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EVALUATION OF MAIZE (ZEA MAYS L.) INBREDS BY INFECTION
WITH SPORISORIUM REILIANUM

K. V. Denysiuk, T. M. Satarova, V. Yu. Cherchel, B. V. Dziubetskyi
State Enterprise Institute of Grain Crops of NAAS, 14 Volodymyr Vernadskyi St., Dnipro, 49009, Ukraine

Topicality. The development and selection of maize genotypes resistant to head smut (Sporisorium
reilianum) is a topical issue in modern breeding research, which helps prevent yield losses caused by the
pathogen and ensure high-quality grain. Purpose. To evaluate the infection rate with S. reilianum of promi-
sing maize inbreds on natural and artificial infection backgrounds and identify resistant and susceptible
genotypes among them. Materials and methods. Ten promising maize inbreds adapted to conditions of
the Steppe of Ukraine were selected as the research material. The research was conducted in 2021 and 2024.
The research methods were as follows: field method, statistical analysis. Results. The viability of the head
smut spores used in the artificial infectious background was tested and confirmed by cultivating the spores
on an artificial nutrient medium in vitro before inoculation of maize seeds. A two-year field testing of maize
inbreds showed that the average infection rate with S. reilianum was 0.90 % on the natural infection back-
ground during the study years, while it was 10.28 % on the artificial infection background. Plant infection
with head smut depended on the maize genotype and agrometeorological conditions of the year. The highest
rate of pathogen infection was observed in the P354 inbred on an artificial infectious background and was
41.18 % and 59.26 % for two years of the study, respectively. No cases of plant infection in the inbreds
DK3044, DK267 and Mo17 with head smut were observed either on natural or artificial infectious back-
grounds during the years of research. Conclusions. Ten promising maize inbreds adapted to conditions of
the Steppe of Ukraine were evaluated in terms of resistance to S. reilianum. A high level of resistance to the
pathogen was established at the studied inbreds. Inbreds DK315, DK3044, DK267, PLS61, DK3008 and
Mo17, which had less than 5% of plants infected with S. reilianum on an artificial infectious background for
two years, were identified as resistant. They have the potential as donors of resistance to head smut. Inbreds
P354, DK3023 and DK7575, which had 20 % or more of plants infected on an artificial infection back-
ground, were identified as susceptible to the disease.

Key words: maize (Zea mays L.), resistance to biotic factors, fungal diseases of grain crops, head
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Introduction. The development and se- rots, and bacteriosis, head smut is one of the

lection of maize genotypes resistant to diseases
and pests is one of the priority areas of modern
plant breeding and biotechnology research.
Global losses in maize harvest due to phyto-
pathogens average 9.4 %, while in Ukraine they
are 19-25 %, and in years with widespread di-
sease, they reach 50 % [1].

Along with diseases such as blister smut,
Fusarium ear blight, seed mould, stem and root

Author information:

most common and dangerous diseases of maize
[2]. In Ukraine, the infection rate of maize
plants with head smut is 0.2-3.0 %, and in some
areas this rate is 4-6 %. In case of severe di-
sease infection, the grain yield losses can reach
15-20 % or more [3].

The pathogen of head smut is the biotro-
phic fungus Sporisorium reilianum. The disease
affects tassels and ears of maize. The panicles
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turn into a black dusty mass, and the cobs turn
into a black cone-shaped ball of fibres and fun-
gal spores. Difference in appearance between
head and blister smut consists in the fact that the
spore galls are dry and have no shell. Under
appropriate conditions, S. reilianum spores ger-
minate in the promycelium, which forms basidio-
spores. The latter, after copulation, infect the
young maize seedling through contact with it.
Infection occurs through the root after seed
germination. The fungal mycelium penetrates
the seedlings through the mesocotyl. The deve-
lopment of smut on ears and tassels depends
largely on whether the fungus reaches the shoot
meristem. If the fungal hyphae do not reach the
stem growth point, only the ears will be affect-
ted, while the tassels will remain healthy. In-
fected plants often retard in development, lose
apical dominance, and form many tillers. After
spores mature in smut galls, they are spread out,
settle on the soil and on maize post-harvest resi-
dues, and get on the ears and kernels during
harvesting and threshing [4-8].

The infection rate of head smut in maize
plants depends on genotypic characteristics, the
method of creating an infectious background,
agrometeorological conditions, etc. [9-11].

There are several approaches to the im-
munological assessment of resistance of maize
genotypes to smut. A. V. Balian et al. define the
following groups of resistance to smut: 1 — very
low resistance (>50 % of infected plants), 3 —
low resistance (26-50 % of infected plants), 5 —
medium resistance (11-25 % of infected plants),
7 — high resistance (6-10 % of infected plants),
9 — very high resistance (0-5 % of infected
plants) [12]. G. V. Grisenko and E. L. Dudka
recommend determining resistance groups of
maize genotypes based on the infection rate of
plants grown on an artificial infectious back-
ground. The infectious background is created by
direct introduction of pathogen spores into the
soil. The authors identify highly resistant forms
with 0-10 % of plant infection, resistant forms
with 10-25 %, medium resistant forms with
25-50 %, and susceptible forms with more than
50 % of plant infection [9]. T. M. Pedash et al.
also use this scoring scale when evaluating
maize hybrids grown on a natural infectious
background [11]. Analysing the infection of
maize plants grown on an artificial infectious
background (created by seed inoculation),
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V. Yu. Cherchel et al. define the following clas-
ses of genotypes resistant to head smut: 1 — re-
sistant (have 0 % of infection), 2 — low sensi-
tivity (up to 10 % of plant infection), 3 — medi-
um susceptibility (up to 20 % of plant infec-
tion), 4 — non-resistant to the disease (more than
20 % of plants infected) [13]. However, for
some studies, such as the search for associations
between molecular genetic DNA polymor-
phisms and pathogen resistance, a more simpli-
fied scale of breeding instead of immunological
assessment of resistance to smut is relevant. In
this case, maize genotypes should be divided
into two groups — resistant and non-resistant
(susceptible to the pathogen) with a third group
of genotypes with medium resistance to the
pathogen.

Agrotechnological methods are often cost-
ly and not always environmentally friendly to
control smut. An important area of S. reilianum
control is the selection and development of
maize genotypes resistant to the pathogen.
Therefore, the aim of our work was to evaluate
the resistance to S. reilianum infection of breed-
ing promising maize lines adapted to the Steppe
zone of Ukraine against natural and artificial
infectious background and to identify resistant
and non-resistant genotypes of maize among
them. The study was aimed at checking the
viability of head smut spores before inoculation
of maize seeds, breeding testing of maize lines
in the field on natural and artificial infectious
backgrounds, identification of resistant and non-
resistant (susceptible to the pathogen) genotypes.

Materials and Methods. The research
material was breeding promising maize lines
adapted to the Steppe of Ukraine: DK267,
DK315, DK3008, DK3044, DK3023, DK7575,
DK633266MV, PLS61, Mol7, and P354. The
Mo17 line with resistance to head smut [14] was
selected as a positive control. Line P354, identi-
fied as susceptible to this pathogen [15], was
selected as a negative control. The maize lines
were tested for resistance to head smut in the
field against natural and artificial infectious
backgrounds for two years (2021 and 2024).
The artificial infectious background was ob-
tained by inoculating maize seeds with Sporiso-
rium reilianum spores using methyl cellulose
[13]. Smut spores for inoculation of maize seeds
in 2021 were picked from affected field plants
in the previous 2020. Smut spores for inocula
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tion of seeds in 2024 were picked in 2021. In
both cases, the spores were stored in an un-
heated room with sufficient ventilation.

Before seed inoculation, the viability of
the head smut spores was tested. For this pur-
pose, the spores were cultivated on nutrient me-
dium in Petri dishes. The nutrient medium con-
tained 30 g/l of sucrose and 6 g/l of agar-agar.
Cultivation was performed at a temperature of
27-29 °C. Spores (5 g) from the galls were
shaken into a sterile vial and mixed with 5 ml of
sterile distilled water. The prepared suspension
was streaked onto the nutrient medium. Spore
germination analysis was performed on the
fourth and eighth day of cultivation.

The infected plants were recorded at full
maturity, during the harvesting period. For each
genotype, we analysed 11-71 plants in all vari-
ants. The infection rate of head smut was calcu-
lated as a percentage of the number of plants
infected to the total number of plants grown.

To determine resistance to S. reilianum, a
simplified scale for breeding evaluation of maize
genotypes was used. Against the infectious back-
ground, lines with less than 5 % of plants infected
were considered resistant to S. reilianum, and
lines with more than 20 % of plants infected were
considered non-resistant (susceptible to S. reili-
anum). Lines with 5-20 % of plants infected were
defined as medium resistant lines.

Statistical analysis of the experimental data
was performed using the Student's t-test at a sig-
nificance level of 0.05 [16].

Results and Discussion. The germination
of head smut spores stored for more than two
years (from September 2021 to April 2024) on
the nutrient medium confirmed their viability.
Spore germination was observed already in the
first four days after the start of their cultivation
on the medium, with active hyphal formation on
the eighth day (Fig. 1). The hyphae were used
for further inoculation of maize seeds to create
an artificial infectious background.

In the field trials, maize plants infected
with head smut had characteristic traits of the
disease (Fig. 2). The infection rate of maize
breeding promising lines adapted to the Steppe
of Ukraine depended on the genotype and year
of the study (Table 1). The average percentage
of infected plants with S. reilianum on the natu-
ral infectious background was 0.90 % over the
years of research, while this indicator was high-
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er on the artificial infectious background and
amounted to 10.28 %, indicating a high level of
resistance of maize lines to S. reilianum, and
also demonstrating the effect of the artificial
infectious load.

The highest percentage of plant infection
with head smut was observed in P354 line (neg-
ative control), namely, 41.18 % in 2021 and
59.26 % in 2024. In the resistant line Mol7
(positive control), no plants infected with head
smut were observed either under natural or arti-
ficial infectious background. The lines DK3044
and DK267 were also not infected by the patho-
gen during the two years of research. They were
identified as resistant lines. The lines DK315,
PLS61 and DK3008 were infected at the level
of 0-4.62 %, i.e. less than 5 %. These genotypes
were included in the resistant group. The
DK633266MV line had an infection rate of
17.86 % in 2021 and 9.09 % in 2024. This line
was included in the medium resistance group of
genotypes. Since DK7575 had a hundred-
percent resistance in 2021, and in 2024, the in-
fection rate of the line was 28.57 %, we classi-
fied this line as an non-resistant genotype. The
percentage of infected plants of DK3023 line in
2021 was 24.24 %, while in 2024 it was 12 %.
This genotype is also classified as non-resistant.
In 2021, seven lines out of the ten studied were
included in the group of resistant genotypes, for
which the infection rate did not exceed 5 %,
namely: DK315, DK3044, DK267, PLS61,
DK3008, DK7575 and Mol7. In 2024, this
group included six lines: DK315, DK3044,
DK267, PLS61, DK3008 and Mol7. In 2021,
two lines P354 and DK3023 were susceptible to
the disease. The infection rate of these geno-
types exceeded 20 %. In 2024, lines P354 and
DK7575 were susceptible to head smut; howev-
er, line DK7575 was resistant in 2021. During
the two years of the study, DK633266MV line
had medium resistance to head smut.

The highest coefficient of variation on the
natural infectious background was observed in
the DK633266MV line (141 %, which corres-
ponds to significant variability). This indicator
was 36 % (significant variability) in the P354
line, and 15 % (medium variability) in the
DK3008 line. Against the artificial infectious
background, the coefficient of variation for
PLS61, DK7575 and DK3008 lines was 141 %,
for DK3023 — 48 %, DK633266MV — 46 %,
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Fig. 1. Spore germination of head smut on the nutrient medium on the 4™ day of cultivation
(top and middle rows) and 8" day (bottom row).
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Fig. 2. Characteristic traits of head smut disease in maize plants in field trials.
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Table 1. Resistance of maize lines to Sporisorium reilianum

Natural infectious background Acrtificial infectious background
2021 2024 Average 2021 2024 Average
Line infected infected percentage | infected infected percentage
plants, 0 plants, N of infected | plants, n plants, 0 of infected
% % plants, % % % plants, %
P354 4.55 22 2.70 37 3.63 41.18 17 59.26 27 50.22
DK315 0 26 0 27 0 3.45 29 3.57 28 3.51
DK633266MV 0 23 7.14 14 3.57 17.86 28 9.09 11 13.48
DK3044 0 51 0 40 0 0 32 0 36 0
DK267 0 66 0 30 0 0 71 0 31 0
PLS61 0 64 0 31 0 4.62 65 0 31 2.31
DK3023 0 45 0 42 0 24.24 33 12.00 25 18.12
DK7575 0 52 0 25 0 0 48 28.57 14 14.29
DK3008 1.56 64 1.92 52 1.74 1.75 57 0 32 0.88
Mol7 0 50 0 19 0 0 50 0 14 0
Average |0.61+0.72|46.3 |1.18+1.25|29.8 | 0.90+1.02 | 9.31+2.81 | 43.0 [11.25+4.01| 24.9 | 10.28+3.46

Note. The data in the table is calculated by the formula x £ m-to s, where x — arithmetic mean of the indi-

cator,
studied, pcs.

P354 — 25 %, which corresponds to significant
variability, while DK315 line demonstrated low
variability with a coefficient of variation of
2.4 %. According to the coefficients of variation
determined by the years of the study, there was
significant variability in resistance to the disease
among maize genotypes.

Thus, the lines are resistant to S. reilianum
infection (less than 5 % of plants affected on the
infectious background during two years of the
study): DK315, DK3044, DK267, PLS61,
DK3008, and Mo17. These lines can be donors
of resistance to head smut. P354, DK3023,
DK7575 lines are unstable, susceptible to
infection (infection rate of 20 % or more).
DK633266MV line has medium resistance to
the disease.

The results on the grouping of maize lines
into resistance groups will be used in further
studies to find associations between molecular
genetic DNA polymorphism and resistance to
the pathogen.

The results of our study confirm the re-
sults obtained by other scientists. Thus, studies
conducted by T. M. Pedash et al. showed that
the average infection rate of 52 analysed maize
hybrids against a natural infectious background
was 0.9-5.9 % over three years, at the same
time some genotypes had no infection at all, and
some had infection rate of 25.3 %. In our study,
the two-year average for the infection rate of
lines on the natural infectious background was
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m — standard deviation, tygs — Student's test at the significance level 0.05, n — number of plants

0.61-1.18 %, while the infection rate of some
lines reached 7.14 %. The authors also observed
fluctuations in the infection rate of head smut
depending on the agrometeorological conditions
of the study year [11].

The maize line Mo17, known for its high
resistance to head smut, demonstrated a 100 %
resistance on the artificial infectious background
in our study. According to some researchers, the
infection rate of the Mo17 line was 0-2 % [14]
and did not exceed 2.5 %. [8].

An interesting aspect is the maximum in-
fection rate of maize genotypes with head smut.
According to the results of our research, the
highest infection rate (41.18 % in 2021 and
59.26 % in 2024) was predictably observed in
the P354 line (negative control) against the arti-
ficial infectious background. In 2018 and 2019,
the same line had an infection rate of 68.7 % and
53.9 %, respectively [13]. G. Méarquez-Liconab
etal. used Az 41801 as a negative control, which
showed 42.3 % and 70.7 % infection rates simi-
lar to our results, with maximum infection rates
in maize populations of 22.2 % and 28.8 %,
respectively, during the two years of the study
[17]. The infection rate of other lines - negative
controls (Huangzao4, Jing7 and Chang7-2) against
the infectious background was 92.31 %, 89.58 %
and 73.81 %, respectively, which significantly
exceeded the data obtained for the most suscep-
tible line P354 among the studied lines [14].

Conclusions. The resistance of breeding
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promising maize lines adapted to the Steppe
zone of Ukraine to the infection by Sporisorium
reilianum was evaluated in our research. The
studied lines were generally characterised by a
high level of resistance to the pathogen. It was
found that the lines DK315, DK3044, DK267,
PLS61, DK3008, and Mol7 were resistant to
S. reilianum with less than 5 % infection during
two years. These lines can be used as donors of
resistance to head smut. Lines P354, DK3023
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and DK7575, which had infection rate of 20 %
and more on the infectious background, are non-
resistant to maize head smut. This feature
should be considered in selecting these geno-
types for the breeding process.

The obtained results on the classification
of maize lines into resistance groups will be
used in further studies to find associations be-
tween molecular genetic DNA polymorphism
and resistance to the pathogen.
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Menuciox K. B., Camaposa T. M., Yepuens B. IO., /[3rodeybkuit b. B. Ouinka niniii Kykypyosu (Zea mays L.)
000 ypasricenns 1emiouoio caxckoro Sporisorium reilianum. 3eprosi kynomypu. 2024. 8 (2). 192-199.
Hepoicasna ycmanosa Incmumym seprosux kyiemyp HAAH, eyn. Bepuaocvrkoeo Bonooumupa, 14, m. Juinpo, 49009,
Ykpaina

AkTtyansHicTs. CTBOpeHHS 1 100ip TCHOTHUIIIB KYKYPYI3H, CTIMKUX 10 ypasKeHHS JIETIOUOK0 CaXXKOIO
Sporisorium reilianum, € akTyajdbHUM HampsIMOM CYYaCHHX CEJCKI[IHHUX JOCIIDKEHb, aJUKe JT03BOJISIE 3a-
MoOIrTH BTpaTaM ypo’Kalo, OB’ A3aHUM 13 ypaKeHHSM ITaTOT€HOM, i OTPUMAaTH 3epHO BHCOKOI sKkocTi. MeTa
pocaipxkenb. OIIHATH CTYMIHb YPAKCHHS JICTIOUOI0 CakKoro S. reilianum cenexiiiifHo nepereKTHBHUX JTiHii
KyKypyA3u Ha TPUPOJHOMY 1 mTydyHOMY iH(pekuiiHoMy QoHax Ta iIeHTU(IKYBaTH cepell HUX CTiHKi i
HECTI#Ki 10 ypakeHHs reHoTHTH. Martepiaau i MeTtoau. 3a MaTepian JOCTiIKEHHS 00pany JecsTh CeleK-
[IHHO TIEPCIIEKTUBHUX, alaiTOBaHuX A0 30HU Ctemy YKpaiHu, JiHiM Kykypym3u. JociiKeHHS TPOBOIAIH
y 2021 i 2024 pp. BukopuctoByBanu MeToAu: MOJILOBUH, CTATUCTHYHOTO aHamizy. Pe3yabrarn. Byino ne-
PEBIpEHO 1 MiATBEPAKECHO KHUTTEIAATHICTD CIIOP JIETIOUOI CAXKKH, BUKOPHCTAHUX JISi CTBOPEHHS IITYYHOTO
iH(ekniiHOTO (hOHY, MEPe]] 3aCTIOPIOBAHHAM HACIHHA KyKYPY/I3U IUISIXOM KYJIBTHBYBaHHS iX Ha MITYYHOMY
’KUBHJIBHOMY cepeloBHILIi in Vitro. IIpoBeneHe TecTyBaHHS JiHIN KYKYPYy/3H y MOJIBOBUX YMOBAX BIPOIOBIK
JIBOX POKIB IOKa3ajo, [0 Ha MPUPOAHOMY 1H(EKIIHHOMY (hOHI 332 POKH JOCITIKCHHS CEPEIHE 3HAUCHHS
ypaxeHHsi pociuH S. reilianum cranosuiio 0,90 %, Toxi sk Ha wTydyHOMY iH(DekuiiHOMY doni — 10,28 %.
YpakeHHS POCIWH JIETIOYOI0 CAKKOK 3aJIEKAN0 BiJl TEHOTHUITy 1 arpoMeTeOpOJIOTIYHUX YMOB POKY
JociipKeHHs. HalBUIMiA MOKa3HUK ypaskeHHS MaTOTeHOM crocTepiraes y JiHil [1354 Ha mwtyyHOMY iH-
¢ekuiiiHoMy (OHI 1 CKJIanaB Jjis ABOX POKiB jpociimkenb 41,18 % 1 59,26 %, Bimnosiano. Jlinii JIK3044,
JIK267 ta Mo17 3a poku IOCHiPKeHb HE TPOAEMOHCTPYBAIH JKOJHOTO BHUMAIKY YPaKEHHS POCIHH JIETIO-
YOI0 CaKKOIO Hi Ha MPUPOJHOMY, Hi Ha IITYYHOMY iH]ekuiiHoMy Gonax. BucHoBku. O1iHEHO CTIHKICTh 10
ypakeHHsI JICTIOUOI0 CaXKoro S. reilianum mecaTthox cenekimiiiHO MepCreKTHBHUX, aaalTOBAHUX 10 30HH
Creny VYkpainu, JiHIH KyKypya3u. BCTaHOBJIEHO B IJIOMY BHCOKHH PIBEHb CTIHKOCTI JI0 MMATOTEHY Yy
nociimkenux miHii. Jlinii JIK315, JIK3044, JIK267, PLS61, IK3008 i Mo17, sixi Manu BiICOTOK ypasKeHHS
S. reilianum pocnun Ha mrTyyHOMY iH(pEKIIHHOMY (OHI BIIPOIOBXK JBOX POKIB MeHIe 5 %, BU3HAYECHI SK
cTiiiki. BoHM MOXXYTh BUCTYIIATH JOHOpPAMU CTiHKOCTi 10 Jetrodoi caxku. Jlinii [1354, JIK3023 i IK7575,
SKI Many ypaKeHHs Ha IITy4HoMYy iHQekuiiHoMmy ¢oni 20 % i Oinblie, ineHTH]IKOBaHI K HECTIHKI A0
ypaKeHHs.

Knrouosi cnosa: xyxypyosa, cmitikicms 00 6iomuyHux Gaxmopis, spubHi X60poou 3epHOBUX KYTbIyp,
JeMmIoua caxcka, OOHOPU CMIKOCI, WMy4HUll IHeKyitHul hoH
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