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RESISTANCE OF COMMON WHEAT (TRITICUM AESTIVUM L.)
MAPPING POPULATION PAMYATI AZIEVA x PARAGON TO LEAF AND
STEM RUSTS IN CONDITIONS OF SOUTH-EAST KAZAKHSTAN

Abstract. Epiphitoty of wheat fungal diseases, particularly leaf (caused by Puccinia triticina Erikss.)
and stem (caused by Puccinia graminis Pers.) rusts, leads for the serious grain yield losses up to 60-80%
all over the Globe, including Kazakhstan. Such detrimental effect is explained by the parasitic nature of
pathogens and the ability of their spores to be spread easily with the wind. The presence of intermedi-
ate pathogen’s hosts near the fields also plays an important role in the rapid development of infection.
Therefore, comprehensive studies of pathogens, including genetic and ecological aspects, are required.
In the present study, the population including 98 recombinant inbred lines of crossing between Russian
common wheat cultivar Pamyati Azieva and UK's cultivar Paragon was used for field trials of resistance
to leaf and stem rusts. Experiments were conducted in 2018-2019 in the fields of South-East Kazakhstan.
As a result of this study, the resistance status of each line and two parental cultivars was determined, the
promising lines with relatively high resistance to two diseases and great yield potential were identified,
a negative correlation between the severity of diseases and yield components was revealed. A better
understanding of relationships among pathogen, its host and other organisms, ways of pathogen’s dis-
tribution and its role in ecosystems will give reliable background for the developments of new common
wheat cultivars.

Key words: Common wheat, ecological testing, genotype x environment interaction, leaf rust, stem
rust.
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K asakCTaHHbIH, OHTYCTIK-LUbIFbIC )KaF AAMbIHAQ XKaNbIPaK, XXKoHe
cabak TaTblHa XXYMCaK, OMAQMAbIH, KAPTAaAQHATbIH
Mamsitu AsmeBa x NMaparoH NONyAsILMACIHBIH, TO3IMAAITI

AHaaTna. bruaarabiH, CcaHblipaykyAak, aypybliHbIH, 3nMUTOTUKI, acipece >kanblpak, (KO3AbIPFbIL
Puccinia triticina Erikss.) >xeHe cabak (KO3AblpFbill Puccinia graminis Pers.) TaTbiHbIH Tapaaybl,
AYHMEXY3iHAe, OHbIH iwiHAe KasakcTaHaa Aa eHIMAIAIKTI 60-80% aeliH TemeHaeTeal. MyHaan
3MSHABI ©Cep MATOreHHiH, NapasmUTTIK CUMATbIMEH >KOHE OHbIH CMOPaAAPbIHbIH XXEAMEH OHai TapaAy
KabireTiMeH TycCiHAipiAeAi. EricTik MaHblHAQ MaTOTE€HAIK apaAblk, MeAepiHiH 6OAybl MHMEKLMSAHbIH,
>KEAEA AAMYbIHAQ MaHbI3Abl POA aTkapaabl. OcbiFaH 6aMAAHBICTbI, FEHETMKAABIK, XOHE SKOAOTUSIABIK,
acnekTiAepAl KOCa, KO3AbIPFbILLITAPAbI XKaH-XKAKTbl 3epTTey kaxkeT. bya 3epTTeyae PecenaiH MamaTtu
AsuneBa MeH 6puTaHAbIK [MaparoH >xymcak, 6uaait COpTTapbiH GyAAHAACTbIPY apKblAbl aAbiHFaH 98
PEKOMOUHAHTTBIK, MHOPEATIK AMHUSIAAPAAH TypaTbiH MOMYASILMACHI >Karblpak, neH cabak, TaTbiHa
TO3IMAIAIMH ericTik >KaFAaaMblHAQ CblHAY YLIH KOAAQHbIAABL. DkcnepumeHT 2018-2019 >kbiapap

14 © 2019 Al-Farabi Kazakh National University
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apanblFbiHAQ, KazakCTaHHbIH, OHTYCTIK-LWbIFLIC €riCTiK >araarblHAQ >KYPridiaai. HaTuxkeciHae: ap
AMHWST MEH aTa-aHaAblK, COPTTApAbIH TO3IMAIAIK CTATyCbl aHbIKTAAAbl, €Ki aypyFa CaAbICTbIPMAAbI
>KOFapbl TO3IMAIAIT 6ap XXoHe >KoFapbl OHIMAIAITT 6ap NepcrneKkTMBTI AMHMSIAAP aHbIKTaAAbl, COHbIMEH
KATap, aypyAblH 3aKbIMAQY aybIPAbIFbl MEH ©HIMAIAIK KOMMOHEHTTEPIHIH apacbiHAQ Kepi KoppeAsums
aHbIKTaAAbl. [1aToreH, oHbIH Meci xaHe 6acka ar3asap apacblHAAFbI KAPbIM-KATbIHACTbI, MAaTOreHHIH
TapaAy >KOAAAPbI X8HE OHbIH, IKOXKYMNEAEri POAIH >KaKCbl TYCIHY XKYMCaK, OMAAMAbIH >KaHa COPTTapbiH
AAMbITYFa CEHIMAI aAFbILLIAPTTApP >KacarAbl.
Ty#in cesaep: xxymcak, 6uaan, Triticum aestivum, 3KOAOrMSIABIK, CbIHAKTap, reHOTUN

opTa e3apa epekeTTecyi, Xarblpak, Tatbl, Puccinia triticina, cabak tatbl, Puccinia graminis.
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YCTOMYMBOCTb KapTUPYIOLLLEHM MOMYASILUU MSTKOWM MLLUEHULLbI
Mamsitn A3unesa x MNMaparoH K AMCTOBOH U CTeOAEBOM pPrKaBUMHAM
B ycaoBusix FOro-Boctoka KaszaxcraHa

A6CTpaKkT. dnUUTOTUN TPUBHBLIX GOAE3HEN MNUWEeHMLbl, B OCOOEHHOCTN AUCTOBOM (BO36yAUTEAD
Puccinia triticina Erikss.) n crebaeBoit (Bo30yamTeAb Puccinia graminis Pers.) p>kaBumH, NMpUBOAST K
Cepbe3HbIM MoTEpPsSIM ypoykast 3epHa A0 60-80% no Bcemy mupy, BkAlodas Kasaxcra. [MoA0GHbI
nary6Hblil 3(ppekT 0ObICHIETCS NapasMTUYEcKon NPUPOAOK MaToreHa U CNoCOBHOCTbIO ero cnop C
AErKOCTbIO PACMPOCTPAHSITHCS BETPOM. HaAnume npomeskyTOUHbIX XO3s€eB raroreHa BOAM3WM MOAeN
TakXKe WMrpaeT BaXKHYID POAb B ObICTPOM pasBUTUM MHpekumMr. MCXOAs M3 3TOro, HeoOXOAMMO
BCECTOPOHHEE M3yuyeHue MNaTOreHoB, B TOM UMCAE TeHEeTMYeCKMe W 3KOAOrMYeckme acnekTbl. B
AQHHOM MCCAEAOBaHUM MONyAsuMst 98 PEeKOMOMHAHTHBIX WMHOPEAHbIX AMHWIA, MOAYYEHHAs MyTem
CKpeLuMBaHMs POCCUIMCKOrO COpPTa MAKOM MniueHuubl [amat AsmeBa u 6putaHckoro copta [MaparoH,
6blAa MCMOAB30BAHA AASI TIOAEBbIX UCMbITAHWI HA YCTOMUYMBOCTb K AMCTOBOM M CTEBAEBOM PrKaBUMHAM.
IKCNepuUMEHT NPOBOAMACS B TeueHue 2018-2019 rr. Ha noagx KOro-Boctoka KasaxctaHa. B pesyabrare:
ObIA OMPEAEAEH CTaTyC YCTOMUMBOCTM KaXKAOM AMHUM U POAUTEABCKMX COPTOB, MAEHTUMULIMPOBAHbI
NMepCrneKkTUBHbIE AMHUM C OTHOCMTEAbHO BbICOKOM YCTOMUYMBOCTbIO K ABYM OOAE3HSIM WM BbICOKMM
MOTEHLMAAOM YPOXKAMHOCTK, a Takxke BblAa OBHAPY)KeHA HeraTMBHasi KOPPEASLIMS MEXKAY TAXKECTbIO
nopa>keHunst GOAE3HbIO 1 KOMMOHEHTaMM YPOSKANHOCTU. Ayulliee NoHUMaHWE B3aMMOOTHOLLIEHWIA MEXKAY
naToreHoM, ero X03sMHOM M APYrMMM OpraHu3mamu, nyTen pacnpoCTpaHeHWs naToreHa U ero poAu B
3KOCUCTEMAX CO3AAAYT HAAEXKHbIE MPEAMOCHIAKU AAS PAa3PabOTKM HOBbIX COPTOB MSTKOM MUIEHULLbI.

KAtoueBble cAoOBa: Msrkasi nileHuLa, 3KOAOTMYECKME MUCMbITaHWS, B3aMMOAEMCTBME TeHOTUMN X
cpeAa, AMCTOBas pXKaBuMHa, cTebAeBast p>kaBumHa.

Abbreviations

ANOVA - analysis of variance; I — immune;
KRIAPI — Kazakh Research Institute of Agriculture
and Plant Industry; LR — leaf rust; M — mixed re-
action to disease; MAS — marker-assisted selection;
MP — mapping population; MR — moderately resis-
tant; MS — moderately susceptible; PCA — principal
component analysis; R — resistant; RIL(s) — recom-
binant inbred line(s); S — susceptible; SR — stem rust.

Introduction

Common wheat (Triticum aestivum L.) is the
most important cereal crop in the World. Annual
production of wheat grain takes the first place not
only globally, but also in Kazakhstan, where it gives

20-25 million tons of the grain per year with up to
5-7 million tons to be exported [1]. However, infec-
tion with leaf rust (LR) and stem rust (SR) pathogens
causes serious yield reduction [2]. The majority of
wheat cultivars used for commercial production on
the territory of Kazakhstan are susceptible to both of
these diseases [3].

Leaf or brown rust (caused by Puccinia triticina
Erikss.) and stem or black rust (caused by Puccinia
graminis Pers.) are parasitic rust fungi belonging to
the order Uredinales [4]. Their lifecycle is complex
and includes 5 stages and several intermediate hosts.
For example, pathogen uses Berberis species and
some wild grasses for the development of pycnio-
spores and aeciospores; and cereal species, includ-
ing wheat, are used for the development of uredin-
iospores, teliospores, and basidiospores [5, 6]. The
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main dangers of this fungi for a wheat plant is the
ability to use their nutrients and thereby reduce key
yield parameters, such as size, weight of kernels and
number of kernels per spike [7, 8]. Epiphytotic de-
velopment of SR in 1964 on the territories of north-
ern Kazakhstan caused yield losses up to 50% [9].
In 2000-2001 Akmola region was exposed to epi-
phytotic outbreak of LR which affected commercial
wheat cultivars up to 50-100% [10]. Dry and hot cli-
mate in most of Kazakhstan territories contributes
to the rapid spread of pathogens’ spores along with
the air masses to large areas. Despite this, patho-
gens’ populations vary in different parts of Kazakh-
stan [2, 11]. Every year, new data on the pathogenic
composition of LR and SR populations appear. In
1998 there was the first report on highly-virulent
race Ug99 of SR on wheat detected in Uganda [12].
For the last 20 years this race had spread from East-
ern Africa to Near East and keeps moving toward
the center of Eurasia continent [13]. The Ug99 has
not been detected in Kazakhstan yet [3], however,
search and development of methods for combating
both LR and SR are extremely important and rel-
evant research areas for our country.

One of the most common ways to protect wheat
crops from rust infections is the usage of fungicides
[3, 14]. Chemical preventative methods are effec-
tive, but at the same time economically disadvan-
tageous and dangerous to the environment and hu-
mans. The most optimal and safe option is to create
and grow wheat cultivars that are resistant to dis-
ease and possesses high yield potential. The resis-
tance of wheat to LR and SR pathogens is controlled
by Lr and Sr genes respectively. Overall, approxi-
mately 80 Lr and 60 Sr genes have been identified
and described in common wheat, durum wheat and
diploid wheat species [15]. However, in addition to
the genetic factor, the environment has a significant
effect on the manifestation of resistance. Individual
genes can be effective in all regions of the country
or certain parts of it. For example, it was shown that
gene Lr9 was effective for South-East, East, North
Kazakhstan, and Akmola region, but gene Lr23
was highly specific and effective in Akmola region
only [2]. Thus, the main task for wheat breeders is
searching for sources of resistance genes for LR and
SR, and development of new cultivars using both
traditional and modern breeding methods, including
marker-assisted selection (MAS) [16, 17].

One of the methods which is widely used to find
genetic factors associated with diseases resistance
is linkage mapping. For these purposes biparental
mapping populations (MP) are applied. There are
several types of MP — F , Double haploid (DH),
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Back cross population, recombinant inbred lines
(RIL), near-isogenic lines (NIL). This method has
established itself as effective for the analysis of many
quantitative traits of wheat, such as productivity [18,
19, 20], disease resistance [21, 22, 23], and tolerance
to abiotic stress factors [24, 25]. The results of such
work usually are the identification of new genomic
regions responsible for the quantitative trait and the
selection of promising lines for further breeding
programs. In this study, the Pamyati Azieva x
Paragon MP consisted from 98 RIL was used for
studying the genetic basis of LR and SR resistance.
Current field analysis was a part of QTL mapping
study, and data obtained in this work allowed to
reveal promising lines with the resistance to LR
and SR, that could be used in the breeding of new
promising cultivars.

Materials and methods

Mapping population. The MP comprising of
98 F8 recombinant inbred lines (RILs) was created
via crossing between two spring wheat cultivars —
“Pamyati Azieva” and “Paragon” — using single
seed descent method [26, 27]. The first parental
cultivar was Russian medium-early spring wheat
cultivar “Pamyati Azieva” recommended for the
Western Siberian region of Russian Federation
[28], and approved for commercial cultivation
in the North Kazakhstan [29] The second
parental cultivar was the United Kingdom’s elite
spring wheat cultivar “Paragon”. The MP was
developed within the ADAPTAWHEAT project
in greenhouse conditions by using facilities of the
John Innes Centre (Norwich, UK) during 2011-
2015 [30].

Field trials and ecological testing. Evaluations
of the MP’s resistance and major yield components
were conducted in the field plots of Kazakh
Research Institute of Agriculture and Plant Industry
(KRIAPI, South-East Kazakhstan, Almaty region)
in 2018-2019. Ninety-eight RILs, the parental
cultivars (“Pamyati Azieva” and “Paragon”), and
standard check cultivars (“Kazakhstanskaya 4” and
“Kazakhstanskaya rannespelaya”) were evaluated
under a natural source of infection for the resistance
to LR and SR. The MP was planted at each site in
randomized doubled experiments. Plants were grown
in 15 cm distance between rows and 5 cm distance
between plants within a row. Each row contained 25
plants. LR and SR resistances were assessed visually
during the phase of grain formation on 75 of Zadoks
scale [31]. Averaged values for both diseases in two
years were used for further analysis. Evaluation
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of resistance/susceptibility levels was performed
using the scale of Mains and Jackson [32] for LR,
the scale of Stakman [33] for SR. The severity of
rust infection on leaf and stem surfaces was assessed
using the modified Cobb scale [34, 35]. For more
precise analysis of information, initial data was
converted into 9-point scale (Table 1). The list of
assessed yield components included several plant

architecture traits — plant height (PH), peduncle
length (PL), and number of productive spikes per
plant (NPSP); spike architecture traits — spike length
(SL), number of fertile spikelets in the main spike
(NFS), and number of kernels in the main spike
(NKS); productivity traits — weight of kernels in
the main spike (WKS), weight of kernels per plant
(WKP) and thousand kernels weight (TKW).

Table 1 — Correspondence between traditional scale and the 9-point scale for evaluation of resistance/susceptibility to leaf and stem

rusts based on visual symptoms

Traditional | 9-point Plant’s
. Symptoms
scale scale reaction
0 0 Immune No visible signs of infection
R 1 Resistant Visible chlorosis or necrosis, no uredia are present
Small uredia are present and surrounded by either chlorotic or necrotic areas (10-40% of
10-40 MR 2
Moderately | the leaf/stem surface)
resistant Small uredia are present and surrounded by either chlorotic or necrotic areas (50-100%
50-100 MR 3
of the leaf/stem surface)
Variable sized uredia are present some with chlorosis, necrosis or both (10-40% of the
10-40 M 4
Intermediate | leaf/stem surface)
(mixed) Variable sized uredia are present some with chlorosis, necrosis or both (50-100% of the
50-100 M 5
leaf/stem surface)
Medium sized uredia are present and possibly surrounded by some chlorotic areas (10-
10-40 MS 6 o
Moderately | 40% of the leaf/stem surface)
50-100 MS 7 susceptible | Medium sized uredia are present and possibly surrounded by some chlorotic areas (50-
100% of the leaf/stem surface)
Large uredia are present, generally with little or no chlorosis or necrosis (10-40% of the
10-40 S 8
. leaf/stem surface)
Susceptible - — - -
Large uredia are present, generally with little or no chlorosis or necrosis (50-100% of
50-100 S 9
the leaf/stem surface)

Statistical analysis. MS Excel software was
used to process and visualize numerical data.
Analysis of variance (ANOVA), Pearson correlation
tests and principle component analysis (PCA) were
performed using the R statistical platform [36].

Results and discussion

The resistance of RILs, parental cultivars and
check cultivars to leaf and stem rusts. Studied
RILs population had demonstrated different levels
of resistance to LR and SR observed in two years.
Severity distribution for both diseases showed
transgressive segregation. In 2018 the average score
of LR resistance was 6.5+£2.5 (ranged from 5 to 7)
and remained stable in 2019 when it was 6.6+2.7
(ranged from 2 to 9) on 9-point scale, both of which
corresponded to moderately susceptible level (MS).

The major part of lines — 92% — in 2018 belonged
to MS group and 8% was highly susceptible (S),
but in 2019 the situation had changed (Figure
1A). In the second year of observations, amount
of MS lines had reduced to 64% and number of S
lines had increased up to 29%. At the same time,
9 lines had demonstrated moderate resistance (MR)
which was not observed in 2018. Parental cultivars
Pamyati Azieva and Paragon had demonstrated
high susceptibility to LR in 2018 (20S and 40S
respectively or 8 on 9-point scale), which were
higher than the average value among the RILs; and
moderate susceptibility in 2019 (30MS and 40MS
respectively or 6 on 9-point scale), which were
lower than the average score of RILs population.
As for SR, the severity scores had changed
dramatically between two years. The average
score in 2018 was on the level of 7.4+2.3
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points (ranged from 3 to 8) with the following
distribution: 77% of lines were defined as S,
14% were MS, 6% demonstrated mixed reaction,
and three lines were MR (Figure 1B). SR
severity level of Pamyati Azieva and Paragon
corresponded to 10MS and 40MS respectively or
6 points for both in 2018 and were lower than the
average score in the population. In 2019 scores
moved towards resistance, and average score was
1.8+2.0 (ranged from 0 to 8) with 47% of lines
being immune (I), 9% were resistant (R), 27%
were MR, 16% demonstrated MS level and only
one line was highly susceptible. Parental cultivars
were generally resistant to SR in 2019 — 5R for
Pamyati Azieva and 20R for Paragon.

Check cultivars Kazakhstanskaya rannespelaya
and Kazakhstanskaya 4 had demonstrated moderate

susceptibility to LR — 40MS or 6 on 9-point scale
for two diseases and both resistant to SR — 5R or 1
on 9-point scale.

Transgressive segregation for resistance in
cereals has been previously reported in wheat for
resistance to leaf rust [37, 38] and stem rust [39,
40]. The current study, therefore, confirms the
quantitative effect of loci explaining resistance to the
two rust diseases. However, both parental cultivars
are described as susceptible to two diseases [3, 41],
and variations like that can be possibly explained by
differences in the composition of pathogen’s races
in population of particular region and/or weather
conditions. Nevertheless, their offspring lines
had different levels of resistance to LR and SR in
two years what may be explained by the genetic
background of parental cultivars.

A Leal rust

=-_'I &1

Figure 1 — Phenotypic distribution of Pamyati Azieva x Paragon recombinant inbred lines
for leaf (A) and stem (B) rusts severity observed in two years
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Analysis of variance indicated a moderately
significant influence of genotype (p<0.001) and
weaker influence of genotype x environment
combination (p<0.05) on the severity of LR

(Table 2). As for SR, there were highly significant
differences (p<2e') among the 98 RILs explained
by the test environments or two years and weaker
influence of genotype on the trait (p<0.05) (Table 2).

Table 2 — ANOVA of genotype and environment effects and proportion of phenotypic variation for leaf and stem rusts severity
obtained across two testing environments (two years) in Pamyati Azieva x Paragon population

Leaf rust
Factor Df Sum sq Mean sq F-value p-value
Genotype 1 13.89 13.891 8.858 0.003**
Environment (year) 1 0.4 0.405 0.258 0.612
GenotypexEnvironment 1 8.21 8.207 5.233 0.023*
Residuals 196 307.37 1.568
Stem rust
Factor Df Sum sq Mean sq F-value p-value
Genotype 1 16.2 16.2 5.011 0.026*
Environment (year) 1 1596.1 1596.1 494.673 <2e-16%**
GenotypexEnvironment 1 7.6 7.6 2.368 0.125
Residuals 196 632.4 32
Notes: Df — degree of freedom; F-value — effect of the factor; p-value — probability; * — p<0.05, ** — p<0.01, *** — p<0.001

Correlation between severities of LR and SR
and its influence on yield components. In the course
of present work, a moderate positive correlation was

observed for LR severity between 2018 and 2019,
as well as positive correlation between LS and SR
in 2019 (Table 3).

Table 3 — Pearson correlation between severities of leaf and stem rusts in two environments (years) of the experiment

. . Leaf rust Stem rust
Disease/Environment (year)
2018 2019 2018 2019

2018 -

Leaf rust
2019 0.306** -
2018 -0.014 0.044 -

Stem rust
2019 0.027 0.244* 0.051 -

Notes: * — p<0.05, ** — p<0.01, *** — p<0.001

In the case of LR severity in two years, such
phenomenacanindicate consistency and repeatability
of field data collected from the testing environments
in two years. As for the correlation between LR and
SR in 2019, high correlation coefficient may suggest
that genes conferring leaf rust resistance were either
closely linked or pleiotropic to genes that condition
stem rust resistance. Therefore, the interactions

between loci conditioning resistance to both LR and
SR diseases in the current MP should be studied
more deeply.

A phenotypic association study among the 98
RILs was conducted using principal component
analysis (PCA) (Figure 2) in order to detect
similarities in the lines’ responses to LR and SR in
two studied environments, as well as to determine the
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extent and direction of correlations between the two
rusts and determine promising resistant lines. The
PCA separated the RILs into two distinct principal
components: PC1 and PC2, which explained 35.1%
and 25.9% of the total variation, respectively.

The relatively resistant RIL 01 was plotted on a
significant distance from the main mass of RILs, as
well as lines RIL_10, RIL_12, RIL_33,RIL_ 43, and
RIL 44, which were also highlighted as promising
for the breeding (Figure 2).

Figure 2 — Association between 98 Pamyati Azieva x Paragon RILs on the basis of the first two principal
components (PC1 and PC2) obtained from a principal component analysis based on leaf and stem rust
severity scores in two environments. LR — leaf rust, SR — stem rust. Numbers indicate the genotypes

In previous study of yield and its components
of this MP in 2015-2018 in Almaty region several
RILs were observed to be better than check and
parental cultivars [20]. Analysis of weight of
kernels per plant (WKP) has indicated that 40
RILs, including five best RILs: RIL 48, RIL 36,
RIL 83, RIL 01, and RIL 46, outperformed
the local parent cultivar Pamyati Azieva. They
showed the best averaged yield values over the
indicated period, which is highly correlated
with PH, NFS, NKS, and TKW, as indicated by
the Pearson correlation index. Individuals with
favorable values for all yield-related traits were
identified for their incorporation into the breeding
studies [20].
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In Table 4, there is summarized information
about six RILs that had shown relatively high level
of resistance to both rust diseases compared with the
averaged level, as well as values of important yield
components. RIL 01 confirmed its high-yielding
significance in the last years [20].

Fungal infection of wheat usually leads to the
reduced number of kernels per spike and lower kernel
weights due to the parasitic consumption of host
nutrients, which leads to apparent yield losses and
poor quality of the grains [7]. Correlation analysis of
the most important yield components of the studied
MP allowed to reveal strong (p<0.001) in 2018 and
weak (p<0.05) in 2019 negative influence of LR
severity on the thousand kernel weight (Table 5).
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Table 4 — Best-performing RILs displaying leaf rust/stem rust resistance and their values of important yield components compared

with averaged levels of 2018-2019

Trait/RIL Average’ RIL 01 RIL_10 RIL 12 RIL 33 RIL 43 RIL 44
LR 6.6x1.0 3.542.0 4.0£2.5 4.542.1 4.5+£2.1 4.0£2.0 4.54£2.1
SR 4.6+.1.3 4.0£2.5 4.0£3.0 4.0£3.0 4.5£3.0 4.0£3.0 4.0£3.0
PH 97.3+8.7 106.2+£5.9 93.1+1.2 104.7£1.5 92.0+6.1 97.3+4.7 93.0+0.5
PL 38.1+5.0 40.9+4.4 34.0+4.8 38.2+0.8 34.7+2.4 37.2+1.2 40.5+8.2

NPSP 3.3+0.7 5.3+1.4 3.4+1.1 3.6x1.1 2.7+0.0 3.8+0.7 2.8+0.7
SL 10.7+1.2 10.9+0.6 10.8+0.4 10.0+£0.4 10.3+1.4 9.3+0.8 10.8+0.9

NFS 48.6+6.5 45.5+£3.3 48.6+2.6 45.240.9 46.8+11.5 49.842.8 51.843.1

NKS 19.7+1.4 20.0+2.1 19.2+1.3 18.7+0.7 19.0+0.0 17.7+12.0 19.8+10.1

WKS 1.7+0.3 1.5+£0.4 1.8+0.1 1.8+0.0 1.7£0.5 1.7£0.4 1.6+0.1

WKP 4.4+1.1 5.040.1 4.9+1.1 5.0+0.8 3.5+0.8 4.3+0.6 3.4+0.5

TKW 32.6+3.1 30.5+4.1 32.6+3.1 36.1+0.5 32.34+2.1 31.44+0.3 32.7+1.2

Notes: " — Average value of the trait per RIL measured in two years;

Table 5 — Pearson correlation among severities of leaf rust and stem rust and key yield components observed in two years

Dis. Env. PH PL NPSP SL NFS NKS WKS WKP TKW
LR 2018 -0.006 -0.060 -0.214* 0.122 0.179 0.090 -0.015 -0.042 [ -0.340***
2019 -0.185 -0.090 | -0.260%** 0.036 0.252 0.140 -0.069 -0.144 -0.067*
SR 2018 0.238 0.241 -0.032 0.221 -0.077 0.202 -0.083 -0.168 -0.106
2019 -0.140 -0.108 -0.172 -0.085 0.019 -0.070 -0.064 -0.154* 0.136
Notes: Dis. — disease; Env. — environment (year); * — p<0.05, ** — p<0.01, *** — p<0.001

Also moderate (p<0.01) and weak (p<0.05)
negative correlations were observed in 2019 and
2018, respectively, for the number of productive
spikes per plant. In the case of SR, negative
correlation was detected in 2019 between the
severity of infection and the weight of kernels per
plant (Table 5).

Thus, the resistance status of each line and two
parental cultivars was determined, the promising
lines with relatively high resistance to two diseases
and great yield potential were identified, a negative
correlation between the severity of diseases and
yield components was revealed.

Conclusion

The present study reported the diverse
resistance of RILS of Pamyati Azieva x Paragon
mapping population to leaf rust and stem rust
resistance. The analysis was conducted based on
field evaluation of 98 newly developed RILs, two

parental cultivars and two checks in 2018-2019
on the experimental fields of KRIAPI (South-
East Kazakhstan). As the results of this work, 6
best-performing RILs for leaf rust and stem rust
resistance were selected for the further wheat
breeding and genetic studies. Therefore, the
newly developed RILs in the genetic background
of Pamyati Azieva and Paragon cultivars can be
used for breeding resistant accessions to these two
fungal diseases. Further studies using the selected
lines are required to understand the genetic basis
explaining reaction of lines to leaf rust and stem
rust resistance in more diverse environments. The
results of this study are invaluable for resistance
breeding and contribute to the surge to fight two of
the most dangerous wheat diseases.
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