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EVALUATION OF RESISTANCE OF SELF-POLLINATED MAIZE LINES TO THE PATHOGEN
OF COMMON SMUT DURING ARTIFICIAL INFECTION IN BUKOVYNA

L. V. Tomash, I. S. Mykuliak, M. I. Linska, H. V. Kozak, T. Ya. Karp
Bukovyna State Agricultural Experimental Station of Institute of Agriculture of Carpathian region NAAS,
21a B. Kryzhanivskyi St., Chernivtsi, 58025, Ukraine

Topicality. In agricultural production, the urgent issue of combining maize yield and resistance to
various environmental stress factors needs to be addressed. In Bukovyna, the most common disease af-
fecting maize is common smut, caused by the pathogen Ustilago zeae (Beckm.) Unger. In Bukovyna, the
most common maize disease is the pathogen Ustilago zeae (Beckm.) Unger. Smut affects susceptible
maize hybrids the most, infecting 10-25 % of plants. Therefore, the study was conducted in an infectious
nursery with artificial infection of maize ears to obtain a more accurate phytopathological assessment
of breeding material (self-pollinated lines of Zea mays L.) exposed to the common smut pathogen (Usti-
lago zeae (Beckm.) Unger). Purpose. To select the most resistant self-pollinated maize lines to the
common smut pathogen for breeding programmes aimed at developing new hybrids. Methods. The re-
search was conducted on the fields of the breeding crop rotation of the Bukovyna State Agricultural
Experimental Station of the Institute of Agriculture in the Carpathian Region of NAAS, in accordance
with generally accepted methods for field experiments and methodological recommendations on the
artificial infection of maize ears with the causative agent of common smut. Results. The resistance of 58
self-pollinated lines of the collection nursery to the pathogen of common smut was assessed during
2022-2024. We found 9 (15.5 %) self-pollinated lines with high resistance to the common smut patho-
gen (infection rate of 0-5.0 %), 16 (27.5 %) resistant lines (infection rate 6.0-25.0 %) and 28 (48.2 %)
moderately resistant lines (infection rate 26.0-50.0 %). Conclusions. As a result of the assessment,
highly resistant samples of self-pollinated lines to common smut infection were selected and included in
the breeding programme for the development of new hybrids adapted to the growing conditions in
Bukovyna.
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Introduction. The South-Western Forest-  ging of the entire plant [6].

Steppe, in particular Bukovyna, is one of the con-
ventional maize-growing regions of Ukraine.

Modern maize hybrids have high yield po-
tential, which is not fully realized in production due
to their insufficient resistance to major diseases.

Losses of maize grain due to the harmful ef-
fects of phytopathogens average 9.4 %, and this
indicator in Ukraine ranges from 19-25 % and
above [5].

In each soil and climate zone, maize is af-
fected by 10-15 disease pathogens and damaged
by pests. Pathogens that cause diseases of seed-
lings, roots, stems, ears, and leaves have a detri-
mental effect on the crop. The diseases affect the
generative and vegetative organs of maize plant,
leading to drooping ears, stem breakage, and lod-

Author information:

Leonid V. Tomash, Candidate of Legal Sciences, Acting Director, e-mail: buksaes@meta.ua,

0000-0003-4649-2672

Breeding programs are faced with the
challenge of combining plant productivity with
their resistance to various environmental stress
factors, i.e., increasing the adaptive potential of
agricultural crops [4].

The fact that maize is increasingly grown
as a monoculture contributes to this, as it leads
to the accumulation of pathogens in the soil.

In Bukovyna, the most widespread disease
affecting maize is common smut, caused by
Ustilago zeae (Beckm.) Unger. The disease cau-
ses the most damage to susceptible hybrids,
affecting 10-25 % of plants. During the gro-
wing season, the fungus can produce 3-5 genera-
tions. The number of such repeated cycles depends
on weather conditions. High temperatures and
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Fig. 1. Common smut on maize in the breedﬁ
field of Bukovyna State Agricultural Research
Station.

periodic droughts are most favourable condi-
tions for the development of common smut.
Uneven rainfall increases the development of
the disease, while systematic sufficient mois-
ture, as well as prolonged droughts limits smut.

Maize is most susceptible to the disease
during the period from silking stage to grain
filling. Damage to plants by pests and mechani-
cal injury during soil tillage also contribute to
the spread of common smut [1, 6].

The volume of crop losses is influenced
by the number, size, and location of galls on a
single plant. Large galls cause losses of about
60 % or more, medium-sized galls cause losses
of 25 %, and small galls cause losses of 10 % [7].

The most effective method of controlling
this disease is to search for effective sources of
resistance that meet the requirements of breeders
and producers.

In the process of breeding work, the station
conducts selection of resistant source material of
maize at all stages of the breeding process, starting
with the collection nursery of lines and ending
with the nursery for competitive variety testing of
hybrids.

The research was aimed at selecting the
most resistant self-pollinated maize lines to the

Aurtificial infection of upper ears of maize
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pathogen of common smut (Ustilago zeae
(Beckm.) Unger) and developing new hybrids
adapted to the climate conditions of Bukovyna.

Materials and Methods. The research
was conducted on the fields of the breeding
crop rotation at the Bukovyna State Agricultural
Research Station of the Institute of Agriculture
in the Carpathian Region of NAAS.

The soil in the breeding crop rotation was
heavy loamy meadow chernozem. The humus
content in the arable layer was 3.5 %, and the
content of available forms of nutrients (mobile
phosphorus, exchangeable potassium, nitrogen)
was average.

Maize seeds were sown on a plot of 4.9 m?
using the dotted method at the optimal dates
for the region. The plant density was
50,000 plants/ha. Standards were sown every 20
samples.

The agricultural technology used for grow-
ing maize is generally accepted for the region and
is aimed at optimizing plant growth and develop-
ment. The experiments were conducted in accord-
ance with methodological recommendations [8].

with the causative agent of common smut was
carried out according to the method of
H. V. Hrysenko and Ye. L. Dudka [9].

For artificial infection with the causative
agent of common smut, a spore suspension was
prepared from the local population. Artificial
treatment was carried out by injecting 2-3 ml of
an aqueous spore suspension solution with a con-
centration of 0.2 % into the ears. One upper ear
on 10 plants of each sample was infected. Infec-
tion was carried out on the seventh day from the
beginning of the appearance of pistils. Registra-
tion was carried out 30 days after infection.

The degree of infection of maize ears by
common smut was determined as a percentage of
the total number of plants recorded, and the fol-
lowing resistance groups were identified: highly
resistant plants — infection within 0-5.0 %; re-
sistant — 6-25.0 %; moderately resistant — 26.0—
50.0 %; susceptible — 51.0-75.0 %; over 75.0 % —
highly susceptible plants.

Results and Discussion. Weather condi-
tions during the years of the experiments differed
significantly from the long-term average in terms
of precipitation and its distribution, as well as
temperature regime, which allowed us to differen-
tiate maize samples according to their resistance to
common smut.
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Thus, the growing season in 2022 was
characterized by elevated air temperatures and a
deficit of precipitation. The average daily air
temperature was 17.8 °C (compared to the long-

term average of 15.4 °C), which is 2.4 °C higher
than the long-term average, and the precipitation
deficit was 17.9% (Table 1).

In 2023, temperatures were higher than

Table 1. Air temperature during the maize growing season (2022-2024)

Month Average daily air temperature, °C Long-term
2022 2023 2024 average, °C
April 9.4 8.2 13.3 8.3
May 17.3 15.8 17.6 14.5
June 21.6 20.1 22.0 17.4
July 22.0 22.3 23.8 19.2
August 21.8 23.1 23.2 18.6
September 14.4 19.3 18.3 14.2
During - growing 17.8 18.1 19.7 15.4
season

the long-term average, and precipitation was
63.5 mm (14.3 %) lower than the long-term
average. The hottest year was 2024, when the
difference between the average daily tempera-
ture and the long-term average was 4.3 °C,
and the precipitation deficit for that year was
3.7%. Over the years of research, precipitation

fell most unevenly during the growing season.
For example, April 2023 was characterized by sig-
nificant waterlogging, with precipitation exceeding
the long-term average by two times (Table 2).
According to years of research, May was
the driest month, with precipitation 5.0, 6.4, and
3.3 times lower than the long-term average, res-

Table 2. Precipitation during the maize growing season (2022—2024)

Month Precipitation, mm Long-term average

2022 2023 2024 precipitation, mm
April 27.5 113.0 72.7 57
May 14.6 114 21.9 73
June 118.0 76.9 104.4 89
July 84.2 90.4 82.6 94
August 50.1 60.1 54.3 74
September 70.3 28.7 91.8 57
During  growing 364.7 380.5 427.7 444
season

pectively. In 2022 and 2024, June was characte-
rized by significant waterlogging. Excessive pre-
cipitation was recorded in 2022 (118.0 mm com-
pared to the long-term average of 89.0 mm) and in
2024 (104.4 mm compared to the long-term aver-
age of 89.0 mm), where on June 1 and 4, precipi-
tation (67.6 mm) accompanied by squally winds
and hail led to partial flooding of crops (Fig. 2).

Low precipitation was observed in August
2022-2024 (32.3 %, 18.8 %, and 26.6 %, res-
pectively) and in September 2023 (49.6 %)
compared to the long-term average. The stress-
ful conditions of the 2023 growing season were
most favourable for the infection of maize lines
with the common smut pathogen.

In 2022-2024, in an infectious nursery,
the resistance of maize lines from the collection
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nursery, including standard lines F2, 990 zS,
and Uch 52 SV, to smut was studied by artifi-
cially infecting ears. Depending on the geno-
type, self-pollinated lines showed varying de-
grees of resistance to this disease. According to
the results of the studies, the lines were divided
into 5 different groups according to their resistance,
depending on the degree of damage (Table 3).

In 2022, 16.7 % of samples were classi-
fied as highly resistant: Uch 1/20, Uch 7/20,
Uch 8/20, and the standard line Uch 52 SV.
The group of resistant lines included Uch 3/20,
Uch 5/20, Uch 10/20, Uch 11/20, Uch 13/20,
and Uch 15/20. The largest number of lines studied
was classified as moderately resistant (38.9 %),
including the standard lines F2 and 990 zS.

In 2023, the largest number of samples stu-
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Table 3. Distribution of self-pollinated maize lines into groups of resistance to common smut
under artificial infection (2022—2024)

Resistance group (number of infected plants, %)
Material Year rQSI?STg] t resistant mroegfsrgstly susceptible surs]::%rrllt%/ble
0, _ 0,
0-5%) | €% | (26 5006) | CLT%) | (57504
Self-pollinated maize lines of | 2022 16.7 33.3 38.9 11.1 0
the collection nursery 2023 10.0 25.0 55.0 5.0 5.0
2024 20.0 25.0 50.0 5.0 0

died belonged to the moderately resistant group
(55.0 %), as well as the F2 and 990 zS standard
lines. The resistant group included the lines Uch
1/22, Uch 8/22, Uch 17/22, and Uch 20/22, while
the highly resistant group included the lines Uch
15/22 and Uch 16/22.

In 2024, the highly resistant group inclu-
ded the lines Uch 1/22, Uch 5/22, Uch 15/22,
and Uch 17/22, while the resistant group inclu-
ded the lines Uch 6/22, Uch 8/22, Uch 20/22,
Uch 23/22, and Uch 24/22. The largest number
of lines under study, including standard lines,
was classified as moderately resistant (50.0 %).
Based on the results of the studies, lines from
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bykoesuncwra 0epoicasna cinbcbko2ocnodapcoka 00CHiona cmanyis Incmumymy cilbCbKoeo 20cnooapcmesa
Kapnamcoroeo peciony HAAH eyn. b. Kpuoicaniscvroeo, 21-a, m. Yepnisyi, 58025, Vrpaiua.

AKTyalIbHiCcTB. B arpapHoMy BUPOOHHIITBI TOCTPO CTOITh MUTAHHS BUPILLICHHS TPOOIEMH MOETHAHHS
BpPOKaWHOCTI 1 CTIHKOCTI KYyKYpyA3W 1O PIi3HHX CTpecoBUX (aKTOPiB HAaBKOJIMIIHBOTO cepepoBuina. B
yMOBax ByKOBMHH HAWIONIMPEHINIOW XBOPOOOI KYyKYpyA3W € Mmyxupuacta caxkka 30yanuk — Ustilago
zeae (Beckm.) Unger. Haii6ib11of ko1u BOHA 3aBa€ P BUPOIIYBaHHI CIPHHAHATINBHX TiOPHIIB, ypasKatouu
10-25 % pocnuH. JIsl OLIHKKM CTIHKOCTI CENEKIIIHOro MaTepiany (caMo3almmiIeHux JiHIH KyKypya3u Zea mays
L) mo mii 30ymumka myxupdactoi caxku (Ustilago zeae (Beckm.) Unger). ocmimkeHHs TPOBOMINA B
iH(EeKIiiTHOMY pO3CaTHIKY TPH ITYYHOMY 3apakeHHi kadaHiB. MeTa gociimxens. BiniOpati HallOUTBII CTiHKI
70 30yJHUKA MTyXUPYacToi CaKKH CaMO3alMIeHi JTiHil KyKypy/3u, I BKIIOYEHHS 1X y POrpaMy CXpeIlyBaHHS
MpU CTBOpPEHI HOBUX TiOpuaiB. Metomm. [lOCTHiKEHHS NPOBOJMIM HA TOJSAX CENEKI[MHOI CIBO3MIHU
BykoBUHCHKOI JepikaBHOI CLITBCHKOTOCIIONAPCHKOI MOCTIAHOI CTaHIi [HCTHUTYTy CLIBCHKOTO TOCIOAApCTBa
Kapmarcekoro periony HAAH, 3rinno i3 3arajipHOBH3HAUYEHUMH METOAMKAMU TPOBEICHHS MTOIHOBOTO JOCIITY,
METOAWYHNMH PEKOMEHZAIISIMI [IOJI0 INTYYHOTO 3apayKeHHS KayaHiB KyKypy[3u 30YIHHKOM ITyXHPYacTol
caxku. Pesyabratn. Bopomomx 2022-2024 pp. 3poOieHO OMIHKY CTIHKOCTI 58 caMo3amuieHuX IiHid
KOJICKLIHOr0 po3cagHuka 10 30yIHMKA IyxupyacTtoi caxkd. Bumineno 9 (15,5 %) BucokocTiHKHX
camo3zarnwieHux JiHii (ypaxkenus 0-5,0 %), 16 (27,5 %) crilikux (ypaxenus 6,0-25,0 %) ta 28 (48,2 %) —
cepenHbOCTIMKUX JiHi (ypaxenns 26,0-50,0 %). BucHoBkHu. 3a pe3yiabTaTaMH OLHKH TOJEPAHTHOCTI
CaMO3aITWICHNX JIHIH 0 ypaKeHHs MyXHUpYacToi CaKKOK BWJLIEHI BHUCOKOCTIHMKI 3pa3K: SIKi BKIFOYEHI B
Mporpamy celneKIlii HOBUX T10pHJIiB aJalTOBaHHX JI0 YMOB BUPOIIIyBaHHS Ha bykoBuHI.

Kniouosi cnosa: cenexyis, Kykypyo3a, NiHis, wimyuHe 3apanceHHs, NyXUpuacma caxnckd, ypanceHicmo,
epyna cmiuxocmi
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