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We have carried out the research to determine the resistance of the maize hybrids (Zea mays L.) of 

different maturity groups to the affection by common smut (Ustilago zeae (Beckm.) Unger) and head smut 

(Sphacelotheca reiliana (Ruhn) Clint) in the Northern Steppe of Ukraine. During 2016–2018, the research 

was conducted in the fields of the State Enterprise “Experimental Farm “Dnipro” of the State Enterprise 

Institute of Grain Crops of NAAS. The rating scale of maize hybrids resistance to smut was given. Over the 

years of research, we analyzed 52 samples.  

It was found that favorable conditions for the affection of maize plants of different hybrids by com-

mon smut were in 2016. It was established that the most resistant among the studied hybrids to common smut 

were such as: DB Lada, DN Rubin, Dniprovskyi 181 SV, DN Adzhamka, DN Burshtyn, DN Veles, DN Astra, 

DN Sarmat, DN Bulat, DN Palanok and DN Dnipro. These hybrids belong to different groups of maturity. 

According to the rating scale of resistance to common smut, all tested samples are resistant and highly re-

sistant. 

According to the results of the research, it has tended to increase the level of head smut distribution 

in the Northern Steppe. It was found that the mid-early hybrid DN Astra is the most resistant to head smut 

compared to plants of DN Palanok, DN Vesta, DN Demetra, DN Bulat and Pochaivskyi 190 MV hybrids, 

which were affected annually. According to the resistance rating scale to kernel smut of hybrids, it was found 

that in 2016 all samples were in the highly resistant group. In 2017, the plants of DN Adzhamka, DN Vesta, 

DN Hetera and DN Nazar hybrids were classified as resistant forms, other samples – as highly resistant. In 

2018, only the DN Palanok hybrid was estimated as medium-resistant, 6 hybrids (DB Lada, Pochaiivskyi 190 

MV, Nur, Korund, DN Halateia, DN Dnipro) belonged to the resistant group, the rest – to the highly re-

sistant group.  

It was found that the maturity group of the hybrids does not influence the affection of maize plants 

by smut diseases. Over the research years, the complex resistance to common smut and head smut was noted 

in plants of medium-early hybrids DN Astra, DN Veles and DN Rubin. All studied samples are highly re-

sistant and resistant to both types of smut. 
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According to the level of distribution, 

universality of use and energy value, maize (Zea 

mays L.) is one of the most important food, feed 

and industrial crops on the globe. It is called the 

"Queen of the Fields." The largest producers of 

maize are the USA, China and Brazil. Accord-

ing to the USDA, Ukraine is the 8th largest pro-

ducer of maize worldwide. Over the past five 

years (2016–2020), the sown area under this 

crop in our country has increased from 4.2 to 

5.4 million hectares, or 1.3 times. The share of 

area under maize for grain among all crops is 

16–18 % and increases annually. 

According  to  this  indicator, maize  is  second 
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only to wheat and sunflower. Poltava (604.1 

thousand ha), Chernihiv (407.9 thousand ha) 

and Vinnytsia (381.3 thousand ha) regions took 

the lead in terms of maize sown areas, and Vol-

yn region (26.9 thousand ha) took the last place. 

In the Dnipropetrovsk region, the sown area of 

this grain crop is about 300 thousand hectares 

[1–4]. 

In Ukraine compared to other countries, 

the yield potential of maize for grain is relative-

ly insignificant. As a way to increase yield, it is 

important to create and implement new high-

yielding hybrids of different maturity groups, 

which must be environmentally friendly, re-

sistant to environmental stressors, well adapted 

to mechanized harvesting, with high seed 

productivity of parents and which can be grown 

according to current advanced technologies. In 

addition, hybrids must have group immunity to 

major diseases and pests [5–6]. 

Maize can be affected by more than 100 

species of fungi and bacteria, some viral and 

mycoplasma diseases both during the growing 

season and during storage. In all areas of maize 

cultivation, the most significant losses are 

caused by molding seeds and sprouts, root and 

stem rots, leaf diseases, common and head 

smuts, fusarium ear rot and ear bacterial disease, 

etc. 

In all areas of maize cultivation, the most 

significant losses are caused by molding seeds 

and sprouts, root and stem rots, leaf diseases, 

common and head smuts, fusarium ear rot and 

ear bacterial disease, etc. [1]. In Ukraine, the 

distribution of common and head smuts in 2009 

compared to 2002 decreased from 8 and 14 % to 

5 and 9 %, respectively. One of the reasons for 

this is the widespread use of modern drugs for 

seed treatment and cultivation of hybrids with 

increased resistance to disease. However, the 

harmfulness of smut in maize still remains high 

[6]. Thus, in the Sumy region on average for 

three years (2012–2014), the common smut dis-

tribution was 46 %, and head smut – 28 %, the 

share of other diseases of maize was 26 % [7]. 

Thus, the shortage of grain yield can be 15–

20 % due to severe ear damage by smuts and 

due to less obvious losses such as the death of 

particular shoots, stunting plants and abortive 

ears [1, 6].  

Common smut (pathogenic agent – fungus 

Ustilago zeae (Link) Unger) is widespread and 

causes the greatest damage in the semi-arid cen-

tral regions of the Steppe zone. During the 

growing season, it can manifest on all organs of 

maize, except for underground roots. There are 

tumor-like galls of various shapes and sizes on 

the leaves, leaf axils, ears, panicles, stems and 

aerial roots. The largest galls are often observed 

on the ears and stems, the smallest – on the 

leaves. When the plant stem is damaged by 

smut, it can lead to its curvature, breakage and 

death. Therefore, the maize stem disease is con-

sidered the most dangerous.  

As the galls mature, its covering tissue 
dries and ruptures to reveal of spores, which 

spread by wind and rain, as a consequence – 

they infect new plants. In the favorable condi-

tions, smut galls with new teliospores can de-

velop after three weeks where wounds have 

occurred. The fungus Ustilago zeae does not 

spread diffusely on plant, so the galls are devel-

oped only in the infected areas. During the 

growing season of maize, the pathogenic agent 

of common smut can develop more than three 

generations of teliospores, which causes the 

highest level of plant damage just before har-

vest. 

The development of common smut is pri-

marily influenced by weather conditions such as 

high air temperatures and insufficient precipita-

tion (less than half rate), periodic droughts, es-

pecially during the flowering – filling grain 

stage, which occurs almost annually in the 

Steppe. Damage to plants by pests, mechanical 

injury during tillage also contributes to spread 

common smut [1, 8–10]. 

Head smut (the pathogenic agent - the fungus 

Sphacelotheca reiliana (Kuhn) G. P. Clinton) in 

Ukraine is much less spread than the common 

smut, more common in regions with sufficient 

moisture supply. In contrast to the common 

smut, it is manifested only on the ears and tas-

sels. Instead of an ear, an oval-conical gall is 

developed, which filled with a mass of black 

teliospores and remains of the cob core, and 

covered with shortened husks, which later (in 

milk maturity stage) they turn yellow, dry out 

and open. Tassels are almost completely cov-

ered by a powdery mass of black pathogen 

spores. 

The plants are infected by head smut 

through spores that residing on the surface of 

seed or in the soil, it is occurred from  the begin 
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ning of seed germination to sprout emergence, 

sometimes to the 2 leaf stage. Spores begin to 

germinate at the same time as the seeds, they 

infect the young sprout tissues before it emerge 

on the soil surface. The development of head 

smut is advanced by elevated temperature and 

moderate soil moisture during seed germination 

and the emergence of maize sprouts.  

Then the fungus develops inside the plant, 

diffusely spreads to the tissues up to the apical 

point, and reaches the ears and tassels at flower-

ing stage, turning them into smut sori. When the 

apical point of the stem develops faster than the 

mycelium, only the ears are affected. 

To protect maize from smut diseases, the 

focus should be on main measures such as crop 

rotation and sowing dates, development of re-

sistant hybrids and seed treatment with recom-

mended pesticides [6–10]. 

Resistance to smut pathogens is an ex-

tremely complex feature determined by the 

morphobiological characteristics of plants and 

their genetic structure. The same varieties, lines, 

hybrids differ in the resistance level under dif-

ferent conditions [9, 11]. 

Aim. To study the resistance of maize hy-

brids of different maturity groups to common 

and head smuts in the conditions of the Northern 

Steppe of Ukraine. 

Materials and Methods. The field trials 

were conducted during 2016–2018 in the State 

Enterprise “Dnipro Experimental Farm” at the 

State Enterprise Institute of Grain Crops. Terri-

torially, it is the northern subzone of the Steppe 

of Ukraine. Maize growing techniques are 

common in the zone. We performed the ac-

counts for plant affection by smut diseases on a 

natural infectious background in accordance 

with generally accepted methods when grain 

reached to dough maturity [12]. We have as-

sessed the resistance to common smut on a scale 

and determined that up to 2 % of plants is high-

ly resistant; 2.1–10 % – resistant; from 10.1 to 

15 % – moderately resistant, from 15.1 to 30 % 

– susceptible and more than 30 % – highly sus-

ceptible. The data on affection by head smut 

were: 0–10 % of plants was highly resistant, 

from 10 to 25 % – resistant, from 25 to 50 % – 

moderately resistant, more than 50 % – suscep-

tible.  

In total, 52 maize hybrids of different ma-

turity groups (35–40 per year) were analyzed: 9 

hybrids of early-ripening group (FAO 150–

199), 20 – mid-early ripening (FAO 200–299), 

15 – mid-ripening (FAO 300–399) and 8 – mid-

late ripening (FAO 400-500). 
The distribution of diseases is greatly in-

fluenced by weather conditions. Over the years 

of research, the weather conditions widely dif-

fered, which allowed to comprehensively assess 

their impact on the hybrids resistance to smuts. 

Results. We have established that the most 

distribution of common smut became in 2016, 

when the average smut affection of hybrid plants 

was 2.7 % (maximum 10 % for DN Dzhuliia 

hybrid), infection was not detected only on 

plants of medium-ripe hybrid DN Burshtyn (Ta-

ble 1). The weather conditions in 2017 were un-

favorable for the disease distribution: galls 

formed on only 23 % mid-ripening and mid-late 

ripening hybrids of maize, the average affection 

was 0.4 % (maximum 3.3 % for DN Vesta hy-

brid). In 2018, half of the studied samples had no 

symptoms of common smut, the average affec-

tion was 0.9 %, and the maximum value of 6.7 % 

was noted mid-early hybrid DN Halateia. 

We analysed the obtained results over the 

research years and found that the plants of DB 

Lada, DN Rubin, Dniprovskyi 181 SV, DN 

Adzhamka, DN Burshtyn, DN Veles, DN Astra, 

DN Sarmat, DN Bulat, DN Palanok hybrids of 

different maturity groups were highly resistant to 

smut diseases. According to the resistance scale 

to common smut, all studied samples of hybrids 

are highly resistant and resistant. The galls of 

smut most often formed on the ears, less often on 

the stems and other parts of the plant (for all hy-

brids, the affection was an average of 70.8 %). 

The results of accounting indicated that the 

development level of head smut tends to increase 

in the Northern Steppe. Thus, in 2016, 40 % of 

hybrid samples were infected by head smut with 

an average level of affection of 0.9 %, and then 

in 2017, these indicators were 71 % and 3.7 %, 

respectively, and in 2018 – 86 % and 5,9 %. (see 

Table 1). In 2018, the affection of sprouts by 

head smut was promoted by high temperatures 

and insufficient precipitation in April – May. It 

was found that the mid-early hybrid DN Astra is 

the most resistant to head smut. During the years 

of research, it was detected that its plants were 

not infected by head smut compared to hybrids 

of DN Palanok, DN Vesta, DN Demeter, DN 

Bulat and  Pochaivskyi  190 MV, which were af- 
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 Table 1. Infection of maize hybrids by smut diseases (2016–2018) 
 

Hybrid 
Ma-

turity 
group 

Number of affected plants by smut, % 
common smut head smut 

2016  2017  2018  2016  2017  2018  
DB Lada 

ea
rl

y
 r

ip
en

in
g
 

0.6 0 0 0 2.0 12.7 
DN Palanok 2.0 0 0 3.3 1.3 25.3 
DN Pyvykha 3.1 0 0.7 0 1.3 4.7 
Pochaivskyi 190 MV 6.7 0 1.3 0.7 2.0 10.0 
DN Synevir 3.2 - - 2.5 - - 
Meotyda 0.7 0 2.7 0.6 0 6.7 
Nur - 0 1.3 - 5.3 14.7 
Dniprovskyi 181 SV - 0 0 - 2.0 8.7 
DZ Latorytsia 4.1 0 - 4.1 0 - 
Bahrianyi 

m
id

-e
ar

ly
 r

ip
en

in
g
 

1.3 0 - 0 6.0 - 
Orzhytsia 237 MV 6.9 0 - 0 4 - 
DN Veles 1.3 0 0 1.9 0 0 
DN Svitiaz 1.9 0 0.7 0 4.7 8.7 
DN Rubin 0.6 0 0 0 0 1.3 
DN Fiesta 0.6 0 0.7 0 1.3 6.7 
DN Vita 4.4 0 - 1.9 0.7 - 
Slavytsia 5.6 - - 0 - - 
Khortytsia 1.3 0 0.7 0 0 6.0 
Korund - 0 1.3 - 6.7 23.3 
DN Halateia - - 6.7 - - 22.0 
Zoriana - 0 - - 0 - 
DB Khotyn 2.5 - 0 0 - 6.0 
DN Harant 2.5 - - 1.3 - - 
DN Ruta 2.5 - - 0 - - 
DN Astra 1.3 0 0 0 0 0 
DN Varta - - 4.7 - - 0 
Chemerovetskyi 260 MV 3.1 - - 0 - - 
DN Vidrada - 0 2.7 - 8.0 6.0 
DN Straid - - 1.3 - - 4.7 
Solonianskyi  298 SV 

m
id

-r
ip

en
in

g
 

3.1 - 1.3 0 - 4.0 
DN Dnipro 4.4 0 0 0 0 10.7 
DN Agzhamka 0.6 0 0 0 13.3 0 
DN Bulat 2.5 0 0 1.3 7.3 4.0 
DN Demetra 3.8 2.7 3.3 7.5 3.3 5.3 
DN Monika 350 MV 1.9 0.7 0 0 1.3 0.7 
DN Dzhuliia 10.0 0 1.3 2.5 0 2.0 
DN Vesta 3.8 3.3 0.7 1.9 16.8 1.3 
DN Sarmat 1.3 0 0 0.6 2.7 0 
DN Burshtyn 0 0 0.7 0.6 0.7 1.3 
DN Akvozor 1.3 - 0.7 0 - 6.0 
DN Rostok 3.8 0 - 0.6 0 - 
DN Tala - 0.7 0 - 3.3 3.3 
DN Drah - - 0 - - 0.7 
DN Dzhura - - 0 - - 0.7 
DN Hetera 

m
id

-l
at

e 
ri

p
en

in
g
 1.9 2.0 0 0 11.3 1.3 

DN Olena 0.6 0.7 0 0 8.0 2.0 
DN Rava 0.6 2.0 - 0 2.7 - 
Bystrytsia 3.1 - - 3.1 - - 
DN Anshlah 6.3 - - 0 - - 
Whitecorn 0.6 - - 0 - - 
Sofiia 2.5 - - 0 - - 
DN Nazar - 1.3 0 - 12.7 2.7 
   average  2.7 0.4 0.9 0.9 3.7 5.9 
   minimum  0 0 0 0 0 0 
  maximum  10.0 3.3 6.7 7.5 16.8 25.3 
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fected annually. 

According to the resistance scale to head 

smut, it was found that in 2016, they all entered 

the highly resistant group; the affection did not 

exceed 10 %. In 2017, DN Adzhamka, DN Ves-

ta, DN Hetera and DN Nazar hybrids were in-

cluded in resistant forms, because more than 

10 % of plants were affected, other samples – to 

highly resistant forms. In 2018, it was found 1 

hybrid of medium-resistant group (DN Palanok), 

6 hybrids was resistant form (DB Lada, 

Pochaivskyi 190 MV, Nur, Korund, DN 

Halateia, DN Dnipro); all other samples be-

longed to the highly resistant group. 

The affection of hybrid plants by head  

smut was mainly detected on ears (94 % of cas-

es) and partly on tassels (sometimes simultane-

ously). 

Conclusions   
Based on the results of the research, we 

have established that the maize infection by 

common smut tended to reduce and, conversely, 

the level of distribution of head smut increased 

in conditions of the Northern Steppe of Ukraine. 

          It was found that over the years of re-

search, the infection of maize by smut diseases 

did not depend on the maturity group of the hy-

brid. We found that the mid-early hybrids (DN 

Astra, DN Veles and DN Rubin) have the com-

plex resistance to smut.  
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