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Annotation. Net form net blotch, caused by Pyrenophora teres f. teres, is a major constraint to
barley production worldwide, including in Kazakhstan, where information on resistance sources remains
limited. This study aimed to evaluate the resistance of 106 spring barley accessions from different breeding
programs in Kazakhstan at both seedling and adult plant stages. Seedling resistance was assessed under
greenhouse conditions using two predominant pathogen races (100 and 500), while field resistance was
evaluated under artificial infection using disease severity and area under the disease progress curve
(AUDPC). A greater virulence of race 500 compared to race 100 was observed, with fewer accessions
showing resistance at the seedling stage. A strong positive correlation between disease severity and AUDPC
(r = 0.885) was observed. Differences between seedling and adult plant responses suggest the involvement of
both race-specific and quantitative resistance mechanisms. This study provides the first systematic evaluation
of resistance to predominant P. teres f. teres races in Kazakh barley germplasm.

Keywords: barley, net form net blotch, disease resistance, germplasm screening, race-specific
resistance, field evaluation.

Introduction. Barley (Hordeum wvulgare) is one of the most important cereal crops
worldwide, ranking fourth in global grain production and being cultivated in more than 100
countries [1,2]. It is widely used for feed, malting, brewing, and human consumption [3]. Global
production reached 145.9 million tonnes, while in Kazakhstan barley production exceeded 3.3
million tonnes, showing a significant increase compared to previous years [4,5]. Despite its
importance, barley productivity is strongly affected by fungal diseases, which can result in average
yield losses of up to 19.6% [6].

Net blotch is one of the most widespread and economically important diseases of barley and
can cause yield losses of up to 40% under favorable conditions [7]. The disease is caused by the
ascomycete Pyrenophora teres, which exists in two forms, the net form (P. teres f. teres, Ptt) and
the spot form (P. teres f. maculata, Ptm). These forms are morphologically similar but differ
genetically and in symptom expression [8,9]. The predominance of P. teres f. teres in the dry steppe
regions of Kazakhstan creates a unique epidemiological scenario, where disease incidence can reach
up to 90% in northern areas [10]. Population studies have shown that the net form predominates in
Kazakhstan and neighboring regions, with most isolates identified as P. teres f. teres [11].
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The pathogen is characterized by high genetic variability, which contributes to the emergence
of numerous races differing in virulence [12—15]. Large-scale studies have identified extensive
diversity within P. teres populations across different geographic regions, including Europe, North
America, and Asia [14,16-20]. This high genetic variability underscores the necessity of region-
specific phenotypic screening of barley germplasm [18].

Resistance to net blotch in barley can be expressed at different growth stages and is generally
classified into race-specific resistance and adult plant resistance. Race-specific resistance is often
controlled by major genes and is typically expressed at the seedling stage, whereas adult plant
resistance is usually quantitative and influenced by multiple genes and environmental factors
[8,14,21,22]. Several studies have identified quantitative trait loci associated with resistance at both
seedling and adult plant stages, including loci on chromosome 6H [23—-26]. These findings highlight
the complexity of resistance mechanisms and the importance of evaluating resistance under both
controlled and field conditions. Breeding for resistance remains one of the most effective strategies
for managing net blotch. However, the success of breeding programs depends on the identification
of resistant germplasm and an understanding of pathogen variability in specific regions. Despite the
importance of barley production in Kazakhstan, information on resistance of domestically bred
barley germplasm to predominant P. teres f. teres races under combined greenhouse and field
conditions remains limited.

We hypothesized that domestically bred barley accessions differ in their resistance responses
to predominant P. teres f. teres races at different growth stages. Specifically, resistance was assessed
at the seedling stage using two predominant pathogen races and at the adult plant stage under field
conditions, in order to identify potential sources of resistance for breeding programs in Kazakhstan.

Materials and methods. The plant material comprised barley accessions of domestic origin.
The seedling and adult-plant resistance was evaluated in 106 spring barley accessions provided by
six different breeding stations in Kazakhstan, namely Kazakh Research Institute of Agriculture and
Plant Growing (KRIAPG), Aktobe Agricultural Experimental Station (Aktobe AES), Karabalyk
Agricultural Experimental Station (Karabalyk AES), Kazakh Research Institute of Rice Breeding
named after . Zhakhayev (KRIRB), North-West Research and Development Center (NWRDC),
Institute of Plant Biology and Biotechnology (IPBB).

Race-specific resistance of barley accessions was evaluated at the seedling stage under
greenhouse conditions at the Research Institute for Biological Safety Problems (RIBSP,
Gvardeisky, Zhambyl region, Kazakhstan). Barley seeds were sown in 200 mL plastic pots (5—6
seeds per pot) containing a mixture of field, soil, sand and compost (2:1:1, v/v/v). The experiment
was conducted with two biological replicates. Seedlings were grown to the two-leaf stage at 20/18
°C (day/night) under a 16 h photoperiod (180 umol m s!). Seedling resistance was assessed using
a modified detached leaf assay based on a previously published protocol [27]. Leaf segments were
placed in trays containing 0.004% benzimidazole solution. Two predominant races of Pyrenophora
teres f. teres (race 100 and race 500) were used for inoculation. Conidia were collected by flooding
fungal cultures with sterile distilled water and gently scraping the surface with a sterile loop. The
spore concentration was adjusted to 5 x 10° conidia mL' using a Goryaev counting chamber
(hemocytometer equivalent). Inoculation was performed by applying 0.2 mL of conidial suspension
onto each leaf segment. Tween 20 (Sigma-Aldrich, USA) was added (1 drop per 100 mL) to reduce
surface tension. Inoculated samples were incubated under the same environmental conditions as
described above.

To asses seedling resistance comprehensively the spring barley collections were inoculated
with two races of Pyrenophora teres f. teres (race 100 and race 500) [11]. Symptom development of
net blotch on barley accessions was assessed at 7-9 days post-inoculation with Ptt. Reaction types
were classified as resistant (R), moderately resistant (MR), moderately susceptible (MS),
susceptible (S), and very susceptible (VS) based on infection response using a 10-point numerical
scale [28]. The main criteria for classification as resistant or moderately resistant were the presence
of necrotic tissue and size restriction. The occurrence of distinct chlorotic zones that can merge with
each other was the criteria for moderately susceptible to susceptible assessment. According to the
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scale, accessions demonstrating an infection type (IT) response of < 5 were considered resistant,
and >5 were considered susceptible.

Field evaluation of adult plant resistance to net form net blotch (NFNB) was conducted at
RIBSP (Gvardeisky, Zhambyl region, Kazakhstan) during the 2021-2022 growing seasons.
Cultivars and lines were planted in the experimental field in plots with an area of 0.4 m>. Plots
contained two rows which were spaced 20 cm apart and 100-200 cm in length, with 50-60 seeds
were sown in each row. Arna (spring barley) was seeded between the experimental plots as a
susceptible spreader cultivar for the accumulation and spread of infection in the nursery. The
phenotypic information provided in this study represents the mean values from two replicates. The
infected plant segments were used as inoculum to establish artificial disease pressure. Disease
evaluation was carried out three times and conducted first at the early booting stage (41-45 on the
Zadoks scale), then during ear emergence (51-59 on the Zadoks scale), and finally during flowering
(65-69 on the Zadoks scale) [29]. The disease severity score was assessed according to the 1-100 %
scale based on the percentage of the necrotic and chlorotic areas, where < 10 resistant (R), 11-20%
moderately resistant (MR), 21-30% moderately susceptible (MS), and 31-100 % - susceptible (S)
[30,31]. Disease intensity over a period of time was assessed by calculating the area under the
disease progress curve (AUDPC) using the following formula [32],

n-1
AUDPC = E () X (tig — b)), (1)
i=1

where y; is the disease severity percentage at time &;; t;,4 — t; is days between two disease
percentage scores; n is the total number of observations

The correlation between the disease severity and the agronomic traits of the barley accessions
was characterized by the 1000-grain weight (g) and grain yield per m2. Plant height (PH) was
measured in centimeters from the ground to the tip of the spike of 10-15 plants per plot (GS 90-99).
Days to heading (DH) were measured as the number of days from planting to the period when about
50% of the plants had fully emerged spikes in GS 49-50 [29].

The correlation analysis and PCA were performed using GraphPad Prism 9.0.0 (GraphPad
Software, San Diego, CA, USA). Variables with p<0.05 were considered statistically significant.

Results and discussion. Evaluation of resistance to two predominant races of P# (race 100
and race 500) was assessed on 106 spring barley cultivars and lines from breeding stations in
Kazakhstan (Table 1).

Table 1 — Seedling-stage infection response of barley lines and cultivars against net blotch races under
greenhouse conditions

. . . Race 100 Race 500 Both Races
Origin of bred cultivars and lines N R 3 R 3 R 3
KRIAPG 19 10 9 3 16 0 5
Aktobe AES 14 8 6 10 4 5 0
Karabalyk AES 43 33 10 17 26 14 7
KRIRB 28 19 9 8 20 7 8
NWRDC 1 1 0 0 1 1 0
IPBB + KRIAPG 1 1 0 0 1 1 0
Total 106 | 72 34 38 68 28 20

The choice of the Pt races was based on the population analysis conducted in Kazakhstan,
where the races 100 and 500 were among the most frequent in studied populations [11]. Seedling
disease reaction was assessed in the greenhouse was performed using a Tekauz rating scale, based
on lesion morphology and IT response [28]. Infection responses differed significantly between races
Phenotypic data revealed significant differences between races (% test, p < 0.0001). The highest IT
response was recorded for race 500 in 93/80-4, 3/95-13, 93/80-17 line and “Arna” cultivar.
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Results of the seedling inoculation test showed that cultivars “Akzhol” (originated from IPBB
and KRIAPG) and “Granal” (originated from NWRDC) exhibited moderately resistant-moderately
susceptible (< 5) response to both Pt races. Moreover, the same response was observed in five lines
from Aktobe AES (154 (F6 4/80), 161 (10/80), 151 (10/83), 178 (44/87), 132 (4/85)), three cultivars
(Rikotenze 2006; Tulpar; and Velikan) and eleven lines from Karabalyk AES, seven lines from
KRIRB. Among the studied materials, seventy-two genotypes were resistant to race 100, while
thirty-four were susceptible. Seedling resistance analysis to race 500 showed that thirty-eight
genotypes were resistant and sixty-eight were susceptible. Twenty-eight genotypes showed
resistance to both predominant races.

Disease severity for the same accessions, evaluated in the field conditions varied compared
with seedling assessments in the greenhouse. The severity of the disease was assessed according to
the 1-100 % scale, where < 10 resistant (R), 11-20% moderately resistant (MR), 21-30% modera-
tely susceptible (MS), and 31-100 % - susceptible (S). Mean disease severity values ranged from 0
to 40%. Of 106 studied barley samples (Table 2), the maximum % of disease severity was 40,
where 47 lines and cultivars showed resistance (R, 0-10%), 45 were moderately resistant (MR, 11-
20 %), 11 demonstrated moderately susceptible (MS, 30%), and 2 showed susceptible symptoms (S,
40%).

Table 2 — Classification of barley accessions according to their field reaction to net blotch

Origin | Immune Resistant Moderately Moderately Susceptible
resistant susceptible
1 2 3 3 5 6
KRIRB | Inkar, Kaisar, | 9/06-54K, 2/07- | Syr Aruy, | 13/06-175K, 15/06-5K
9/06-29K, 4K Shakhristan, 28/98- | 13/06-131K,
9/06-14K, 3K, 9/06-74K, | 13/06-124K,
18/06-8K, 13/06-132K, 13/06- | 13/06-166K,
10/06-2K, 177K, 13/06-167K, | 10/06-14K.
10/06-9K, 13/06-171K, 13/06-
10/06-13K. 153K, 13/06-67K,
13/06-165K, 6/06-
8K.
Karabal | Druzhnyi, 33- | Karabalykskii Karabalykskii 110, | Rikotenze None

vk AES | 46-77, 43-12-| 115, 28-41-68, 93- | Tulpar,  Velikan, | 2006, 25906
13, 44-14-13, | 306-12, 40-1-13, | 16-29-6, 18-31-14, | Camila nutans
47-47-13, 18- | 16-46-14, Granal | 22-35-27, 79-245- | x Arna nutans
50-14, Azov x | inerme x 17-24-79 | 97, 52-149-12, 64-
Orenburgskyi | nutans, 171-12, 66-175-12,
17 Karabalykskii 5 | 41-10-13, 42-11-
nutans x Azov, | 13, 9-27-14, 17-48-
Robust//Gloria- 14, 23-63-14, Azov
Bar/Copal CMB88 | x Orenburgskii 17,
A.396-21M-1Y- MSI d.6 X
IM-OY pallid x | Karabalykskii 5
43-99-56 nutans, | nutans, 30821
29220 Gusar | Annabel nutans x
medicum x Rannii | Pastbishnyi

nutans, 30821 | hypiantchum, 15 d.
Annabel nutans x | erectum x Ubagan
Pastbishnyi medicum, Raushan
hypiantchum, nutans x 30821
Raushan nutans x | Annabel nutans.
30821 Annabel
nutans, Ubagan.
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1 2 3 4 5 6
Aktobe | 178  (44/87), (11952/83()4%2;62,1 " é37)3 196 (126/83), 194 | None 161 (10/80)
E > | (171/83), 163

AES 114 (31/83) 178 (F3 137/ 80), 123 £80/87),) 154 (F6

(4/84), 132 (4/85) 4/80), 207 (156/30)
KRIAPG | None 93/80-4, 93/80-17, | 93/80-14,  11/80-1, | 3/95-13, 93/80-

Sever-1, 3/95-13, | 3/95-14,  3/95-17, | 14,  59/87-30,

3/95-14, 3/95-12 3/95-19, 93/80-17, | 3/95-12

5/98-20, 6/98-21

IPBB + | Akzhol None None None None
KRIAPG
NWRDC | None None Granal None None

To facilitate the interpretation of field resistance, disease severity scores were grouped into
four resistance categories according to the corresponding AUDPC ranges (Table 3).

Table 3 — Overall ranges of disease severity scores with the AUDPC values among all the studied

barley accessions in the field

Reaction type Disease Score (%) AUDPC
Resistant <10 0-175

Moderately Resistance 11-20 175-280
Moderately Susceptible 21-30 210-385
Susceptible 31-100 420-490

The classification demonstrated a clear relationship between disease severity and AUDPC
values. Resistant accessions (<10% disease severity) were characterized by AUDPC values ranging
from 0 to 175, whereas moderately resistant and moderately susceptible accessions exhibited
intermediate AUDPC values of 175-280 and 210-385, respectively. Susceptible accessions (31—
100% disease severity) showed the highest disease development, with AUDPC values ranging from
420 to 490. These thresholds were subsequently used to classify all evaluated barley accessions
according to their field resistance. Pearson’s correlation coefficient between AUDPC and disease
severity score was posi-tively correlated (r = 0.885). The principal component analysis (PCA) was
performed with the aim of understanding how disease severity, AUDPC, plant height, flag leaf area,
and 1000-grain weight impact net blotch and incorporating these parameters as variables. As can be
seen in Figure 1, both PC axes accounted for 69.91 % of the varia-tion with PC1 and PC2
contributing to 38.85% and 31.06 % of variances respectively.
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Figure 1 — Principal component analysis biplot depicting the contribution of several factors, including
disease severity, AUDPC, plant height, flag leaf area, and 1000-grain-weight scores of barley cultivars
and lines
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Net blotch, caused by Pyrenophora teres, is one of the most economically important foliar
diseases of barley and can result in substantial yield losses under favorable conditions [33]. The
high genetic and pathogenic variability of P. teres populations complicates the development of
durable resistance in barley cultivars [34,35]. In this context, the present study evaluated 106 barley
accessions originating from Kazakhstan for resistance at both seedling and adult plant stages using
two predominant pathogen races (100 and 500) previously identified in the region [11].

In the present study, only 35.8% of the accessions exhibited resistance to race 500 at the
seedling stage, compared to 67.9% for race 100, indicating a markedly higher virulence of race 500
under controlled conditions. This finding is consistent with previous reports indicating differences
in virulence spectra among P. teres populations [16]. The observed variability in infection types
across accessions further supports the high genetic diversity of the pathogen, as reported in earlier
studies [14,36-38].

Moreover, regional differences in pathogen populations, including those reported in
Kazakhstan and neighboring regions, may contribute to the differential responses observed in this
study [36,39]. A notable variation in resistance was also observed among accessions from different
breeding institutions. Accessions originating from KRIAPG exhibited higher susceptibility, whereas
those from Karabalyk AES showed comparatively higher resistance at the seedling stage. The
higher frequency of resistant accessions from Karabalyk AES may reflect long-term selection under
higher disease pressure in northern Kazakhstan, highlighting the importance of local adaptation in
resistance breeding. A comparison between greenhouse and field evaluations revealed discrepancies
in resistance expression across growth stages. In general, disease severity was lower under field
conditions than in controlled greenhouse assays. This pattern has been reported previously and may
be attributed to differences in environmental conditions, inoculum pressure, and host—pathogen
interactions [22,40]. While greenhouse assays allow for controlled and reproducible evaluation of
race-specific resistance, field conditions provide a more complex environment where quantitative
resistance mechanisms may be expressed. This discrepancy was evident in several accessions that
were susceptible at the seedling stage but showed low disease severity (<10%) and reduced AUDPC
values under field conditions (Table S1), supporting the presence of adult plant resistance. Adult
plant resistance (APR) is often quantitative and influenced by environmental factors such as
temperature, humidity, and pathogen pressure [40,41]. Additionally, plants in field conditions are
exposed to multiple biotic and abiotic factors, which may influence disease development and
resistance expression [42].

The interaction between P. teres and barley is also influenced by the production of
phytotoxins, which play a role in disease development and host susceptibility [43,44]. Previous
studies have demonstrated that toxin production may contribute to differences in resistance
responses, with resistant cultivars showing reduced sensitivity to pathogen-derived toxins [44—47].
Although toxin-mediated interactions were not evaluated in this study, the observed phenotypic
responses suggest that additional mechanisms beyond toxin sensitivity may contribute to resistance
[48].

Genetic studies have identified multiple quantitative trait loci (QTLs) associated with
resistance to net blotch at both seedling and adult plant stages [22,24,25,33,49,50]. Notably, QTLs
located on chromosome 6H have been shown to contribute to resistance at both growth stages
[24,25]. Genome-wide association studies have further identified numerous loci associated with
resistance, including those with stage-specific and shared effects [49]. The resistance observed in
accessions showing consistent performance across growth stages may be associated with previously
reported QTLs on chromosome 6H, although this hypothesis requires molecular validation, which
may explain the variation observed between seedling and adult plant responses in this study [51].

It is important to acknowledge that the present study was confined to phenotypic evaluation
and did not incorporate molecular or genomic analyses. Consequently, the genetic basis underlying
the observed resistance in the studied barley accessions remains unresolved. Elucidating these
mechanisms will require the integration of advanced approaches, including marker-assisted
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selection and genome-wide analyses. Such strategies would enable the identification of resistance-
associated loci and provide a deeper understanding of host—pathogen interactions, thereby
accelerating the development of resistant cultivars.

To the best of our knowledge, this study represents the first comprehensive assessment of
domestic introduced barley accessions in Kazakhstan, evaluating both seedling and adult plant
resistance to the net form of net blotch caused by specific races of Pyrenophora teres f. teres.
Unlike previous studies conducted in Kazakhstan, this work simultaneously evaluated resistance at
seedling and adult plant stages using predominant pathogen races, providing an integrated
phenotypic framework for resistance screening. The findings provide valuable insights into the
resistance profiles of these accessions and highlight their potential as novel sources of resistance.

These genetic resources might be considered as potential candidates for incorporation into
national breeding programs focused on improving disease resistance and barley productivity under
local agroecological conditions.

Conclusion. This study has examined the seedling and adult plant resistance of barley acces-
sions against the net form of net blotch. Field and greenhouse evaluation were per-formed on new
106 barley accessions originating from six breeding stations in Ka-zakhstan. The phenotypic
analysis demonstrated high diversity and revealed various infection-type responses of the barley
accessions from resistant to susceptible both in the field and in the greenhouse. In the current study,
out of the 106 accessions, 72 were resistant to race 100, 38 to race 500, and 28 to both races in the
seedling growth stages. Numerous cultivars, namely Akzhol (IPBB and KRIAPG), Granal
(NWRDC), Rikotenze 2006, Tulpar, Velikan (Karabalyk AES) and lines originating from these
stations in-cluding those from Aktobe AES displayed the resistance to both Ptt races (<5). Field
studies showed that 47 lines and cultivars were resistant (R, 0-10%), 45 - moderate re-sistance
(MR, 20%), 11 - moderate susceptibility (MS, 30%), and 2 - susceptible symp-toms (S, 40%).

This study represents the first integrated phenotypic assessment of seedling and adult plant
resistance to predominant Pyrenophora teres f. teres races in Kazakh barley germplasm. Future
studies integrating molecular and genomic approaches will be es-sential to elucidate the genetic
basis of the observed resistance and accelerate mark-er-assisted selection.

Funding. This research has been funded by the Ministry of Science and Higher Education of
the Republic of Kazakhstan, project IRN BR24992903 «Practical implementation of modern
molecular genetic, physiological, biochemical, biotechnological methods and digital phenotyping in
breeding of economically important agricultural crops» (for 2024-2026) and Ministry of Agriculture
of the Republic of Kazakhstan, project IRN BR24892821 “Breeding, seed production of grain crops
to increase the potential of productivity, quality, stress resistance in various soil-climatic zones of
Kazakhstan™ (for 2024-2026).
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KA3AKCTAHIATBI APITA TEHETUKAJUIBIK KOPBIHBIH PYRENOPHORA TERES F. TERES
KO3AbIPFbIIIBI TY ABIPATBIH TOPJIBI JAK AYPYBIHA TO3IMAIJIII'TH BAFAJIAY

Moynen6aii A.JI.'*, TexHIKa FBUIBIMIAPBIHBIH MarucTpi
Casun T.B.?, Ononorus reUTBIMAAPBIHBIH KaHIUIATHI
Toxerosa JI.A.%, aybul IapyambUIbFbl FBUIBIMIAPBIHBIH TOKTOPEL, Ipodeccop
AdyranueBa C.W.*, Guosnorus FeUIBIMIAPBIHBIH TOKTOPHI, Tpodeccop
Typycnexos E.K.*, 6ronorus FeuIbIMIapbIHBIH KaHAUAATHL, podeccop, Kazakcran PecmyOnukacs
[Ipe3unentiniy xansiHgarsl Kazakctan PecryOnukacsl ¥ITTHIK aKaIeMHUSICBIHBIH aKaJeMHAT1

I «Buonozusnvlk, Kayincizoix npobremanapuiivly ulivimu-3epmmey uncmumymoly XKIIC, ['sapoetickuii K.,
Kambwin obrvicel, Kazaxcman
2 A.U. bapaes amvindaswbl AcmulK wapyaublibiesl blibiMu-eHOipicmix opmanwizel, LLlopmarnowl k., Axkmona
obnvicyl, Kazaxcman
? Kopxoim Ama amwvinoaewl Kvizviiopoa yrusepcumemi, Koizviiopoa k., Kazaxkcman
* Ocimoix buono2UACHl dHcaHe OUOMEXHON02UACHL UHCMuUmymsl, Aaimamel K., Kazaxcman

Anparna. ApnaHblH TOpNbl JaK aypysl (Pyrenophora teres f. teres) oneMHIH KeNTercH
aiimMakTapblHIa, COHBIH imiHAe Kazakcranma ma, apma eHIMAUITH TOMEHAETETIH aca KayilTi aypyiapabiH
Oipi OomnbIm caHamampl. Anaiia OTaHIBIK CENEKIUSUIBIK MaTepUaNJapAblH OCHl TATOT€HTe TO3IMILTIri
JKOHIHJETT MOJIIMETTEp JKETKLTiKCi3. 3epTreyaiH Makcatbl — Ka3zakcTaHHBIH OpTYpJl CENEKIHUSIIBIK
MeKkeMesepineH anbiaFan 106 xa3aplk apria yiriciHig P. feres f. teres KO3IBIPFBIIIBIHA KOKTEY KOHE epeceK
OCIMIIIK Ke3eHIEepiHJeri Te3IMIUTriH KemeHAi Oaramay. Kekrey Ke3eHiHIETi TO3IMIITIK JKBUTBDKAN
KarnaiibiHaa natoreHHiH OackiM 100 sxkone 500 pacanapblH maiijajiaHy apKbLIbl aHBIKTANbL. Epecek
OCIMJIIKTEPIIH TO3IMIUIIr TaOUFM >KOHE JKacaHabl MHOEKIUSIBIK asia aypylblH JaMy Jopexeci MeH
aypyAblH JaMmy KHUCbIFBl acTbiHzarbl aynaH (AJJKAA) kepcerkimrtepi OoifbiHIIa OaramaHabl. 3epTrey
Hotmkenepi 500 pacanbiy 100 pacara xaparaHzia »KOFapbl BUPYJICHTTUTIKKE W€ €KeHiH jKOHE OFaH Te3iM/Ii
YJITiiep caHbIHBIH a3 OonraHblH KepceTTi. COHbIMEH Karap, aypyAblH JaMmy nopexkeci meH AJIKAA
apaceiazia oH Koppensus (» = 0,885) anbikTangpl. KexTey jkoHe epecek oCiMIIK Ke3eHIEPiHEeT] TO3IMILTIK
peaKMsIapbIHBIH albIPMAIIbUIBIFBl pacara TOH JKOHE CaHIBIK TO3IMAUIIK MEXaHU3MAEPIHIH KaTrap opeKeT
STCTIHJITIH KepceTTi. AJubiHFaH HOTIWKenep KaszakcTaH CeNeKIUsAChIHIA TaiiajaHbUIaThIH — apra
TCHETUKAJIBIK KOPBIH P. teres f. teres KO3MBIPFBIIBIHBIH 0aChIM pacajiapblHa TO3IMIUIIr OofibIHIIA Oaranayra
MYMKIHZIK Oepin, ceiexius OarnapiaManapblHia KYHABI TO3IMIUTIK KO3/epiH ipiKTey YIIiH FEUILIMHA HETi3
KaJIBIITACTBIPAIBI.

Tipek ce3mep: apra, TOpPJBI JaK aypybl, aypyFa TO3IMAUIK, IEHETHKAIbIK KOPJbl CKPHUHUHITEY,
pacara ToH TO3IMJLUTIK, JajalbK Oaramnay.

KOMILIEKCHASI OLIEHKA YCTOMUYUBOCTHU TEHO®OHJIA SSYMEHS K CETUATOM
MSTHUCTOCTH, BHI3BIBAEMOM PYRENOPHORA TERES F. TERES, B KASAXCTAHE

Maynen6aii A.JI."*, MarucTp TEXHUUECKUX HAYK
Casun T.B.%, kaHauaT OMOIOTHYECKUX HAYK
ToxeroBa JI.A.3, TOKTOp CETHCKOXO3SMCTBEHHBIX HAYK, MPOdeccop
Aoyranuesa C.W.%, mokTop OMOIOTHYECKUX HAYK, Tpodeccop
Typycnexos E.K.*, kanauaat Ononornyeckux Hayk, npodeccop, akageMuk HanmonansHON akageMun HayK
PecrryOnmkm Kazaxcran npu [Ipesnnente Pecniy6muku Kazaxcran
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' TOO «Hayuno-uccredosamenvckuti uncmumym npoonem ouonocuieckol 6ezonachocmuy, n. I sapoetickuil,
Kambwinckas obnacme, Kazaxcman
2 TOO «Hayuno-npou3e00cmeenublil yeHmp 3eprosoco xozsaucmea um. A.U. Bapaesay, n. [llopmanoul,
Axmonunckasa obaacme, Kazaxcman
? Koisbinopounckuti yuusepcumem umenu Koprxoim Ama, 2. Kvizvinopoa, Kazaxcman
4 Uncmumym buonocuu u buomexuonocuu pacmenutl, e. Aimamot, Kazaxcman

AnHotanus. Ceryaras MATHUCTOCTH SIUMEHS, BbI3bIBaeMasi Pyrenophora teres f. teres, sBisercs
OJHOH M3 Hambosee PaclpoCTPaHEHHBIX U YKOHOMUYECKH 3HAUYMMBIX OOJe3HEeW KyNbTYpbI, IPUBOAALICH K
CYLIECTBEHHBIM MOTEPSM YPOKaHHOCTH BO MHOTHMX CTpaHax Mwupa, Bkiroudass Kaszaxcran. Hecmorps Ha
BaYKHOCTH MTPOOIIEMBI, CBEJICHHSI 00 NCTOYHHKAX YCTOWYMBOCTH OTEYECTBEHHOTO CENEKIIMOHHOTO MaTepralia
K JaHHOMY T@aTOreHy OCTaloTCSl OrpaHWYeHHBIMH. Llenbl0 HACTOALIErO0 HCCIIEAOBaHMS — SBISIIACDH
KOMILJIEKCHAs OlleHKa ycTounBocT 106 00pas3moB SpoBOTo SUYMEHS Pa3InYHBIX CENIEKIUOHHBIX MPOrpaMm
Kazaxcrana x P. teres f. teres Ha cTamusx TPOPOCTKOB M B3POCIBIX pacTeHrid. OIEHKY yCTOWYHNBOCTH
MIPOPOCTKOB MIPOBOIMIIM B YCIOBHSAX TEIUIUIIBI C MCTIOIB30BAHUEM JBYX IMpeobiamatonmx pac marorexa (100
u 500), Torga Kak yCTOMYHUBOCTH B3POCIBIX PACTEHUH HM3Yy4ajd B IMOJIEBBIX YCIOBHIX MPH MCKYCCTBEHHOM
nH(pEKIHMOHHOM (hOHE C MUCTIOIH30BAHUEM ITOKA3aTeNNel CTENeHHN Pa3BUTHA OOJIE3HU U IUIOMIAAN IO KPUBOH
pasButus Oonesnn (IIKPB). Ycranosmeno, uro paca 500 obmamana Oonee BBICOKOW BHUPYJIEHTHOCTBHIO TIO
cpaBHeHHIO ¢ pacoii 100, 4TO CONMPOBOXKIATIOCH CHIDKCHHUEM YHCIAa YCTOWYHMBBIX OOpa3lloB Ha CTaJuu
IIPOPOCTKOB. BrisBiaeHa monoKuTenbHas Koppeidanusa MEXAY CTCIICHBIO Pa3BUTHA 6OJ'IC3HI/I U 3HAYCHUAMHU
[IKPB (r = 0,885). Paznuuns B xapaktepe MpOSBICHUS YCTOMYUBOCTH HA CTAIUSX MPOPOCTKOB U B3POCIBIX
paCTeHI/Iﬁ CBUACTCILCTBYIOT O COYC€TaHHUU paCOCHCHI/I(bI/I‘ICCKI/IX U KOJIMYCCTBCHHBIX MEXAaHU3MOB
ycroiunBocTH. [lomydeHHBbIE pe3ynbTaThl MPENCTABISIOT COOOH MEPBYI0 KOMILIEKCHYIO (DEHOTHITMYECKYIO
OIIEHKY YCTOHYHMBOCTH Ka3aXCTaHCKOTO TeHO(OH/a SPOBOTO SUMEHS K mpeobiamatouum pacam P. teres f.
teres W MOTYT CIYXXUTh OCHOBOH JJisi 0TOOpa MEPCHEKTHBHBIX TOHOPOB YCTOMYMBOCTU B CEIEKIIMOHHBIX
mporpamMmax.

KiroueBbie cJiioBa: AYMCHb, C€TUHaTas IIITHHUCTOCTD, yCTOI\/'I‘II/IBOCTB K 6OHC3HSIM, CKpUHHUHT
reHooH1a, pacocnenupuIeckas yCTOHINBOCTb, TIOJEBast OI[CHKA.
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