VIRULENCE OF PUCCINIA STRIIFORMIS POPULATION IN THE WEST OF ROMANIA
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ABSTRACT

In the last 50 years in Romania, the yellow rust attack
was present with high intensity in 1961, 1967, 1978, 1985,
1988, 1991 and 2001. Although we have been studying at
Oradea the appearance and evolution of Puccinia stri-
iformis pathogen since 1998, only in 2001 we pointed out
the presence of a significant attack on differential set.
This study allowed the identification of wheat genes
which were or weren’t effective in protection against
Puccinia striiformis races. All wheat genes were effective,
except Yré (?+2) from Heines Kolben, Yr7 from Lee and
YrA+, from Anza cultivar. In Western Europe, the attack
of Puccinia stiiformis is stronger than in Romania. In
addition, the number of virulent races in west of Roma-
nia is smaller. Considering the known expansion of new
races to East, these results must be a warning for the
breeders in Romania.The strong attack of yellow rust
during the 2001 demonstrated that the cultivars Decan,
Fundulea 4, Delia and Dropia are susceptible to patho-
gen races presented in the structure of Puccinia stri-
iformis population. Other Romanian cultivars like
Boema, Expres, Ardeal and G.K. Othalom (Hungarian),
were resistant.
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INTRODUCTION

Puccinia striiformis Westend f.sp. tritici,
which produces wheat yelow rud, is an
obliged parasite, with a cydic devdopment in
Romania because wintering conditions in this area
are not gptima (Ittu et al., 1989). Although it
has a reduced occurrence freguency, ydlow rust
could produce high damages as it happened in
1961, 1967, 1978 (Ceapoiu and Negulescu,
1983, 1985, 1988, 1991; Barbulexcu e 4.,
1992).

In Hungary, contiguous to West of  Roma
nia, the ydlow st has become an important ds-
ease snce 1985, especidly in the South of the
country, on Y ugodavian cultivars (Szunics, 1986).

Since 1932, Gassner and Straib (quoted by
Stubbs, 1988) had shown that the race distribu
tion of Puccinia depends on locd cultivars and
the change of cultivar structure will be followed by
changes in the race compoasition. Thus, the 104 E
137 race, which occurred in North-West of
Europe, has gradualy moved to the East of the
continent. Due to intensve wheat breeding to-

wards the resstance to current races, the North-
West of Europe is a center of new virulent race
occurrence. In this area, some Puccinia
races resstant to pesticides have also occurred by
mutation (Ittu, 1996).

Long-term research led to the description of
ten spreading areas in Europe and Asa and three
in America, depending on the spectrum of races
preponderant into populaions (Stubbs, 1988).
Romania is included in the fourth area, which
spreads from the South-East of Europe to Md-
de-East and Egypt. The preponderant races of
this area are 104 E 137, 6 E16and 82 E 16.
Referring to these races, the same author showed
that Yr7 is the only gene which confer resstance
to 104 E 137 race, 6 E 16 race is non-virulent on
YrA gene from Anza cultivar and 82 E 16 rece is
virulent on Yr10 gene from Moro cultivar.

The atack of Puccinia striiformis is influ-
enced by environmentd factors, asit isa patho-
gen which prefers low temperatures and high hu-
midity. Thus, Johnson (1988) stated that the ure-
dospores viability and emergence are strongly in-
fluenced by temperature, light and humidity. In
Stubbs's opinion (1988), the gtimum tempera-
ture for spores germination is 9-12°C, the mini-
mum temperature is 0°C and the maximum one is
20-26°C.

More recent studies (Ash and Rees, 1994)
have shown that the atack is maximd at 13°C,
low a 25°C and below 13°C, under atificid in-
oculation, dl cultivars were susceptible. These
authors erphasize that the light intendty is very
important in fungus proliferation.

To predict the devdopment of ydlow rust
attack, research is presently targeted towards the
elaboration of epidemic smulation modes, taking
into consideration the meteorologicd data, cultivar
responsg, distance from the  infection area, d-
mospheric concentration in carbon doxide and
ozone (Ittu, 1996).

Presently, a differentid set of winter whest
cultivars with one or many resstance genes is
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used to study the Puccinia striiformis physo-
logica races. A reduced number of  resistance
genes specific to various races some of them
dominant, other recessives or strongly influenced
by environment and genetic background, were
identified (Johnson, 1988). Some cultivars
(Capelle Desprez, Maris Huntsman) include spe-
cific resstance genes, while other resgtant culti-
vars (Holdfast, Little Joss) do not. The genes Yr2,
Yr6 and Yr9 are recessive, at least in some com
binations.

Other studies on Puccinia striiformis resis
tance genetics showed that the additive and domi-
nance gene effects are important but depend on
fungus pathotype (Ghannadha et d., 1995), the
number of involved genes ranging between 1 and
4. Chen et d. (1995), by the testing crosses with
a et of 21 aneuploids of Chinese Spring cultivar,
located the gene  Yr2 on 7B chromosome, Yr9
and Yr10 on 1B and also postulated the existence
of other genes on chromosomes 4A, 4B, D, 3A,
1A and 5D. Some of the mogt efficient genes
originate from the related species or genera: gene
Yr15 from Triticum dicoccoides Y 8 from Ae-
gilops comosa and Yr9 from Secale cereale by
1B/1IR trandocation (Stubbs, 1988; Johnson,
1988). The cultivar Capelle Desprez has a com
plex resgtance, with specific and nonspecific
genes. The gene Yrl6 is located on 2D chrono-
some (Worland and Law, 1986) and on short
arms of chromosomes belonging to homeologus 5
group, there are dso other genes which confer
resstance to Puccinia striiformis (Law et a.,
1978).

Presently, many genotypes with durable re-
sstance, are known: Capelle Desprez, Hybride de
Bersee, Bounty, Andes, Anza, Little Joss. These
cultivars, which include a gene or a combination of
genes, could be used into breeding programs from
other geographica areas, but with a certain risk
due to charging the climatic conditions and patho-
gen races.

In Romania, most of cultivated varieties are
Yrland Yr9 cariers, the origin of the genesbeing
Nadadores an d respectively Aurora, Kaukaz or
Fundulea 29 cultivars (Botezan et al., 1982; Ittu
et d., 1995).

MATERIAL AND METHODS

The world digribution of Puccinia  stri-
iformis virulence genes is direcly linked with
performed in many locations has not detected any
complete and durable resistance. Thus, moritoring
the response of new cultivars to yelow rust and
detecting changes in pathogen structure is essen+
tid.

Due to large spreading of ruds, an interna
tional program for arborne diseases esearchin
smdl cereds has been initiated at the level of EU
since 1997. Because the pathogen viruence varies
in Europe depending on the resistance genes de-
ployed and dimatic conditions, the monitoring of
airborne pathogens was organized by the COST
817 program at the level of whole Europe.

The rugts, including ydlow rust, were mori-
tored in Romania too, at Fundulea, Turda, Podu
lloaiei and Oradea

The paper presents the observation regarding
the Puccinia striiformis manifestation in the West
of Romania during 1998-2001. A differentia set
of 25 wheat genotypes which include various
genes of resstance to Puccinia striiformis was
used. Using this set dlowed the identification of
the spectrum and genetic diversty of pathogen
populations (physologica races) which attack
whegt. The differentid set was sown in autumn, on
two rows of 1 m length, a 30 cm distance be-
tween rows. To edtimate the attack, the Cob
modified scae was used, regigering the infection
type and attack intensity. The infection type de-
pends on the necrosis size and sporulation degree
and the attack intensity depends on maximum per-
centage of leaf covering by pustules.

The ydlow rug attack estimation on whest
on-station yield trials was done by scoreswhich
gyntheticaly describe the atack a the leve of
both leaf and whole plot.

RESULTS AND DISCUSSION

The strongest yelow rugt atack of the last
20 years, was registered in 2001. Although, the
yellow rust manifests only once in 5-6 years, the
damage can be very important. This is why we
have studied, at Oradeg since 1998, the disease
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occurrence, the Puccinia striiformis population
structure and whest resistance genes on which the
races of pathogen are virulent or non-virulent.

In 1998, the spring was warmer than usud,
with normd rainfdl (6588 mm/month) but with
ar rative humidity low enough  (75-80%). Un
der these circumstances, the  yellow rugt oc
curred late, a the beginning of June. The disease
did not occur on genotypes of differentid set, but
only on severd lines belonging to leaf and stem
rug differentid sets

Climaticaly, the spring of 1999 was dmost
smilar with that of 1998. No obvious symptoms
were noticed on ydlow rug differentid set, but
symptoms were observed on severd isogenic lines
of the differentid set for leef rust and on NK 747
cultivar.

In 2000, the spring was extremely warm,
with low ranfdl and extremdy low ar amos-
pheric humidity (59-73) and the ydlow rugt did
not occur.

Thefact that during dl three years, symptoms
of Puccinia striiformis attack did not occur on
any cultivar of the differentid set could be e
plained by the late occurrence of spores into area
(after 15" July) with very low intensity, when
leaves were old enough or dry and by unfavour-
able dimatic conditions for pathogen (2000 year).

April of 2000 was warmer as usud (monthly
average temperature being of 10.8°C), extremely
rainy (102.1 I/n?) and with high @amospheric hu
midity (81%). Under these conditions, a strong
ydlow rust atack was roticed, indusively on the
differentid set (Table 1).

At the first observations (30" May), Puc-
cinia driiformis was noticed on suscep-tible
check (Lovrin 855/99) and on Heines Kolben
and Lee cultivars, the infection being of medium
ressant (MR) type and the  maximum intensity
gpproximately equa (30% of the leaf covered
with pugtules). The whest resstance genes which
were inefficent to  attack were Yr6 (?+2) and
Yr7fromHenes Kolben and Lee.

The second observation was done in 13"
June, when, necroses on Anza cultivar were regis-
tered. The type of infection was middle resgtant
on Heines Kolben and Anza cultivars, middle sus-
ceptible on Lee cultivar and on the check, the de-

gree of leaf covering with pustulesbeing obvioudy
higher.

These data correspond to a narrow genetic
Sructure of the fungus, respectively 1-2 races.

Thus, the previous researches performed by
Cegpoiu and Negulescu (1983) who showed that
in Romania, the most wide spread genes for viru-
lence are those corresponding to resistance genes
Yr6 and Yr7, are confirmed. Recently, Ittu et
a. (1989) havefound that  Puccinia striiformis
hes effident virulence on Yr7, Yr9, and Yrl0
genes. In the fourth spreeding areafor Puccinia
striiformis, which include Romania, the pre-
dominant races are 104 E 137, 6 E 16 and 82 E
16. Because Yr7 is the only gene which confers
resstance to race 104 E 137 and 82 E 16 is viru-
lent on Moro (Yr10), it means that in 2001, the
yellow rug atack was provoked by race 6 E 16.
Thisrace could be virulent or non-virulent on YrA.

Tablel. Efficiency of wheat resistance genesto the
Puccinia striiformis attack at Oradea in 2001

Yellow rust attack
h h
Resistance| Differentia Infsd May Im13 June
genes set . €c- inten- | ™ ec Inten-
tion it tion sit
type | Y | type | ¥V

vl Chinese 166 |
Yr2 Heine'sVII - -
Yr2 Kalyansona - -
Yr3a, + |Vilmorin 23 - B
Yr3a, + |Nord Desprez | - -
Yr3b, .
Yrdb Hybrid 46 - R

Maris
vrse Huntsman ) B
Y5 Triticumsp. ) )

var. album
Yr6,Yr2 [Heine sPeko - -

Heine's

2.

Y6 (?+2) | olben MR | 30 | MR | 40
Yr6+7  |Pavon 76 - - - -
Y7+ Reichersberg - -
Yr8 Compair - -
Yro+ Slejpner - -
Yrl0 Moro - -
Yrll Joss Cambier - -
Yrl4 Moulin - -
Yrl7 VPV _ N
cv CarstensV - _
Cv+ Hereward - _
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YrA+ Anza - MR | 40
Suwon 92/
Omar
Strubes
Dickkopf
Speldings ) i )
> Pralific
Lovrin 855/99
(sensitive check)
It is known that the race 110 E 143 is viru-
lenton Yr7 gene and the race 4 E O is vir ulent on
Yr6. Both races are preponderant in the Eastern
Europe (former USSR) and it is possiblethat they
might arrive in our area, under certain atypicd cli-

matic conditions.

MR | 32 [ MS | 5

Based on these data, we appreciate that the
Puccinia population structure consists in races 6
E 16, 110 E 143 and E O, virulent on Yr6, Yr7
and YrA+ genes. Comparing the  results from
Oradea with those presented by Bayles (1998),
we ascertain that the Puccinia striiformis has a
much dronger manifestation in the West of
Europe (Table 2).

Additiondly, in Romania, the number of viru-
lent races is smdler (3) vs. France (9), Denmark
(20), Halland (8) or England (8). Although, the
data proceed from different  dimaticaly aress
and years, knowing the  tendency towards ex-
pansion of the new races to the Eadt, these data
must be awarning to breeders.

Table 2. Virulence of Pucciniastriiformislocal racesin several European countries as compared
with West Romania

Race virulence
Country V3b
Vi V2 | VA Vab V6 | V7 | V8| V9 | VIO | V17 [ Voo | Vo | Veo | Vs | Vs
France 62| 100 | 100 | 84 51 0 0 (7] 0 0 0 16 84 | 100 0
Denmark 4 91| 100 | 100 27 0 0 0] - 6 18 - 98 | 100
Holland 100| 1200 | 100 | 27 87 0 0 100 0 - 0 13 100
England 90 P | 100 | 67 35 0 0 b 70 | 36 - - -
Romania
(Oraden) 0 of O 0 40 45 0 0 0 0 0 40 0 0 0

The ydlow rugt atack adso intensdy mani-
fested on lines and cultivars tested in on-detion
yidd trids. This dlowed a good genotype charac-
terization regarding the resstance to Puccinia
striiformis attack, under natura infection (Table
3).

The first pustules occurred in spots, at the
beginning of May, on whest line Decan. This line
proved to be the most susceptible one, findly
reaching leaf rolling and premature drying of dl
leaves. The cultivar Dropia was aso one of the
mogt affected by the disease attack. Fundulea 4
and Ddia cultivars, with smilar pedigree proved
to be very susceptible to disease. Although these
cultivars include the Yr9 resstance gene, origirat-
ing from Funddea 29, and another supplementary
resstance factor (Ittu et a., 1995), they were
strongly attacked due to action of another
physiologica rece.

The cultivars Boema and G.K. Othdom
showed no atack and, on line Expres we only
noticed a reduced number of pustules, in one rep.
The cultivar Arded aso confirmed its  resistance

to yelow rugt.
Table3. Reaction of several wheat genotypesto yellow
rust attack inyield trials at Oradea in 2001

Ydlow rust attack intensity (notes)
Genotype 30"May 13"June Max
value
Boema 2.0 20 2
G. K. Othadom 2.0 20 2
Expres 22 22 3
Ardeal 25 25 3
Turda 2000 25 25 3
Farmec 25 25 3
Efect 27 28 4
Bezostaya 3.0 30 3
Lovrin 34 3.0 30 3
Falnic 3.0 30 4
Crina 3.0 32 4
Flamura85 28 32 4
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Romulus 30 33 4
Ariesan 32 33 4
Destin 35 35 5
Experiment aver- 34 3.66 4.6
age
Delabrad 37 37 4
Alex 37 38 5
Emul 42 42 6
Dor 42 43 7
Turda 95 40 47 6
G. K. Gobe 45 48 6
Dropia 47 53 8
Ddia 48 5.7 7
Fundulea 4 47 6.3 7
Decan 5.7 6.7 8

CONCLUSIONS

The resstance genes which did not ensure
protection of wheet againgt yelow rust attack in
2001 were: Y6 (?+2), Yr7 and YrA+.

The wheat genotypes with the best resistance
to ydlow rust were Boema and GK. Othdom
cultivars and the line Expres.
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