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Abstract

Muranyi, I. and E. Pocsai, 2007. Breeding for winter hardiness in two-rowed barley
using the major gene of a six-rowed barley variety

The goal of our breeding program was to improve the winter hardiness in two-rowed
winter barley using their high yielding ability and high lodging resistance. In the first step,
KH Kincsem two-rowed winter barley variety was developed with the cross of a two-rowed
Sladoran variety (>) with high yielding ability, short and firm stem and a very low degree of
winter hardiness and a six-rowed Kompolt 4 variety (+).The latter is resistant to extreme
winter climatic conditions and according to our knowledge it is mainly determined by the
major gene. KH Kincsem variety was crossed with Rex variety having a low degree of
winter hardiness in order to improve the yield potential, stem strength and resistance of
KH Kincsem variety retaining its excellent winter hardiness. Major gene for winter hardi-
ness from Kompolt 4 variety was transferred also to KH Kincsem x Rex cross progenies. It
was applied for registration in autumn of 1998 and it was released as KH Malko variety in
2001. In the Hungarian EBC trials among the foreign varieties, the KH Malko variety had
the most excellent winter hardiness and it gave also the highest yield. So, the KH Malko
variety is one of the best winter hardy two-rowed barley varieties in Hungary, also having
excellent agronomical traits.

Key words: Winter barley - malting barley - winter hardiness - major gene — resist-
ance - cold stress.

Pe3rome

MypaHu, U., E. lNoyad. 2007. Cenekyusi Ha 3uMoycmou4yugocm ripu 8ypedHuU copmose
eyeMuK, u3rionaealiku efasHU eeHU Ha wecmpeoHU copmoee e4eMuK

Llenta Ha Hawara cenekuMoHHa nporpama 6e aa ce nogobpu 3MMOYCTOMYMBOCTTA
npuv ABYPEAHUS €4eMVK, N3NON3BaNKN TAXHATa BUCOKA NPOAYKTMBHA CNOCOBHOCT M BUCOKA
YCTOMYMBOCT Ha nondraxe. [Npu nbpeara cTbrka, ABypeaeH 3numeH edemmk copt KH Kincsem
Oelle nonyyeH npu KpbCTOCBaHE Ha ABypeaHusa copT CnagypaH (>), KOWTO npuTexasa
BMCOKa NPOAYKTUBHOCT, KbCO M 34paBo CTbOMO M MHOIO HUCKa CTEMNEH Ha 3MMOYCTONYMBOCT
¢ wectpenHusa copt Kompolt 4 (+). NocnegHnaT nputexasa yCTONYMBOCT NPU EKCTPEMHM
KNMMaTMYHW YCNoBMA Npe3 3umara v cnopep Hac ce kogmpa OT AOMUHaHTEH reH. CopTbT
KH Kincsem 6e kpbcTocaH cbe copTa Rex, umall Hucka cTeneH Ha 3MMOYCTONYMBOCT, 3a
Aa ce nogobpu NpoayKTMBHOCTTA, 30paBuHaTta Ha cTbbrno u yctonunsoctTa Ha KH Kincsem,
3anassavikv HeroBaTa OTnM4Ha 3MMOYCTONYMBOCT. OCHOBHUAT reH 3a 3MMOYCTOMYMBOCT Ha
copT Kompolt 4 6e npeHeceH B NOTOMCTBOTO Ha KpbcTockata Kincsen x Rex. Ton 6e
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npeanoxeH 3a pernctpaums npes eceHta Ha 1998 n BbBeaeH kato copT KH Malko npes
2001. Mpwu yHrapckute EBC onnTtu B cpaBHEHME C YyxXaeCcTpaHHUTe copToBe, copTbT KH
Malko nposiBaBa Han-BMCOKa 3MMOYCTOWYUBOCT U CbLUEBPEMEHHO HaW-BMCOKA
npoayktusHocT. CopteT KH Malko e eguH oT Han-gobpuTte 3MMOYCTOMYMBU ABYpPEaHMU
COpTOBE e4eMuK B YHrapus ¢ OTIIMYHM arpOHOMUYECKN KavecTBa.

KniwoyoBu gymu: 3nmMeH e4eMuk - NMMBOBApPEH e4eMUK — 3MMOYCTOMYMBOCT -
AOMMWHAHTEH FeH - YCTONYMBOCT - CTYAOB CTpecC.

INTRODUCTION

Barley is one of the major crops in the world. Two types of barley - feed and malting -
are grown. Earlier, high protein feed varieties for livestock were developed. Recently, bar-
ley breeding has been focused on malting varieties. In general, the primary gaols of barley
breeding programs are to develop high yielding varieties that are disease resistant, and
that demonstrate exceptionally high malting and brewing qualities.

Two-rowed barley varieties having many favourable properties, for example: much
better brewery qualities, higher lodging resistance, more excellent tillering capacity, higher
storm resistance, stronger ears and lower sensitivity to ear-neck break down than the six-
rowed barley varieties. On the contrary, their degree of winter hardiness is much lower
than that of the six-rowed ones. In spite of this fact, many two-rowed barley varieties came
to registration and growing, especially with the increasing of the production of the two-
rowed winter malting barley. In the countries of continental climatic conditions the growing
of the low winter hardy varieties means a great risk also for the growers.

In the early 1980 years only six varieties of winter barley were available for the grow-
ers in Hungary as compared to 59 currently registered. In enlargement of variety assort-
ment, growers claimed local varieties with high yielding ability, short and firm stem and a
very high degree of winter hardiness. Among the Hungarian varieties, only the Kompolt 4,
Kompolt early and Rachel varieties had appropriate degree of winter hardiness. Two Yu-
goslavian varieties, Rodnyik and Sladoran were applied for registration in Hungary in 1984.
These two-rowed varieties (especially Sladoran varietiy) had high yielding ability, short
and firm stem, but their winter hardiness did not prove to be convenient to the Hungarian
climatic conditions. In winter of 1987, Sladoran variety totally perished in trials, therefore it
was not registered in Hungary. Rodnyik variety was registered, but it could not be distrib-
uted in Hungary because of its low degree of winter hardiness. Similar experiences were
gained with the German and French two-rowed varieties, among them Igri variety. A Croatian
variety (Rex) was registered in 1991, but in spite of its excellent high yielding ability and
short and firm stem it could be grown only in South Hungary because of its low degree of
winter hardiness. Without the two-rowed varieties of Kompolt, other two-rowed varieties
were not registered in Hungary because they did not meet the requirements for winter
hardiness and agrotechnical demands. In the middle of 1980s, the goal of The Research
Institute of Kompolt was to develop two-rowed winter barley varieties with appropriate
degree of winter hardiness and excellent high yielding ability and short and firm stem. At
the beginning of our breeding program, the six-rowed Kompolt 4, Sladoran and Rovnyik
varieties were selected to reach our goals. Environment and climatic conditions are deci-
sive for the breeding for winter hardiness where the selections are carried out. Kompolt is
situated in North-Hungary at the feet of M6tra mountain, where temperatures of -15°C
degree without snow occurs very often. This cold effect provides opportunity for appropri-
ate selections.

Winter barley needs to be very hardy to survive the cold winter environment in Hun-
gary. Winter barley has evolved adaptive mechanisms that are temperature regulated and
involve cold acclimation processes that enable seedlings to survive numerous stresses
during the over-wintering period. The process of cold acclimation and the maintenance of
winter hardiness are a very complex thing. In order for winter barley to survive the cold
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winter conditions, it has to acclimate or acquire cold tolerance during the autumn growing
period. This cold acclimation process is governed by a genetic system that is induced by
low temperature. Under normal field conditions, eight to twelve weeks of growth are usu-
ally required for the full development of winter hardiness.

The fully acclimated winter barley is very tolerant to cold stress as long as crown soll
temperature remains below freezing and the plants have an adequate energy supply. Soil
temperature is a dominant factor influencing both the amount of over winter stress and the
ability of plants to tolerate the stress.

The genetic basis of resistance to pathogens is well studied in crops. In agricultural
systems, one of the primary mechanisms of plant resistance to pathogen involves gene-
for- gene interactions (Crute and Pink, 1996; Agrios, 1997). Such an interaction is charac-
terized by allelic variation at a single locus in the host and at the single locus in the patho-
gen, such that infection success is determined by the combined genotypes of host and
pathogen. The host is resistant only if it carries at least one copy of the resistance allele
and the pathogen carries one copy of the avirulence allele (Flor, 1971).

The yield stability is strongly influenced by winter hardiness. In 2003, winter hardiness
of the variety determined the yield of winter barley in 79.6% (Matyk, 2003).

In the present study, the breeding results for winter hardiness of the two new two-
rowed winter barley varieties (KH Kincsem, KH Malko) are described.

MATERIALS AND METHODS

In the middle of 1980s two-rowed winter barley genotypes with appropriate degree of
winter hardiness were not at our disposal.

The breeding for winter hardiness in two-rowed winter barley varieties (KH Kincsem,
KH Malko) begun in 1986. To the most successful cross, a two-rowed Sladoran and Rovnyik
varieties(>) with high yielding ability, short and firm stem and a very low degree of winter
hardiness and a six-rowed Kompolt 4 variety (+) were used. The latter is resistant to ex-
treme winter climatic conditions and according to our knowledge it is mainly determined by
the major gene (Table 1.). From Kompolt 4 x Rovnyik cross, considerable progenies could
not be selected. Kompolt 4 x Sladoran cross (K-86-11-25) was carried out on five ears (60
flowers). From Kompolt 4 x Sladoran cross 22 seeds (Fo) were harvested in 1986. The
seeds of F1 generation were sown on 2 x 10 m one-row plot in 1987.

Table 1. Breeding process of KH Kincsem two-rowed winter barley variety

Traits |  Kompolti 4 X (six-rowed) | Sladoran (2-rowed)
Winter hardiness 8,0 1,0
Yielding ability 7,0 9,0
Stem strength 6,0 8,5

The selections were begun in the F, generations. The selected ears of F.-F, genera-
tions were sown in individual plots. Progeny plants of the cross showed excellent variabil-
ity and the traits of the two varieties well combined with each other. The selected two- and
six-rowed genotypes were separated. In F generation, 64 ,A” lines were selected based
on their properties and homogeneity and they were sown in 5 m? plots as ,B” line. From
these, the best 32 ,B” lines were sown in 10 m? plots in two replications in 1992 as ,,C” line.
Many lines proved very perspective and only 5 lines were pre-propagated on 100 m? plots.

In 1992, KH Kincsem variety was crossed to Rex variety, which has a low degree of
winter hardiness, in order to improve the yield potential, stem strength and resistance to
powdery mildew of KH Kincsem variety, retaining its excellent winter hardiness (Table 2.).

Individual selections were applied for screening of perspective phenotypes with excel-
lent winter hardiness similarly way to KH Kincsem variety.
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Table 2. The breeding process of KH Malko two-rowed winter barley variety

1992. KH Kincsem x Rex
Winter hardiness 6,5 1,5
Yielding ability 7,5 8,5
Stem strength 7,5 8,5

RESULTS AND DISCUSSION

One of the basic goals of barley breeding program of Kompolt is to improve and pre-
serve the winter hardiness influencing significantly the yield stability. The winter hardiness
of the barley varieties of Kompolt is significantly better than the average in the Hungarian
barley variety list. Results of variety comparative trials on winter barley varieties at differ-
ent locations of Hungary in the early and medium maturation group are shown in Table 3
and Table 4.

Table 3. Results from variety comparative trials on winter barley varieties
in the early maturation group

Scale-values of winter Yield, tons/ha

- o o) [ — o [0 [
Variety 3| & GE) § 4 g S % § o
E|E| | 5| = S E % 5 =
S 8| 8|2 || ¢ | &8 g o | <

¥ | B X o
Botond 75 73 90 54 74| 415 555 340 2,36 39
KH Viktor 74 78 90 40 72| 434 641 384 263 43
Prima 53 60 90 34 63| 3,81 6,41 437 2,58 43
Palinka 38 28 90 44 56| 3,58 483 333 232 35
Plaisant 50 38 65 42 55| 334 491 280 268 34

KH Korsé 43 58 65 28 55| 274 488 261 148 29
Kunségi2 44 38 80 10 50| 187 435 260 223 28

Gotic 38 23 68 26 47| 358 427 303 171 31
GK Rezi 13 48 53 22 411|169 571 265 060 27
Metal 18 23 55 22 38| 184 488 224 102 25
Replic 29 10 33 26 34| 265 259 203 126 21
Fantazia 10 23 30 22 27| 001 27% 160 040 1.2
GK Stramm | 10 10 13 10 13| 0,01 326 060 0,01 1,0

Many gene-sources were used, but the best results were obtained by using the major
gene of the Kompolt 4 variety. The winter hardiness of the barley varieties was severely
tried by the 1992/93 year’s cold weather. Besides the cold effect, winter barley was cov-
ered by thick snow and barley varieties suffered also from snow mould injury.

After the 1992/93 year’s very severe cold winter, among the two-rowed barleys, breeding
line K-86-11-25 gave the best results with a 6.5 of scale-value of winter hardiness.

Eight breeding materials gave 6 of scale-value, and the remaining breeding materials
were frozen or they did not exceed the 2 of scale-value. Based on its excellent winter
hardiness and very good agronomic traits breeding line K-86-11-25 was applied for regis-
tration and in 1996 it was released as KH Kincsem variety. From the pedigree and the
phenotype of the winter hardy lines, it can be concluded that winter hardiness of Kompolt
4 variety is determined by a major gene which can be transferred by crossing into new
genotypes.

From the results it can be seen that the degree of winter hardiness of the two-rowed
barley varieties is much lower than that of the six-rowed ones (Table 5). In the course of our
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trials it was also observed that KH Kincsem variety has a high degree of resistance to
barley yellow dwarf viruses and wheat dwarf virus (Pocsai et al., 2006).

Table 4. Results from variety comparative trials on winter barley varieties
in the medium maturation group

Scale-values of winter hardiness Yield, tons/ha

- o ) c - - ) c

-a (0] B [0
Variety g 5 § S g g 5 g 3 o
E|E| 4| 5|2 | E|E|%|5]|=
S| 8| sg|leg|=|e|8|s8|28|*c

X o X o
Petra 65 70 88 56 69| 44 58 31 26 4,0
KH Center 85 6,5 80 52 711 43 32 26 43 3,6

KH Malko 62 70 90 54 69| 40 63 28 27 39

Venus 66 70 80 52 67139 54 33 26 38
KH Rezko 78 60 73 48 6553 53 28 24 39
Angora 71 6,0 80 50 65| 37 48 22 21 3,2
Carola 54 58 90 48 63|38 56 27 23 36
Catania 60 68 75 38 60| 42 54 26 20 35
Bogesa 63 60 80 44 62| 41 48 28 22 35
KH Agria 6,1 68 73 30 581 36 53 22 18 32
Paris 67 48 78 46 60| 42 39 26 22 32
Tiffany 56 50 78 56 60| 36 53 21 25 34
Vanessa 51 48 80 52 58142 50 28 24 36
Anita 42 68 63 40 53130 51 28 23 33
Hardy 56 43 70 34 51134 42 28 16 3,0
Attila 34 43 68 28 43129 49 25 20 31
Siberia 42 28 73 4.2 46| 39 37 21 1,9 29
GKOmega | 19 20 60 26 31 1,7 35 21 1,5 22
Lambic 1,9 10 58 3,0 29122 30 24 20 24
Reni 16 10 58 26 281 1,8 42 2.1 1,9 25
Luca 1,5 10 40 44 27118 3.1 1,9 19 22
Nelly 1,0 30 20 40 25125 54 18 23 3,0
Rex 11 28 40 22 25137 48 19 06 27
1,0 1,2

Esterel

10 25 3,0 1,91 35 29 1,0 22

Table 5. Scale-values of winter hardiness of the six and two-rowed barley in 2003

Average of reistered six-rowed varieties 57
Average of six-rowed varieties of Kompolt 71
Highest value (Botond) 7,5
SzDsgy, 1,5
Average of registered two-rowed varieties 4,7
Average of two-rowed varieties of Kompolt 6,3
Average of KH Malko variety 71
The most higher value (KH Malko) 71
SzDsy, 1,5

The best result showing K-2173 breeding line was selected which contained the major
gene of winter hardiness of the Kompolt 4 variety. It was applied for registration in autumn
of 1998 and it was released as KH Malko variety in 2001. This variety proved its excellent
winter hardiness in 2003. In the Hungarian EBC trials among the local and foreign varie-
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ties, the KH Malko variety had the most excellent winter hardiness and it gave also the
highest yield. In the variety comparative trials on winter barley varieties done by the Na-
tional Institute for Agricultural Quality Control KH Malko variety gave 6.43 tons/ha during
the period 2003-2005. Its yield exceeded the average of barley varieties by 110.9% (Table
6.). So, KH Malko variety is one of the best winter hardy two-rowed barley varieties in
Hungary, also possessing excellent agronomical properties, too. These two varieties be-
sides the high degree of winter hardiness also have excellent yielding ability and stem
strength.
Table 6. Results from variety comparative trials on winter barley varieties
in the period of 2003-2005

. Grain yield (2003- | Maturity

Variety tha | % | group
KH Malko 6,43 110,9 1.
KH Agria 6,36 109,7 1.
KH Tas 6,31 108,8 l.
KH Viktor 6,23 107,4 l.
KH Center 6,22 107,2 1.
KH Rezko 6,15 106,0 1.
Siberia 6,13 105,7 1.
Nelly 6,07 104,7 1.
Palinka 6,03 104,0 l.
KH Korso 5,98 103,1 I
Paris 5,92 102,1 1.
Lomerit 5,91 101,9 1.
Gotic 5,90 101,7 l.
Catania 5,88 101,4 1.
Kinsagi 2 5,88 101,4 l.
Rex 5,86 101,0 1.
Botond 5,82 100,3 I
Attila 5,81 100,2 1.
Vanessa 5,80 100,0 1.
Venus 5,78 99,7 1.
GK Metal 5,75 99,1 I
Carola 5,72 98,6 1.
Plaisant 5,64 97,2 l.
GK Sztaromega 5,60 96,6 1.
Fantazia 5,56 95,9 .
GK Stramm 5,54 95,5 l.
Esterel 5,52 95,2 1.
Replic 5,52 95,2 l.
Tiffany 5,38 92,8 1.
Bogesa 5,29 91,2 1.
GK Rezi 5,28 91,0 l.
Angora 5,16 89,0 1.
Lambic 5,13 88,4 1.
Average 5,80
SzDs9, 0,82 14,1

(Czirék. et al. (2005): Allamilag elismert fajtak kisérleti eredményei,
Kalaszos Gabonak OMMI, 45 p)

According to the results, it can be concluded that to the breeding for winter hardiness,
a determined intention, an appropriate gene materials and a breeding place suitable for
screening of winter hardiness are indispensable.
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