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Our study had several goals: assessment of field response of 20 Macedonian bread wheat genotypes to yellow
rust and Septoria leaf blotch; identification of resistant and moderately resistant genotypes; and identification of poten-
tial sources of resistance which may be used for breeding programs in the future. Field experiments were conducted
during two consecutive growing seasons in two regions in the Republic of Macedonia. Examined genotypes showed
different genetic response to Zymoseptoria tritici and Puccinia striiformis f. sp. tritici, in both regions and in the sepa-
rate years of investigation. The genotype MAC10 was immune to both wheat pathogens and MAC16 was identified as
immune to yellow rust and moderately resistant to Septoria leaf blotch in both regions. These genotypes will be recom-
mended to local wheat producers, and will be used as genetic source for resistance in national wheat breeding programs.
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INTRODUCTION

Bread wheat (Triticum aestivum L.) is the
main cereal crop in the Republic of Macedonia, cul-
tivated on approximately 80,000 ha. Over the past
several years, wheat production in Macedonia faced
serious damages and yield losses as a result of foliar
diseases, such as yellow rust and Septoria leaf
blotch, mainly due to favorable conditions for their
development. Yellow rust (Puccinia striiformis f.
sp. tritici), is one of the most important wheat dis-
eases worldwide, which causes yield losses from
10-70 % and reduces the quality of grain and forage
[1, 2], especially in regions with cool climate [3].
However, in recent years, this disease has become a
rising problem in warmer areas, which were previ-
ously considered as unfavorable for yellow rust epi-
demics [4-6], such as Macedonia. Besides environ-
mental conditions, virulence of the pathogen and
host resistance are also the key factors for disease

severity [2, 7]. Septoria leaf blotch, caused by the
Zymoseptoria tritici (syn. Septoria tritici; teleo-
morph Mycosphaerella graminicola) is one of the
top two or three diseases in most wheat-growing
areas around the world, including Europe, USA,
South America and Australia [8]. In areas with con-
ditions favorable for its development (high rainfall),
yields can be reduced over 50 % in highly suscepti-
ble genotypes [9]. Effective control of foliar diseas-
es in wheat can be achieved by cultural practices,
use of resistant genotypes and application of fungi-
cides [2, 6, 10-13]. In order to protect the wheat
from yellow rust and Septoria leaf blotch, at least
two fungicidal treatments are applied during the
growing season [6, 14, 15], which significantly in-
creases the production costs and contributes to envi-
ronmental pollution [13, 16]. Moreover, fungal
pathogens are able to develop resistance to com-
monly used fungicides, which is another disad-
vantage of chemical control [17, 18]. Growing re-
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sistant genotypes is the most economically efficient
and environmentally friendly approach to control
foliar diseases in wheat [10, 18, 19]. Therefore, this
study was carried out (1) to evaluate the field re-
sponse of Macedonian bread wheat genotypes to
yellow rust and Septoria leaf blotch; (2) to deter-
mine resistant and moderately resistant genotypes,
which would be recommended to local wheat pro-
ducers, and (3) to identify potential sources of re-
sistance which may be used for breeding programs
in the future.

MATERIAL AND METHODS

Field experiments were conducted during two
consecutive growing seasons (2014/2015 and
2015/2016) in two regions in the Republic of Mace-
donia (Skopje and Gradsko). A total of 20 bread
wheat genotypes (MAC1 to MAC20, consecutively)
were evaluated for their response to yellow rust and
Septoria leaf blotch in the field. The experiment was
set as randomized block design with two replica-
tions. Each plot consisted of 5 rows, with 1 m length
and between-row distance of 20 cm. Trials were
conducted based on natural infections by yellow rust
and Septoria leaf blotch pathogens. During each
growing season, standard agrotechnical practices for
wheat were applied. In each plot, 50 plants were
randomly selected for evaluation of the severity of
Septoria leaf blotch (at GS 55 — heading) and yellow
rust (at GS 73 — early milk development, according
to Zadoks’ scale) [20]. The severity of Septoria leaf
blotch was evaluated using the modified Saari and
Prescott’s double-digit scale (00-99). The first digit
refers to vertical disease progress of the plant (1-9)
and the second digit indicates severity measured as
diseased leaf area (1-9; where 1 = 10 %; and so
forth, consecutively up to 9 = 90 %) [8]. After eval-
uation, genotypes were classified in 7 categories:
immune (00), highly resistant (11-14), resistant
(15-34), moderately resistant (35-44), moderately
susceptible (45-64), susceptible (65-84) and highly
susceptible (85-99) [8]. Severity of yellow rust was
evaluated by using the modified Cobb scale (1-100
%), along with the variety response [21]. Response
refers to the infection type and is classified accord-
ing to the following scale: 0 — no visible infection; R
— resistant; necrotic areas with or without small pus-
tules; MR — moderately resistant; small pustules
surrounded by necrotic areas; M — intermediate;
pustules of variable size; some necrosis and/or chlo-
rosis; MS — moderately susceptible; medium-sized
pustules; no necrosis, but some chlorosis possible

and S — susceptible; large pustules, no necrosis or
chlorosis. These scores were then converted to coef-
ficient of infection (CI) by multiplying severity by
an assigned constant value for the variety response,
whereR=0.2, MR=04,M=0.6, MS=0.8,and S
= 1 [22]. The genotypes were then classified into:
immune (0); highly resistant (1-5); resistant (6-10);
moderately resistant (11-20); moderately suscepti-
ble (21-30) and susceptible (31-100).

RESULTS AND DISCUSSION

Examined genotypes showed different genetic
response to Zymoseptoria tritici and Puccinia strii-
formis f. sp. tritici, in two consecutive growing sea-
sons. In 2015, disease pressure by Septoria leaf
blotch was higher in comparison with yellow rust,
while in 2016, climate conditions were particularly
favorable for development of P. striiformis f. sp.
tritici, which resulted in severe yellow rust infec-
tions.

In 2015, in both regions, 4 wheat genotypes
(MAC2, MAC10, MAC12 and MAC 15) were eval-
uated as immune and three genotypes (MACS,
MAC11 and MAC18) were found to be highly re-
sistant to Septoria leaf blotch infections. Resistance
was observed in genotypes MAC4, MACS8 and
MAC17, while MAC16 and MAC19 expressed
moderate resistance. Genotypes MAC9 and MAC13
were moderately resistant to moderately sensitive,
MAC1 and MAC14 were moderately sensitive,
MAC6 was marked as sensitive and MAC20 as
moderately sensitive to sensitive. The response of
other 2 genotypes (MAC5 and MACY7) significantly
differed between two regions (sensitive to highly
resistant and moderately sensitive to resistant, re-
spectively). In 2016, in most of the genotypes leaf
area was almost fully covered with yellow rust pus-
tules, which obstructed infections by Zymoseptoria
tritici. Namely, out of 20 genotypes, 15 were deter-
mined as immune to Septoria leaf blotch infections,
one genotype was highly resistant (MAC3), one was
resistant (MAC11) and one was moderately resistant
(MAC16). Genotype MAC13 was moderately sensi-
tive to moderately resistant, while the genotype
MAC9 was determined as sensitive to Z. tritici in-
fection. However, it is important to point out that
genotypes MAC2, MAC10, MAC12, MACIS5,
MAC3 and MAC16 displayed uniform host re-
sponse regarding the region and growth seasons.
Field response of other 14 investigated genotypes
significantly differed depending on the region and
the growing season.
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Table 1. Severity of Septoria leaf blotch infection and wheat genotype response
during 2015 and 2016 growing seasons in Skopje and Gradsko

2015 2016
Skopje Gradsko Skopje Gradsko
Double Double Double Double
Geno- digit Response digit Response digit Response digit Response
type score score score score
MAC1 45  Moderately o Moderately ), Immune 00 Immune
sensitive sensitive
MAC?2 00 Immune 00 Immune 00 Immune 00 Immune
MAC3 12 Highly 11 Highly 11 Highly 13 Highly
resistant Resistant resistant resistant
MAC4 34 Resistant 33 Resistant 00 Immune 00 Immune
MAC5 75 Sensitive 13 Highly re- 00 Immune 00 Immune
sistant
MACG6 75 Sensitive 73 Sensitive 00 Immune 00 Immune
MAC7 45 Moderately 34 Resistant 00 Immune 00 Immune
sensitive
MACS8 26 Resistant 23 Resistant 00 Immune 00 Immune
MACY 43  Moderately g Resistant 67 Sensitive 82 Sensitive
resistant
MACI10 00 Immune 00 Immune 00 Immune 00 Immune
MACI1 13 Highly 11 Highly 33 Resistant 24 Resistant
resistant Resistant
MACI12 00 Immune 00 Immune 00 Immune 00 Immune
MAC13 45 Mode_ra_ltely a1 Mod_erately 16 Mode_rgtely 37 Mod_erately
sensitive resistant sensitive resistant
MAC14 64 Mode_ra_ltely 52 Mode_ra_ltely 00 Immune 00 Immune
sensitive sensitive
MACI15 00 Immune 00 Immune 00 Immune 00 Immune
MAC16 35 Mod_erately 35 Mod_erately 42 Mod_erately 43 Mod_erately
resistant resistant resistant resistant
MAC17 21 Resistant 23 Resistant 00 Immune 00 Immune
MAC18 11 Hl_ghly 12 nghly 00 Immune 00 Immune
resistant Resistant
MACI19 44 Mod_erately 36 Mod_erately 00 Immune 00 Immune
resistant resistant
MAC20 76 Sensitive 46 Mode_ra_ltely 00 Immune 00 Immune
sensitive

As previously mentioned, climate conditions
during 2016 were favorable for yellow rust devel-
opment, which lead to severe infections. As a result,
disease severity ranged from 15 to 100 % in both
investigated regions (Table 3). The highest disease
severity was observed in genotypes MAC1, MAC5
and MACI15 in both regions. On the contrary, in
2015, disease severity was significantly lower and
ranged between 10 in the region of Gradsko and 45
% in the region of Skopje (Table 2). Out of 20 ex-
amined genotypes, 3 genotypes (MAC9, MAC10
and MAC16) were found to be immune, while 2
genotypes (MAC11 and MAC12) were identified as
resistant in both regions, during the two consecutive

years. Other 15 genotypes (MAC1, MAC2, MAC3,
MAC4, MAC5, MAC6, MAC7, MAC8, MAC13,
MAC14, MAC15, MAC17, MAC18, MAC19 and
MACZ20) exhibited inconsistent response to yellow
rust in terms of region and growing season. Differ-
ences in the genotypes’ response to yellow rust
(Puccinia striiformis f.sp. tritici) and Septoria leaf
blotch (Zymoseptoria tritici) are in agreement with
many previous studies [18, 23-26]. However, in
those studies only resistant and moderately resistant
genotypes were identified, while immune genotypes
to yellow rust and Septoria leaf blotch were not ob-
served.
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Table 2. Severity and coefficient of infection (CI) of yellow rust and wheat genotype response
during 2015 growing season in Skopje and Gradsko

Skopje Gradsko
Genotype Severity and cl Reaction Severity and cl Reaction
response type response type
MAC1 25 MR 10 R 10R 2 HR
MAC2 0 0 | 0 0 |
MAC3 0 0 | 0 0 |
MAC4 10R 2 HR 0 0 |
MAC5 40 MS 32 S 0 0 |
MAC6 45S 45 S 0 0 |
MAC7 40 MS 32 S 0 0 |
MACS8 20 MR 8 R 0 0 |
MAC9 0 0 | 0 0 |
MAC10 0 0 | 0 0 |
MAC11 20 MR 8 R 20R 8 R
MAC12 20 MR 8 R 15 MR 6 R
MAC13 0 0 | 0 0 |
MAC14 0 0 | 0 0 |
MAC15 0 0 | 0 0 |
MAC16 0 0 | 0 0 |
MAC17 0 0 | 0 0 |
MAC18 0 0 | 0 0 |
MAC19 0 0 | 0 0 |
MAC20 0 0 | 20 MR 8 R

Table 3. Severity and coefficient of infection (CI) of yellow rust and wheat genotype reaction
during 2016 growing season in Skopje and Gradsko

Skopje Gradsko
Genotype Severity and cl Reaction Severity and cl Reaction
response type response type
MAC1 95 S 95 S 100 S 100 S
MAC?2 70S 70 S 40 S 40 S
MAC3 50 S 50 S 45 S 45 S
MAC4 60 S 60 S 40 S 40 S
MAC5 100 S 100 S 75S 75 S
MAC6 75S 75 S 60 S 60 S
MAC7 758 75 S 50S 50 S
MACS8 80 S 80 S 85S 85 S
MAC9 0 0 | 0 0 |
MAC10 0 0 | 0 0 |
MAC11 25 MR 10 R 15 MR 6 R
MAC12 20 MR 8 R 15 MR 6 R
MAC13 20 MR 8 R 30 MS 24 MS
MAC14 80S 80 S 100 S 100 S
MAC15 90 S 90 S 95S 95 S
MAC16 0 0 | 0 0 |
MAC17 70S 70 S 60 S 60 S
MAC18 80S 80 S 95S 95 S
MAC19 25 MS 20 R 40 S 40 S
MAC20 50 S 50 S 65 S 65 S

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 40 (2), 191-196 (2019)



Evaluation of field response to yellow rust and Septoria leaf blotch of Macedonian bread wheat genotypes

195

If we compare the results for genotypes re-

sponse to Puccinia striiformis f.sp. tritici and Zy-
moseptoria tritici, during the two years in two ex-
amined regions, it is noticeable that the genotype
MAC10 was immune to both wheat pathogens.
Moreover, the genotype MAC16 was identified as
immune to yellow rust and moderately resistant to
Septoria leaf blotch in two consecutive years, in
both regions. These two genotypes can be recom-
mended to local wheat producers, and in the future
they should be used as genetic source for resistance
in national wheat breeding programs.
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EBAJTIYALIMJA HA PEAKIIUJATA HA MAKEJOHCKHU I'EHOTHUIIOBU ITYEHULIA
KOH KOJITATA "PT'A 1 CEIITOPUO3ATA BO IIOJICKH YCJIOBH

Buajana Kysmanosckal”, Mupjana Jankyaosckal, Jbynuo Jankynockn?, Coma UBanoBckal,
Pane Pycesckul, lane Bomes!

ldakynreT 3a 3eMjoaencKy HayKu U XpaHa, YHuBepsurer ,,CB. Kupun u Mertoauj*,
Ckomje, Penybnka Makenonuja
2Oy 3a TeHETUKA U CENeKIMja Ha pacTeHuja, Mel'yHapo/iHa areHIuja 3a aToMCKa €HEpIHja,
Buena, Asctpuja

HcnuryBamaTa 0Oea CHOPOBEJCHHM CO HEKOJKY ILENU. Ja Ce eBajJyHpa peakuujata KOH JKONTaTa ’'pra u
cenTopro3ara Ha 20 MaKeZOHCKH I'¢HOTUIIOBH ITYEHHLIA BO TIOJICKH YCIIOBH, JIa C€ WACHTH(UKYBAaT OTHOPHH H yMEPECHO
OTIOPHM I'CHOTHIIOBH M Jia c€ WACHTH()UKYBaaT MOTCHIMjATHATE U3BOPH Ha OTIIOPHOCT LITO OM ce BKIYYWIIC BO HIHHUTE
ceNeKIMCcKH mporpamu. [lonckure onuti 6ea CpoBECHN BO TEKOT Ha JBE MOCIIEJIOBATEHH BETETAICKUA CE30HH, BO
IBa pernoHa Bo PenyOiuka Makenonuja. VcnuTyBaHUTE T€HOTUIIOBH BO IBETE BErETAlMCKH CE30HM IIOKaXkaa
pasuyHa reHeTCKa peakilija KOH JaBara maroreHa, Zymoseptoria tritici u Puccinia striiformis f. sp. tritici, Bo nsata
peruona. ['enorunor MAC10 nokaka nMyHa peakiifja KOH JiBaTa naroresa, gojaeka rerorunor MAC16 nokaxa uMmyHa
peakudja KOH jXojiTaTa ’pfa M yMepeHa OTIIOPHOCT KOH CeNTopHo3aTa, BO JBaTa HMCIHMTYBaHM peruoHa. OBmue
TCHOTHIIOBH K€ Ce TIpernopayaar Ha JIOKaJIHUTE POU3BOANTEIM Ha ITUSHUIA 3a OATJIelyBamkbe, a BOSAHO Ke ce KOpHCTaT
Y BO HAI[MOHATHHUTE CEJIEKLMCKH MPOrpaMH KaKo M3BOP Ha I'€HHU 33 OTIIOPHOCT KOH OBHE JIBA [TATOreHA.

Knyunu 300poBH: TEHOTHIIOBH ITYEHHUIIA; PEaKIMja; JKOiTa “pra; CeNTOPHO3a Ha JIUCTOT
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