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Summary. Leaf rust resistance gene Lr34 is present in
many wheat cultivars throughout the world that have
shown durable resistance to leaf rust. Fourteen pair-wise
combinations of Lr34 and seedling leaf rust resistance
genes were developed by intercrossing near isogenic
‘Thatcher’ lines. In both seedling and adult plant tests
homozygous paired combinations of specific resistance
genes with Lr34 had enhanced resistance relative to either
parent to different numbers of isolates that were aviru-
lent to the additional resistance genes. The TcLr34,18 line
also expressed enhanced resistance to specific isolates
virulent to Lr18 in seedling and adult plant stages. In rust
nursery tests, homozygous lines were more resistant than
either parent, if the additional leaf rust gene conditioned
an effective of resistance when present singly. The ability
of Lr34 to interact with other genes conditioning effec-
tive resistance may contribute to the durability of leaf
rust resistance in cultivars with Lr34.

Key words: Triticum — Puccinia recondita — Resistance
gene combinations

Introduction

Rust resistance in wheat (Triticum aestivum L.) has tradi-
tionally been based on the use of specific resistance genes.
Resistance to leaf rust (causal organism Puccinia recon-
dita Rob ex Desm. f. sp. tritici) in common wheat has
been particularly short lived. One possible reason for the
rapid adaptation of leaf rust populations is that resis-
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tance to leaf rust has often been based on the use of single
resistance genes (Samborski 1985). Durable resistance to
wheat leaf rust has rarely been found, and the basis for
the most durable resistance to wheat leaf rust has been
combinations of resistance genes Lr13+ Lr34, and prob-
ably Lri2+Lr34 (Roelfs 1988b). Dyck etal. (1966)
determined the presence of Lr12 in ‘Exchange’ and Lri13
in ‘Frontana’, cultivars which have been used extensively
in breeding programs because of their durable resistance.
Both genes required the presence of modifiers to produce
the resistance of the original cultivars. One of the modi-
fiers of Lr13 is probably Lr34, which is in ‘Frontana’
(Dyck and Samborski 1982).

The cvs ‘Chris’ (Lr13+ Lr34) (Roelfs 1988b) and
‘Bra’ (Lri3+ Lr34+ Lr10) (Ezzahiri and Roelfs 1989)
have been resistant to leaf rust since being released in
1966 and 1971, respectively. The Canadian cv ‘Colum-
bus’, with Lr713 and Lr/6, has had a high level of resis-
tance to leaf rust since being released in 1980 (Kolmer
et al. 1991; Samborski and Dyck 1982).

In wheat cultivars that have combinations of rust
resistance genes, the genes usually act independently, ex-
hibiting the infection type of the gene that conditions the
lower infection type when present singly (Dyck and Ker-
ber 1985; Roelfs 1988 a). Interactions between leaf rust
resistance genes have been reported. Schafer et al. (1963),
Dyck (1977), and Samborski and Dyck (1982) generically
defined gene interaction as the combination of two or
more genes resulting in higher resistance than that con-
ferred by the individual genes. Dyck and Kerber (1985)
considered the possibility that this effect may be additive.
Interactions between seedling and adult plant wheat leaf
rust resistance genes have been previously noted (Sam-
borski and Dyck 1982).

Resistance gene Lr34 is involved in gene combina-
tions conferring durable resistance to leaf rust and ex-
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presses enhanced resistance in combinations with other
resistance genes. Lr34 was initially found in PI58548,
where it interacted with Lr33 to condition enhanced re-
sistance (Dyck 1977), and was located to chromosome
7D (Dyck 1987). It is present in many cultivars and
lines of very diverse origins (Dyck and Samborski 1982;
Shang et al. 1986). Lr34 is the only effective resistance
gene in the Canadian cv ‘Glenlea’ (Dyck et al. 1985),
which has been resistant to leaf rust since release in 1972,
and in the American hard red winter wheat ‘Sturdy’
(Dyck 1991), which has also shown durable resistance to
leaf rust. In the adult plant stage, the ‘Chinese Spring’
substitution lines with the single genes Lr10 and Lr23
were more resistant than the near isogenic ‘Thatcher’
lines with Lr10 and Lr23, respectively (Sawhney et al.
1989). This enhanced resistance was postulated to be due
to the combination of the ‘Chinese Spring’ adult plant
resistance of Lr34 and Lr/2 (Dyck 1991) and the addi-
tional resistance genes. ‘Chinese Spring’ also has Lr31,
which interacts with Lr27, but it is not known whether
this gene interacts with other genes for enhanced resis-
tance.

In the field Lr34 expresses variable pustule size (M
reaction) and low percentage of infection (Dyck 1987).
Perez and Roelfs (1987) compared the development of
leaf rust epidemics on TcLr34 and ‘Thatcher’. TcLr34
exhibited “slow rusting” resistance and had a terminal
severity 50% lower than ‘Thatcher’. Lr34 can be detected
in the seedling stage under certain temperature and light
conditions as a 2 or 2+ infection type (Dyck and Sam-
borski 1982); however it is best expressed in adult plants.
The objective of this work was to examine paired combi-
nations of leaf rust resistance genes with Lr34 in a com-
mon ‘Thatcher’ background for enhanced resistance.

Materials and methods

Plant material

‘Thatcher® near isogenic line Lr34 (RL 6058) was used as the
maternal parent and crossed with ‘Thatcher’ near isogenic lines
carrying the seedling resistance gemes Lri (RL 6003), Lr2a
(RL 6016), Lr3 (RL 6002), Lr3ka (RL 6007), Lr11 (RL 6053),
Lri6 (RL 6005), Lri7 (RL6008), Lr18 (RL6009), Lr2{
(RL 6043), Lr26 (RL 6078), and LrB (RL 6047) and with the
‘Thatcher’ isoline carrying the adult plant resistance gene Lr13
(RL 4031) (Long and Kolmer 1989, Mclntosh 1988). TcLr34
was also crossed with the cv ‘Columbus’, which has Lr/6 and
Lr13 (Samborski and Dyck 1982). Seedlings were grown in
24 x 30 x 7 cm flats, and adult plants in 12- and 15-cm pots, both
containing a mixture of 40% soil, 30% peat, and 30% sand and
fertilized weekly with a solution of a 20:20:20 NPK formulation.

Leaf rust isolates and inoculation

The isolates used in this study were tested for infection type with
‘Thatcher’ near isogenic lines in the seedling stage (Table 1).
None of the isolates were virulent on adult plants of TcLr34,

Table 1. Virulence formulas of selected Puccinia recondita iso-
lates

Isolate Virulence formula
Race 1 -

Race 15 3

35 1,3,24

44 1,3

63 1,3,24,26,B

103 1,2¢,B,18

107 3,3ka,30,B

118 2¢,30,B,18

119 1,2¢,3,17

122 1,2¢,B,18

125 1,2¢,3,17

127 1,2¢,3,17

133 1,2a,2¢,3

167 1,2a,2¢,3,17,18
215 1,2a,2¢,3,11,17,18
269 1,3,11

270 2a,2¢,3,26

313 1,2a,2¢,3,11,18
315 2a,2c,3,11

323 1,2a,2¢,3,11

358 1,2¢,3,3ka, 17

363 1,2¢,3,3ka,17,30,B
364 1,2¢,3,3ka,11,30,B,18
366 1,2¢,3,9,3ka,B,18
369 2¢,3,3ka,B,18

378 1,2¢,3,3ka,B,18
384 1,2¢,11,30,B,18
394 1,2¢,3,3ka,11,B,18
Ael6-1 1,2¢,3,24,3ka,30,18
Aed1-3 1,2¢,3,24,3ka,B,18
U2-1 1,26,11,18

Table 2. Percentage of isolates from Manitoba and Saskatche-
wan virulent to 12 leaf rust differential lines in 1988 and 1989

Resistance gene Percent isolates virulent

1988 1989°
Lri 94.4 88.5
Lr2a 49.0 63.9
Lr3 100.0 100.0
Lri6 1.2 0.0
Lr26 23.5 25.8
Lr3ka 0.0 04
Lrit 11.6 443
Lri7 1.6 0.0
Lr30 0.0 04
LrB 0.8 0.0
Lri8 2.4 0.4
Lr2t 0.0 0.0

2 Kolmer (1989)
b Kolmer (1990)

although variation in avirulent infection types between isolates
was observed.

Seedlings were inoculated with a mixture of urediniospores
and talc and placed in a dew chamber overnight (16 h minimum)
at approximately 18°C. Seedling flats were then placed on a



greenhouse bench at 18°-25°C, with 8-12 h of supplemental
fluorescent light.

Seedlings of F, families were inoculated with race 1 when the
primary leaves were completely expanded (7—8 days old). Adult
plants were inoculated at anthesis with a mixture of uredin-
iospores and talc or oil, and placed in a dew chamber overnight
(minimum 16 h). After incubation, plants were placed on a
greenhouse bench or in a growth cabinet at 20°-25°C/15°—
20°C with a 16 h/8 h light/dark cycle. Adult plants of F; families
from the cross TcLr34 x TcLr13 were inoculated in a growth
cabinet.

A mixture of leaf rust isolates from the 1988 and 1989
virulence surveys of P. recondita in the prairie region of Canada
(Table 2) (Kolmer 1989, 1990) was used as inoculum for rust
nursery evaluations of homozygous lines in 1989 and 1990, re-
spectively. A mixture of susceptible cultivars arranged in rows at
right angles with respect to the single row plots was inoculated
with a mixture of urediniospores and talc.

E, families

From each cross, approximately 200-300 seedlings of two or
more F, families derived from different crossed heads were inoc-
ulated on the first leaf with race 1, which was avirulent to all the
seedling genes used in this study (Table 1). Infection types were
assessed 10-12 days after inoculation according to the scale
used by Stakman et al. (1962). Ten to 16 F, plants from each
family with the lowest infection type to race 1 were selected
(total of 30—32 from each cross) and grown to maturity.

F; and F, lines

F; lines derived from selected single F, plants from each cross
were tested in the rust nursery as adults to determine which were
segregating for Lr34. Seventy to 80 seeds from each line were
planted in 2-m rows. Rust severity of the F; and F, lines was
evaluated using the modified Cobb scale (Peterson et al. 1948).
Response was evaluated according to Stakman et al. (1962).
Readings were taken when severity and response on susceptible
control ‘Thatcher’ was 80% susceptible (80S) or higher. The five
or six most resistant F; lines homozygous for Lr34 from each
cross were harvested and progeny tested in the greenhouse as
seedlings (15 plants/F; line) to determine which lines were ho-
mozygous for the seedling gene. In this manner, F, lines ho-
mozygous for both resistance genes were obtained. Homozygous
F, lines were evaluated in four replicates in the 1990 rust nurs-
ery.

F, seedling tests

To further test resistance of the gene pair combinations, two
homozygous F, lines per cross, the parental ‘Thatcher’ lines, and
‘Thatcher’ were tested as seedlings with the individual leaf rust
isolates in Table 1. Six to ten seeds per genotype were planted in
clumps in flats. The lines Lr34,2a, Lr34,3ka, Lr34,11, Lr34,16,
Lr34,17, Lr34,18, Lr34,21, Lr34,B, and Lr34 x ‘Columbus’ were
tested with 26 isolates in four separate tests. Results from the
two most consistent tests were presented. F, lines of Lr34,1,
Lr34,3, 1r34,13, and Lr34,26 were tested with 10 isolates. Infec-
tion types were assessed as decribed for F, seedlings.

F, greenhouse adult plant test

Homozygous F, lines Lr34,2a, Lr34,3ka, Lr34,11, Lr34,16,
Lr34,17, Lr34,18, Lr34,21, and Lr34,B were tested at anthesis
with specific isolates of leaf rust. Three to four plants of one F,
line from each cross, TcLr34, the seedling resistance gene pat-
ents, and ‘Thatcher’ were grown in 15-cm pots and tested with
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4 individual isolates of leaf rust at anthesis, in three different
tests. Infection types were assessed as described for seedlings.

Telr34 x TcLrl3

Approximately 150 F, plants from TcLr34 x TcLr13 were evalu-
ated for resistance in the 1989 rust nursery. Sixteen plants with
lower rust reactions than either TcLr34 or TcLr13 were selected,
and progeny tested as adults (12 plants per F, line) in a growth
cabinet. Thirty-eight F; plants were selected, and progeny tested
in the field in 1990. In all tests, a higher level of resistance in the
paired gene combinations than in either ‘Thatcher’ parental line
was considered to be indication of the expression of interaction
between resistance genes.

Results
E, seedlings tests

In general, isolates that were avirulent to the seedling
genes had lower infection types on the homozygous F,
lines than on either parent. Infection types of 18 of the 26
tested isolates are presented in Table 3. Isolates avirulent
to Lri, Lr2a, Lr3, Lr21, and Lr26 had lower infection
types on the F, lines than on the single gene lines (Table 3
and 4). The majority of the isolates avirulent to Lr3ka,
Lri1, and Lr18 had lower infection types on the F, lines
than on either parental lines. The F, line Lr34 x ‘Colum-
bus’ expressed enhanced resistant to selected isolates,
and TcL34,17 and TcLr34,18 expressed enhanced resis-
tance to few isolates (Table 3). TcLr34,B and Tclr34,13
did not express enhanced resistance to any isolate (Ta-
bles 3 and 4).

As an example of enhanced resistance conferred by
Lr34, the 13 Lr2a avirulent isolates had lower infection
types on the TcLr34,2a F, line (0 to 0;1) than on TcLr2a
(0; to 2) (Table 3). Five Lr16 avirulent isolates had lower
infection types on TcLr34,16 (0;1— to 1—) than on
TcLri6 (1; to 1) (Table 3).

Reduced chlorosis, associated with the resistant infec-
tion type in the F, lines when compared to the seedling
gene parent, was observed to many isolates in the
TcLr34,1 TcLr34,3, TcLr34,16, TcLr34,17, TcLr34,26,
and TcLr34 x ‘Columbus’ lines and to a few isolates in
the TcLr34,11, TcLr34,18, and TcLr34,B lines.

Reduced infection type or chlorosis in the F, lines
when compared to the single gene lines was not detected
with isolates virulent to the seedling genes, with the ex-
ception of Lr34,18. Isolates 378, 394, 364, 366, and 369
had virulent infection types on TcLr{8 and TcLr34, and
had avirulent infection types on TcLr34,18 in the first
test. The same isolates produced virulent infection types
on TcLr34,18 and on both parents in the second test
when higher temperatures occurred in the greenhouse.
The E, line-isolate combinations of TcLr34,17-35, 44,
TcLr34,B-167, and TcLr34 x ‘Columbus’-race 15, 103,
119, 323 had higher infection types than the scedling
resistant single gene lines (Table 3).
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Table 4. Seedling infection type®* of homozygous ‘Thatcher’ F, lines and isogenic “Thatcher” wheat lines to 10 isolates of leaf rust

Tc Line Leaf rust isolate

Race 1 35 63 103 107 118 270 Ael6-1 Aedl-3 U2-1
Tc 3+4 3+4 33+ 4 3+4 4 3+4 3+4 3+4 3+4
Lr34® 23+ 24 13 23+ 22+ 23 23+ 13 23+ 2434
Lri3 3+4 3+4 33+ 4 3+ 4 3+4 34 3+4 3+4
F,© 23 23+ 23+ 23+ 2 23 23+ 13 23+ 243+
Lr! ; 3+4 334+ 4 ; ; ; 34 3+4 3+4
F, 0;¢ 24 23+ 23+ 0;¢ . 0;¢ 13 23+ 243+
Lr3 1= 3+4 33+ 11— 3+4 ; 3+4 3+ 3+4 1
E, 0;¢ 24 13 01—¢ 2 0;1—¢ 234 13 23 0;1—1¢
Lr26 - ; 2434+ 11— ; ; 2 11— 1— 3+4
F, 0;¢ 0;¢ ;13 01=2¢  0;¢ 0;¢ 0;1¢ 0;¢ 0;1—¢ 243+

2 Stakman et al. (1962)
b TeLr line

® F, line from the cross TcLr34 and the preceding seedling gene ‘Thatcher’ line
4 Reduced chlorosis or necrosis compared with the seedling gene parental lines

Table 5. Adult plant infection types® of near isogenic ‘Thatcher’ wheat lines and lines with combinations of two leaf rust resistance

genes
Tc Line Leaf rust isolate

Test Racel Racel5 44 125 215 323 363 364 366
Tc 1 3+4 3+4 3+4 3+4 3+4
Lr34® 1 0;12— 0;12— 0;1 0;12— ¢ 0;12
Lrio 1 2c 24+ 2c 2+
F,° 1 0;¢ 0;12—¢ 0;1¢ 0;¢
Lr21 1 2 2 2 22 +
F, 1 0;¢ 0;¢ 0;¢ 0;1—
Te 2 4 4 4 4 4
Lr34 2 0;23 0;12 0,12+ 0;23 0;12
Lr3ka 2 0;1 4 4 4
F, 2 0; 0;12 0,23 0,12+
Lri8 2 2c 4 4 3+
F, 2 0;1¢ 0:1 0;1 0:1
Tc 3 4 4 4 4 4 4 4
Lr34 3 — 0;13 0;13 0;12 0;1 0;13 ;13
Lr2a 3 0; 4 3+ 0;1
F, 3 0;¢ 0;13 0;12+  0;¢
Lrif 3 2c 4 4 4
F, 3 0;¢ 0;12 0;1 0;13
Lri7 3 1—n 12¢ 4 ;in
F, 3 0;¢ 0;13¢ 234+ 0;12¢
LrB 3 24 4 4 4
F, 3 0;1¢ 0;12 0;13 ;13
2 Stakman et al. (1962)
b TcLr line
° F, line homozygous for TcLr34 and the preceding seedling gene
4 Reduced necrosis or chlorosis compared with the seedling resistance gene parental line

Adult plant test

Blanks indicate isolate — line combination was not tested

Adult plants of TcLr34 expressed variable infection types
and percentage of infection between and within tests with
different isolates of leaf rust. TcLr34 had a few moderate
size pustules at the base of the flag leaf and very few
smaller pustules towards the tip of the leaf. Chlorosis was

not associated with the pustules. Very faint hypersensi-
tive flecks were observed throughout the leaves. All of
the isolates tested were avirulent on adults of TcLr34
(Table 5). Infection type and severity of infection were
always higher on the “Thatcher’ susceptible control than

on Tclr34.
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Table 6. Leaf rust severity® and response® of adult ‘Thatcher’
isogenic wheat lines and homozygous lines with paired combina-
tions of Lr34 and an additional leaf rust resistance gene in the
1989 and 1990 rust nurseries

Gene Field severity and response

1989 1990

Tc line  Homo- Tc line  Homo-

Zygous Zygous
line line

Thatcher 80S°¢ 90S
Lr34 2-20M T-20M
Lr2a 30S T-10M 90S T-20M
Lr3ka 50MR  5VR 50MR  5VR
Lrif 708 T-5M 90S T-20M
Lri6 50R 5VR 70MR  5VR
Lri7 50MR  5VR 60MR  5VR
Lri8 5M 5VR TR 5VR
Lr21 5M 2VR 5R 5VR
LrB 70MS T-10M 80MS T-5M
Columbus 5R 5VR 53R 5VR
Lri3 50MR  5VR 60MR  5VR
Lr1 90S T-30M
Lr3 90S T-5M
Lr26 70MS T-5M

* Modified Cobb scale (Peterson et al. 1948)

b Stakman et al. (1982)

¢ Response: VR, very resistant; hypersensitive flecks with no
sporulation; R, resistant; hypersensitive flecks and small uredia
with necrosis; MR, moderately resistant; moderate size uredia
with necrosis; MS, moderately susceptible; moderate size uredia
with chlorosis; S, susceptible; large uredia without necrosis or
chlorosis; M, mixture of variable size uredia and hypersensitive
flecks; T, trace level of infection

The F, line-isolate combinations that expressed lower
infection types than either parental line in the seedling
stage also expressed lower infection types in the adult
tests. The F, line-isolate combination TcLr34,16-125,
Telr34,3ka-363, Tclr34,18-215, TcLr34,11-215, and
TcLr34,11-323 expressed lower infection types than
TcLr34 in the adult plant stage, but not in the seedling
stage. Reduced chlorosis was also observed in the adult
plant test.

As adult plants the F, line-isolate combinations of
TcLr34,3ka-366, TcLr34,2a-323, TcLr34,17-215, TcLr34,
17-363, and TclLr34,B-363 had higher infection types
than TcLr34. Isolates 125 and 363 had low infection
types to Lr{7 in the adult plant test, and high infection
types to Lri7 in the seedling tests.

Rust nursery tests

TcLr34 had leaf rust ratings of 2-20 M and T-20 M in
1989 and 1990, respectively (Table 6). ‘Thatcher’ lines
with Lri, Lr2a, Lr3, and Lri{ were either almost as
susceptible or as susceptible as ‘Thatcher’. TcLr26 had a
high percentage of infection and a moderately susceptible

response. The ‘Thatcher’ lines with genes Lr3ka, Lri3,
Lri6, Lri7, and LrB had varying degrees of moderate
resistance in both years. The ‘Thatcher’ lines with
Lr18, Lr21, and ‘Columbus’ had a high level of resis-
tance.

TcLr34,3ka, Tclr34,16, TcLr34,17, TcLr34,18,
TcLr34,21, and TcLr34 x ‘Columbus’ were more resistant
than both parental lines in 1989 and 1990. TcLr34,1,
TcLr34,2a, TcLr34,3, TcLr34,11, TcLr34,26, and
TcLr34,B had the same level of resistance as TcLr34.

Discussion

In all tests, Lr34 interacted for enhanced resistance the
most effectively with other genes that conditioned resis-
tance when present singly. In the seedling stage, Lr34
interacted with seedling genes mostly to isolates that were
avirulent to the seedling genes. Lr!, Lr2a, Lr3, Lr3ka,
Lri1, Lr18, Lr21, and Lr26 interacted with Lr34 to more
isolates than other genes. In the adult plant stage, isolates
avirulent to the seedling genes usually had lower infec-
tion types than expected, while isolates virulent to the
seedling genes usuvally had similar infection types on Lr34
and the homozygous F, lines.

Certain F, lines displayed enhanced resistance to
specific isolates as adults that was not observed in the
seedling tests. However, in most cases of an isolate viru-
lent to the seedling gene, the difference in infection type
between F, lines and TcLr34 was very small and may
have been caused by nonuniformity in density and
amount of inoculum applied or the variability of infec-
tion types observed in genotypes with Lr34. The differ-
ence in infection types of TcLr34 and the homozygous F,
lines in the adult stage was small and difficult to evalu-
ate to many of the isolates. Pustule size and percentage of
infection were variable between and within tests with
different isolates. The expression of resistance of Lr34
appears to involve quantitative aspects such as receptiv-
ity and spore production (Drijepondt and Pretorius
1989). A quantitative comparison of the components of
resistance conditioned by Lr34 singly and combinations
with other resistance genes in the adult plant stage would
allow a more precise characterization of the interactions
between resistance genes to specific isolates.

In the rust nursery, the F, lines that expressed en-
hanced resistance compared to the parental ‘Thatcher’
lines were the lines whose seedling resistance gene ex-
pressed some degree of effective resistance when present
singly. Virulence to these genes was at a very low level or
not present at all in the rust nursery inoculum (Table 1).
F, lines that expressed enhanced resistance in the field did
not necessarily express enhanced resistance to most of the
avirulent isolates in the seedling tests. An example of this
was the TcLr34,16 line, which had enhanced resistance



relative to either TcLr34 or TcLri6 in the rust nursery,
but expressed enhanced resistance to only 5 of 26 Lri6
avirulent isolates in the seedling test. It is possible that
interactions for enhanced resistance are seen more easily
in field conditions than in the seedling stage since Lr34 is
most effective in the adult plant stage. Knott and Weller
(1988) detected more interactions between stem rust re-
sistance genes in field tests than in seedling tests. E, lines
that did not express enhanced resistance in the field were
those whose seedling genes did not condition effective
resistance when present singly. The F, line TcLr34,B did
not express enhanced resistance to isolates avirulent to
LrB in seedling tests, and it was not more resistant than
TcLr34 in the rust nursery even though virulence to LB
was at a very low level in the rust population.

Lr34 enhanced the resistance of effective resistance
genes. Other studies examining resistance gene combina-
tions also showed that enhanced resistance is mostly ex-
pressed to isolates avirulent to at least one of the genes.
Samborski and Dyck (1982) determined that in general,
isolates avirulent to both of the combined genes had
lower infection types than expected, and several combi-
nations of genes also expressed enhanced resistance to
isolates avirulent to one of the genes and virulent to the
other. Knott and Weller (1988) detected enhanced resis-
tance in seedling tests only to isolates avirulent to the
stem rust resistance genes.

However, one exception to this general conclusion
was found: the combination Lr34,18 had enhanced resis-
tance to certain Lr/8 virulent isolates in seedling and
adult tests. In the seedling tests, enhanced resistance in
TcLr34,18 to certain Lr18 virulent isolates was found in
two of the four tests. In a third test warmer temperatures
may have caused the higher infection type observed on
TcLr18 (Dyck and Johnson 1983). Four isolates that
were avirulent to Lri18, and expressed enhanced resis-
tance to TcLr34,18 in cooler conditions, were virulent to
Lr18 and TcLr34,18 at warmer temperatures. Apparently
the expression of enhanced resistance in the TcLr34,18 F,
lines can be affected by temperature. In adult plant tests
Lr34 interacted markedly with Lr18 for enhanced resis-
tance to isolates virulent to Lr78.

Another gene with some degree of temperature sensi-
tivity was Lr17, which in the greenhouse adult plant test
expressed a low infection type to certain isolates that had
been classified as virulent to this gene in the seedling
tests. Since the adult plant test was in July, the higher
temperatures could have changed the infection type, as
Lr17 has been reported to be more resistant at higher
temperatures than at lower temperatures (Dyck and
Johnson 1983).

In the adult plant test, some F, line-isolate combi-
nations of virulent and avirulent isolates had higher in-
fection types on the homozygous F, lines than on
TcLr34, although the differences were small, except in the
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TcLr34,17-215 combination (0;13 and ;23+ on TcLr34
and TcLr34,17, respectively). Apparently certain combi-
nations of genes express less resistance to specific leaf
rust isolates than the most resistant single gene. This
effect was also reported by Knott and Weller (1988). In
field tests the ineffective stem rust resistance gene Sri{
increased susceptibility in combinations with other resis-
tance genes to stem rust race 15B-1. Sr7a appeared to
increase susceptibility to race 56 in the combination
Sr7a,8a,9b.

Reduced chlorosis associated with the low infection
types in the F, lines when compared with the seedling
gene was variably expressed among resistance gene com-
binations. This effect has not been reported previously in
leaf rust resistance gene combinations with Lr34. The
expression of reduced chlorosis in certain F, line-isolate
combinations may be related to the expression of Lr34.
The reduced pustule size typical of Lr34 is accompanied
by little or no chlorosis or necrosis in adult plants (Drije-
pondt and Pretorius 1989) or in seedlings (Dyck 1977).

TcLr34,13 was more resistant than TcLr34 or TcLr13
for both years in the rust nursery. The combination
Lr34,13 has been identified as a durable source of leaf
rust resistance (Roelfs 1988 b). The percentage of isolates
virulent to the adult plant gene Lr13 is not regularly
determined, but some tests have indicated that isolates
virulent to Lr13 are present in the North American wheat
leaf rust population (Kolmer unpublished data). How-
ever, virulence to Lr/3 must be at low or moderate level,
because this gene conditions an effective level of resis-
tance in the rust nursery and when present singly in
commercial cultivars (Kolmer et al. 1991)

The Lr34,13 combination continues to provide more
resistance than either Lr34 or Lr13 singly. Schafer et al
(1963) obtained lines with enhanced seedling resistance
by intercrossing the cvs ‘Aniversario’, ‘La Prevision 25,
‘Frontana’, and ‘Exchange’. As found in later studies,
‘Frontana’ has Lr34,13,73 (Dyck and Samborski 1982;
Dyck et al. 1966), and ‘Exchange’ has Lr10,Lr16 (Ander-
son 1961), Lr12 (Dyck et al. 1966), and probably Lr34
(Samborski and Dyck 1982). ‘Aniversario’ (Lr3ka) and
‘La Prevision 25°, two Argentinean cultivars, are deriva-
tives of ‘Americano 44d’ (Perez and Roelfs 1989), which
probably has Lr34,13 or Lr34,12 (Roelfs 1988b). The
higher level of resistance in the lines obtained by Schafer
etal. (1963) was most likely due to Lr34 and/or Lr13
interacting with other resistance genes since Kolmer (un-
published data) demonstrated that Lr13 also interacts for
superior resistance with seedling genes that condition
effective resistance.

In F, families of TcLr34 x ‘Columbus’ three resis-
tance genes were segregating as ‘Columbus’ has L73 and
Lr16. Lr34 must be present in the F, lines because they
were more resistant than ‘Columbus’ in the rust nursery.
It was not possible to directly determined the presence of
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Lr13, since the field responses of the TcLr34 x ‘Colum-
bus’ and TcLr34,16 F, lines were very similar. The
seedling tests detected the presence of Lr16; the F, lines
were resistant to all Lr16 avirulent isolates. Infection
types from the F, seedling tests indicated that Lr13 was
probably present in the TcLr34 x ‘Columbus’ F, lines;
these lines had lower infection types than TcLr34,16 to
most isolates. The isolates that were virulent to TcLri6
and TcLr34,16 F, lines were avirulent to ‘Columbus’ and
TcLr34 x ‘Columbus’ F, lines. If ‘Columbus’ does not
have another resistance gene of modifier, the only possi-
ble resistance gene combination that confers seedling re-
sistance to Lri6 virulent isolates is Lr13,16, since Lr13
and Lri16 interact for resistance in seedling and adult
plants to isolates virulent to Lr16 (Samborski and Dyck
1982). Therefore it appears that the F, lines are ho-
mozygous for all three genes. Since the genetic back-
ground can modify the expression of resistance genes, the
presence of Lr13 in the F, lines from TcLr34 x ‘Columbus’
should be confirmed through genetic analysis.

Lr34 appears to express resistance in a manner simi-
lar to the effect of other resistance genes that confer slow
rusting or partial resistance in several cereal rust diseases
(Wilcoxon 1981). The phenotype of reduced pustule size
expressed by Lr34 may be one of the factors considered
to be a slow rusting characteristic (Dyck 1977; Broers
1989). Drijepondt and Pretorius (1989) found that Lr34
affected infection frequency, latent period, and pustule
size. Another similarity between partial resistance and
the effect of Lr34 is that both are best expressed in the
adult plant stage (Dyck and Samborski 1982; Jacobs and
Buurlage, 1990). The enhanced resistance Lr34 expressed
in combinations of resistance genes may be regarded as
additive (Dyck and Keber 1985), which is similar to the
action of partial resistance genes (Jacobs and Broers,
1989).

It is notable that Lr34 and Lr73 have provided long-
lasting resistance in combination with each other and
other resistance genes. Interaction between genes for en-
hanced resistance may be involved in durable resistance.
However not all interacting pairs of genes confer durable
resistance. Resistance in the Australian wheat cv ‘Gatch-
er’, which has the complementary genes Lr27 and Lr31
(Singh and MclIntosh 1984), did not prove to be durable.
The identity and effectiveness of the resistance genes in-
volved in interacting combinations is most likely impor-
tant in determining the durability of the resistance. In
addition to enhanced resistance in certain combinations
and durability of leaf rust resistance, Lr34 can contribute
to improved resistance to stem rust, since TcLr34 has
considerably more stem rust resistance than ‘“Thatcher’
(Dyck 1987).
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