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Identification of promising wheat lines resistant
to tan spot (Pyrenophora tritici-repentis)

Wheat tan spot (yellow spot) is one of the most widespread and dangerous fungal diseases of wheat, caused
by the phytopathogenic fungus Pyrenophora tritici-repentis. The aim of the study is to identify resistance to
tan spot in promising wheat lines based on phenotypic indicators and molecular screening. A comprehensive
assessment of wheat samples was carried out by the biomass index (NDVI), resistance to pathogens (PTR,
AUDPC) and molecular markers. It was found that NDV1 varies from 65 to 82, while high values (> 75) cor-
relate with resistance (R? = 0.652), and low values (<70) — with susceptibility (S). Resistant samples
(12 pcs., PTR = 5-10), including the Salamouni variety, and susceptible ones (7 samples, PTR = 15-35) were
identified. As a result of molecular screening, PCR analysis of all studied genotypes showed the presence of
the recessive gene tsnl in 11 wheat genotypes (64.7 %). The integral indicator AUDPC (mean=70.8) demon-
strated high variability (CV>50 %) and extreme values (up to 165). Statistical analysis confirmed the stability
of NDVI (CV=6.5-6.7 %) and significant variability of PTRIAUDPC, reflecting mixed resistance. The results
emphasize the need for an in-depth study of the relationship of molecular markers with resistance to tan spot.
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Introduction

Wheat (Triticum aestivum L.) is one of the most important staple crops, with demand expected to in-
crease to 330 kg per capita per year by 2050. Wheat production faces numerous threats, with an estimated
10-16 % of global wheat yields lost due to pests and diseases [1-2]. However, its productivity is significantly
reduced by fungal pathogens such as brown rust (Puccinia recondita), yellow rust (P. striiformis f. sp. tritici),
and tan spot (Pyrenophora tritici-repentis), which are among the most dangerous diseases capable of causing
large-scale economic losses [3-8].

In Kazakhstan, control of leaf spot disease (tan spot) mainly relies on the use of resistant varieties and
fungicide treatments. However, this approach, especially when chemical agents are applied untimely (before
the appearance of critical symptoms), is often associated with high costs for farmers.

A key aspect of effective disease control is accurate diagnosis at early infection stages and monitoring
of disease progression. Traditional methods, such as visual assessment of the affected tissue area, are subjec-
tive, labor-intensive, and require significant time.

A pressing issue for the Kazakh agricultural sector is the late detection of pathogens, which leads to
substantial yield reductions due to insufficient disease spread control in the fields.

Tan spot is a relatively new wheat disease that is widespread in many countries. It was first detected in
the 1940s in the USA and Canada, and during the 1980s—90s in Western European countries. In eastern Can-
ada, tan spot and septoria occur together; the former in drier zones and the latter in more humid areas. Along
with helminthosporium leaf blight, it is a widespread wheat disease in South Asian countries where wheat is
grown in rice-wheat crop rotations. Its aggressiveness is promoted by cultivation of susceptible varieties and
widespread adoption of zero-tillage technology. Tan spot is widespread on winter and spring wheat in the
southern, southeastern, and northern regions of Kazakhstan. The first signs of the disease appeared during
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stem elongation of winter wheat; at heading, leaf infection of the upper canopy was 25-50 %, increasing to
75-100 % at the milky ripeness stage, with premature leaf drying [9-10].

Three effector-dominant susceptibility gene interactions are known: ToxA-Tsnl, which causes necrotic
symptoms, and ToxB-Tsc2 and ToxC-Tscl, both causing chlorosis. The Tsn1-ToxA interaction in leaf spot
development depends on the host’s genetic background, with the wheat gene Tsnl being the main factor de-
termining susceptibility. Lamari et al. (2003) noted that this interaction follows a gene-for-gene inverse
model. Genotypes lacking the Tsnl gene are insensitive to the toxin [11-14]. However, Adhikari et al.
(2009) suggested that ToxA recognition via Tsnl may activate key genes involved in the host’s defense re-
sponse and signaling pathways [14].

Integrated plant disease management requires combining multiple strategies for effective disease con-
trol. For tan spot, using resistant wheat varieties is the best option for sustainable disease management. Host
resistance is also the most cost-effective and environmentally safe method to combat the disease. Therefore,
breeding resistant wheat varieties should be a primary goal in managing tan spot, including assessing the
susceptibility of embryonic tissue to the disease.

The aim of this study is to identify tan spot resistance in promising wheat lines based on disease pheno-
types and molecular screening. The results will provide valuable knowledge to regional wheat breeders and
phytopathologists involved in developing tan spot management strategies.

Experimental

Seventeen promising wheat lines grown in the Almaty region were used as research material. These
wheat samples were tested for brown rust in laboratory studies at both the seedling stage and on mature
plants under field conditions. The differential varieties Glenlea and Salamouni were used as controls for the
negative and positive Tsnl gene, which controls resistance to wheat yellow spot.

The studies were conducted during the 2024 growing season at the experimental site of the Kazakh Re-
search Institute of Agriculture and Crop Production (KAZNHzIR), Almalybak village, Almaty region
(N43°14'210"; E076°41282"). The experiment was designed as a completely randomized block design with
three replications. All plots were surrounded by one-meter-wide strips planted with the highly susceptible
Morocco variety. The size of each individual plot was 3 m? (3 m by 7 rows at 15 cm spacing). All recom-
mended cultivation methods for commercial fields were applied, including fertilization, irrigation, and other
management practices.

During the study period, weather conditions were favorable for the development of brown rust
(http://weatherarchive.ru as of April 22, 2024). The amount of precipitation exceeded the norm, which in-
creased environmental humidity and facilitated effective infection of plants with Pyrenophora tritici-repentis
spores.

Phytopathological assessment of adult plants for yellow spot, including type and severity of infection,
was recorded and evaluated on leaves in late May and early June, when the plots were at the maturation and
milk-wax ripeness stages, respectively. For phytopathological evaluation of tan spot severity caused by
P. tritici-repentis, the percentage of leaf area affected by yellow spot was assessed using the Saari and Pres-
cott scale [15], originally developed for septoria and modified by O.Yu. Kremneva [16]. This leaf infection
severity scale for wheat uses the following gradations: 0 % — very high resistance; 1-5% — high re-
sistance; 6-20 % — resistance; 21-30 % — susceptibility; 31-50 % — susceptibility; 51-80 % — high sus-
ceptibility; 81-100 % — very high susceptibility.

The area under disease progress curve (AUDP) was also assessed in the field, calculated using the for-
mula by Wilcoxson et al. [17]:

S = 1/25(x1+x2) (t1-t2) + .... (xn-1+xn) (tn-tn-1)

where,

S — area under disease progress curve;

x1 — disease intensity at the first assessment, %;

x2 — disease intensity at the second assessment, %;

xn — disease intensity at the last assessment, %;

(t1-t2) — number of days between the first and second assessments;

(tn-tn-1) — number of days between the last and penultimate assessments.

Molecular Screening Methods for the Tsnl Gene Conferring Wheat Resistance to Leaf Spot. Genomic
DNA extraction was performed according to the method proposed by Riede et al. [18]. DNA was isolated
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from 5-day-old wheat seedlings for each individual sample using the CTAB method. DNA concentration was
measured spectrophotometrically at a wavelength of 260 nm. DNA concentration in the working PCR solu-
tion was adjusted to 20 ng/pul. The PCR reaction mixture (25 pl) contained 2.5 pl genomic DNA, 1 pl of each
primer (1 pM/ul) (SigmaAldrich, USA), 2.5 pul ANTP mix (2.5 mM dCTP, dGTP, dTTP, and dATP) (ZAO
“Sileks”, Russia), 2.5 ul MgCl2 (25 mM), 0.2 pl Taq polymerase (5 units/ul) (ZAO “Sileks”, Russia), 2.5 pl
10X PCR buffer, and 12.8 pl ddH20. PCR amplification was carried out on a Mastercycler amplifier
(Eppendorf, Germany). Amplification products were separated on a 2 % agarose gel in TBE buffer (45 mM
Tris-borate, 1 mM EDTA, pH 8) with ethidium bromide. A 100-bp DNA ladder marker (Fermentas, Lithua-
nia) was used to determine fragment sizes. Results were visualized using a gel documentation system (Gel
Doc XR+, BIO-RAD, Hercules, USA) [18].

The Normalized Difference Vegetative Index (NDVI) was measured using a portable Green Seeker de-
vice (Trimble Navigation Limited, USA). NDVI ranges from 0.00 to 1.0; the higher the value, the greater the
resistance to diseases.

Results and Discussion

Climatic conditions during the 2024 growing season at the experimental site of the Kazakh Research In-
stitute of Agriculture and Crop Production (Almalybak village, Almaty region) were generally favorable for
the development and progression of foliar fungal diseases, including tan spot caused by Pyrenophora tritici-
repentis. According to meteorological data obtained from the regional weather archive (weatherarchive.ru),
the study period was characterized by increased precipitation compared to the long-term average, particularly
during the critical stages of wheat growth.

Excess rainfall contributed to elevated air and canopy humidity, creating optimal conditions for spore
germination, infection, and subsequent disease spread. Moderate temperatures combined with frequent pre-
cipitation events enhanced leaf wetness duration, which is a key factor promoting successful penetration and
colonization of host tissues by P. tritici-repentis. These environmental conditions facilitated effective natural
infection pressure in the field, ensuring reliable differentiation of wheat genotypes based on their disease re-
sponses. Overall, the prevailing climatic conditions during the 2024 growing season provided a suitable
background for the evaluation of tan spot severity and allowed for an accurate assessment of resistance levels
under field conditions with high disease pressure.

A comprehensive assessment of 19 wheat accessions (including promising lines CP_1-CP_17 and con-
trol varieties Glenlea and Salamouni) was conducted across four key parameters: plant biomass index
(NDVI), field resistance to pathogens (PTR, AUDPC), and the presence of the PTR resistance gene. The re-
sults revealed significant relationships for breeding. According to the research results, the NDVI biomass
index, which reflects the photosynthetic activity of plants, ranged from 65 to 82 (Tab. 1). The highest values
were demonstrated by: CP_4 2024 (80), CP_11_2024 (80), CP_12_2024 (82) — these accessions are distin-
guished by an optimal physiological state, which is typical of stress-resistant plants. The lowest NDVI values
were recorded for the promising CP_15_2024 line (65), with low values associated with severe disease pres-
sure or exposure to abiotic stressors (e.g., drought). A positive correlation (R2 = 0.652) was identified: high
NDVI values (>75) were associated with resistance (R), while low NDVI values (<70) were associated with
susceptibility (S).

Table 1
Results of a comprehensive study of promising wheat lines

Ne Code of line NDVI ep\%toaa?gzzg)%'.fg AUDPC Molecular screening

1 CP_1 2024 75 5 55 null tsnl
2 CP_2 2024 78 10 65 null tsnl
3 CP_3_2024 74 25 105 380 Tsnl
4 CP_4_2024 80 10 50 null tsnl
5 CP_5 2024 70 25 110 380 Tsnl
6 CP_6 2024 72 10 60 null tsnl
7 CP_7_2024 81 5 30 null tsnl
8 CP_8_2024 70 15 70 380 Tsnl
9 CP_9_2024 73 10 35 null tsnl

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 65



B.T. Raimbekova, L.E. Anuarova et al.

Continuation of Table 1

No Code of line NDVI s%zoari?;mfg% AUDPC Molecular screening

10 CP_10 2024 75 10 40 null tsnl
11 CP_11 2024 80 5 50 null tsnl
12 CP_12 2024 82 5 55 null tsnl
13 CP_13 2024 68 25 120 380 Tsnl
14 CP_14 2024 71 10 65 null tsnl
15 CP_15 2024 65 25 135 380 Tsnl
16 CP_16 2024 68 25 70 380 Tsnl
17 CP_17 2024 75 10 40 null tsnl
18 Glenlea 69 35 165 380 Tsnl
19 Salamouni 77 5 25 null tsnl

Based on the phytopathological evaluation (PTR), resistant (R) accessions were identified: 12 acces-
sions with damage scores of 5-10 (CP_1 2024, CP_2 2024, CP_4 2024, CP 6 2024, CP_7 2024,
CP_9 2024, CP_10_2024, CP_11_2024, CP_12 2024, CP_14 2024, CP_17_2024 and the control cultivar
Salamouni). Seven accessions with scores of 15-35 were classified as susceptible (S). The Glenlea cultivar
had the highest score (35), confirming its status as a control cultivar for susceptibility. Molecular screening
using PCR analysis of all studied genotypes revealed the presence of the recessive tsnl gene in 11 wheat
genotypes (64.7 %) and the presence of the dominant Tsnl gene, which is resistant to the PTR ToxA toxin.
Six samples (35.3 %) were found to contain DNA fragments of 380 bp (Fig. 1). Of the 19 wheat samples
studied, six samples were found to contain 380 bp, and these genotypes are sensitive to the PtrToxA toxin.

l 23 4 & &« 7 5 % o1l 113 14 15 16 17 15 19 M

—330 nH

1-CP_1_2024, 2- CP_2_2024,3-CP_3 2024, 4- CP_4 2024, 5- CP_5_2024, 6- CP_6_2024, 7- CP_7_2024,
8- CP_8_2024, 9- CP_9 2024, 10- CP_10_2024, 11- CP_11 2024, 12- CP_12_2024, 13- CP_13_2024,
14- CP_14 2024, 15- CP_15 2024, 16- CP_16 2024, 17- CP_17 2024, 18- Glenlea (sensitive to toxin PtrToxA),
19- Salamouni (insensitive to the toxin PtrToxA)

Figure 1. Products of wheat DNA amplification using primers to the Xfcp623 locus
associated with the Tsn1/tsnl resistance gene

Table 2 presents the complete descriptive statistics of the studied promising wheat lines. Descriptive
statistical analyses were performed for four key traits: normalized difference vegetation index (NDVI), tan
spot severity (PTR), area under the disease progress curve (AUDPC), and molecular screening results. A to-
tal of 19 observations were included for each variable, with no missing values, ensuring complete datasets
for all statistical evaluations.

NDVI values ranged from 65.0 to 82.0, with a mean of 73.84 and a median of 74.0, indicating relatively
high and stable canopy greenness across the tested genotypes. The low coefficient of variation (CV = 6.5 %)
and narrow interquartile range reflected limited dispersion and a high degree of uniformity among genotypes.
The distribution of NDVI values was approximately symmetrical, as indicated by near-zero skewness
(Pearson = 0.07) and negative kurtosis (Pearson = —1.02), suggesting a slightly flattened distribution relative
to normality.

Tan spot severity (PTR) showed a much wider range, varying from 5.0 to 35.0, with a mean of 14.21
and a median of 10.0. The relatively high coefficient of variation (CV = 63.8 %) reflected substantial varia-
bility in disease response among genotypes. Positive skewness (Pearson = 0.76) indicated a right-tailed dis-
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tribution, with a greater frequency of genotypes exhibiting low to moderate disease severity and fewer highly
susceptible entries.

AUDPC values ranged from 25.0 to 165.0, with a mean of 70.79 and a median of 60.0, confirming pro-
nounced differences in disease progression over time. The coefficient of variation (CV = 52.9 %) indicated
considerable heterogeneity in resistance levels. The distribution was positively skewed (Pearson skewness =
1.03), suggesting that most genotypes exhibited relatively low AUDPC values, while a limited number
showed strong disease development. The slightly positive kurtosis (Pearson = 0.13) reflected moderate
peakedness of the distribution.

Molecular screening data were binary (0/1) and ranged from 0 to 1, with a mean value of 0.37, indicat-
ing that 36.8 % of the evaluated genotypes carried the targeted molecular marker(s). The distribution was
characterized by a high coefficient of variation (CV = 130.9 %), which is typical for binary traits. The medi-
an value of 0.0 confirmed that the majority of genotypes lacked the marker, while positive skewness reflect-
ed the lower frequency of marker-positive entries.

Table 2

Results of descriptive statistics for the studied promising wheat lines

Statistic NDVI PTR AUDPC Molecular screening

Nbr. of observations 19 19 19 19
Nbr. of missing values 0 0 0 0
Obs. without missing data 19 19 19 19
Sum of weights 19 19 19 19
Breakdown per subsample (%) 100,000 100,000 100,000 100,000
Minimum 65,000 5,000 25,000 0,000
Maximum 82,000 35,000 165,000 1,000
Freg. of minimum 1 5 1 12
Freq. of maximum 1 1 1 7
Range 17,000 30,000 140,000 1,000
1st Quartile 70,000 7,500 45,000 0,000
Median 74,000 10,000 60,000 0,000
3rd Quartile 77,500 25,000 87,500 1,000
Sum 1403,000 270,000 1345,000 7,000
Mean 73,842 14,211 70,789 0,368
Variance (n) 22,975 82,271 1400,693 0,233
Variance (n-1) 24,251 86,842 1478,509 0,246
Standard deviation (n) 4,793 9,070 37,426 0,482
Standard deviation (n-1) 4,925 9,319 38,451 0,496
Variation coefficient (n) 0,065 0,638 0,529 1,309
Variation coefficient (n-1) 0,067 0,656 0,543 1,345
Skewness (Pearson) 0,066 0,764 1,029 0,546
Skewness (Fisher) 0,072 0,831 1,119 0,593
Skewness (Bowley) -0,067 0,714 0,294 1,000
Kurtosis (Pearson) -1,022 -0,724 0,125 -1,702
Kurtosis (Fisher) -0,955 -0,561 0,562 -1,856
Standard error of the mean 1,130 2,138 8,821 0,114
Lower boundon mean (95 %) 71,469 9,719 52,257 0,130
Upper boundon mean (95 %) 76,216 18,702 89,322 0,607
Standard error of the variance 8,084 28,947 492,836 0,082
Lower boundon variance (95 %) 13,846 49,583 844,155 0,140
Upper boundon variance (95 %) 53,036 189,917 3233,383 0,537
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Continuation of Table 2

Statistic NDVI PTR AUDPC Molecular screening
Mean absolute deviation 4,061 7,950 29,584 0,465
Median absolute deviation 4,000 5,000 20,000 0,000
Geometric mean 73,686 11,572 62,228 -
Geometric standard deviation 1,069 1,942 1,678 -
Harmonic mean 73,531 9,523 55,122 -
nlIQR 5,560 12,973 31,505 0,741
Qn 6,178 10,297 30,890 0,000

For all traits, 95 % confidence intervals for the mean were calculated, providing reliable estimates of
central tendency under field conditions. Overall, the statistical analysis demonstrated low variability for
NDVI, moderate to high variability for disease-related traits (PTR and AUDPC), and high heterogeneity in
molecular screening results, allowing robust differentiation of wheat genotypes based on physiological per-
formance, disease resistance, and genetic background.

Figure 2 presents Box plot visualizations of the studied parameters in the promising wheat lines. The
obtained data emphasize the need for deeper investigation of the relationships between molecular markers
and disease resistance.
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Figure 2. Box plot diagram of the studied promising wheat lines

Box plot visualizations illustrating the distribution of NDVI, tan spot severity (PTR), AUDPC, and mo-
lecular screening results among the studied promising wheat lines. The box plots display the median, inter-
quartile range, and minimum-—maximum values for each trait, highlighting differences in variability and dis-
tribution patterns. NDV1 values show a relatively narrow dispersion, indicating stable physiological perfor-
mance across most genotypes, whereas PTR and AUDPC exhibit wider variability, reflecting contrasting
levels of disease response and progression. Molecular screening data demonstrate a binary distribution corre-
sponding to the presence or absence of the Tsnl/tsnl alleles. Overall, the box plot analysis emphasizes heter-
ogeneity among wheat genotypes and underscores the importance of integrating phenotypic and molecular
data to better understand the genetic basis of resistance to Pyrenophora tritici-repentis.
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Conclusion

The results of this study confirm that the climatic conditions of the 2024 growing season provided a re-
liable and informative background for evaluating wheat resistance to tan spot caused by Pyrenophora tritici-
repentis. Elevated precipitation and moderate temperatures ensured high natural infection pressure, allowing
clear differentiation of genotypes based on physiological performance, disease severity, and genetic compo-
sition. Integrated analysis of NDVI, phytopathological traits (PTR and AUDPC), and molecular screening
revealed substantial variability among the 19 studied wheat accessions. NDV1 values showed low variability
and strong association with disease response, confirming NDVI as a reliable indicator of plant health under
disease pressure. A positive relationship between NDVI and resistance (R? = 0.652) demonstrated that geno-
types with higher biomass stability exhibited reduced disease severity and slower disease progression.
Phytopathological assessments identified twelve resistant accessions with low PTR and AUDPC values,
while seven accessions were classified as susceptible. The cultivar Glenlea consistently exhibited the highest
disease severity, validating its role as a susceptible control, whereas Salamouni confirmed its resistance un-
der field conditions. Molecular screening revealed that 35.3 % of genotypes carried the dominant Tsn1 allele
associated with sensitivity to PtrToxA, while 64.7 % carried the recessive tsnl allele. In general, the pres-
ence of tsnl corresponded to reduced disease severity; however, inconsistencies between molecular and phe-
notypic data highlight the quantitative nature of tan spot resistance and the involvement of additional re-
sistance loci. Overall, the combined use of NDVI-based phenotyping, disease progression metrics, and mo-
lecular markers enabled robust identification of promising wheat lines with enhanced resistance to tan spot.
These genotypes represent valuable breeding material for developing cultivars with improved and durable
resistance under the agro-climatic conditions of southeastern Kazakhstan.
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Iupenodoposra Tesimai (Pyrenophora tritici-repentis)
NePCIeKTUBTI Ouaai JIMHUSVIAPBIH COMKeCTeHAIpY

Bunaii nupeHodopossl (capsl 1ak) Pyrenophora tritici-repentis ¢puronaroren i canbipayKyJiarsl KO3IbIPaThIH
KEH TapaJfaH JXoHe KayinTi aypyiapbIHbIH Oipi. 3epTTEyHiH MakcaThl — (EHOTHITIK KOPCETKIIITep MeH
MOJICKYJIANBIK CKPUHHUHT HETi3iHIe IepCHeKTHBTI OWjail JMHUSIAPBIHBIH MHPEHO(POPO3Fa TO3IMIUIIriH
aHplkTay. bupait ynrimepin kemrenni Oaranmay Ouomacca muzuekci (NDVI), martorenre rtesimuimik (PTR,
AUDPC) >xoHe MOJNEKyNalblK Mapkepiep Herizinae xyprizingi. NDVI 65-tern 82-re meifin esrepetiHi
aHBIKTAJIBI, SIFHU OKOFapel MoHAep (>75) kKapceuibikieH (R?=0,652), anm Temern Mmonzep (<70) —
cesimrangsikied (S). Tesimai ynrinep (12 mana, PTR=5-10), onbIH imriage Salamouni copThl koHE TO3IMCI3
yarinep (7 yari, PTR=15-35) aiikpiHaamasl. MOJEKYISIPIBIK CKPHHUHT HOTHXKECIHAE OapIiblK 3epTTelreH
resotuntepain [ITP rtammayer OupmaiineiH 11 renoruminnme (64,7 %) peneccuBti tsSnl reHiHiH OomysIH
kepcetTi. Muterpanasl -AUDPC wmupmekci (oprama = 70,8) »xoraper esreprimtik (CV>50 %) xone
aKcTpeManabl MonAepai (165-ke naeitin) kepcerti. Ctaructukansik tangaay NDVI typakreutbirsia (CV=6,5—
6,7 %) xoHe apamac KapchUIBIKTEI KepcereTiH PTR/AUDPC aifrapmsikTaif ©3repMemnisiriH  pacTambl.
Hotmxenep TOTBIFY JakTapblHa TO3IMIUTIKIICH MOJEKYJIAIBIK MapKepaepaiH OailaHBICBIH OJIaH 9pi 3epTTey
KaXXETTLUTITiH KepceTe.

Kinm ces30ep: Ounaii, mupeHodopo3, TO3IMIUTIK TeHAep, MOJCKYJIalbIK CKPHHHUHT, Te3imaimik, NDVI,
AUDPC

B.T. Paumbexona, JI.E. AnyapoBa, 3.A. KeipbacoBa, 3.M. lmaHoBa,
A.A. Capraesa, A.C. [locxxaHoBa

NaenTudukanus nepcneKTHBHBIX JUHUNA MIIEHUIbI
ycroiiunBbIX K nupenodopo3sy (Pyrenophora tritici-repentis)

[Tupenodopo3s mieHusl (GkenTast IATHUCTOCTh) — OAHO U3 Haubolee paclpoCTpaHEHHbBIX W OMACHBIX TPHO-
KOBBIX 3a00JIeBaHMIA MIIIEHHIBI, BhI3bIBaeMOe (puTomaTorennsiM rpubom Pyrenophora tritici-repentis. emnsio
MCCIICIOBAHUSI SIBISIETCS WACHTHU(UKALNS YCTOWYNBOCTU K MUPEHO(GOPO3Y MEPCIEKTUBHBIX JINHHUIN MIISHHIIBI
Ha OCHOBE (DEHOTHUIHMYECKHX IOKa3aTeJed U MOJEKYJSIPHOTO CKpHHUHTA. [IpoBejeHa KOMIUIEKCHAs OIEHKa
06pasioB mueHuIp! o uHaekcy ouomaccsl (NDVI), yeroitunBoctu k matorenam (PTR, AUDPC) u mMoseky-
JSIpHBEIM MapkepaM. YcraHoBieHo, uro NDVI Bapsupyet ot 65 no 82, npu 3ToM BEICOKHe 3HaueHUs (>75)
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KOppenupyrot ¢ ycroitunBocteio (R?=0,652), a Huskue (<70) — ¢ BOCIpUUMUYHBOCTHIO (S). Brimenens! yc-
toituuBeie 00pasupl (12 mr., PTR=5-10), Bkmouas copt Salamouni, u BocmpummumBsie (7 00pa3ioB,
PTR=15-35). B pe3synbrare MonekynspHoro ckpununra I11IP-ananus Bcex mccienoBaHHBIX T€HOTHUIIOB I10-
KasaJ Haauame perieccuBHoro rena tsnl y 11 renoruno mmenuis! (64,7 %). MHTerpanbHBI HOKa3aTelb
AUDPC (cpennee=70,8) mpoaeMOHCTpUpOBai BBICOKYI0 BapuabenbHocTh (CV>50 %) u skcTpemanbHble
3HayeHus (no 165). Cratucrudeckuii ananus noarsepamn crabmwibHocts NDVI (CV=6,5-6,7 %) u 3Ha4u-
TeabHy0 n3mMeHunBocth PTR/AUDPC, oTpaxarollyro CMEHIaHHYIO YCTOHYHMBOCTh. Pe3ynbTarThl MOJ4epKH-
BAIOT HEOOXOAUMOCTh YIIIyOJIEHHOTO M3YYEHHUS CBSI3M MOJIEKYISPHBIX MapKEPOB C YCTOHUHBOCTBIO K MHpE-
HO(DOpO3Y.

Knioueswie cnoga: menuna, mupeHo(opo3, TeHbl yCTOHYMBOCTH, MONEKYIAPHBIN CKPUHUHT, YCTOHIUBOCTb,
NDVI, AUDPC
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