HHICKCOB YPOKAHHOCTH M OMOXMMHUSCKUX
MOKa3aTeNel, XapakTepU3yTCsS COBOKYIMHOCTHIO (PU3UOJIOTHUECKUX MPEUMYIIECTB: MOBHIIICHHBIM
conepxanueM xjopodpmmuia (mo 50,04 SPAD), BBICOKMM OTHOCHUTEIBHBIM COJEP)KAaHHEM BOJBI B
tkaHsax (RWC no 86,03 %), MuHMManbHBIM HakOIUIEHHMEM mepekucu Boaopona (ao 1,60 y.e.) u
MaKCHMaJbHOW aKTUBHOCTHIO cynepokcuaarucmyTasbl (1o 1,07 y.e.). YkazaHHbIe T€HOTHIIBI TaKkKe
JIEMOHCTPHUPYIOT BBIPAKEHHYIO CIIOCOOHOCTh K OCMOTHUYECKOW PETyYIISAILUH, O YEM CBUIETEILCTBYET
MOBBIIEHHOE HaKorwieHue mpoauHa (10 0,64 mr/r).

Hanpotus, renotuns Sham (FS) u Buhuth (PB), nposiBuBIIINE BRICOKYIO YYBCTBUTEILHOCTh
K CTpeccopaM, XapaKTepH3yIOTCsS yrHeTeHHEM (POTOCHHTETHYECKOTO ammapara (CHUKEHHUE
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xynopopumia no 32,66 SPAD), BelpaxeHHsIM BoaHbM aAedumurom (RWC mo 54,52 %) u
MHTCHCUBHBIM Pa3BUTHEM OKHCIHUTEIBHOTO cTpecca (MakcumaiabHoe Hakorienne H202 — no 3,95
y.e.) Ha (hoHe c1aboi aKTMBHOCTH aHTHOKCHAaHTHOU cucteMbl (SOD 0,75-0,87 y.e.).

Tabnuua 7 — PU3N0IOrHYECKHE MOKAa3aTeIN FTeHOTHIIOB IO/ BIMsHUEM a0MOTHYECKHX CTPECCOB

Tenorun CT(‘;):{‘;‘;ZH“ ijgg;‘bgfﬂ toom, | pwe | Ho, | soD
Baraka (AB) 26,6/40,57 | 0471051 | 73,48/72,08 | 1,88/2,74 | 0,92/0,98
Wafia (BW) 1383741 | 04047 |68,59/68,08 | 2,29/3.14 | 0,86/0,93
Latifiya (CL) 26,63/40,63 | 0,55/0,58 | 73,87/72,41| 1,85/2,66 | 0,93/1,01
Binakal (DB) 40,27/36,67 | 0,34/0.41 | 64,00/62.74 | 2.54/3.32 | 0,8410,9
Uruk (EU) 40,73/33.97 | 0,36/0,44 | 67.26/6591 | 2,36/3,18 | 0,85/0,01
Sham (FS) 38,06/32,66 | 0,20/0,29 | 57,81/54,52 | 3,09/395 | 0,75/0,86
Fateh (GF) A11/36,1 | 0420044 | 72.87/62,69 | 2.23/3,58 | 0,88/0,89
Buhuth 10 (HB) 40,07/36,34 | 0431047 | 69,57/61,13| 2,28/3.41 | 0,86/0,9
Buhuth 158 (IB) 4033/3517 | 0.4/0.44 | 71.50/60,66 | 2,26/3.63 | 0,87/0.83
Babul 113 (JB) 4137/36,2 | 03039 |62,03/60,86 | 2,73/3,55 | 0,82/0,89
Al Irag (KA) 41,23/37,13 | 0,3400.37 | 61,2/6052 | 2.77/3.29 | 0,81/0.91
Bwru (LB) 42,41/37,26 | 0,37/0,42 | 65,53/65,08 | 2,46/3,05 | 0,85/0,94
Baghdad (MB) | 3aconenme/sacyxa| 42,17/3647 | 0,36/04 | 62,48/61,69| 2,69/3,36 | 0,83/0,9
Faris (NF) 47.33/41.27 | 0,57/0,62 | 81.76/73,36 | 1,69/2,65 | 0,95/101
Tammuz (OT) 20,0/33,93 | 0,29/0,35 |60,03/58,58 | 2,89/3,75 | 0,81/0,87
Buhuth (PB) 39,86/33,79 | 0,20/0.32 | 59,22/56,36| 2.95/3,8 | 0,8/0.87
Abaa 95 (QA) 23,2/36,27 | 041/0,46 |67,31/67,08| 2,32/3,15 | 0,86/0,02
Abaa 99 (RA) 42,53/37,41 | 0,38/0,45 | 65,81/65,8 | 2.43/3.22 | 0,85/0.91
Abo Ghurayb (SA) 50,04/40,63 | 0,59/0,63 | 86,03/80,36| 16/2.55 | 0.96/1,02
Buhuth 22 (TB) 26,7/41,76 | 0,56/0,63 | 78,81/76,69 | 1,75/2,51 | 0,94/1,05
Dujela (UD) 47714553 | 057/0,64 |85,00/8458 | 1,65/2.46 | 0,95/1,07
Nemchinovka (VN) 22,03/38,0 | 041/0,42 |69,37/66,07 | 2,28/3,17 | 0,86/0,02
Abo Raghif (WA) 42,37/3852 | 0,39/0,44 | 71,48/7013| 25131 | 0,84/0.94
Cpence 42,80/37,55 | 0,41/0,46 | 69,36/66,41 | 2,33/3.18 | 0,86/0,93
HCPos 313294 | 0080007 | 571/6,38 | 048/0,46 | 0,05/0,05

B cpenHeM mo BBIOOpKE YCIIOBHS 3aCyXH OKasbIBAIM O0Jiee BBIPAXKEHHOE (DPU3HOIOTHUYECKOE
BO3/IEHICTBHE IO CPAaBHEHUIO C 3aCOJIEHHUEM, YTO IMPOSBIUIOCh B CHI)KEHUH COJIEpPKaHUsl XJIOpopuiia u
RWC, a Takxe B 10cTOBEpHOM MOBBIILIEHNH KOHLEHTparmu H202 1 nponuHa, 4To CBUIETENLCTBYET 00
YCUJIEHUH OKUCIIMTENIBHOTO ITOBPEKICHNS U aKTUBALUM OCMOPETYJIATOPHBIX MEXaHU3MOB Y PACTCHUM.

3.3 Pe3yabTaThl 0MOXMMHYECKHUX NMOKA3aTe/ell TeHOTHIIOB, 0/IBEPKEHHBIX BO3/1elCTBHIO
a0uOTHYECKHX CTPeCcCOB

AHanmu3 MOHHOTO COCTaBa pacTeHWd (Talis. §) BBIBMII BBIPAKEHHBIE COPTOBBIE PA3IUUMS IO
CITOCOOHOCTH TIO/ICPKUBATh MOHHBIA TOMEOCTa3 B YCIOBHUSX 3aCONICHHS M 3aCyXH. | €HOTHIIBI, paHee
uIeHTH(UIMPOBaHHbIE Kak TonepaHTHeie — Abo Ghurayb (SA), Dujela (UD) u Faris (NF) —
XapaKTepH30BaIMCh MUHUMAITBHBIM HakoruieHneM Na' (0,14-0,16 %), makcumanbHbIM conepkaniem K*
(0,37-0,41 %) wu Hambomee Hu3kuM oTHOmIeHHeM Na'/K* (0,33-0,43), 4Tro CBHAETEILCTBYET 00
3 (eKTUBHON CENeKTHBHOM CMOCOOHOCTM KOPHEBBIX CHUCTEM M BBICOKOM YPOBHE OCMOTHYECKOW
peryssiiy. YKa3aHHbIe TeHOTHIIBI OTHOBPEMEHHO JIEMOHCTPUPOBAIIM MOBBIIIEHHOE COAEpKaHUE a30Ta
(2,49-2,59 %), uto OTpaXkaeT COXpaHeHHE META0OIMIECKOM aKTHBHOCTH TIPH CTPECCeE.
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Hanporus,

YYBCTBUTCIIBHBIC T'CHOTHIIbI

Sham (FS) u Buhuth (PB) nakammmBamu

MakcuMmanbHble KoHUeHTpanuu Na* (0,22 %) npu munumansHoM coaepxanuu K* (0,18-0,20 %) u
BbicOKOM oTHomeHuu Na'/K* (1,15-1,29), uro yka3piBacT Ha MOHHBIA JAUCOATaHC U TOKCUYECKHM
addekr 3aconenus. CHIKEHHOE coJiepKaHue a30Ta y 3Tux 0opasuos (1,87-1,90 %) moarBepxmaaert
yrHeTeHue PU3n0JI0Oro-OMOXUMHUYECKUX MPOLIECCOB.
Tabnuna 8. Ouenka cogepxanusi Na*, K* u N B reHOTHIaX B YCIOBHSIX COJIEBOTO CTPECCA U 3aCYXH

[eHoTHIT Harpuii (Na"), % | Kamii (KY), % | Ornomenne Na'/K™|  Asor (N), %
Baraka (AB) 0,17 0,33 0,57 2,4
Wafia (BW) 0,18 0,27 0,81 2,28
Latifiya (CL) 0,16 0,33 0,51 2,58
Binakal (DB) 0,19 0,21 1,14 2,15
Uruk (EU) 0,19 0,26 0,82 2,2
Sham (FS) 0,22 0,18 1,29 1,87
Fateh (GF) 0,18 0,31 0,67 1,99
Buhuth 10 (HB) 0,18 0,29 0,86 2,06
Buhuth 158 (IB) 0,18 0,3 0,65 1,95
Babul 113 (JB) 0,19 0,21 1,24 2,04
Al Irag (KA) 0,2 0,21 1,17 2,17
Bwru (LB) 0,19 0,24 0,92 2,37
Baghdad (MB) 0,19 0,21 1,09 2,07
Faris (NF) 0,16 0,37 0,43 2,49
Tammuz (OT) 0,21 0,2 1,14 191
Buhuth (PB) 0,22 0,2 1,15 19
Abaa 95 (QA) 0,19 0,26 0,85 2,25
Abaa 99 (RA) 0,19 0,24 0,99 2,17
Abo Ghurayb (SA) 0,14 0,41 0,33 2,55
Buhuth 22 (TB) 0,16 0,34 0,5 2,58
Dujela (UD) 0,16 0,37 0,43 2,59
Nemchinovka (VN) 0,18 0,28 0,81 2,23
Abo Raghif (WA) 0,19 0,21 0,94 2,35
Cpennee 0,18 0,27 0,84 2,22
HCPos 0,04 0,07 0,28 0,08

3.4 Knaccupukanus reHOTHIIOB N0 MX YCTOHYMBOCTH K A0MOTHYECKHM cTpeccaM

Ha ocHoBe KOMIUIEKCHOM OLEHKH MOpP(OJOTUUYECKUX, (PU3UOJOTUYECKUX MPU3HAKOB,
KOMITOHEHTOB YPO>KalHOCTH M MHJEKCOB UYBCTBUTEIBHOCTH 23 T€HOTHUIIA KJIACCU(PHUIIMPOBAHBI HA
YeThIpe KJIaCTEPa MO0 YPOBHIO TOJIEPAHTHOCTH K aOMOTHYECKUM cTpeccopaM (Tadi. 9).

Tabnuma 9 — Knaccugukaiiys reHOTUIIOB Ha OCHOBE MOP(OJIOTUYECKUX U (PU3HOTOTHUYECKUX
nokasaresel moJ1 BIMsHueM abMOTHYECKOI0 CTpecca

Crpecc 3acyxu (90 %, 60 %, 30 % OT noseBoi BIaroeMKOCTH )

ConeBoii cTpecc
(5 10 15 nC/an

. YMmepeHHo
YpoBeHb YCTOMUHMBOCTH Bericoko YMepeHHo Bericoko
. . YYBCTBUTEILHBI
YCTOMYMBBIE YCTOMYMBBHIE . qyBCTBUTEITHHBI
Knacre A B e(D
p (A) (B) Q (D)
BricokoycToidunBbie (A) UD, SA NF - -
'YMmeperHoycToiunBbIe (B) TB CL, AB - GF
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'YmMepenHouyBcTBUTENBHBIE (C) - - Ebj\'/ RQA A \ﬂ\é’ HB, IB
BricokouyBctBuTEBHBIE (D) - - KA, DB, WA FSI(/IOBTIJEB’
K 3acyxe:

Knacrep A (Beicokoycroituussie): Dujela (UD), Abo Ghurayb (SA), Buhuth 22 (TB);

Knacrep B (ymepenno ycroituussie): Latifiya (CL), Faris (NF), Baraka (AB);

Knacrep C (ymepenno uysctButensubie). Uruk (EU), Abaa 99 (RA), Al Iraq (KA), Binakal
(DB), Nemchinovka (VN), Wafia (BW), Abaa 95 (QA), Abo Raghif (WA), Bwru (LB) — nauboee
MHOTOYHUCJICHHAS TPYIIa,;

Knacrep D (BbicokouyBcTBUTEnbHBIC): Sham (FS), Tammuz (OT), Buhuth (PB), Buhuth 10
(HB), Baghdad (MB), Babul 113 (JB), Fateh (GF), Buhuth 158 (IB) — xapakTtepu3oBaiuch
BBIPAYKEHHBIM CHH)KEHHEM BBICOTHI paCTEHHI, OHOMACCHI U YPOKAMHOCTH 3€PHA.

K 3aconenuro:

Knacrep A (Beicokoycroitumbie): Abo Ghurayb (SA), Dujela (UD), Faris (NF);

Kiacrep B (ymepenno ycroituubie): Baraka (AB), Fateh (GF), Latifiya (CL), Buhuth 22 (TB);

Kinacrep C (ymepenno uysctBurenbhbie). Uruk (EU), Abaa 95 (QA), Abaa 99 (RA), Bwru
(LB), Wafia (BW), Buhuth 10 (HB), Buhuth 158 (IB), Nemchinovka (VN);

Krnacrep D (BeicokouyBcTBuTEnbHBIC): Binakal (DB), Baghdad (MB), Abo Raghif (WA),
Babul 113 (JB), Al Iraq (KA), Tammuz (OT), Buhuth (PB), Sham (FS) — nposiBuin 3HaYMTEIBHOE
CHIDKEHHUE MTPOJTYKTHBHOCTH U IIPU3HAKOB YPOKAMHOCTH ¢ HApaCTAaHWEM KOHIIEHTPAIIUH COJIH.

I'enotuner Abo Ghurayb (SA) u Dujela (UD) cTabuiibHO BXOIST B KJIaCTep BBICOKOYCTOWYMBBIX K
000MM CTpeccopaM, YTO TOATBEP)KIACT MX KOMIUICKCHYIO TosiepaHTHOCTh. ['enorun Sham (FS)
KJIaCCU(UIMPYETCSI KaK BBICOKOUYBCTBUTEIBHbIM, IEMOHCTPUPYS YA3BUMOCTH K 000MM (akTopam cperpl.

3.4 Pe3y1bTaThl MOJICKYJIAPHON THATHOCTHKH

Ouenka nosbix INIIP-1SSR-mapkepos

JBanuath HOBbIX ISSR-mpaiiMepoB Obutn ucnons3oBanbl B [II[P-ananuze, KoTopbIit
amrudupoBan B obmiei cioxHoctu 821 ¢parment, B cpennem 41,05 momoc Ha mpaiitmep
(ynBoeHHOE cooTHOIIEeHUE). Pe3ynbTaThl 31eKTpodopesa B rejie nokazaid OTCYTCTBUE pacllleIIeHUs
y nipaiimepoB ISSR-8 u ISSR-20, B To Bpems kak octanbHbIe 18 MpaitMepoB MPOJIEMOHCTPHPOBAIH
CrocoOHOCTh U hepeHIUpOoBaTh FEHOTUIIBI B UCCIIETOBAaHHH.

I'eneTnyeckoe «oTneyaTbIBaHHe» (MACHOPTU3ALMA) TEHOTHUNOB C HCMNOJIb30BaHHEM
IIP-ISSR-mapkepoB

I'enetrueckoe cxoactBo (GS) cpenn 23 reHOTUTIOB OBUIO TPOAHATM3UPOBAHO HA PUCYHKE 1,
KOTOpOe€ BhISIBUIIO HauMeHbIee cxoactBo Mexay WA u CL (0,21) u HauGonbinee mexay MB u RA
(0,75), mpu cpennem cxojactse 0,48. JlenaporpaMma yKa3bsIBaeT Ha BA OCHOBHBIX KJIacTepa; EPBBIMA
Bkitoyaer reHotunn WA u3 Typuuu ¢ renernueckum paccrosaueMm 0,79 oT Apyrux KiIacTepos.
Bropoit knactep moapaszaensiercs: reHotunn BW u3 ®paninun nokaseiBaer paccrosiaue 0,63 ot
npyrux noarpynm. Kpome toro, renotunst RA n QA umeroT o0uiye reHeTHUeCKUe HCTOYHUKH U3
CIMMYT, npuuém RA sBnsiercst poaurenem B rudpuausanyun ¢ HB. Kimactep (10) cocrout u3 JB n
OT, cBsi3aHHBIX Yepe3 paAualMoHHY0 MyTanuto oT obero npeaka (MEXIPAK). Otu pesynbraTs
CIOCOOCTBOBAIH HIICHTH()DHUKAIINY TEHETHYECKOTO «OTIIEYaTKa» KaXKI0TO TEHOTHUTIA B UCCIIETOBAHHH.
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The dendrogram cluster tree for the twenty three wheat lines obtained from ISSR primers and generated by using classify UPGMA cluster analysis
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Pucynok 1 — JlengporpamMma, HOCTpOEHHAs C UCIIOJIb30BaHUEM KilacTepHoro ananuza UPGMA Ha
ocHOBe Koa(dunmenta cxoacraa Jlaiica, mosyyeHHoro ¢ nomoinsto ISSR-npaiimepos st
JBaJIATU TPEX T€HOTUIIOB MATKOW MIIIEHUIIBI

JInarHocTuKa 3acyXoycToiYMBbIX TeHOTHIIOB ¢ Hcnoab3oBanueM IIIP-SSR-mapkepos

Amnamus [1LP-SSR-mapkepoB mpu snekTpodopese B resie BBISIBII PaJAHOaKTHBHBIE MOJIOCHI,
ykaszplBarole Ha 3acyxoycroiuussie renotunsl (CL, NF, SA, UD u TB) c npaiimepom Malek 1 u
3acyxoycroitunBbie TeHOTUTIBI (AB, CL, TB, UD, SA u NF) ¢ npaiimepom Malek 2, B To BpeMst Kak
YyBCTBUTENbHbIE K 3acyxe reHotunsl PB, JB u LB orcyrcTBOoBamu [uist 060ux npaiiMepoB, 4YTO
COIJIaCYeTCsl C TPEABLAYIIUMH MOPQOJIOTHUECKUMH ¥ (U3UOJOTHUYECKUMH  Pe3yJIbTaTaMu.
CrnepnoBarenbHo, 3acyxoycroitunBbie renotunsl NF, UD, SA, TB, AB u CL Obutn oToOpanbl ams
MOCIEAYIOLIUX UCCIIEeI0BaHNI CEKBEHUPOBAHUS M T€HETUUECKOTr0 KapTUpOBaHUs (puc. 2).

B B LB NIF SA UDb TB

Primer: Malek 2 Primer: Malek 1

Pucynok 2 — Onextpodoperpamma (remp-anekrpodopes) npaitmepon (Malek 1, Malek 2)
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JlMarHocTuka cojieyCTOHYMBBIX TeHOTHIIOB ¢ ucnojib3oBanuem INI[P-SSR-mapkepos
Pesynbrats! [ILIP-SSR, nony4yennsie npu anexkTpodopese B reie, IoKas3aiu, 4To npaiimep xgwm-493
unentudunuponan coneycrounssie reHoTUIbl AB, NF, CL, SA, UD u TB, a npaiimep xcfd-18
UAeHTUGHUIHUPOBaN coseycToiunBblii TeHotunn CL. DTH paanoakTHUBHBIE TOJOCHI YKa3bIBAIOT HA
B3anMojeiicTue npaiimepos ¢ renomoM JIHK ucciieryeMbIX reHOTUIIOB, XOTS Y UyBCTBUTEJIBHOTO K
3acosieHuIo renotumna PB He mposBUIOCH HU OJJHOM NOJIOCHI HUA HA OJTHOM M3 BBIOpAaHHBIX MpaiiMepoB,
YTO MOATBEPKIAET JOCTOBEPHOCTD (DU3MOIOTHUECKUX U MOP(OIOTHUECKUX PE3YIbTaTOB B MOJIEBBIX
YCIOBHAX. DTH Pe3yJabTaThl OTKPBIBAIOT MYTh K MEPEXOy HA ATAIl FTEHETUYECKOTO CEKBEHUPOBAHUS
U UACHTU(UKAIIMK TE€HOB, OTBETCTBEHHBIX 3a TOJIEPAHTHOCTh K 3aCOJICHMIO, KaK IOKa3aHO Ha
pucyHke 3.

Primer: xcfd-18 Primer: xgwm-493

Pucynok 3 — Dnekrpodoperpamma(renb-anekrpodopes):(xcfd-18)u(xgwm-493)

NaenTnukanus reHeTH4ECKHX JOKYCOB, YCTOHYHMBBIX K A0HOTHYECKOMY CTpeccy

HccnenoBanue ObIJIO COCPEOTOYCHO HA TPEX JIOKycaxX B MOCIEAOBATEIbHOCTSAX Triticum:
rene DRF1, rene NAC20L n mukpocarenauTHOM nocienoarenbHoCTH. AHanu3 reHa DRF1 BeisiBun
10 99 % cxojcTBa mocienoBareabHOCTeH ¢ Triticum turgidum (peructpanmonusiii Homep GenBank
KM504244.1) B obpasuax E1, E2, R1, R2 u R3, B To Bpems kak 100 % cxoacTBo 6b1710 00HAPYKEHO
s nocnenoBarenbHocTeld rena NAC20L y Triticum aestivum (peructparmonnsiii Homep GenBank
XM_044571539.1) B obpazuax S1, S2, S3, S4 u S5. Kpome Toro, Ob10 MOATBEPKACHO MOTHOE
CXOJICTBO TIOCJIEIOBATENILHOCTEN [UIsl CeKBeHUpOoBaHHBIX oOpasmoB QI, Q2, Q3 u Q4 ¢
MHKPOCATEeIUTUTHBIME  TIOCJICA0BAaTeNbHOCTIMU  Triticum turgidum (perucTpalloHHBI HOMEp
GenBank AF275898.1). [deranu mony4deHHbix [11[P-hparMeHTOB M MX TOYHOE IMOJOXKEHUE OBLIU
YCTAHOBJIEHBI JUISI LIEJIEBBIX OaKTepHaIbHBIX MocieaoBaTenbHoCTel ¢ ucnons3oBanueM NCBI. Bee
TEHETUYECKUE TOCTIEA0BATeIIbHOCTH, TMepeyucieHHbie B Tabmuie 10, ObuM TPUHATH IS
nenoHupoBanusi Ha BeOG-cepBepe NCBI, uro oOecneumsio yHUKaJIbHBIE PETHCTPALIMOHHBIE HOMEpa
JUTSL KaXI0H MTPOaHATM3UPOBAHHOH TTOCIIE0BATEIEHOCTH.
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Tabmuna 10 — ['eHeTHYECKHE MOCIETOBATEILHOCTH JIOKYCOB, YCTOMUUBBIX K 80MOTHYECKOMY CTPECCy

Ne [Tocn.| Acc. Ne Acc. No Jlokyc Hpaiiveper Iramm | O6D. Kon | Hassanue
GenBank (ctpecce) TeHOTUIAa|  copTa
ITocn. 1 |PP873665 Malek-E1| E1 AB Baraka
[Tocn. 2 |PP873666 Malek-E2| E2 CL Latifiya
ITocn. 3 | PP873667 DRF1 (Triticum| Malek1 |Malek-R1| R1 NF Faris
Tocy. 4 | PP873668 turgidum) |- (acyxa) | rekro| R2 | SA Abo
Ghurayb
ITocn. 5 | PP873669 Malek-R3| R3 B Buhuth 22
Mocn, 6 | PP873670] SAKI12835921 Malek-SL| SI | CL | Latifiya
ITocn. 7 |PP873671 NAC20L Valek 2 Malek-S2| S2 NF Iz‘atr)lj
ITocin. 8 |PP873672 (Triticum Malek-S3| S3 SA
aestivum) (3acyxa) Ghurayb
ITocn. 9 | PP873673 Malek-S4| S4 B Buhuth 22
[Tocn. 10| PP873674 Malek-S5| S5 uD Dujela
[Tocn. 11| PP873642 Malek-Q1| Q1 NF Faris
Ioci. 12| PP873643 MuxkpocatesutiT XgWIM-493 Malek-Q2| Q2 uD Dujela
BankIt2835923 (Triticum Abo
[ocn. 13| PP873644 turgidum) (3aconenue) | Malek-Q3| Q3 SA Ghurayb
[Tocn. 14| PP873645 Malek-Q4| Q4 B Buhuth 22

[Tpumeuanwne: [TocnegoBarensHocTh = [locn., Akiieccuonnsiit Homep = Acc. Ne, ['eHeTHueckuil T0KycC =
Jlokyc, O6pasist = O6p.

3AKVIIOYEHUE

1. ITo pe3ynbTaTtam TpEXIETHUX MONEBBIX UccienoBanuii (2022-2024 rr.), pa3MemiEHHbIX Ha
TUNOBBIX arpodoHax FOxHoro IMpaka, BbINOJIHEHa KOMIUIEKCHas OIEHKA IPOJYKIIMOHHOIO
MoTeHIKana 23 TeHOTUIIOB 03MMOH TIICHUIIBI B YCIOBUSX COMPSKEHHOTO BO3JIEHCTBUS TOUBEHHOM
3acyxu u 3aconenus. Ha ocHoBe pacuéra unaexcos crpeccoycroitunoctH (SSI, STI) u knacreproro
aHaiM3a TpoBeJeHa arpoTexHuyeckas auddepeHuanus U3ydaemMoro marepuana, MO3BOJIUBIIASL
pPaHXHpOBaTh COpPTa MO CTENEHU aJaNTHUBHOCTU K JUMUTHPYIOIIMM (akTopaMm cpensl. BeisBieHa
rpynna jguHuii (Dujela, Abo Ghurayb, Buhuth 22, Faris, Baraka, Latifiya), coxpanstomas
ycToiunBoe (OpMHUpPOBAHHE BETETATUBHOW MAacChl M CTPYKTYPHBIX JJIEMEHTOB YpoxXas INpu
KPUTHYECKHX 3HAUEHHUSAX BOJHO-CONEBOr0 pekuMma. [lomydeHHble pe3yabTaThl  CO3JAIOT
METOJUYECKYI0 OCHOBY Ui ONTHMHU3ALMM PErMOHAIBHOIO COPTHUMEHTa, KOPPEKTHPOBKU
MapaMeTpoB TEXHOJOTUH BO3ACNBIBAHHMS M WHTETPAIlUM CTPECC-TOJIEPAHTHBIX TEHOTHUIIOB B
aJlalTUBHbIE CUCTEMBI 3€MIICJENIUS ApUAHBIX 30H, 4TO oOOecrneuyrBaeT CTAOMIM3ALUI0 BaJOBBIX
cOOpOB 3epHa NMPU COXPAHEHUH pECYPCHOM 3 (HEKTUBHOCTH MTPOU3BO/ICTBA.

2. BrisBieHHBIE (U3NOIOT0-arpOOMOXUMHUYECKAE 3aKOHOMEPHOCTH TOITBEPIKIAIOT, YTO
cTabmiIn3anus NPoJyKIMOHHOTO Mpoliecca 03MMOMN MIIEHHIIBI B YCIOBUSAX aOMOTUYECKOTO cTpecca
JNETEPMUHUPYETCSI CIOCOOHOCTBIO T€HOTUIOB MOAEPKHUBATh (PYHKIIMOHAIBHYIO YCTOHYHMBOCTH
(OTOCHHTETHUYECKOTO ammapara HU BOJHOTO oOOMeHa. Y OTOOpaHHBIX AaJalTUBHBIX COPTOB
OTHOCHUTEIIHOE COZIEp>KaHHUE BOJBI B TUCTOBBIX TKAHIX COXPaHsIOCh B Auana3zone 50,0-55,2 % naxe
IpHU JOCTUKEHUH KPUTHUECKUX 3HAUYCHUW TMOYBEHHOW 3aCyXH WM 3aCOJICHUS, YTO IMPEAOTBPAIIATIO
yXyALIEHUE TPAaHCIUPALUOHHOW akTUBHOCTU. OHOBpEMEHHAs CTa0MIM3alus Myna XJI0poduiios
(40,5-47,7 en. SPAD) co3naBasia MeTaOONIMYECKHI 0a3uC JUIi OCMOPETYISAIUU TOCPEACTBOM
HANPaBJICHHOW  aKKyMyJISIMA TIPOJIMHA W  CHUHXPOHHOH  aKkTHBamuM  (EePMEHTATHBHOMN
aaTrokcuaantHoi 3anuTel (CO/, [TOA, KAT), MUHUMU3UPYIOLIEH OKUCIUTEIBHYIO JeTpaIalliio
KJIETOYHBIX CTPYKTYp. KIiIl04eBBIM 3J1€MEHTOM aJalTUBHOTIO OTBETa BHICTYIAIO PEryIupOBaHUE
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MOHHOTO TOMEOCTa3a: yCTOWYMBBIE I€HOTHIBI OrPAHWYMBAIM TPAHCIIOKAIMIO HATpUs B IOOErwy,
ynepxkuBasi cootHomenne Na'/K* na ypoBuHe 0,33-0,57 u coxpaHsis WHTEHCHBHOCTH a30THOTO
oOMeHa Ha ¢oHe crpeccoBoro BozjeiicTBUA. COBOKYNHOCTb YKa3aHHBIX (DU3MOIOTHYECKUX
MH/IMKAaTOPOB MO3BOJSIET 00OCHOBAaHHO MU(PEPEHIIPOBATE COPTOBOW COCTAaB IMOJ KOHKPETHBIC
[OYBEHHO-KJIMMATHUECKUE I'PAHUIIbI, KOPPEKTUPOBATH PEKHUMBI BJIaro- 1 MUHEPAJIbHOIO IIUTAHUS, a
Takxke (GOPMHPOBATH TEXHOJIOTUYECKHUE KapThl BO3/ICIBIBAHUS O3UMOH MMIICHUIIBI B apUIHBIX 30HAX
C PUCKOM KOMOMHHMPOBAHHOI'O 3aCOJIEHHO-apUAHOTO CTpecca, YTO B MEPCIEKTUBE OOEeCIeyrBaeT
CTa0MIIN3ALHUIO YPOKAWHOCTHU U MOBBILICHNUE PECYPCHOM 3()(hEeKTUBHOCTH paCTEHUEBOJICTBA.

3. Pa3paboraH u anpoOupoBaH NOJXOA K YCKOPEHHON arpo’KoJOrHYecKON NacrlopTU3aluu
COPTOBOTO MaTepuaia O3MMOH MIIECHHIIbI, Oa3UPYIOIUICS Ha COBMECTHOM Hcroyib3oBanuu ISSR- n
SSR-mapkepos. Ilpumenenue nmanenu u3 18 ISSR-npaiiMepoB obecrneunsio 0ObEKTUBHYIO OIEHKY
TeHETUYECKOT0 pa3HooOpa3usi M MPOBEPKY MPOMCXOXKACHUS MCXOIHBIX (hopM. Jlmarnocruueckue
mapkepsl Malek 1, Malek 2 n xgwm-493 moka3zanu BBICOKYIO MH(GOPMATUBHOCTh MPHU IKCIIPECC-
CKPUHUHTE T€HOTHUIIOB Ha YCTOWYMBOCTh K KOMILJICKCY JINMUTHPYIOIUX (HakTopoB cpebl. BriepBoie
uaeHTU(UIMpOBaHHbIe U JenoHupoBaHHble B penosutopu NCBI GenBank 14 HykieoTHIHBIX
MIOCJIEIOBATEIBHOCTEH, aCCOUMUPOBAHHBIX ¢ (yHKIHOHAIbHBIMU Jokycamu DRF1 u NAC20L, a
TaKXKe C TpyHNIamMM MHUKpPOCATEJUIMTHBIX ITOBTOPOB, PACIIMPHIM HWHCTPYMEHTAJIbHYIO 0azy ais
MOJIEKYJISIPHOTO MOHHTOPUHTA ITOCEBHOTO (poHIa. BHEIpeHne 311eMEHTOB MapKep-0IOCpeI0BaHHON
JMAarHOCTUKU B PErIaMEHT PETMOHAIbHOTO COPTOUCHBITAHHMS MO3BOJSAET AU(PepeHIHPOBaHHO
noa0UpaTh COPTa MO/l MOYBEHHO-KIIMMATHIECKHUE YCIOBHUS, KOPPEKTUPOBATH SJIEMEHTHI TEXHOJIOTHU
BO3/I€JIbIBaHUS (HOPMBI BBICEBA, CPOKHU CEBA, PEKUM MUHEPAIBHOI'O MUTAHUS) U COKpAIATh NEPUO]T
IIPOM3BOJICTBEHHOM arpoOanny, 4To 00ecIeYrBaeT MOBBIIICHUE TPEACKa3yeMOCTH BaJIOBBIX COOPOB
3epHa U ONTHUMHU3ALUIO PECYPCHOT0 00ECIIeYeHUsI pAaCTEHUEBOJICTBA B APUIHBIX 30HaX.

4. DKCIIEpUMEHTAJILHO YCTAHOBJIEHO, YTO COXPAHEHHE TEXHOJIOTMYECKUX CBOMCTB 3€pHa B
YCIOBUAX aOMOTHUYECKOTO CTpecca peann3yeTcst HPEeuMYIIeCTBEHHO MPH UCTI0JIb30BAaHUH T'€HOTHUIIOB,
MHTETPUPOBAHHBIX B aJAlTUBHBIC CHCTEMBI 3emiieenus. [Ipu MOBBIIEHUH 3JIEKTPOIIPOBOIHOCTH
HOYBEHHOro pactBopa 10 15 nCm/M HaOmronanach akTHUBALUS KOMIIEHCATOPHBIX MEXaHHU3MOB
a30THOro 0OMeHa, BbIPAa3UBIIAsICSl B IPUPOCTE MAaCCOBOM JI0JIU ChIpOro npoTerHa Ha 14,6 % u cipoit
KJIEMKOBHHBI Ha 26,6 % 110 OTHOIIEHUIO K (JOHOBOMY BapuaHTy. Y cTpecc-TaOUIbHBIX ()OPM AaHHBINA
MeTaboNIMYeCKU CIBUT COMPOBOXKIANICA KPUTHUECKUM CHUKeHueM Macchl 1000 3épeH u BanoBoro
cOopa, YTO HUBEJIUPOBAIO arpoOTEXHUYECKYIO 11€J€CO00pa3HOCTh BhIpAIlMBAaHUS TaKUX COPTOB B
JUMUTHPYIOIIUX YCIOBUsSIX. KOMIJIEKCHOE CONOCTaBICHHE JAaHHBIX IOJEBOrO HSKCIIEPUMEHTA,
(U3UOIOTHUECKOW TUArHOCTUKUM M MOJIEKYJISIPHOTO TMpO(UIMPOBAHUS MO3BOJIMIO OOOCHOBATh
TEXHOJOTMYECKMM TOJAXOA: B CTPYKTYpPY PpErHOHaJbHBIX CEBOOOOPOTOB U  MpOrpammy
IPOM3BOJICTBEHHOTO COPTOMCIIBITAHUS CIEAYyeT BKJIIOYaTh TEHOTHIBI, Yy KOTOPBIX Haludue
ycronuuBbix JIHK-mapkepoB noctoBepHO cormacyercss cO CTaOMJIBHOCTBIO CTPYKTYPHBIX
napameTrpoB ypoxas. [lomoOHas muddepeHnmanus copTUMeHTa oOecledrBaeT MPOrHO3UpyeMoe
Ka4eCTBO MPOIYKIIMU, ONTUMH3AINI0O HOPM BBICEBA M PEKHMOB MHHEPAIHLHOTO MUTAHUS, a TAaKKe
MOBBIIIAET PECYPCHYIO Y3PPEKTUBHOCTH BO3AEIBIBAHMUS 03UMOM MIIEHUIIBI B APUIHBIX U 3aCOJIEHHBIX
arponanamadrax.

5. Ha ocHoBe moiyuyeHHBIX JaHHBIX CHOPMYIMPOBAHBI MPAKTUUYECKUE OPUEHTHUPHI JUIS
COBEpIIECHCTBOBAHUS pErHoHaNbHBIX cucteM 3emuenenus FOxHoro Mpaka. Copra Dujela, Faris u
Buhuth 22 oTo6panbl B kauecTBe MPUOPUTETHBIX KOMIOHEHTOB a/JalTUBHOTO COPTUMEHTA 03UMOM
NIICHNIIbI, O00ecrneuYnBaroIMX CTa0MWIbHOE PACKPBITHE MPOIYKIMOHHOTO MOTEHIHMAala IpHU
COIPSDKEHHOM BO3JIEHCTBMM TOYBEHHOH 3acyxu H 3aconieHus. IlpemioskeHHass cxema OLEHKH
COpPTOBOI'O MaTepHasa, coueTaromiasi pacyér nmapaMeTpoB FKOJIOTHUECKOH MIACTUYHOCTH, IKCIIPEcC-
JIMarHOCTUKY (U3UOJOTMYECKOT0 CTaTyca IOCEBOB U MOJIEKYJISAPHO-TE€HETHUECKUH CKPHHUHT,
no3BoJsieT U HepeHITUPOBAHHO MOIOUPATH TEHOTHIIBI TT0]T KOHKPETHBIE TOYBEHHO-KITMMATHIECKHE
ycnoBua. MHTerpamust JaHHOTO MOAXOJa B MPAKTUKY IPOU3BOJCTBEHHOTO COPTOUCIIBITAHUS
MOBBIIIAET HAAEKHOCTh MPOTHO3WPOBAHUS YPOKAMHOCTH U (POPMHPYET HAyYHO-METOAMUYECKYIO
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OCHOBY Uil Au(depeHIMPOBAaHHOTO HOPMHUPOBAHUS 3JIEMEHTOB TEXHOJIOTMHU BO3/ENIbIBAaHUS
(onTHMaNbHbBIE CPOKU CeBa, paboyasi TyCTOTa CTOSHUS, PEXKUM BiIarooOecrieueHHOCTH). Peanu3arms
YKa3aHHBIX PelIeHull CIoCOOCTBYET CTaOUIN3alliU BAIOBBIX COOPOB 3€pHA U MOBBILIAET PECYPCHYIO
YCTOMYHMBOCTh PACTEHUEBOCTBA B APUIHBIX 30HAX C PUCKOM 3aCOJIEHUS IIOYB.
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AHHOTAIMS

ABHOTUYECKHUE ®AKTOPHI 1 YCTOMYUBOCTH PA3ZHBIX COPTOB O3UMOM
MNINEHUIBI B YCJIOBUSAX IO’KHOI'O HPAKA

AJIbBO XYCEWH MAJIMK XUBAHII BAJLJIN
B Hactosmiee BpeMs riio0anbHOE U3MEHEHHE KJIMMaTa MPUBOJAUT K YCHJICHHIO aOMOTHYECKUX
CTPECCOB, CO3/IaHUIO YIpO3 JJIsl IPOJIOBOIBCTBEHHOW 0€30MacHOCTH W SKOHOMHYECKUM IOTEPSIM.
[lenpto AaHHOrO HCCIENOBaHUA OBUIO OIEHHUTh TOJIEPAHTHOCTh PAa3JIMYHBIX COPTOB O3UMOM
nieruisl (Triticum aestivum L) k abnoTryeckuM cTpeccam ¢ UCTIOJIb30BaHUEM MOP(OIIOTHUECKHIX,
(GU3nOIOrHUecKuX, OMOXMMHMUYECKHUX M MOJEKYJSpHBbIX Moka3zareneil. IloneBble 3KCIIepUMEHTHI
npoBoAwInCch Ha tore Mpaka B Teuenue Tpéx net (2022-2024 rr.). MccnenoBanue BBISBUIIO, YTO
copra Dujela u Abo Ghurayb niposiBiTi BBICOKYIO TOJIEPaHTHOCTH KakK K 3aCOJICHHIO, TaK U K 3aCyXe,
B TO BpeMsI Kak Faris ObLI1 BEICOKO TOJICPAHTEH K 3aCOJICHUIO M YMEPEHHO TOJIEPaHTEH K 3acyxe. CopT
Buhuth22 mokasan ymMepeHHYO TOJIEPAHTHOCTh K 3aCOJICHHUIO U BBICOKYIO TOJIEPAHTHOCTH K 3aCyXe.
Copra Baraka wu Latifiya mpomeMoOHCTpHpOBaNiM YMEpPEHHYIO TOJIEPAHTHOCTh K CTpeccam,
BBI3BaHHBIM 3aCOJICHUEM U 3acyX0il. bputo naentudunmponano 14 nociaenoBarenbHOCTEN FEHOB IS
COPTOB, MPOSIBUBIIUX TOJEPAHTHOCTH, ACCOI[MMPOBAHHBIX C JIOKYCAMH T€HOB, 00€CIEUNBAIOIIMMHA
YCTOMUYMBOCTh K 3aCOJICHHIO M 3acyxe. Bce mccienoBaHHbIE T€HETHUECKUE IMOCIEI0BaTeIbHOCTH
Obun pernoHupoBaHbl Ha BeO-cepBepe NCBI ¢ mpucBoeHHeM yHUKaIbHBIX WHICKCOB JIOCTYIIA
(HOMEpOB perucTparun).
KnioueBble cioBa: aOMOTHMYECKWH cTpecc, O3uMas MIICHHUIA, 3acOJeHHe, 3acyxa,
MOJIEKYJISIpHBIE MapKephl, MTOCIIEA0BAaTEILHOCTH T€HOB.
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ABSTRACT

ABIOTIC FACTORS AND RESISTANCE OF DIFFERENT WINTER WHEAT
VARIETIES IN THE CONDITIONS OF SOUTHERN IRAQ

ALBO HUSSAIN MALIK HIBAISH WALLI

Currently, global climate change leads to increased abiotic stresses, threats to food security, and
economic losses. The aim of this study was to evaluate the tolerance of different winter wheat
varieties (Triticum aestivum L.) to abiotic stresses using morphological, physiological, biochemical,
and molecular indicators. Field experiments were conducted in southern Iraq over three years (2022—
2024). The study revealed that the varieties Dujela and Abo Ghurayb exhibited high tolerance to both
salinity and drought, while Faris was highly tolerant to salinity and moderately tolerant to drought.
The variety Buhuth 22 showed moderate tolerance to salinity and high tolerance to drought. The
varieties Baraka and Latifiya demonstrated moderate tolerance to stresses caused by salinity and
drought. Fourteen gene sequences were identified for varieties that showed tolerance, associated with
gene loci conferring resistance to salinity and drought. All investigated genetic sequences were
deposited on the NCBI web server with unique accession numbers assigned.

Keywords: Abiotic stress, Winter wheat, Salinity, Drought, Molecular markers, Gene
sequences.
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