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Abstract: The technology of creating varieties of barley resistant to the smut diseases has been developed. Their cultivation will help to
reduce crop losses, increase the profitability of seed production, improve the quality of seeds, and reduce the environmental risk from the
use of chemical plant protection products. This technology was first implemented in the Kemerovo Region in 1988-1999. The wide
distribution of species Ustilago nuda (Jens.) Kell. et Sw. (65 %) and U. nigra Tapke (35 %) was revealed. The covered smut (Ustilago
hordei (Pers.) Kell. Et Sw.) was registered in individual collection varieties. The first and tenth races of a loose smut and the sixth race of a
black loose smut were identified. The sources of individual and group immunity to the smut fungi from the world gene pool of barley are
distinguished: Moskovsky 3/125, Suzdalets, Ramos (Moscow Region); Kazer (Rostov Region); line 3 KM-1192 (Belarus); Kumir Odessky
(Ukraine); Guardian (Canada). The donor properties of resistance to a loose smut in the Bagan variety, line 53 HVS 916, line 1899 were
studied. They are recommended for use in breeding programs. With their participation a new hybrid fund was created. Variability and
inheritance of quantitative traits of productivity of hybrids was studied. To select the recombinants immune to the loose smut in combination
with high productivity, the most promising combinations of hybrids have been identified: Bagan x Viner; Bagan x KM-16; 1. 53 HVS *'/;¢ x
KM-7; KM-7 x L. 1899; 1. 1899 x KM-7. Among them, prospective breeding lines have been selected. The results of the implementation of
technology elements in the selection of barley for resistance to smut fungi is the creation of immune highly productive varieties of a new
generation: Simon and Luka (Kemerovo Region). They are included in the State register of breeding achievements since 2004.
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INTRODUCTION

Barley is a traditional crop in Russian agriculture. It
has grain-bearing and food value. The publication of
Stephen E. Ulrich [1] noted that 1 kg of barley grain
contains, on average, 1.15 fodder units, 85 g of
digestible protein, 10-17% of protein, 4-9% of
b-glucan, 2-3% of free lipids, 61.6% of nitrogen-free
extractives, 2.7% of ash, 1.5-2.5% of mineral
substances, of which phosphorus and silicic acid
compounds predominate. Barley protein is balanced by
amino acids: lysine, methionine, and tryptophan. Barley
grain is rich in starch (55-68%), contains vitamins B1,
B2, C and E. Total fiber is 11-34%, and soluble fiber is
3-20%. Bare or peeled barley grain contains 11-20% of
total fiber, 11-14% of insoluble fiber and 3-10% of
soluble fiber. After peeling, the content of insoluble
fiber, protein, ash elements and free lipids in grain
decreases, but the content of starch and beta-glucan
increases.

The energy value of 1 kg of green barley mass
is 0.22 EFU, the content of crude protein is 4.3%,
fiber — 5.9%, calcium — 1.2 g, phosphorus — 1 g [2].

Studies of the chemical composition of barley grain
have confirmed its positive effect on the animal and
human organism. It has a high nutritional value and
health benefits. The grain combines a low fat content, a

sufficient amount of complex carbohydrates (mainly
starch) and a well-balanced protein. Grain products are
recommended for replenishing energy. Barley grain can
satisfy the human need for essential amino acids,
minerals, vitamins and antioxidants. Scientists have
proved that the use of barley is good for health [1].
Contained in the grain b-glucan helps reduce cholesterol
in the blood. The high content of fiber and other
components give a feeling of satiety. This helps to
control excess weight. In addition, cellulose accelerates
the passage of food in the gastrointestinal tract.

In Western Siberia, obtaining a high and stable
yield of barley grain and ecologically safe products is
limited by a significant damage to cultivated varieties
of diseases. Among them, diseases caused by various
types of smut fungi are most harmful: Ustilago nuda
(Jens.) Kell. et Sw.), U. nigra Tapke. and Ustilago
hordei (Pers.) Kell. et Sw. They damage the spike and
turn it into a black dense or dusty mass of spores.
Therefore, the yield in diseased plants is greatly
reduced or lost entirely. The loss of spring barley
harvest as a result of smut diseases can be from 10 to
30%, while epiphytosis — up to 50% — 100% [3, 4, 5].
The ability of the smut fungi to cause obvious and
hidden crop losses was noted in the works of known
phytopathologists of Siberia [6] and other well-known
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scientists [7, 8, 9]. Hidden losses cannot be accounted
for by external inspection of crops. They are expressed
in the inhibitory effect of the causal agent on the plant
from the moment of germination to maturation of the
seeds. Hidden losses cause a decrease in the
germination of seeds, the height of stem, the number of
grains per spike and worsen the grain filling.

The prevalence of smut disease in barley in the world
crop practice tends to appreciably increase [4, 5, 10, 11].
Scientists associate this with favorable for the
development of pathogen weather conditions, low level
of agricultural technology, physiological characteristics
and variability of pathogenic species of the pathogen,
inadequate immunity of cultivated varieties. In Western
Siberia, in 2015, the greatest incidence of smut diseases
in barley was noted in the Altai Territory (5.04 thousand
hectares), Omsk (2.25 thousand ha), Novosibirsk
(2,0 thousand hectares) and Kemerovo (1.33 thousand
hectares) [12]. In the main grain-growing areas of the
region, epiphytotics are periodically observed (1-3 times
in 10 years).

An ecological justification for all methods of
increasing the stability and productivity of barley
agrocenoses is important. To achieve a safe
phytosanitary situation with a high economic and
ecological effect, we have developed a special
technology for barley selection for resistance to fungi.
Its implementation is possible according to the following
scheme (Figure 1).

Research objective: development of barley selection
technology for resistance to the smut fungi and its
implementation in the breeding process. Creation of new
immune varieties using this technology and adaptation to
agrocenosis will reduce yield losses, increase the
profitability of seed production, improve the quality of
the products obtained and reduce the environmental risk
from the use of chemical plant protection products.

This technology was implemented in the Kemerovo
Region in 1988-1999. The active use of its elements has
made it possible to obtain varieties of barley resistant to
barley diseases in the following decades.

MATERIALS AND METHODS

Species composition of the population of smut
fungi is determined by the nature of germination of
teliospores in liquid nutrient media (the method of "wet
chambers"). The study of the race composition of the
species of smut fungi was carried out in the field on an
infectious background according to the method by N.I.
Vavilov All-Russia Institute of Plant Growing ' [13].
The basis for the identification of races are signs of
virulence and aggressiveness of the pathogen. They are
basic. They are determined by the degree of damage to
the varieties-differentiators. The obtained results were
compared with the key for determining physiological
races. According to an additional set of varieties with
identified resistance genes, the virulence formula of the
studied race is determined.

: V. I. Vavilov All-Russia Institute of Plant Growing — N. 1. Vavilov
Federal State Budget Scientific Institution "Federal Research Center
All-Russian Institute of Plant Genetic Resources"

The types of pathogens studied differ in
developmental biology. Therefore, the technology of
infection with pathogens of different types of smut fungi
consisted of different stages. Infection of seeds with a
black loose smut was carried out a month before
planting according to the method of V.I. Krivchenko and
A.P. Khokhlova [13]. The RT-1 apparatus (tissue
grinder) was used. It was used to violate the integrity of
the seed films. The seeds were inoculated in a nutrient
solution of Teliosporum U. nigra Tapke suspension.
Localization of teliospores was carried out under the
films of seed beetles or on their exposed surface. An
Andrey variety susceptible to a black loose smut from
the Kirov Region (indicator variety) served as a control
of the quality of the infection of plants.

The creation of an infectious background on a
barley loose smut was also done artificially. The
causal agent of the disease, Ustilago nuda (Jens.)
Kell. et Sw.), under natural conditions has a two-year
cycle. In the first year, during the beginning of
flowering, the flowers were inoculated with a pathogen
spore suspension. In the spring of the following year,
the infected seeds were planted in the soil, the plants
were evaluated according to the number of affected
spikes. Artificial infection of spikes was carried out
with a syringe method [14]. It was first proposed by
foreign scientists Z. Kirai, Z. Clement, F. Shoymoshi,
I. Veresh [15] and adapted to work with barley breeders
from North-East Agricultural Research Institute, -
N.A Rodina and Z. G. Efremova [16].

The infection technology is as follows: 1. An
aqueous suspension of viable teliospores was injected
into each flower of the spike with a conventional
medical syringe with a thin needle. 2. The infected
spikes were coated with insulators of parchment paper.
As an indicator variety, a highly susceptible to a loose
smut variety Odessky 100 from Ukraine was used. 3.
Seeds inoculated with teliospores were planted in soil to
a depth of 5-6 cm. 4. The percentage of damage to the
plants was determined during the earing phase. To do
this, we calculated sick and healthy plants and stems in
the soil lot. The degree of damage to the varieties was
converted into the reaction type (R—S) and classified
according to the international scale:

— resistance, R (damage to plants and stems up to
10%);

— susceptibility, S (more than 10% damage to plants
and stems at the soil lot).

To unify the results on the resistance of varieties to
Ustilago nuda (Jens.) Kell. et Sw.) and U. nigra Tapke,
the placement of samples into certain classes is
conventionally carried out:

0 — high resistance, no damage to plants and stems;

I — practical resistance, damage to plants and stems
does not exceed 5%;

I — weak susceptibility, damage to plants and stems
does not exceed 25%;

IIT — average susceptibility, damage to plants and
stems does not exceed 50%;

IV —strong susceptibility, damage to plants and
stems more than 50%.
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TECHNOLOGY
2. Analyzing the input breeding material for barley for resistance to smut fungi in artificial infectious 1. Studying the species and race
backgrounds and search for the sources of individual and herd immunity from among the grobal gene pool. composition of the region's smut fungi
BACKGROUND FOR SMUT FUNGI

3. Determining the donor properties of separated genetic sources in tester breedings
with susceptible varieties that are high-yielding and adapted to local conditions. Strict elimination of all susceptible lines at

all stages of investigation of breeding
material, from hybrid nursery to
competitive variety testing.

4. Inclusion of immunity donors in all programs of breedings in
different directions of selection.

HYBRID POPULATION
5. Investigation of variability and inheritance of 6. Selection of immune forms featuring high values
quantitative production characters in hybrids obtained on of productive tilling capacity and numbers of grains
the basis of new donors of immunity to smut types. in a head in hybrid populations of barley.

SP-1 SP-2 KP KSI

Fig. 1. Scheme of technology of barley breeding for immunity to smut fungi. SP-1 — breeding nursery of the first year of study; SP-2 — breeding nursery of the second year of study;
KP — control nursery; KSI — competitive variety testing.

24



We studied 130 varieties of barley from the world
collection of N.I. Vavilov All-Russia Institute of Plant
Growing with respect to resistance to smut fungi.
Selection of varieties was carried out taking into
account the natural and climatic features of the zone.
The collection includes modern varieties of Siberia, the
European part of Russia, Ukraine, Belarus,
Scandinavian countries, Northern and Central Europe,
America and Canada.

A valuable hybrid fund was obtained by crossing
plants in the field conditions. A total of 24 hybrid
populations were obtained. Reciprocal crosses were
conducted between immune and highly productive
parental forms. As the immune parental forms, the
line 53 HVS °!/; from Belarus, the line 1899 from the
Kemerovo Region and the Bagan variety from the
Novosibirsk Region were involved in the hybridization.
High-productive parents were barley lines created in
the Kemerovo Region — KM-6, KM-7, KM-16 and the
old-fashioned variety Viner. Parental forms, hybrids F;,
F, are included in the hybridologic analysis in terms of
the resistance reaction to the loose smut and in a
comparative study on the development of the elements
of productivity. In hybrid populations of F,, healthy
plants were selected. They had high tillering and good
grain productivity. The selection material was
represented by samples from breeding nurseries SP-1,
SP-2, KP, KSI.

For the processing of experimental data and analysis
of the results obtained, classical methods and techniques
were used:

- statistical and biometric methods in plant breeding
and seed production [15];

- methods of dispersion and correlation [16];

- linear-tester analysis [19] in the presentation of
RA. Tsilke and L.T. Prisyazhnaya [20,21];

- formulas F. Petr, K. Frey [22] to calculate the
nature of inheritance and inheritability estimates;

- method of G.S. Voskresenskaya and V.I. Shpot [23]
for the determination of transgression indices;

- analysis of splitting of F, hybrids in terms of
resistance to a loose smut according to P.F. Rokitsky [24];

- methodical recommendations of M.V. Lukyanova
and co-authors [25] for interpreting the results in

U. hordei (Pers.) Kell. et Sw.

75-80% ¢Wi

U. nuda (Jens.) Kell.

studying the effects of the overall combining ability
(ACS) of varieties.

For counting and observation, in the collection and
breeding nurseries in natural conditions, the following
were used:

— procedural guidelines for studying the collection of
barley and oats [26];

— method of state testing of agricultural crops [27].

Results and discussion. Fundamentals of plant
immunity have been developed by N.I. Vavilov [28].
He identified the need to introduce a geographical
principle  into  immunity  studies. = Therefore,
phytopathological studies of grain crops in Siberia
repeatedly confirmed the feasibility of studying the
species and race composition of the population of smut
fungi [6, 29, 30].

The population of barley smut fungi is being
studied in the Kemerovo Region since 1988. In the
course of analyzing infected plants from the collection
of barley, three types of smut were determined:
Ustilago nuda (Jens.) Kell. et Sw.) (60-65%),
U. hordei (Pers.) Kell. et Sw. (4045 %), U. nigra
Tapke (5-9 %). The population of the smut, which was
collected from plants of industrial crops on varieties
Odessky 100 and Talovsky 34, was represented by a
loose smut — 75-80%. Variety Talovsky 34 (20-25%)
was damaged by a covered smut. There was no variety
of a black loose smut (Figure 2).

Since 1996, the farms have changed varieties.
Instead of the Talovsky 34 variety, a fast-growing barley
variety Andrey was included in the state variety register
for use in production. The Elf variety was adopted as a
variety with a late maturity.

The population of smut fungi was analyzed for
3 years (1997-1999). U. nuda (Jens.) Kell. et Sw. leads
in terms of dissemination — 63—70 %. Variety U. nigra
Tapke. — 25-30% introduced with Andrey variety from
the Kirov Region. Population of U. hordei (Pers.) Kell.
et Sw. was found only on the collection samples of
barley. Under natural conditions, the Novosibirsky
80 variety was damaged by this pathogen by 0.48%,
and the Samson sample from Canada was damaged
by 0.02%.

U. nigra Tapke

25-30%

(a)

(b)

Fig. 2. Variety composition of the population of smut fungi in the south of Western Siberia: (a) 1988—1995;

(b) 1997-1999.
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In the selection process, it is necessary to take into
account the virulence of the pathogen agent of the
disease. For this purpose, it is recommended to monitor
the race composition of pathogens. Analysis of the
experimental data on the susceptibility of varieties-
differentiators (test  varieties) showed  the
inhomogeneity of the causal agent U. nuda (Jens.) Kell.
et Sw. (Table 1). Test varieties were damaged from 0 to
76.1%. All collections of a loose smut were virulent on
varieties OAS-21, Mutant 3, Montcalm, Trebi. There
were no virulent races to the Keystone variety. In
parallel with the study of a standard set of
differentiation varieties, varieties with identified
resistance genes were analyzed (Table 2). This allowed
to identify the most effective resistance genes in the
south of Western Siberia — Unjs, Ung, Ung. Varieties
with the genes Un;, Uny, un;, Uny, Unyy, Unyy, Uny, had
in some cases a low breeding value due to
susceptibility to the smut. Information was received on
the preservation of resistance to the population of the
pathogen of a loose smut from the Odessky 100 variety
in varieties with Un;; and Un,4 genes.

The race composition U. nuda (Jens.) Kell. et Sw.,
collected from plants of the Odessky 100 variety is
represented by a strongly virulent race 1. It was
distinguished in Kemerovo, Belovo, Leninsk-Kuznetsk,
and Promyshlennovsky districts. Here the main acreage
under barley is concentrated. Its formula for virulence
- 1-1,4,7,9,10,11,12. Race 1 overcomes the barrier of
the genes Un;, Uny, un;, Uny, Un;y, Un;;, Uny,, but the
varieties with Unz, Ung, Ung, Uny;, Uny, genes were
resistant. The population of the smut from the
Kuznetsky variety is also represented by race 1 with
the formula of virulence — 1-1,4,7,9,10,11,12,13,14.
The introduction of the Andrey variety into the
production process led to the spread of a new race of a
loose bunt, 10 with a virulence formula of
10-1,7,9,10,11,12,13. According to the Department of
Immunity of All-Russia Institute of Plant Growing, the
10th race of U. nuda (Jens.) Kell. et Sw. is the most
common in the Kirov region.

The racial composition of the black loose smut,
according to the key, is represented by race 6 (Table 3).
Population of the U. nigra Tapke is virulent on the
varieties Hannchen, Lion, Pannier and Trebi. This race is
registered by A.l. Shirokov and E.V. Paderina in the
Omsk region, as well as V.I. Krivchenko — in the
Volgograd, Odessa, Zaporozhye, East Kazakhstan
regions [31, 32].

During the second stage, a test was conducted on the
provocative background of infection with varieties of
spring barley from the world gene pool of All-Russia
Institute of Plant Growing, Siberia, and promising
breeding lines.

A wide range of variation in susceptibility to the
pathogen was noted (from 0 to 73.2%). It depended on
the genetic protection of the variety. Barley samples are
differentiated according to resistance classes and types
of reaction to pathogens of the disease. The stability of
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the samples was compared with the susceptible
standard varieties — Odessky 100 and Andrey.
Depending on the conditions of the year, the Odessky
100 variety was damaged by 20.8-73.2%, the Andrey
variety — by 26.5-61.7%. By reaction to the black loose
smut they were weak- and medium-susceptible — 9.4%
(Odessky 100) and 41.1% (Andrey). The susceptibility
to pathogens on a natural background was found in the
range 0.008-0.11% for the Odessky 100 variety and
0.075-0.43% for the Andrey variety. The Elf variety is
more immune among those grown in production.
According to the institution-originator, the resistance of
the variety to U. nuda (Jens.) Kell. et Sw. is controlled
by the Ung gene. In our study, a variety loss of 0.007%
under natural conditions and 4.2% on an artificial
background was noted. The variety was practically
resistant (1.5%) to U. nigra Tapke.

When artificially infection with a loose smut
(Ustilago nuda (Jens.) Kell. Et Sw.) of plants of
collectible barley varieties, about 40% of the samples
had a very high resistance to the pathogen (0.0%), 13%
— practical resistance (up to 5%). The weak-responsive
group (5-25%) included 29 samples. Groups of
medium and highly susceptible samples were 9-11%.
High immunity to a loose smut was confirmed in
known and newly selected samples, in new breeding
lines. They were obtained by the method of directed
selection on a provocative background of infection
of plants.

For many years, no damage by the causal agent
Ustilago nuda (Jens.) Kell. et Sw. to the following
varieties was detected: Keystone, Paragon, Brock
(Canada), CI 13662, CI 13664, Fox (USA), Jet
(Ethiopia). Their resistance is also noted in the works
of N.A. Surin and N.E. Lyakhova in Eastern Siberia, by
S.F. Mordanov and A.M. Camelina in the Far East
[33, 34]. These varieties were used in breeding for
increasing the immunity of plants. With their
participation, new modern varicties and targeted
immune lines have been created.

Among the Siberian gene pool, the unique
resistance to Ustilago nuda (Jens.) Kell. et Sw.) for two
or three decades, the variety Bagan (Novosibirsk
region) showed. Its breeding background has parental
forms of Siberian origin — Omsky 13709 variety and
k-122 breeding lines. A property of resistance was
passed by two donor varieties from America — Brock
and Keystone. They have effective resistance
genes Unj; and Ung.

The immune line 50 from the Omsk region was used
as a promising source in breeding crosses. Its breeding
background has an American variety Fox and a highly
productive variety from Siberia — Olymp. The Jet variety
and line 50 were crossed, and sustainable plants in the
population of Fy yere selected. AS @ result, a new perspective
line has been identified. Over the past 20 years, it had a
high resistance to damage by species of spike smut:
Ustilago nuda (Jens.) Kell. et Sw.), U. hordei (Pers.)
Kell. et Sw., U. nigra Tapke.



Table 1. Reaction of differentiation varieties to inoculation with U. nuda (Jens.) Kell. et Sw. (Kemerovo, 1997-1999)

Science Evolution, 2017, vol. 2, no. 2

Population characteristic: variety from Reaction of differentiation varieties Race
Year which samples were taken and the k-16930 k-15554 k-20441 k-17447 k-11835 k-19304 number
growing region Regal OAC-21 Mutant 3 Montcalm Trebi Keystone
Odessky 100, Kemerovo District 47.58S 4598 5938 403 S 4208 0.0R 1
1997 Odessky 100, Belovo District 40.1 S 11.8S 5138 41.0S 52.88 0.0R 1
Odessky 100, Leninsk-Kuznetsky District 48.2 S 3338 482 S 33.28 5528 0.0R 1
Odessky 100, Promyshlennovsky District 53.6S 53.28 61.0S 3748 56.58 0.0R 1
Odessky 100, Kemerovo District 25.6 S 52.8 8 36.8 S 15.08 5718 0.0R 1
1998 | Kuznetsky, Kemerovo District 33.3S 40.0 S 50.0 S 2508 36.7 S 0.0R 1
Andrey, Kemerovo District 36.4 S 143 S 58.1 8 76.1 S 3758 0.0R 1
Odessky 100, Kemerovo District 12.3S 14.0 S 30.0S 17.3 S 3758 0.0R 1
1999 | Kuznetsky, Kemerovo District 11.0S 38.6 S 38.78 34.0S 3478 0.0R 1
Andrey, Kemerovo District 54R 11.0S 19.0 S 17.7S 11.1S 0.0R 10

Note: The numerator gives the damage percentage, the denominator — the type of reaction

Table 2. Differentiation of Ustilago nuda (Jens.) Kell. et Sw. races on varieties with identified resistance genes (Kemerovo, 1997-1999).

Reaction of differentiation varieties Formula of virulence
E = -~ = 5 ~ |« ~ S 5 _
Population characteristic: = = g g ) 3 g | Q7S = = =) =,
(= v o DN D 0 < = — = N >~ o
;3 variety from which samples g |l 228 € ? = 0 Se| & 2 g 5 =) =) \E, =)
were taken and the growing region g |=5| Qg2 | 28| 22| a8 |xs| 8 Q S |2
< URRSY o0 [ [ 1 "O [ v o N [N it
& i A A S M2 4 E ~ = w5 % % o) ~ 3
= 5 A () S = no . . D 4
A~ 4 < ! — - =4
i
Odessky 100, Kemerovo District 1 S R S R S R S — 1-1,4,7,9,10
S | Odessky 100, Belovo District 1 S R S R S R S — — — — 1-1,4,7,9,10
2 Odessky 100, Leninsk-Kuznetsky District 1 S R S R S R S — — — — 1-1,4,7,9,10
Odessky 100, Promyshlennovsky District 1 S R S R S R S — — — — 1-1,4,7,9,10
« | Odessky 100, Kemerovo District 1 S R S R S R S S S R R 1-1,4,7,9,10,11,12
& | Kuznetsky, Kemerovo District 1 S R R R S R S S S S S 1-1,7,9,10,11,12,13,14
- Andrey, Kemerovo District 1 S R R R S R S S S S R 1-1,7,9,10,11,12,13
o | Odessky 100, Kemerovo District 1 S R S R S R S S S R R 1-1,4,7,9,10,11,12
& | Kuznetsky, Kemerovo District 1 S R S R S R S S S S S 1-1,4,7,9,10,11,12,13,14
- Andrey, Kemerovo District 10 S R R R S R S S S S R 10-1,7,9,10,11,12,13
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Table 3. Type of reaction of varieties-differentiators for plant damage by the Ustilago nigra Tapke population

(Kemerovo, 1998-1999)

Reaction of differentiation varieties

k-18541 k-15549 k-4104 k-3291 k-19326 k-17656 k-11835
Excelsior Himalaya Hannchen Lion Nepal Pannier Trebi
0.0R 0.0R 20.1 S 2508 0.0R 198 4138

Note: The numerator gives the damage percentage, the denominator — the type of reaction.

We evaluated positively and recommended new
sources of resistance to loose smut (0.0%):
Moskovsky 3/125 (k-29977), Suzdalets (k-30314), Ramos
(k-30315) from the Moscow Region; M-11759 (k-30434)
from the Voronezh; Zernograd 492 (k-29903) from the
Rostov Region; Kumir Odessky (to-30316) from Ukraine,
line 53 from Belarus and others. Absolutely immune and
practically resistant were Siberian varieties Simon and
Luka and breeding lines. Their breeding backgrounds
include varieties of intensive type with stable
productivity: Mutant 53 (Leningrad Region), Bagan
(Novosibirsk Region), Viola (Moldova), Gregor (France),
Vanja (Sweden), line 25 (Omsk Region).

The groups of practically resistant (up to 5%) and
weak-reactive (5.1-10.0%) include varieties from the
European part of Russia — Chelyabinsk 70 (k-29470),
G-39 (k-29656), M-11763 -11763); Ukraine — Donetsk
10 (k-29612), Nutans 752 (k-29786); Belarus — Basis
(k-29338), Baken (k-29339), line 16 Roland (k-30118);
Canada — Guardian (k-30160); United States —
Composite Hybrid XVIII (k-29823); Sweden— Ingve
(k-30023), WW 7272 (k-30128) and others.

Some valuable varieties and target lines of Siberian
origin (C-105-270, C-46-26-77, Krasnoyarsk Krai,
KM-6, KM-7, KM-16, Kemerovo Region) and Europe
(Bankuti Korai, Hungary; Steine, Canada) are
classified as medium- and highly-responsive. They
have high adaptability to soil and climatic conditions,
large grain, high protein content and the ability to form
a high grain yield. They can be crossed. To increase
resistance to phytopathogens, it is necessary to use
highly immune varieties as a second parental form.

The group of resistant varieties, to a black loose
smut included 81% of the varieties studied. There was
10% of varieties practically resistant to damage (up to
5%). Other samples were classified as weakly
responsive. Their level of damage varies from 5.0 to
25.0%. One variety — Trebi (k-11835, the USA)
possesses the average responsiveness to U. nigra
Tapke. (25.1-50.0%). It is damaged by 41.3%.

The gene pool of barley from Siberia is immune to
U. nigra Tapke. It is represented by breeding lines 1.
1899, KM-18, KM-25, 72/97, 74/97, highly adaptive to
the conditions of cultivation, and promising varieties of
a new generation, Simon and Luka.

Most varieties from Russia are resistant to U. nigra
Tapke.  Moskovsky 3/125  (k-29977),  Suzdalets
(k-30314); Lizin (k-29711), Pirat 1 (k-27908); Taganay
(k-29001); Zernogradsky 492 (k-29903) and others.
Resistance sources from Ukraine (Kumir Odessky,
k-30316, Nutans 752, k-29786), Belarus (Baken,
k-29338, Visit, k-29405), USA (Bridge, k-30410),
Canada (Guardian, k-30160), France (Tabara,
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k-30565), Denmark (Ca 203801, k-30446), Sweden
(Svani, k-30577, WW 7272, k-30128; WW 7024,
k-30445) and a number of analogue lines were
identified. These analogue lines were obtained by
backcrossing from varieties Zazersky 85 (Belarus),
Intensivny (Belarus), HVS 6 (Germany), Roland
(Sweden) and others.

To improve the immunity of barley plants, sources
with group resistance to pathogens Ustilago nuda
(Jens.) Kell. et Sw.), U. hordei (Pers.) Kell. et Sw., U.
nigra Tapke are recommended. They have a high and
practical resistance to the species of the smut. These
varieties have a high resistance to lodging (9 points)
and 1000 seed weight, (52 g), up to 27 grains per spike
and agrain weight of up to 550 g/m* (Table 4).

An important stage in the study of the immunity of
cultural plant species is the clarification of the
mechanisms controlling this property in plants.
Knowledge of the genetics of immunity allows optimal
use of resistance genes for solving problems in
practical breeding. We studied the donor properties of
new sources of resistance to U. nuda (Jens.) Kell. et
Sw. Evaluation of F hybrids resistance to a loose smut
has shown the absence of splitting in direct and in back
crosses. This indicates a complete dominance of
resistance (H = 1). Genetic control of resistance was
assessed by the results of splitting of second-generation
hybrids. In line 1899, resistance to damage by
pathogens is controlled by two alleles. Bagan variety
presumably has three dominant alleles and line 53 of
HVS °!/36 — two dominant alleles of resistance. They
may have an epistatic interaction of genes.

The success of breeding is determined by the
variability and regularity of the inheritance of
quantitative traits. It is important to successfully select
the parent components for hybridization and to predict
the efficiency of selection of productive genotypes in
splitting hybrid populations. Their phenotypic and
genotypic structures are the result of the interaction of
genetic  factors and environmental conditions.
Therefore, the greatest value is obtaining information
in a specific agroclimatic zone [33, 35].

The level of variation and the degree of influence of
individual quantitative traits on the grain productivity
of hybrid plants in comparison with the parent varieties
are revealed. Number of productive stems ((r = 0,72 +
0.05 — 0.88 = 0.03) varied from medium to strong
degree (CV = 17.9-30.0%), number of grains per spike
(r = 034 £ 0.07 — 0.85 £ 0.04) and the grain
weight per main spike (r = 0.20 £ 0.07 — 0.86 £ 0.04)
varied from weak to high degree (CV = 5.4-26.0%),
and the 1000 seed weight (r = 0.24 £ 0.07 — 0.72 +
0.05) slightly varied (CV = 3.8-10.8%).



Genetic information about the inheritance and
inheritability of the main elements of productivity is
important for choosing the selection methodology in
the early generations of hybrids and predicting its
effectiveness. In most hybrid combinations of the first
generation from direct crosses (58.3-83.3%),
superdomination appeared. In back combinations, a
decrease in the frequency of the superdominant effect
(16.3-58.3%) was observed. 58.3-83.3% of hybrids
were isolated by 1000 seed weight. They are
characterized by high trait indicators: Bagan x Viner;
Bagan x KM-16; KM-16 x Bagan; KM-7 x Bagan; 1. 53
HVS *'/76 x KM-6; KM-6 x 1. 53 HVS *'/6; 1. 1899 x
KM-6. 1000 seed weight for the best parent variety of
Bagan from the Novosibirsk Region was 45.8 g.

Depression was noted for all analyzed traits in
8.3-41.7% of direct and back combinations. In back
combinations, 33.3—41.7% of hybrids with a weak
manifestation of the trait (H < -1) "number of grains
per main spike" were established. Inheritance of
symptoms by the type of incomplete dominance of the
best and worst parental form was noted in direct and
back crosses in some hybrids (8.3—41.7%). The
complete dominance of a coarse-grained and high-
grained parent was discovered in 1998 in single
combinations. The complete dominance of a
low-productivity parent variety was revealed in one
hybrid in 1999.

The efficiency of selection increases with
increasing heritability estimate (h*) up to 40% and
higher [30, 31]. The combination of the nature of
inheritance and the inheritability of the trait is of great
importance. In five hybrid crossing combinations with
manifestation of overdominance, complete and
incomplete dominance of the best parent in the
inheritance of the character, high and average values of
heritability estimates are established: by the number of
productive stems (h* = 19.0-71.0%), by the number of
grains per spike (h® = 17.0-45.0%), by grain
weight per main spike (h* = 14.0-52.2 %), by
1000 seed weight (h* = 14.0-98.0%), by the total grain
productivity (h* = 29.3-752%). In hybrid
combinations with high genetic parameters, selection
yielded positive results already in the early splitting
generations (F,—F;). Variability of symptoms is
genetically determined and less dependent on external
conditions. The exception was the 1000 seed weight
trait. With a low and unstable manifestation of the
inheritability estimate in individual combinations over
the years, the selection according to this criterion had
the most positive results in F, and Fs.

The practical value in selecting according to the
number of grains per spike, the productivity of the
main spike and the productivity of the plant is
represented by the hybrid KM-7 x 1.1899; by the
number of productive stems, the number of grains per
spike and the grain weight from the plant — 1.1899 x
KM-7; by the combination of the total grain
productivity of the plant with the grain weight per main
spike — 1.1899 x KM-16 and productive density — 1. 53
HVS °'/,6 x KM-7. Hybrid combinations Bagan x
Viner; Bagan x KM-16 represented a value for all

elements of productivity, except for a trait of a grain
weight per main spike.

In most hybrids, the heterosis effect did not play an
important role in the manifestation of the following
characters: the number of productive stems, the number
of grains per spike, the grain weight per main spike and
the grain productivity of the plant. The value of the
analyzed trait in F, did not decrease significantly
compared to F;  In some combinations it was higher.
Selection by these characters is effective in early
splitting generations.

In F; hybrid combinations, depression of individual
traits (at least in one year of study) and high indices of
its heritability (30-60%) were established. This is
typical for the following combinations: Viner x Bagan;
Bagan x KM-6 (by the number of productive stems);
Bagan x KM-6 (by the number of grains per spike);
Bagan x KM-6; KM 6 x Bagan; KM 16 x Bagan (by
the grain weight from the plant); 1. 1899 x Wiener;
Wiener x 1. 1899 (by the 1000 seed weight); KM-7 x 1.
53 HVS °'/56 (by grain weight per main spike). In this
case, selection was more effective in later generations,
when most loci passed into a homozygous state. This is
due to the non-allelic interaction of genes and their
inhibition of the development of quantitative traits.

The steady increase in the character in individual
plants in F, as compared to the extreme values of the
parent forms indicates an increase in the efficiency of
selection. The greatest appearance of transgressions
was observed in hybrid populations by the grain weight
per main spike and the grain weight from the plant.

A great importance for selection was also the study
of the combinational ability of the selected varieties.
Their values made it possible to predict the prospect of
using varieties in hybridization as parental forms. The
most valuable samples were those with high and stable
indicators of the overall combining ability (OCA) over
the years. The Bagan variety and the KM-7 breeding
line were characterized by high and stable OCA effects
for the majority of the traits studied. This determined
the high value of hybrids with their participation:
Bagan x Viner; Bagan x KM-16; 1.53 x KM-7; KM-7 x
1.1899; 1.1899 x KM-7.

The use of severe infectious backgrounds of
infection of plants with smut fungi and long-term
rejection in the field are important for identifying
immunological properties for the pathogen in varieties.
The use of efficient and high-performance inoculation
methods for seeds and plants allows the removal of
affected samples at ecarly stages of selection and
determine the reliability of identified sources of
resistance. The positive effect of their introduction has
been achieved in our studies and in the studies of other
scientists [25, 35, 36, 37, 38].

Selected resistance donors to smut fungi (Bagan
variety, line 53 HVS °',, line 1899) proved
themselves in breeding programs. A new hybrid fund
has been created, promising breeding lines have been
identified. They have been studied at all stages of the
breeding process. The effectiveness of selection of
immune high-productive genotypes with such research
technology is high.
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Table 4. Agrobiological characteristics of sources of group resistance to smut fungi (Kemerovo, 1998-1999).

All-Russm Duration Smut damage, Assessment . Number b
Infstlltute of artificial of crops Resistance of I\Lum er 1000 Yield capacity, g /m>
of P ant Variety, line Origin vegetation | background, % before to productive ol graimns seed
Growing . . lodging, per spkie, .

1 period, . harvesting, it stems, weight, g .
catalog days U. nuda | U. nigra point po pes/m? pes. 1998 1999 | mid
number

Andrey Kirov Region 72 61.7 41.1 4.0 9.0 413 18 45.6 370.0 | 363.0 | 366.5
Odessky 100 Ukraine 75 73.2 94 34 9.0 394 20 47.8 387.8 | 383.0 | 385.0
Elf Moscow Region 80 4.2 1.5 3.2 9.0 365 21 47.3 331.4 | 345.0 | 338.2
Bagan Novosibirsk Region 69 0.0 0.0 4.5 9.0 365 21 48.4 350.0 | 350.0 | 350.0
Line 1899 Kemerovo Region 75 0.0 0.0 5.0 9.0 370 22 46.5 275.0 | 400.0 | 337.5
29977 |Moskovsky 3/125 | Moscow Region 79 0.0 0.0 4.5 9.0 390 24 50.1 502.0 | 350.0 | 426.0
30314 Suzdalets Moscow Region 82 0.0 0.0 5.0 9.0 542 23 50.5 425.0 | 500.0 | 462.5
30315 Ramos Moscow Region 81 0.0 1.8 5.0 9.0 440 23 50.1 420.0 | 450.0 | 435.0
29346  |Kazer Rostov Region 76 0.0 5.2 4.0 9.0 288 18 50.6 300.0 | 300.0 | 300.0
30266 |Line 53 HVS °'/; | Belarus 80 0.0 0.0 4.5 9.0 241 24 41.1 312.0 | 350.0 | 331.0
30316 | Kumir Odessky Ukraine 83 0.0 0.0 5.0 9.0 327 27 52.2 200.0 | 450.0 | 325.0
30160 | Guardian Canada 84 4.9 0.0 3.5 9.0 347 27 49.0 320.0 | 350.0 | 335.0
HCPys 71.5 59.2
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CONCLUSIONS

1. In the south of Western Siberia, a technology for
selecting barley for resistance to smut fungi was
developed. It includes the following elements:

- study of the species and race composition of the
population of smut fungi in the region;

- assessment of the initial and selection material for
barley for resistance to smut fungi on artificial infectious
backgrounds and the search for sources of individual and
group immunity from the world gene pool;

- determination of donor properties of selected
genetic sources in test crosses with susceptible but
highly productive varieties, adapted to local conditions;

- inclusion of immunity donors in all crossbreeding
programs in different breeding areas;

- studying the wvariability and inheritance of
quantitative traits of productivity in hybrids obtained on
the basis of new immunity donors to the smut species;

- selection of immune forms with high productive
bushiness and the number of grains in spike in hybrid
populations of barley.

2. As aresult of the implementation of the elements
of this technology, we have created immune highly
productive varieties of a new generation of early and
mid-season types: Simon and Luka (Kemerovo Region).
They are included in the State register of breeding

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

achievements since 2004.
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