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ABSTRACT

Results of scoring the resistance of 35 selected spring barley varieties to powdery mildew, exhibiting high powdery mildew
severity, in 307 variety trials of the Central Institute for Supervising and Testing in Agriculture were analysed. The varieties
can be divided into two groups: the varieties that could not induce any changes in the pathogen population (the varieties
with no effective resistance gene and varieties carrying gene mlo) and the varieties possessing major resistance genes [a total
of 12 Ml-genes: al, a3, a6, a7, a9, al2, al3, at, k1, La, g and (Kr)] to which the pathogen popul ation adapted in 1971-2000.
The time slope of decreasing resistance of varieties is described. The importance of individual evolutionary forces (muta-
tions, migration, direct selection, indirect selection and recombinations) for the erosion of efficiency of respective major
resistance genes and the effects of pathogen adaptation on population complexity and diversity are discussed.
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Barley (Hordeum vulgare L.), both spring and winter
form, is the second widely grown crop in the Czech Re-
public and powdery mildew is its commonest disease
(Dreiseitl and Jurecka 1996, 1997). On average 33% of the
spring barley area planted with non-resistant varieties are
heavily infected by powdery mildew (Dreiseitl and Jurec-
ka 2003). Growing resistant varieties is the most rational
way of controlling this disease on barley. Basic demands
made on genetic resistance are efficiency and sufficient
durability at least for the natural lifetime of the variety.

Durability of disease resistance is affected by the evo-
lutionary potential of pathogen population. Powdery
mildew on barley is caused by the pathogenic fungus
Blumeria (syn. Erysiphe) graminis f.sp. hordei (= Bgh).
This pathogen possesses a mixed reproduction system,
with at least one sexual cycle per growing season followed
by asexual reproduction during the epidemic phase, and
a high potential for gene flow. With regard to sufficiently
durable resistance, Bgh ranks among evolutionarily high-
ly risky pathogens (McDonald and Linde 2002).

The effect of individual adaptation mechanisms on the
breakdown of barley resistance controlled by selected
genes was examined in part recently (Dreiseitl 2000a, b,
2001b, 2003). The objective of this paper is to elucidate
the erosion of barley variety resistance due to the patho-
gen adaptation conditioned by effects of individual evo-
lutionary forces in a more comprehensive way.

MATERIAL AND METHODS

Results of scoring the powdery mildew resistance of
spring barley varieties in variety trials conducted by the

Central Institute for Supervising and Testing were analy-
sed.

Years. Results of variety trials for 30 years (1971-2000)
were used: registration trials lasted for 18 years (1971-1988)
and trials of registered varieties for 12 years (1989-2000).

Locations. The trials were conducted at 37 locations
across the Czech Republic (for details see Dreiseitl and
Jurecka 2003).

Trials. Nine hundred twenty-three field trials were con-
ducted (year x location x variant), but only results of the
trials with high powdery mildew severity were used in this
study (307 trials). Basic data on these trials are given in
Table 1, for further details see Dreiseitl and Jurecka (2003).

Varieties. A total of 144 spring barley varieties (the
term variety is used for both registered varieties and can-
didates for registration) were included in the trials. Data
on the resistance of 35 selected and another 9 additional
varieties were used (Table 2). The most resistant and the
most susceptible varieties in each year are listed in Ta-
ble 3. Commercial names are given to registered varieties
also in the years of their registration testing (for further
details see Dreiseitl and Patizek 2003).

Major genes of resistance. The following results ob-
tained at identification of major genes of resistance to
powdery mildew in spring barley varieties were used:
Brown and Jargensen (1991), Dreiseitl (1997), Dreiseitl
and Jargensen (2000), Dreiseitl (unpublished).

Scoring scale. A common 1-9 scale for scoring the
resistance of barley to powdery mildew in the field was
used; 1 =the variety is very susceptible (extreme infec-
tion of entire plants by powdery mildew), 9 = the variety
is fully resistant (plants are free of visible symptoms of
powdery mildew infection).
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Scoring procedure. In 19711988, the resistance of each
variety was characterised by one value. In 1989-2000, the
resistance of varieties was scored in 2 to 4 replications
whose means are used.

RESULTS

Results of scoring the powdery mildew resistance of
spring barley varieties tested in variety trials of the Cen-
tral Institute for Supervising and Testing in Agriculture
were analysed. From a total number of 144 varieties in-
cluded in these trials from 1971 to 2000, 35 varieties were
selected. To characterise their genetic resistance, only
results of scoring the resistance of these varieties in the
trials with high powdery mildew severity (307 out of the
total number of 923 trials) were selected. The results com-

prise 2 884 data on the resistance of varieties to this dis-
ease (Table 1).

Varieties with no effective major resistance gene. This
group comprises the varieties Dvoran, Diamant, Hana
and Tolar. All of them constantly exhibited low resistance.
Diamant and Hana were the most susceptible varieties in
the period of 1971-1976, except 1972 (Table 2).

Mig. Gene Mlg alone is present in Favorit only within
the examined varieties. It ranked among the varieties ex-
hibiting low resistance in 1971-1983. In 1977, Favorit (to-
gether with Rapid — see below) became the most
susceptible variety (Table 3). The resistance of Favorit
remained markedly below average in the following six
years. In 1972, however, 1I/61-FUDII possessing gene
Mlg became the most susceptible variety earlier than
Favorit. Mlg as a gene that is present together with other
genes given below in the varieties Elgina, Rapid, Koral,

Table 1. Data on variety trials with spring barley (Central Institute for Supervising and Testing in Agriculture)

Year A B C D E F G %
1971 23 17 (6)* 529 10 230 6 60 26
1972 32 15 (8)* 736 19 437 6 114 36
1973 28 9 (8)* 476 14 238 6 84 35
1974 36 10 360 14 140 8 112 80
1975 42 14 588 21 294 10 210 71
1976 39 12 468 5 60 9 45 75
1977 32 15 480 3 45 9 27 60
1978 34 16 544 6 96 11 66 69
1979 35 18 630 8 144 11 88 61
1980 34 18 612 8 144 12 96 67
1981 35 17 595 17 289 10 170 59
1982 34 15 510 3 45 10 30 67
1983 35 17 595 13 221 12 156 71
1984 35 18 630 5 90 10 50 56
1985 35 18 630 8 144 11 88 61
1986 32 19 608 8 152 10 80 53
1987 34 17 578 16 272 7 112 41
1988 28 21 588 21 441 8 168 38
1989 31 14 434 10 140 11 110 79
1990 26 16 416 3 48 12 36 75
1991 24 15 360 5 75 12 60 80
1992 21 14 294 3 42 11 33 79
1993 24 11 264 10 110 9 90 82
1994 27 18 486 10 180 12 120 67
1995 32 21 672 18 378 14 252 67
1996 31 24 744 9 216 13 117 54
1997 31 21 651 15 315 9 135 43
1998 32 19 608 10 190 8 80 42
1999 25 21 525 10 210 7 70 33
2000 16 35 560 5 175 5 25 14
923 (127) 16 171 307 5 561 (35) 2 884 51.9

A — total number of trials, B — number of varieties included in the trials, C — total number of data (A x B),
D — number of trials with high powdery mildew severity, E — number of data obtained in trials with high disease severity (B x D),
F — number of varieties included in this study, G — number of data used in this study, % — G/E.100

* number of varieties that were included in two types of trials

242

PLANT SOIL ENVIRON., 49, 2003 (6): 241-248



(copur) snproN; “[(14)] ZeareNy (:£P1A) 110€-99s (£LPIA) LTSE-AH; “(c01u) 96€-HDs “(POIFIIUAPT J0u) 8¢9-¥d, ‘(£101) 1eIe, [(+¥)] T611-INMq “(:S) TIANA-19/11
180K 9ANoadsor 9y} Ul S[eL}) 9U) UI POpn[oul SIIdLIBA [[B JO ueduy, ‘AJolrea 9[qurdaosns jsowr, ‘A1o1IeA JUBISISOI jsowl, ‘paydniiojur sem AJdLIeA 9y} Junso) —

paystiqndun presiaid, ‘L661 1MSIId, ‘1661 USUaSigl pue umoid, ‘0007 USSUSDIBr pue NIasIaI(,

789 LS9 0€9 16°S 96°S 0T°S €5°S LES TO'9 LSS 6L°S 8€'S 60°S TE'S TS €1°9 91°L 859 T1°8 1L°9 ITL 679 199 TL°S T99 9L°S vv'S 8L°'S €6'F 6+°S - BN
VIV VL€ 98°€ TO'Y ISV 6L € €C Py LO'Y L8V 9E°E€ LI'E S6°€ 8P T, 1€°E, 0S°T 00°€ 08°T 8E€°€ 00°S ¥T'E STV Py €p €€F LI'E 08 TS'E 0S°E LO'F 90°€e 06°€ — eIqudeosng
00°6: $6°8 €7°8 69°8 86°8 €V'8 8L°L 8T°8 L9°8 0S°L OI'L 0¥°9 98°9369°9,S7°8-ST°8 00°6 T9°8 00°6 IL'8 €9°8 68°8,00°6 00°6 08°8 98°8 6.°8q00°64 858 068 - pueisisoy
08V €6'% €T°S vE'S b8P Iejol
TTS 8T'S SIS T9'S 69°S gD g sefog
YI'V TEY 0T 0€°S 69°S LO'S 07 ‘s edwoy
81V ¥T'v LSV 6L°E 8y Tewn]

PL'E 98°€ TO'V 6£°S 90°S S6'F ¥EV €F°S 90°9 0T ‘€ID xed
¥6'8 ¥6'8 €7°8 69'8 86°8 €¥'8 8L°L 8T'8 L9°8 0S°L 0L 18D ‘ojut wnio
OF'v €8'% L8'S €L°S ¥€9 81°9 €6°9 059 €6°9 TE9 L9'9 66°S 0T LD BUELD A%
LOS 90°S €1°S €S°S 18°S €v'L 98°S €6°9 0+°9 0T LD oype[s

LSS 9SS LL'S 6¥°S LT9 0L'S LT9 91°9 v J1pe]

¥1°$ 9976 S6°S €8°L 9€°9 €49 TI'9 AN MAS

S T8V YIS — €6% 9T'S LS9 I¥'S SO°S 07T ‘60 ourd,

00°S SY'S L6 16°S 8S°S €€°S I8t L8'F 9€°€ €0°% LEY 67°S 88°S ST'9 ST'8 3 crv WnAON
LY'STILSE€T9 — — = 0LV LSS — — 0S9STLO0SS 07 (1Y) yoref

LLY 6€F 6S ¥ LO'Y €6F 9L'Y €€°S TL'Y T9'S 61°S €9 STL Ob'tv ¥S°S 7T g 9 Q10

PP 10°S — LTS TLY 019 1TSS 8%'S ¥6'v ST¥ 88'% 0T'L 00°9 0T pIv ‘9 sidsef

L9¥ ST'S 0S°S 8€°9 08°8 T9°8 L9'8 (EID sz

S0°9 95°S 00°S €1°S 09°S 8€°9 €€°8 659 ST'L 8 v sIeN

69°L L9°8 00°8 ST'8 (1) Hpary

ISV SOV 9S' % LEY €6°S 91°9 OL'S 6L°S 8€°S 009 ST'S €979 09°S T9'9 00°6 9L°L 8€°L TT'9 [ [v uiqy

¥S¥ L9°E S6°€ 18°% 0079 0S°S 8¢°L 00°6 ST'8 00°6 658 €98 68°L LI'S 3 grv [eIsAry

0S°T 00°€ 08°CT T6'€ 00°S ¥T°E 00°9 95°S 00°L 3 zrv ez

9L°L €1°8 6879 0S°L b0 FID 9D $869-1S

8€ ¥ 09°€ S8 00°8 ¥T'9 €1°L TT'9 €89 €€°L v DT ‘FIV ‘9D redo

0SS €1°L 08°8 ¥S°8 00°6 IL'8 0S°8 €£€°8 00°6 00°6 088 18°L 3 crv [e103]

8€°€ L9°S €SV SLL TT°L L1°'8 00°8 09°8 8€'8 Iy ‘6P ueyredg

STH L9E €€V €Y 08°S 6T°S A seqeI(

Y¥'S L1°L L9L 0%'8 98°8 (64Iv) “(qp) /v Jduwnxp

€1°S €€V €€°S L9°E 009 LIS €6'F S pIv ‘9 prdey

€8'% 00°S 08°S L9°S 6L°S Iy Lo sepy

T€Y €€°6 S9'v 8€°S 8L'Y €8°F L9°E 079 61°S €6F v1'¥ 99'% 00°S 8 JI0AB]

€€V 0T°S 8€°S €6’V 98°9 TH'9 0T'L p b I ‘9 1sKjowy

08'F 61'v 1T¥ 68 ¥8°€ S8'F b8P euRq

TS'E€ 0S°€ LO'Y L8'E 06°€ b8P juewerq

YI'L €v'8 85°8 068 A euIs[g

LS¥ 81°S 89°% 0TS b8P UBIOA(

000C 66618661 L66T19661S661 7661 €661T661 16610661 68618861 L86198615861 1861 €861 7861 18610861 6L6T 8LE6TLL6TIL6TSLET VLO6T ELE6TTLETTLET souad-J INEYSLYN

K11oAas mappiur Aropmod ySiy yam ormynousy ul unso], pue Jursiazodng J1oj 9Jninsu] [eUS)) OU) JO S[BLI} P[OIJ Ul 9OUEBISISAI MOp[Iw Alopmod pue souo3 ooueisIsal II9Y) ‘A9[Ieq Surids Jo sonouep "7 9]qeL

243

PLANT SOIL ENVIRON., 49, 2003 (6): 241-248



Zefir, Krystal, Mars, Novum and Lumar had a negligible
effect on the resistance of these varieties in the field, and
therefore its presence will not be mentioned any more.
Mla6. The variety Ametyst exhibited above-average
resistance in 1971-1973. A considerable decrease in re-
sistance of both varieties possessing gene Mla6 (also
Rapid) was found in 1974, and Rapid (together with Fa-
vorit) became the most susceptible variety in 1977.
Mla?7. Elgina (Germany) was the most resistant among
all the examined varieties in 1971 and 1972. A decrease in
its resistance was recorded in 1974. In 1975, another Ger-
man variety Trumpf (possessing other two resistance
genes in addition to gene Mla7) exhibited the highest
resistance that did not decrease significantly until 1979.
The variety Atlas carries genes Mla7 and MlklI. Despite
of this, Atlas was much less resistant in 1974 than Elgina
and its resistance decreased in the following years, simi-
larly like in Diabas. Diabas was the most susceptible va-

riety in 1978 and 1980. HE-3527 (Mla7) was included in
the trials in 1987 and 1988 and became the most suscep-
tible variety for all of the 30 years.

Mla9. Spartan ranked among the most resistant variet-
ies in the period of 1975-1978. An extremely rapid de-
crease in its resistance was found in 1981, and it became
the most susceptible variety in 1983.

Mlal2. Zefir exhibited moderate resistance in 1978—1980.
Its resistance rapidly decreased in the same year as in
Spartan (1981), so Zefir became the most susceptible
variety in 1981-1986 (except for 1983 when Spartan was
the most susceptible).

Mlal3. Koral was included in the trials in 1975. In the
following 10 years (1976—1985), the varieties possessing
gene Mlal3 were the most resistant (Koral, Karat, Krys-
tal, Zenit, Perun and Novum). The resistance of Koral,
Krystal and Zenit considerably decreased in 1985 and
this trend continued in 1986 (Koral, Krystal and Novum)

Table 3. A survey of the most resistant and most susceptible spring barley varieties to powdery mildew in the trials of the Central

Institute for Supervising and Testing in Agriculture

Most resistant variety

Most susceptible variety

Year

name resistance genes name resistance genes
1971 Elgina Mla7, Mlg! Diamant Mla8> 4
1972 Elgina Mila7, Milg 11/61-FUDII Mig*
1973 KM-1192 MI(Kr)? Diamant Mla8> 4
1974 KM-1192 MI(Kr) Diamant Mla8
1975 Trumpf Mla7, MI(Ab), MlaTr3! Diamant Mla8
1976 Koral Mial3, Mig? Hana Mla8> 4
1977 Koral Milal3, Mlg Rapid, Favorit Mla6, Mig?, Mig*
1978 Koral Mlal3, Mlg Diabas Mla7?
1979 Karat Mlal3? BR-638 not found
1980 Krystal Mlal3, Mig? Diabas Mla7?
1981 Koral Mlal3, Mig? Zefir Mlal2, Mig?
1982 Koral, Krystal Mlal3, Mig? Zefir Mlal2, Mlg
1983 Zenit Mlal3? Spartan Mla9, MikI?
1984 Krystal, Perun Mlal3, Mig* Mlal3?* Zefir Mlal2, Mig?
1985 Novum Mlal3, Mig? Zefir Mlal2, Mlg
1986 CE-396 mlo3 Zefir Mlal2, Mlg
1987 CE-396 mlo HE-3527 Mla7?
1988 BR-3011 Mla3? HE-3527 Mla7
1989 Sladko Mla7, MILa? Krystal Mlal3, Mig?
1990 Forum mlo, Mla8* * Krystal Milal3, Mlg
1991 Forum mlo, Mla8 Novum Mlal3, Mig?
1992 Forum mlo, Mla8 Novum Mlal3, Mlg
1993 Forum mlo, Mla8 Orbit Mla6, MiLa, Mlat?
1994 Forum mlo, Mla8 Malvaz MI(Kr)?
1995 Forum mlo, Mla8 Lumar Mlal, Mikl, Mig?
1996 Forum mlo, Mla8 Rubin Milal?
1997 Forum mlo, Mla8 Pax Mlal3, MILa?
1998 Forum mlo, Mla8 Pax Mlal3, MiLa
1999 Forum mlo, Mla8 Pax Mlal3, MiLa
2000 Nordus mlo* Kompakt Mlal3, MILa?

'Brown and J@rgensen 1991, ?Dreiseitl and J@rgensen 2000, *Dreiseitl 1997, *Dreiseitl unpublished
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and more slowly also in subsequent years; these variet-
ies (Krystal and Novum) became the most susceptible in
1989-1992. (Already in 1988 six out of the seven most
susceptible varieties possessed gene Mlal3; Table 2
shows only less susceptible varieties Krystal and Zenit;
however, susceptible varieties possessing Mlal3 were
surpassed in susceptibility in that year by the above-
mentioned extremely susceptible HE-3527.) The most
susceptible varieties were also represented by those car-
rying gene Mlal3 (Pax and Kompakt) in 1997-2000.

MI(Kr). In 1973—-1974, KM-1192 was included in the
trials and became the most resistant variety. Kredit, which
was included in the trials in 1980-1983, belonged to the
most resistant, together with the varieties possessing
gene Mlal3. The variety Jarek exhibited a significant
decrease in resistance in 1985, similarly like the varieties
carrying gene Mlal3, and in 1994 Malvaz became the
most susceptible variety.

Mlal. Rubin exhibited resistance slightly above aver-
age for 14 years. In 1993, the resistance of this variety
significantly decreased. Lumar and Rubin became the
most susceptible variety in the successive year.

Mla3. Mars was included in the trials in 1980-1988 and
its resistance varied around the average of the studied
varieties. In 1988, BR-3011 (Mla3) was included in the
trials and became the most resistant variety. It exhibited
the third lowest resistance level among all of the most
resistant varieties for the 30 years.

Mikl. Gene MikI is present in several examined variet-
ies, always in addition to other resistance genes. The
above-mentioned Czech variety Atlas was the first variety
to possess this gene (in addition to gene Mla7). Atlas was
considerably less resistant than Elgina (Mla7, Mlg) al-
ready in the first year of its testing, and during the next
four years its resistance was only slightly higher than in
Diabas (Mla7). Gene Mlkl is also present in the varieties
Spartan and Lumar, and it seems to have contributed to
resistance only little at that time.

MILa. Gene MILa is present in several examined vari-
eties, always in addition to other resistance genes, for
the first time in Opal (Mla6, MILa). Its resistance was
only moderate in 1978—1982, however markedly higher
than in the varieties Ametyst and Rapid (Mla6). A high-
er decrease in the resistance of variety Opal was as-
sessed in 1983. The variety Sladko (Mla7, MILa) became
the most resistant variety in 1989 even though it exhibit-
ed the lowest resistance level among the most resistant
varieties for the 30 years. In 1993, the variety Orbit as the
first of those possessing gene MI/La became the most
susceptible variety. Some varieties carrying gene M[La
(Sladko, Akcent, Terno and Jarek) exhibited after 1993
higher resistance than it would have been based on oth-
er genes possessed by them. The varieties Pax and Kom-
pakt, however, became the most susceptible varieties in
1997-2000.

Mlat. Gene Mlat is present in several examined variet-
ies, always in addition to other resistance genes. It was
possessed for the first time by the variety ST-6984 (Mla6,
Miat). The resistance of ST-6984 was markedly higher

PLANT SOIL ENVIRON., 49, 2003 (6): 241-248

than that of Ametyst and Rapid (Mla6) and higher than
that of Opal (Mla6, MILa) in 1978-1981. Orbit became the
most susceptible variety in 1993. The variety Svit
(Mlali3, Mlat) exhibited slightly above-average resis-
tance in 1989—1994 and the variety Pejas (Mlal3, Mlat)
higher resistance than it would have been on the basis
of the gene Mlal3 itself.

mlo. Salome (Germany) was the first variety to possess
this gene. It was included in the trials in 1983 and 1984,
and exhibited high resistance (it is not listed in Table 2).
In 1986-1988, CE-396 was included in the trials and be-
came the most resistant variety in the first two years. The
variety Forum was tested in the trials since 1990 and it
was the most resistant variety nearly till the end of the
studied period (the most resistant variety in 2000 was
Nordus-mlo with a negligible, and apparently random
difference in comparison with Forum).

DISCUSSION

The occurrence (qualitative aspect) and frequency
(quantitative aspect) of matching virulence in the patho-
gen population define the efficiency of a resistance
gene. The expression of variety resistance in the field is
affected by the environment and especially by the actual
inoculation potential of the pathogen (Dreiseitl and
Patizek 2003). If the pathogen is absent, all varieties ap-
pear to be resistant, and under such conditions, a poten-
tial change in resistance is impossible to determine.
Therefore, only data on the resistance of varieties from
trials with high powdery mildew severity were used in this
study (Dreiseitl and Jurecka 2003).

The varieties can be divided into two groups: those that
could not induce any changes in the pathogen popula-
tion (the varieties without a resistance gene and the va-
rieties possessing gene mlo) and the varieties carrying
the above-mentioned resistance genes to which the Bgh
population could adapt (Dreiseitl and Jargensen 2000).

There was no variety without a resistance gene to pow-
dery mildew among the examined varieties. Such varieties
are rare in Europe. However, the varieties designated as
those missing an effective resistance gene are often vari-
eties possessing Mla8 only. The European population of
Bgh is characterised by 100% frequency of matching viru-
lence on this gene. Therefore, the presence of gene Mla8
in the examined as well as other European varieties could
be detected using Race I originating from Japan (Jergen-
sen and Jensen 1983, Dreiseitl unpublished). The 100%
frequency of virulence does not allow the pathogen pop-
ulation to adapt. Therefore, the varieties possessing gene
Mla8 exhibited high susceptibility stable over time.

The varieties carrying gene mlo have been grown in
Europe since 1979 on large planted areas (Jergensen
1992). No virulence on this gene has been found until
now and it is not supposed to be so in the nearest future
either. The varieties possessing gene mlo exhibited high
and stable resistance and they did not cause any detect-
able changes in the pathogen population.
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A qualitative change, that means the occurrence of the
first individuals virulent on a certain resistance gene, is
a result of mutation in the pathogen population in the
studied territory or virulence immigration from another
territory. Decreasing efficiency of specific resistance
based on major genes is a quantitative change. It occurs
most frequently due to direct selection of virulent patho-
types on varieties with corresponding resistance. So di-
rect selection is the main cause of increasing the frequency
of matching virulence in the pathogen population.

A typical example of direct selection is the breakdown
of resistance conditioned by gene Mlal3. Denmark
(since 1972) and former Czechoslovakia (since 1978) were
among the first countries to grow varieties possessing
gene Mlal3. In contrast to a low proportion of the plant-
ed area of varieties possessing Mlal3 in Denmark (Munk
etal. 1991), the proportion of such varieties exceeded 55%
of the spring barley area in the Czech Republic and Slo-
vakia already in 1983 (Dreiseitl 1993). However, these
varieties resistant till that time, in spite of their percent-
age of the harvesting area, were grown under conditions
of high inoculation potential that was produced by win-
ter barley varieties that were not resistant to powdery
mildew (Dreiseitl and Jurecka 2003). A large size of the
pathogen population, together with a high percentage of
the varieties possessing gene Mlal3 induced a strong
selection pressure in the pathogen population. A rapid
direct selection of virulent pathotypes accompanied by
a rapid decrease in the resistance of the corresponding
varieties was only a logical consequence of this state.
Considering the variety resistance, adaptation of the
pathogen population to gene Mlal3 was the most impor-
tant change within the entire host-pathogen system.
Owing to subsequent emigration of virulent pathotypes
(Dreiseitl 2001b), it became an event of European impor-
tance (Wolfe et al. 1992). The mentioned process from
development of virulent individuals due to mutation
(Briickner 1982) through intensive direct selection of viru-
lent pathotypes to total breakdown of resistance condi-
tioned by gene Mlal3 (Dreiseitl and Patizek 2003) took
place in the domestic territory.

A similar situation was in the following case. The most
dramatic breakdown was recorded in the resistance con-
trolled by gene Mla9 (Spartan). The planted area of Spar-
tan variety increased very rapidly and it reached 32% of
the spring barley area in 1980 (Dreiseitl 1993). Next year,
an epidemic of powdery mildew attacked especially Spar-
tan and other barleys possessing gene Mla9. Besides
gene Mla9 Spartan also possesses resistance gene Mlk/
(Dreiseitl and Jargensen 2000). At the same time, gene
MIklI was also overcome even though it was a new gene
in the Czech Republic (gene Mkl was carried by the
variety Atlas for the first time; however, Atlas was regis-
tered only a year before Spartan and occupied a negligi-
ble planted area).

A critical role of direct selection accompanied by more
or less extensive immigration of virulent pathotypes can
also be assumed in resistances controlled by genes
Mlal, Mla6, Mla7 and MlLa. Slower breakdown of re-
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sistance conditioned by gene Mlal was obviously relat-
ed to balanced growing of a single variety possessing
this gene (Rubin) whose proportion did not exceed 10%
of the spring barley planted area until 1990 (Dreiseitl 1993).
After this year, the planted area of this variety enlarged
(direct selection of virulent pathotypes also increased)
and a considerable decrease in the resistance of Rubin
variety below the average of the examined varieties was
recorded in 1993.

Direct selection undoubtedly played a primary role also
in the breakdown of resistance controlled by gene Mig.
However, extensive immigration of virulent pathotypes
seems to have significant effects on the breakdown of
this resistance. Gene Mlg was the first resistance gene to
powdery mildew incorporated into a domestic variety
(Merkur). The breakdown (not shown in Table 2) of re-
sistance conditioned by gene Mlg was obviously influ-
enced by both the direct selection of virulent pathotypes
in the territory of the Czech Republic and immigration of
virulent pathotypes from Germany where the use of gene
Milg and direct selection of virulent pathotypes started.
Therefore Favorit possessing gene MIg later was suscep-
tible after 1970.

There is no doubt that an increase in the virulence fre-
quency Va3 in the Czech population of Bgh from 7% in
1992 (Dreiseitl and Schwarzbach 1994) to 13% in 1995
(Dreiseitl and Steffenson 2000) and to 24% in 2000 (Drei-
seitl unpublished) was caused by migration. Mars is the
only barley variety possessing resistance gene Mla3
grown in the Czech Republic for the time being. It was
registered in 1983 and two years later, Mars achieved its
largest planted area (nearly 24 000 ha = 3.4% of total bar-
ley area) (Dreiseitl 1993). During the following period, the
area planted with Mars decreased very quickly, and since
1990 Mars has been registered for seed production for
export only. Although no barley carrying resistance gene
Mila3 is grown in the territory of the Czech Republic, the
frequency of corresponding virulence Va3 has signifi-
cantly increased. Seed of Mars was exported mostly to
Hungary, where this variety was grown. That probably
caused a high frequency of Va3 (38%) found in 1996 in
the south of Slovakia (Krizanova 1997). Besides Hunga-
ry, the varieties possessing resistance gene Mla3 (Sewa,
Dorina, Korinna and Baronesse) were grown in Germany
and Rodos variety in Poland (Dreiseitl 1996). So there is
no direct selection of Va3 in the Czech Republic, but in
adjacent countries. Due to wind dispersal (migration) the
virulence frequency increases not only in the population
created by direct selection but also in its surroundings.

Important changes in the pathogen population are also
induced by indirect selection. It is obviously the case of
the breakdown of resistances controlled by genes Mlai2
and MI(Kr). In the Czech Republic, gene Mlal2 was
present in the variety Zefir for the first time (Dreiseitl and
Jargensen 2000). This variety was registered in 1981, i.e. in
the same year when its resistance dramatically decreased.
Its planted area was negligible in 1981 (Dreiseitl 1993).
The resistance of Zefir decreased in the same year when
the resistance of Spartan drastically declined. The joint
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breakdown of these different resistances must be ex-
plained as the (above-described) direct selection of
pathotypes virulent on the resistance genes of Spartan
variety (Mla9, MikI) at the simultaneous indirect selec-
tion (hitch-hiking) of (obviously associated) virulence
Val2. A similar situation was also recorded in the break-
down of resistance controlled by gene M/(Kr). The vari-
eties with this resistance (KM-1192 and Kredit) ranked
among the most resistant varieties at the time of their
inclusion in the trials. Resistance gene MI(Kr) is original,
therefore it was designated according to the first variety
(Kredit) that possessed it (Dreiseitl and Jergensen 2000).
Kredit was registered in 1984 and a year later (1985) the
resistance of Jarek variety [MI(Kr), MILa] dramatically
decreased. It was in the same year when a high decrease
in resistance controlled by gene Mlal3 was recorded.
There is no doubt that resistance MI(Kr) also broke down
due to indirect selection of pathotypes possessing V(Kr)
in association with the breakdown of resistance Mlal3.

Gene Mlat was present in Europe for the first time in
our domestic varieties Jaspis and Orbit, both registered
in 1986 (Dreiseitl and Jergensen 2000). However, previ-
ously in the period of including these varieties in the tri-
als (Table 2), their resistance was low (excesses in the
resistance of the variety Jaspis in 1984 and particularly
of the variety Orbit in 1985 can be explained by a failure
of seed identity). It documents the abundant presence
of a gene of unnecessary virulence Vat in the pathogen
population prior to growing these first European variet-
ies possessing gene Mlat.

Fast adaptation of the pathogen to variety resistance
is also facilitated by the high recombination ability of
Bgh fungus. Among 295 isolates obtained from the air
in the territory of the Czech Republic in 2001, 41 isolates
exhibited virulence on the original gene MI(N§1)
(Briickner 1986) for the first time possessed by the vari-
ety Maridol, which was registered in 1999 (Dreiseitl and
Jorgensen 2000). These 41 isolates belonged to 33 dif-
ferent pathotypes (Dreiseitl 2003). It is an evidence for
the high recombination ability of the pathogen and im-
portance of the sexual stage to create high population
diversity.

It can be concluded that practical durability of any re-
sistance is limited by adaptability of the pathogen popu-
lation. Two basic preconditions facilitates fast adaptation
and dramatic breakdown of resistance in the field. First-
ly, a portion of pathotypes virulent for the correspond-
ing resistance reaches a sufficient level (mostly due to
direct or indirect selection on the cultivar possessing
a respective resistance gene or due to immigration of viru-
lent pathotypes) and secondly, the conditions of the year
are favourable for the development of disease epidemic
(Dreiseitl and Jurecka 2003).

All the above-mentioned evolutionary forces act in the
direction of increasing the virulence frequency on indi-
vidual major resistance genes (decreasing the virulence
frequency is quite rare). It leads to an increase in the
complexity (accumulation of virulence genes) of individu-
als in the pathogen population. It was found that the
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population complexity to 12 out of the 14 major resistance
genes (except Mla8 and mlo) increased from the esti-
mated value 0f 0.90 in 1971 to the assessed value of 8.73 in
2001 (Dreiseitl 2002), whereas the critical increase in the
complexity was apparently till 1987. Such an increase in
virulence complexity brings about a decrease in the diver-
sity of pathogen population (Dreiseitl 2001a), but only
when considering the presented virulences examined
for a long time (Limpert and Dreiseitl 1996). At present,
barley varieties possessing some new resistance genes
are introduced to which the pathogen population suc-
cessfully adapts again (Dreiseitl unpublished). Due to
the increasing virulence frequency to these new resis-
tance genes, both the complexity and diversity of patho-
gen population continue to increase.
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Adaptace Blumeria graminis f.sp. hordei ke geniim odolnosti je¢mene v CR v letech 1971-2000

Byly analyzovany vysledky hodnoceni odolnosti 35 vybranych odrid je¢mene jarniho k padli travnimu v 307 odridovych
pokusech Ustiedniho kontrolniho a zkusebniho ustavu zem&d&lského, které se vyznacovaly silnym vyskytem padli travni-
ho. Odrudy lze rozdélit do dvou skupin: odridy, které nemohly vyvolat zmény v patogenni populaci (odriidy bez u¢inného
genu odolnosti a odrudy obsahujici gen mlo) a odridy nesouci geny specifické odolnosti [celkem 12 MI-gent: al, a3, a6, a7,
a9, al2, al3, at, k1, La, g a (Kr)], na které se ve sledovaném obdobi patogenni populace adaptovala. Je dokumentovano
snizovani odolnosti odrad a diskutovan podil jednotlivych adaptaénich mechanismi (evoluénich sil), jako mutace, migrace,
piimy vybér, nepfimy vybér a rekombinace, na erozi u¢innosti jednotlivych geni specifické odolnosti, jakoz i vliv adaptace
patogena na komplexnost a diverzitu patogenni populace.

Klic¢ova slova: Hordeum vulgare; Blumeria graminis f.sp. hordei; jarni jeCmen; padli travni; geneticka odolnost; adaptace;
evoluéni sily

Corresponding author:

Ing. Antonin Dreiseitl, CSc., Zeméd¢€lsky vyzkumny ustav Kroméfiz, s. r. 0., Havlickova 2787, 767 01 Kroméfiz, Ceska republika
tel.: + 420 573 317 139, fax: + 420 573 339 725, e-mail: dreiseitl@vukrom.cz

248 PLANT SOIL ENVIRON., 49, 2003 (6): 241-248



