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Expression of the Wheat Leaf Rust Resistance Gene Lr34 alone 
and in combination with other Leaf Rust Genes against UK 

isolates of Puccinia triticina

S. D. Abdul

John Innes Centre for Plant Science Research, Research Park Colney,                                   
Norwich, NR4 7UH, England

Abstract: Wheat cultivars and ‘Thatcher’ backcross lines with the resistance gene Lr34 alone and 
in combination with different genes for leaf rust resistance were assessed for their reaction to UK 
isolates of Puccinia triticina. The experiments were conducted in controlled environments and in 
the field. The seedlings were grown at 5 and 200C and as adult plants at 12 and 260C. The 
temperature control was used to identify the Lr34 gene. In the field, all lines and cultivars with 
Lr34 were resistant to leaf rust.  In controlled environments, seedlings with Lr34 alone gave 
variable infection types (ITs) of ; to 3 at 50C  and 2 to 3-  at 200C. This indicates that, temperature 
control is not effective at identifying the Lr34 gene with these UK isolates. Based on similarities 
of reaction types in the field, the wheat cultivars Pavon 76, Ciano 67, Chris, Era and Marco Juarez 
Inta were postulated as having the resistance gene Lr34.
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مقاومة صدأ ورق القمح بمفرده و بالإشتراك مع جینات أخرى لصدأ الورق ضد  Lr34ین جتعبیر 
  Puccinia triticinaعزلات بریطانیة من  

  *عبدول. د .س

NR4. مركز جون اننس لابحاث علوم النبات ، ساحة البحوث، كولني نورفیدش ، انجلترا  7UH

مقاومة صدأ ورق القمح بمفرده و بالإشتراك مع  Lr34تلقیح رجعي بھا جین  تم تقییم اصناف من القمح و سلالات:الملخص
في بیئات  أُجریت التجارب. Puccinia triticinaجینات أخرى لصدأ الورق من حیث تفاعلھا مع عزلات بریطانیة من  

تم التحكم في . 260C و12و النباتات الكاملة في 200Cو 5زرعت البادرات في درجة حرارة . صناعیة محكمة وفي الحقل
وفي البیئات المحكمة أظھرت .  لصدأ الورق في الحقلكانت كل النباتات مقاومة . Lr34درجات الحرارة للتعرف علي جین 

ھذا یوضح أن . 200Cعند  ٣-٢و 50Cعند  ٣- ١: من (ITs)بمفرده تباین في انواع الإصابة  Lr34البادرات المحتویة على جین 
بناءً على التشابھ في انواع التفاعلات . في ھذه السلالات البریطانیة Lr34لحرارة غیر فعال في تعریف جین التحكم في درجة ا

تحتوي علي جین  Pavon 76 Ciano 67, Chris, Era and Marco Juarez Intaفي الحقل، یفترض أن سلالات القمح 
  .Lr34المقاومة 
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Introduction
The resistance gene Lr34 either alone or in 

combination with other leaf rust resistance 
gene(s) is implicated in conferring to wheat 
durable resistance against leaf rust disease. The 
leaf rust resistance genes Lr13 and Lr34, which 
condition resistance mainly at the adult plant 
stage, have the longest history of effectiveness 
(Kolmer and Liu, 2002). The excellent adult 
plant resistance (APR) against leaf rust of the 
wheat cv. Chinese Spring is partially due to the 
resistance gene Lr34 (Dyck, 1991). In addition 
Chinese Spring has Lr31, one of a 
complementary pair of Lr31 + Lr27 (Singh and
McIntosh, 1984), both of which are required 
for the expression of resistance, and the APR 
gene Lr12 (McIntosh and Baker, 1966; Dyck 
and Kerber, 1971; Dyck, 1991). Other wheat 
cultivars and lines known to have Lr34 in 
combination with the LrT3 gene include PI 
321999, CIRC 26809-68 and CIRC 32125-70
from Turkey; PI 197249 and 72 Hills 175 from 
Ethiopia; and Frontana, Terenzio and 
Lageadinho (Dyck and Samborski, 1982). Also 
Dyck et al. (1966) identified Lr34, LrT3 and 
the APR gene Lr13 in Frontana. The resistance 
genes Lr34 and LrT3 individually provide 
some protection, but together they interact in a 
complementary manner giving increased levels 
of resistance (Dyck and Samborski, 1982). 

The resistance gene Lr34 is widespread 
among wheat cultivars as a result of the use of 
Frontana in many breeding programmes (Dyck 
and Samborski, 1982). Shang et al. (1986) 
identified this gene in seven out of nine wheat 
cultivars that were originally collected from the 
Mediterranean region and Middle East to China 
following extensive screening for leaf rust 
response. It was also identified in wheat cultivars 
Sturdy, Roblin, PI 250413, PI 58548 (from 
China) and the Russian wheat Bezostaja 1, which 
was widely grown in the USSR, Eastern Europe 
and Turkey for many years (Dyck and
Samborski, 1979; Dyck and Samborski, 1982; 
Dyck, 1991; Dyck, 1992; McIntosh, 1992). 

Using a molecular marker Kolmer et al.
(2008) traced the origin of the Lr34 gene in 
wheat cultivars from North and South America, 
CIMMYT, Australia, and Russia back to the 
cultivars Mentana and Ardito developed in 

Italy by Nazareno Strampelli in the early
1900s. 

Dyck (1991) suggested that it may have 
been spread through Chinese Spring and line PI 
58548, an introduction from China (Dyck, 
1977). Tracing the history of Chinese Spring, 
initially named Chinese White, Sears (1988) 
reported that it was obtained by the Plant 
Breeding Institute, Cambridge, now Plant 
Breeding International, from China in about 
1900. A few years later, it was introduced and 
probably used in breeding programme in South 
America by an Argentinean wheat breeder. 
This might have been responsible for its 
presence in wheat cultivars of South American 
origin. Roelfs (1988b) suggested that Alfredo 
Chaves, a land cultivar found in Brazil about 
1921 and Americano 44D, selected in 1918
from a land cultivar in Uruguay, may be the 
sources of genes Lr34, Lr13 and/or Lr12. Dyck 
(1991) concluded that the wide distribution of 
Lr34 among wheat cultivars and lines may 
have arisen from its introduction from a 
number of sources. 

Dyck (1987) located Lr34 in chromosome 
7D of wheat, and in association with this gene 
is a non-suppressor allele for increased 
resistance to stem rust (Puccinia graminis) in 
Thatcher. In the presence of the suppressor 
allele the level of resistance to stem rust in 
Thatcher is reduced. The non-suppressor allele 
is said to be the same as or closely linked to the 
Lr34 gene (Dyck, 1987). 

Although Lr34 can be detected at the 
seedling stage using low temperatures and low 
light intensity, its effects can be more easily 
recognized on adult plants (Dyck and
Samborski, 1982; Dyck, 1987). A cultivar with 
Lr34 can give IT ;1- to 3 with the same isolate 
depending on temperature and light. Also the 
genetic background of both host and pathogen 
may affect the IT. Drijepondt et al. (1991) were 
able to identify Lr34 in seedlings of the 
Thatcher backcross line (TBL) RL6058 at 7°C, 
but not at 15°C. The same line was found to 
express APR against all three isolates in their 
studies at 15°C including that with 
corresponding virulence at the seedling stage. 
Variable influences of environment and 
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location on the expression of APR conferred by 
Lr34 have also been observed in Mexico 
(Singh and Gupta, 1992; Singh, 1992a).

This study was carried out to determine the 
field responses of TBLs with Lr34 alone or in 
combination with other genes to some UK leaf 
rust isolates, as well as to identify wheat cultivars 
having or suspected of having Lr34, and also to 
determine the effect of temperature and genetic 
background in the expression of Lr34 at the 
seedling and adult plant growth stages. 

Materials and methods
Evaluation of adult plants in the field

TBLs with Lr34 alone or Lr34 in 
combination with other genes obtained from Dr. 
P.L. Dyck, Agriculture and Agri-food Canada, 
Winnipeg, Canada along with wheat cultivars 
known or suspected to have the Lr34 gene, were 
evaluated with the leaf rust isolates WBRP 85-
20, WBRP 85-31 and WBRP 90-12 in the field 
in 1993 at Morley, near Norwich (Table 1). 
Thatcher and Armada were included as 
susceptible controls, and line Lr19 as a resistant 
control. Also included were some wheat 
cultivars suspected of having the resistance gene 
Lr34. All the TBLs and the wheat cultivars were 
sown in the spring of 1993 due to their spring 
habit. However, the winter wheat Armada, 
Bezostaja, Cappelle Desprez, Nord Desprez and 
Bersée were initially grown and vernalized in a 
controlled environment before being 
transplanted into the field in spring. The test was 
carried out in hill plots of 30 by 30 cm. The 
wheat cultivars and lines were allocated to the 
hill plots at random and at regular intervals a 
spreader plot of the susceptible Armada was 
included. As a result of delays in disease build 
up the spreader plot technique of inoculation 
was supplemented by direct spraying of wheat 
plants with their respective isolates in odourless 
kerosene using micro ulva sprayer (Micon 
sprayers Ltd, Bromyard, England). Disease 
scores were taken in the months of June and 
July, 1993 as percent Leaf Area Infection (LAI) 
and ITs. The ITs were scored as Very Resistant 
(VR) = ;, Resistant (R) = 1&1+, Moderately 
Resistant (MR) = 2-&2, Moderate (M) = 2+&3-, 
Moderately Susceptible (MS) = 3 and 
Susceptible (S) = 3+&4. Each value of the 

percent LAI was taken as the mean of two 
replicates and the three isolates were evaluated 
in separate blocks.

Evaluation of adult plants in controlled 
environment

Duplicate adult plants of the TBLs and 
Chinese Spring, Chinese Spring ditelosomic 
7DL, Chinese Spring ditelosomic 7DS, 
Bezostaja, Cappelle Desprez, Nord Desprez 
and Bersée (Table 2) were tested with isolates 
WBRP 85-31 and WBRP 90-12 in controlled 
environments set at 12°C and 26°C. Plants 
were first grown in containment glasshouse 
supplied with filtered air up to growth stage 39-
52 (Zadoks et al., 1974), when at least one 
quarter of the ear had emerged, before 
inoculation. The seeds of the cultivars 
Bezostaja, Cappelle Desprez, Nord Desprez 
and Bersee were vernalized at 4°C before been 
sown. Mildew infection was controlled by a 
single spray of Bayleton (Triadimefon).

Evaluation of seedlings in controlled 
environment 

Seedlings of TBLs RL6058 (Lr34 from line 
PI 58548), RL6091 (Lr34 from Chinese 
Spring), 91RN514 (Lr34 from Bezostaja), 
86RN122 (Lr34 from Glenlea) and RL6050
(Lr34 and LrT3 from Terenzio) as well as those 
of Chinese Spring, Cappelle Desprez, Nord 
Desprez and Bersée were tested with 16 rust 
isolates (Table 3) at 5°C and 20°C (±2°C). 
Armada and Thatcher were used as susceptible 
controls, while line Lr19 was used as 
temperature insensitive resistant control.

Inoculation
Inoculation was done using urediospores 

that were dispersed in talc at a rate 1 part of 
spores to 20 parts talc. This was used to 
inoculate sets of wheat seedlings in a laminar 
flow bench with an isolate. The laminar flow 
bench was cleaned between inoculations with 
different isolates using alcohol to avoid 
contamination between rust isolates. Adult 
plants were inoculated in separate glasshouse 
compartments with different isolates. Inoculated 
plants were incubated at 15°C (±2°C) and high 
relative humidity for 18h in cabinets. They were 
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thereafter transferred to their respective 
temperatures in controlled environments.

Disease score
Seedlings and adult plant reactions were 

recorded using the scale described by Stakman 
et al. (1962). Cultivars and lines having 
Infection Types (ITs) ;, 0, 1, 2 and X were 
considered resistant, whereas 3 and 4 were 
considered susceptible. ITs separated by a slash 
(/) suggest heterogeneity among seedlings of the 
affected cultivar or line, while plants with 
different ITs at the proximal and distal part of a 
leaf are represented by the two ITs in the same 
sequence.

Results
All the TBLs having Lr34 alone or in 

combination with different genes were resistant 
to isolates WBRP 85-20, WBRP 85-31 and 
WBRP 90-12 in the field. Only a few of the 
backcross lines had LAI above 5% (Table 1). 
The highest score of 30MR-M was recorded on 
line 91RN514 (Lr34) at the second scoring date 
about mid-July with isolate WBRP 90-12. With 
the same isolate, lines RL6070 (Lr34 and LrT3) 
had 14M, RL6112 (Lr34 and Lr10) had 14MR-
MS, and RL6113 (Lr34 and Lr11) had 10MR-
M by the second scoring date.

Table 1. Percent LAI of field evaluated wheat cultivars including lines having Lr34 alone and Lr34 in 
combination with different genes to different leaf rust isolates.

Lr line/ Cultivar Lr gene
WBRP 85-20 WBRP 85-31 WBRP 90-12

Score1* Score2 Score1 Score2 Score1 Score2

RL6058 34 0.35M-
MS*

0.3MR-M 0.1VR 0.25MR-M 0.3M-MS 4M-MS

RL6091 34 0.25R-MR 1.5MR-M 0.1VR 0.15VR-M 0.1VR 3.5R-MR
91RN514 34 1.65MR-M 4MR 0.1VR 0.2VR-M 1.6MS 30MR-M
91RN516 34 0.15VR-R 0.3R-MR 0.1VR 0.15VR-MR 0.25MR-M 2.7MR-

MS
86RN122 34 0.25R-M 0.4MR 0.1VR 0.15VR-MR 0.25R-MR 0.3R-MR
86RN127 34 0.25M 2MR-M 0.1VR 0.2R-MS 0.2M-MS 1MR-R
90RN1220 34 0.1VR 0.3R 0.1VR 0.15VR-R 0.15VR-

MS
0.3R

RL6050 34, T3 0.2M 2MR-M 0.1VR 0.2R-M 0.15VR-R 0.3MR-
MS

RL6069 34, T3 0.2VR-MR 0.2R 0.1VR 0.1VR 0.1VR 0.25R-MR
RL6070 34, T3 0.4M 4.5MR 0.3MR-MS 1.75R-MR 0.25MR-M 14M
RL6106 34, T3 0.2VR-MS 0.5R-M 0.1VR 0.15VR-MR 0.2R-MR 0.4R-MR
RL6108 34, 1 0.1VR 0.2VR-R 0.1VR 0.1VR 0.1VR 0.25R
RL6109 34, 2a 0.4R-M 0.4MR 0.1VR 0.15VR-R 0.25MR 0.3MR-M
RL6110 34, 3 0.1VR 0.1VR 0.1VR 0.1VR 0.1VR 0.1VR
RL6111 34, 3ka 0.1VR 0.2VR-R 0.1VR 0.15VR-R 0.1VR 0.1VR
RL6112 34, 10 1.05VR-S 0.65M 0.1VR 0.3MR 12.65M-

MS
14MR-MS

RL6113 34, 11 0.15VR-R 0.5MR-M 0.15VR-
MS

0.25R-MR 0.3M 10MR-M

RL6114 34, 13 0.1VR 0.1VR 0.1VR 0.1VR 0.1VR 0.2R-M
RL6115 34, 16 0.4M 1.5MR 0.1VR 0.15VR-M 0.15VR-M 0.45R-M
RL6116 34, 17 0.14VR-M 0.3R-M 0.15VR-

MR
0.25R 0.2VR-MR 0.45R-M

RL6117 34,18 0.1VR 0.1VR-R 0.1VR 0.1VR 0.1VR 0.1VR
RL6118 34, 21 0.1VR 0.1VR 0.1VR 0.1VR 0.1VR 0.1VR
RL6119 34, 26 0.1VR 0.1VR 0.1VR 0.1VR 0.1VR 0.1VR
RL6120 34,B .15VR-M 0.4R-MR 0.1VR 0.2R-MR 0.3R-MR 0.75MR
RL6121 34, 0.15VR-M 0.3R-M 0.1VR 0.1VR 0.15VR- 0.65MR-M
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Columbus MR
Besostaja 34,3,  + - - - 0.15VR-R - 0.2MS
Chinese Spring 34, 12 0.1VR 0.1VR 0.1VR 0.1VR 0.1VR 0.15VR-R
CS-Ditelosomic 
7DS

0.1VR 0.15VR-R 0.1VR 0.1VR 0.1VR 0.25R

CS-Ditelosomic 
7DL

0.1VR 0.15VR-R 0.1VR 0.1VR 0.1VR 0.3VR-M

Pavon 76 0.1VR 0.1VR 0.1VR 0.1VR 0.1VR 0.1VR
Ciano 67 0.1VR 0.1VR 0.1VR 0.1VR 0.1VR 0.1VR
Chris 0.1VR 0.1VR 0.1VR 0.1VR 0.1VR 0.1VR
Era 0.1VR 0.1VR 0.1VR 0.1VR 0.1VR 0.1VR
Marco Juarez 
Inta

0.1VR 0.1VR 0.1VR 0.1VR 0.1VR 0.1VR

Cappelle 
Desprez

- - - 2R-MR - 1M

Nord Desprez - - - 70MS-S - 45MS
Bersee - - - 27.5M - 16.5R-MS
Armada 2MS 20M-MS 2.5MS 5M 2MS 2.5M
Thatcher 47.5S 70MS-S 1.5M 25MR-M 45S 70MS
Lr19 19 0.1VR 0.1VR 0.15VR-R 0.1VR 0.15VR-R 0.1VR
* Score1 and Score2 are readings taken on 30.06.93 and 12.07.93 respectively.

* These letters represent infection types, where VR = Very resistant; R = Resistant; MR = Moderately resistant; M = Mixed reaction; MS = Moderately susceptible; S = 

Susceptible.

Pavon 76, Ciano 67, Chris, Era and Marco 
Juarez Inta all from CIMMYT, Chinese Spring, 
Chinese Spring ditelosomics 7DL and 7DS just 
like the Lr34 lines were resistant to all three 
isolates in the field. Of the two susceptible 
controls, Armada was resistant to all the three 
isolates, while Thatcher was susceptible only to 
isolates WBRP 85-20 and WBRP 90-12. The 
resistant control Lr19 had only traces of 
infection from the three isolates. 

Table 2 shows the flag leaf reaction of wheat 
cultivars and lines known or suspected of having 
Lr34 alone or in combination with other gene(s) 
in controlled environments set at 12°C and 
26°C. All cultivars and lines with Lr34
demonstrated some form of resistance to isolates 

WBRP 85-31 and WBRP 90-12 at both/either 
12°C and/or 26°C. TBLs expressed higher 
levels of resistance against isolate WBRP 85-31
that were mostly characterized by IT ;. Isolate 
WBRP 90-12 had variable ITs of ; to 2+;.on all 
the Thatcher backcross lines. This variability 
was further demonstrated by the TBLs having 
Lr34 and LrT3 genes at the two temperature 
conditions. Lines RL6050 (Lr34 and LrT3) and 
RL6070 (Lr34 and LrT3) were more resistant at 
26°C (ITs ;1+ and ;) than at 12°C (ITs ;2 and 
2;), while line RL6069 (Lr34 and LrT3) was 
more resistant at 12°C (IT ;1+) and less so at 
26°C (IT ;2+), and line RL6106 (Lr34 and 
LrT3) had IT 2+ at both temperatures. 

Table 2. Flag leaf ITs of wheat cultivars and lines known or suspected of having Lr34 alone or Lr34 in 
combination with different genes at different temperatures.

Lr line/ Cultivar Lr gene
Seedlings ITs
WBRP 85-31 WBRP 90-12
12°C 26°C 12°C 26°C

RL6058 34 ; ; ; ;1
RL6091 34 ; ; ;2 ;1
91RN514 34 ; ; ;2 ;2+
91RN516 34 ; ; ;2+ 2+;
86RN122 34 ; ;1- ;3 ;2
86RN127 34 ; ; 2+; 2+;
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90RN1220 34 ; ; ;2 ;2+
RL6050 34, T3 ; ; ;2 ;1+
RL6069 34, T3 ; ;1 ;1+ ;2+
RL6070 34, T3 ;2 2; 2; ;
RL6106 34, T3 ; ; 2+ 2+
RL6108 34, 1 ; ; ; ;
RL6109 34, 2a ; ; ; ;1-
RL6110 34, 3 ; ; ; ;
RL6111 34 ,3ka ; ; ; ;
RL6112 34 ,10 ; ; ;2 2;
RL6113 34, 11 ; ;1- ;2 ;2+
RL6114 34, 13 ; ; ;2 2;
RL6115 34 ,16 ; ; 2; 3-;
RL6116 34 ,17 ; ; 2; ;1
RL6117 34 ,18 ; ; ; 3-;
RL6118 34, 21 ; ; ;1 1;
RL6119 34, 26 ; ; ;2+ ;
RL6120 34, B ; ; 2+; 3-;
RL6121 34, Columbus ; ; 2+; 2;
Bezostaja 34, 3, + ; ; ; ;
Chinese Spring 34, 12, + ; X; ;2+ ;14
CS-Ditelosomic 7DS ;1 ;23+ ;1+ ;14-
CS-Ditelosomic 7DL ; ;2+ ;1 ;14-
Cappelle Desprez ;2+ 23; ;2 ;2
Nord Desprez 3-; 23+; 3+; ;4-
Bersée ;2+ 31; 3+; 42;

Armada ;3 ;1+ 2+; ;1
Thatcher 1-; ;1- 1- ;1-
Lr19 19 ; ; ; ;

Bezostaja had high level of resistance 
against both isolates across temperatures with 
IT ; to ;1. With isolate WBRP 85-31, Chinese 
Spring and its ditelosomics 7DL and 7DS were 
more resistant at 12°C than at 26°C.  Similar 
trends were observed with isolate WBRP 90-12
on these lines. Adult plants of both Cappelle 
Desprez and Bersée were resistant to isolate 
WBRP 85-31, at 12°C and less so at 26°C. 
Cappelle Desprez was also resistant to isolate 
WBRP 90-12, at both temperatures. Nord 
Desprez had slight resistance against both 
isolates at 26°C, but not at 12°C. The flag leaf 
of the susceptible controls Armada and 
Thatcher expressed resistance against the two 
isolates across temperatures, with Thatcher 
having IT ;1-. The resistant control, line Lr19
had IT ; across temperatures with both isolates.
Table 3 has the seedling ITs of wheat cultivars 
and lines known or suspected to have Lr34
alone or in combination with other gene(s) at 
5°C and 20°C with various isolates. TBLs 

having Lr34 alone had variable ITs at 5°C. 
Line RL6058 (Lr34) the original standard 
single gene line for Lr34 had ITs ; to 3 with 
different isolates at 5°C. The same line had 
mostly ITs 2 and 2+ with the occasional IT 3-
at 20°C. Similar response patterns were 
observed on lines RL6091, 91RN514 and 
86RN122 all with Lr34 from different sources. 
The TBL, RL6050 with Lr34 and LrT3 had IT ; 
to ;1- at 5°C and IT 2+ to 3- at 20°C with all 
the 16 isolates. Also Chinese Spring had IT ; at 
5°C with all isolates and variable resistant 
reaction at 20°C with different isolates. 
Cappelle Desprez, Nord Desprez and Bersée 
were susceptible to most isolates, apart from 
the resistance of Cappelle Desprez to isolates 
WBRP 90-24, WBRP 85-31 WBRP 90-10, 
WBRP 90-11 and WBRP 90-12; Bersée to 
WBRP 90-24, WBRP 90-10 and WBRP 90-12; 
Nord Desprez to WBRP 90-10, WBRP 90-11
and WBRP 90-12. 
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Table 3. Seedling leaf rust reactions of wheat cultivars and lines having or suspected of having Lr34 alone or Lr34 in combination with other genes at 
different temperatures.

Lr line/
Cultivar

Lr gene WBRP 61-37 WBRP 76-1 WBRP 76-2 WBRP 80-1 WBRP 81-2 WBRP 81-5 WBRP 82-1 WBRP 90-24
5°C 20°C 5°C 20°C 5°C 20°C 5°C 20°C 5°C 20°C 5°C 20°C 5°C 20°C 5°C 20°C

RL6058 34 ;1+ 2+ ; 2+ ;2 2+ 2+ 2+ 2+ 2+ ;1+ 2 1+; 2+ ;1 2
RL6091 34 2+; 2+ ; 2+ 2+; 2+ 3- 3- 3- 3- 2+ 2 3- 2+ 1+; 2+
91RN514 34 2+; 2+ 2+; 2+ 3- 2+ 2 2+ 3- 3- 2 2+ 2+ 2+ ;1- 2+
86RN122 34 2; 2+ ; 2+ 2+ 2+ 2 3- 2+ 2+ 2 2+ 2; 2+ 1+ 2+
RL6050 34, T3 0i 2+ 0i 2+ ; 2+ ; 3- ; 2+ ; 2+ ; 2+ ; 2+
Chinese 
Spring

34 ,12,
+

; X-; 0i ; ; 2; ; ; ; X; ; 2+ ; 2+; ; X;

Cappelle 
Desprez

3 3 3- 3 3- 3- 3+ 3 3+ 3 3- 3- 3- 3- 2 2+

Nord Desprez 3+ 3 3- 3 3 3 3+ 3+ 3+ 3 3- 3- 3 3- 3- 3-
Bersée 3 3 3- 3 3 3 3 3 3+ 3+ 3- 3- 3 3- 2+ 3-
Armada 3 3 3 3+ 3+ 3 3+ 3 3+ 3 3 3- 3 3 3- 3-
Thatcher 3 3 3- 3 3- 3 3+ 3 3+ 3 3- 3- 3 3 2 3-
Lr19 19 ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;
Lr line/ 
Cultivar

Lr gene WBRP 90-25 WBRP 85-20 WBRP 85-31 WBRP 86-8 WBRP 90-26 WBRP 90-10 WBRP 90-11 WBRP 90-12
5°C 20°C 5°C 20°C 5°C 20°C 5°C 20°C 5°C 20°C 5°C 20°C 5°C 20°C 5°C 20°C

RL6058 34 3 2 2+ 3- 2; 2+ 2; 2+ 2 2+3- ; 2+ ;1 2+ ; 2+
RL6091 34 3 2+ 2 2+ 2; 2+ 2; 2+ 3- 3- 1+; 2+ ;12+ 2+ 1+; 2+
91RN514 34 3 2+ 2+ 2+ 2+ 2+ 2+3- 3- 3 3- 1; 2+ 2+ 2 1+; 2+
86RN122 34 3 2+ 2+ 2+ 2+; 2+ 2; 2 2+3- 3- 1; 2+ ;1 2 1+; 2+
RL6050 34, T3 ; 2+ ; 2+ ; 2+ ; 2+ ; 3- ; 2 ;1- 22+ ; 2+
Chinese 
Spring

34, 12,
+

; ;X+ ; X; ; ; ; X;/3-; ; 3- ; 2+ ; 3-; ; 2+/3-;

Cappelle 
Desprez

3 3- 3 3- 3- 2+ 3- 3 33+ 3+ 22+ 3- 2+ 3- 2 3-

Nord Desprez 3+ 3+ 3 3 3 3 3 3 3+ 3+ 2+ 3- 2+3- 3- 2+ 3-
Bersée 4 3+ 3- 3 3 3 3 3 4- 3 2+ 3- 3- 3- 2+ 3
Armada 4- 3+ 3 3 3+ 3 3 3 4 3+ 3- 3- 3- 3 3- 3
Thatcher 3 3+ 3- 3 3+ 3 3 3 3+ 3 2+ 3- 2+ 3- 2+ 3
Lr19 19 ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;
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Of the two susceptible controls, Armada 
was susceptible (ITs 3- to 4) to all isolates at 
the two temperatures, while Thatcher was 
resistant (ITs 2 to 2+) to isolates WBRP 90-24, 
WBRP 90-10, WBRP 90-11 and WBRP 90-12
at 5°C only. The resistant control, line Lr19
had IT ; with all 16 isolates across 
temperatures.

Discussion
In this study all the TBLs with Lr34, either 

alone or in combination with different genes 
were resistant in the field to isolates WBRP 85-
31, WBRP 85-20, and WBRP 90-12. However 
the level of resistance depended on the source 
and gene combination of the line.

In the field, of the two susceptible control 
cultivars, Armada appeared more resistant, this 
resistant reaction is attributed to a combination 
of factors. At the time of scoring, Armada 
plants were at growth stage 20-29 (Zadoks et 
al., 1974), having a rosette appearance with a 
relatively large number of tillers and a main 
shoot in some instances. Due to the winter 
habit of Armada, seedlings were vernalized in 
growth chambers set at 4°C for 45 days before 
being transplanted into the field in the spring. 
The vernalization treatment might have been 
inadequate, resulting in the vegetative growth. 
The second susceptible control, Thatcher, 
resulted sensitive to isolates WBRP 85-20 and 
WBRP 90-12, and resistant to WBRP 85-31. 
The resistant reaction of Thatcher against 
WBRP 85-31 is probably due to Lr22b 
identified in Thatcher (Dyck, 1979). The 
avirulence of isolate WBRP 85-31 on the 
Lr22b is further supported by the increased flag 
leaf resistance of TBLs having Lr34 either 
alone or in combination with different genes in 
controlled environments to the isolate.

Temperature controls are often used to 
identify resistance genes that are sensitive to 
environmental changes, and use similarities in 
their trend with known resistance genes to 
postulate the presence of such genes. In this 
study despite having the resistance genes Lr34
and LrT3 adult plants of lines RL6050, 
RL6069, RL6070 and RL6106 had variable 
resistant reactions against isolates WBRP 85-
31 and WBRP 90-12 at 12°C and 26°C.On the 
whole the resistance gene Lr34 alone or in 

combination with different genes was effective 
against these two UK isolates. However there 
was no consistency in the expression of the 
Lr34 gene in either of the two temperature 
conditions across the different genetic 
backgrounds. More examples of the complex 
interactions of the Lr34 resistance with both its 
genetic and physical environments are 
displayed by the TBLs RL6115 (Lr34 and 
Lr16), RL6117 (Lr34 and Lr18) and RL6120
(Lr34 and LrB) reacting with isolate WBRP 
90-12 in controlled environments and the field. 
These lines showed a shift from resistance at 
12°C to susceptible IT at 26°C. The resistance 
gene Lr34 alone is known to be more effective 
at low temperature (Dyck and Samborski, 
1982), while Lr16 and LrB in Thatcher 
background were ineffective against isolate 
WBRP 90-12 in the field (Abdul, 1994). Also 
the resistance gene Lr18 is known to be 
effective at low but not at high temperature. As 
expected, a combination of any of these genes 
with Lr34 in Thatcher background resulted in a 
susceptible reaction at 26°C. However, the 
same lines were resistant to this isolate in the 
field.

The flag leaves of Bezostaja were resistant 
in the controlled environments. Bezostaja is 
known to have the seedling resistance gene Lr3
(Bartoš, 1969) in addition to the Lr34 gene. No 
virulence has been detected for the Lr3 gene 
among UK isolates (Abdul, 1994). 

Flag leaves of Cappelle Desprez, Nord 
Desprez and Bersée expressed varying levels of 
resistance in the controlled environments, 
however only Cappelle Desprez and Bersée 
maintained this reaction in the field.

The resistance reaction expressed by the 
flag leaves of Armada and Thatcher against 
isolates WBRP 85-31 and WBRP 90-12 in 
controlled environments was not effective in 
the field. This flag leaf resistance may be due 
to temperature and light conditions within the 
controlled environment.

The resistance gene Lr34 is located in 
chromosome 7D (Dyck, 1987), however its 
arm location is yet to be determined. In this 
study assessment of ditelosomic 7DL and 7DS 
of Chinese Spring, known to have Lr34 (Dyck, 
1991) failed to reveal any differences in their 
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reaction to different isolates in controlled 
environments as well as in the field. However, 
in addition to the Lr34 gene, Chinese Spring is 
known to have the resistance gene Lr31, one of 
a complementary pair (Lr31 + Lr27) required 
for the expression of resistance, located on 
chromosome 4Ab (Singh and McIntosh, 1984a) 
and the APR Lr12. It is possible that the 
resistance of the ditelosomics was due to Lr12
or interactions between Lr12 and other 
unidentified gene(s). 

Temperature controls have been used to 
detect adult plant genes with avirulent isolates 
at the seedling stage. Using this procedure 
Pretorius et al. (1984) detected Lr13 at 25.5°C 
and Lr34 at 7°C (Drijepondt et al., 1991). In 
this study seedling of TBLs having Lr34 alone, 
demonstrated variations in their reaction at a 
given temperature. At 5°C the ITs ; to 3 were 
recorded and at 20°C ITs 2 to 3- were obtained 
depending on the isolate. Since all the lines 
were evaluated at the same time, under similar 
conditions, the variation in the ITs must be due 
to the genetic background of both the host lines 
and pathogen isolates. The Lr34 gene was 
transferred into the Thatcher background from 
different sources and Stam and Zeven (1981) 
reported that often linked with such transfers 
are genes that are closely associated with the 
marker locus that may contribute to the 
differences between backcross lines. Similar 
genetic interactions leading to variable 
expression of the Lr34 gene at the seedling 
stage have been reported by Singh (1992a) and 
German and Kolmer (1992). In addition 
(Kolmer 1999a, 2001) reported that the 
resistance conditioned by Lr34 is nonspecific, 
since isolates that are fully virulent to this gene 
have not yet been detected.

Additive genetic interaction between Lr34
and LrT3 is likely to be responsible for the high 
level of resistance recorded on seedlings of 
lines with this gene combination at low 
temperature. A similar phenomenon has been 
reported by Drijepondt et al. (1991). They 
reported that the resistance genes Lr34 and 
LrT3 individually are more effective at low 
temperature and in combination they produced 

IT that is lower than their individual ITs with 
the same isolate.

The data obtained show that the expression 
of the Lr34 gene is subject to environmental 
changes, both genetic and physical 
(temperature). Temperature control did not 
give a fixed and repeatable IT in the interaction 
between the leaf rust resistance gene Lr34 and 
different UK isolates of Puccinia triticina, but 
it appeared to be more effective at low 
temperatures. In most instances the resistance 
gene Lr34 alone and in combination with other 
genes was effective against all the UK isolates 
used in this investigation. The Lr34 gene was 
equally postulated in the wheat cultivars Pavon 
76, Ciano 67, Chris, Era and Marco Juarez Inta 
based on similarity in their reactions in the 
field. Low temperatures at both seedling and 
adult plant growth stages in controlled 
environment could be used in conjunction with 
the leaf tip necrosis marker (Dyck, 1991; 
Singh, 1992c) and other molecular markers for 
the identification of the Lr34 that confer 
durable resistance to leaf rust disease of wheat.
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