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A B S T R A C T 

Wheat leaf rust disease, caused by Puccinia triticina poses severe threat to the 80% of the wheat cultivated across 
Pakistan. One hundred and twenty-nine leaf rust samples collected from Sindh during 2017-18 wheat cropping season 
were processed and eleven single uredinial isolates were revived and analyzed using North American set of 
differentials. Seven virulent profiles were found amongst these isolates. LKTSS was most common, found in four 
isolates; LKFJS was identified in two isolates. MKPSS, LKFKS, PKKSS and LKHSS were identified in single isolate only. 
Virulence was absent for Lr2a, Lr9, Lr19, Lr27+31 and Lr28. Whereas only a single isolate PKKSS was virulent to Lr2c 
and isolate LKFKS to Lr18. Virulence for the leaf rust genes Lr1, Lr16, Lr24, Lr28, Lr17, Lr30, Lr10, Lr14a, Lr3bg, 
Lr14b, Lr20, Lr13, Lr23, Lr22b were found along with Morocco under controlled condition. Overall high frequency of 
leaf rust phenotypes were identified in limited number of samples. The avirulence/virulence information of Lr genes 
should be utilized in gene deployment and breeding programs, particularly for Sindh province. 
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INTRODUCTION 

Leaf rust (Puccinia triticina) is a foliar disease which 

significantly reduces wheat (Triticum aestivum L.) 

production across the globe (Huerta-Espino et al., 2011). 

Rust epidemics highlight the importance of rust diseases 

(Boralug, 1968; Bernan, 1994). In Pakistan leaf rust 

epidemic during 1978 caused 10% yield loss (Hassan, 

1979). Leaf rust prevails throughout the wheat growing 

areas of Pakistan each year resulting in significant yield 

losses (Saari and Prescott, 1985).  

Being airborne, Puccinia triticina disseminates 

thousands of kilometers through urediniospore stage 

(Kolmer and hughes 2015). Due to the polycyclic nature 

of the rust, Puccinia triticina has the ability to reproduce 

asexually and through mutation evolve new virulence 

phenotypes/races to overcome existing resistant leaf 

rust genes (McCallum et al., 2016). Therefore, to attain 

durable rust resistance for long period of time becomes 

quite difficult task for wheat breeders.   

The pathogen’s pathotype population can be determined 

by growing cultivars that have specific pathotype 

resistance. By inoculating host differential set the 

virulence pathotypes of rust pathogen can be 

characterized after few days (Kolmer, 1997). Seedling 

inoculation of host differentials set not only reduces the 

inoculum quantity but also limits required space and 

time. To describe virulence variation, pathotypes 

geographical distribution and change in pathotypes in 

response to host can be determined through survey of 

wheat leaf rust at seedling stage (Ali et al., 2014). In 

Pakistan on the basis of differential lines effective 

resistant genes were identified (Hussain et al., 1978). 
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Hussain (1979) conducted research work to identify P. 

triticina virulence factors. The studies during 1961-1975 

illustrate the prevalence and distribution of 8 P. triticina 

races in Pakistan. Hence the present study was 

conducted to check the prevalence and distribution of 

the P. triticina races in Province Sindh Pakistan.   

MATERIALS AND METHODS 

Field scoring and Sample collection: Field scoring of 

leaf rust was carried out in major wheat growing areas 

of Sindh. Two parameters were considered in field 

scoring i.e. severity and host reaction. Modified Cobb 

scale (0-100 scale) was used to estimate disease severity 

and percentage of rusted tissue of plant in a field, while 

considering the field infestation. For revival and race 

analysis, infected leaf rust samples were collected from 

different farmer’s fields and agriculture farms from 

February to April during 2017-18 wheat cropping 

season. The collected samples were dried by placing in 

closed container containing silica gel. 

Revival and race analysis of Leaf rust isolates: Leaf 

rust urediniospores from individual collection were 

scraped and 8 to 10 days old susceptible wheat variety 

“Morocco” seedlings were infected with these 

urediniospores using wet blotter paper technique. 

Morocco plants were treated with the solution of maleic 

hydrazide (MH) at the emergence of coleoptile 

(Approximately 30 ml/pot). Cyclone spore collectors 

were used to vacuum the urediniospores into size 00 gel 

capsules (Browder., 1971). Gel capsule were filled with 

the solution of petroleum ether and nonphytotoxic 

paraffinic oil (80:20 ratio) to increase single spore 

cultures of P. triticina on Morocco for the race analysis.  

Peat moss was used as potting media to fill the 4×4×4 

cm plastic pots for sowing leaf rust differential sets. 

Differential sets were grown in glass house with 

maintained temperature at 18-22°C. 8-10 days old leaf 

rust differential seedlings of 26 lines with morocco as 

susceptible check were inoculated with each single 

spore leaf rust culture by using fine atomizer. One 

hour after inoculation the mineral oil was evaporated 

from the leaves surface and seedlings were shifted to 

the humid chamber for overnight at 22°C. The 

seedlings were then shifted to the clean chamber of 

glasshouse set at 25°C day and 23°C night 

temperature. The data was recorded after 14 days of 

inoculation at 0-4 scale where infection types 0 to 2+ 

were scored as resistant and infection types 3 to 4 

were scored as susceptible following method defined 

by Staakman et al., 1962.  

Analysis of data: Five sets of four differentials were 

used to determine leaf rust races whereas set 6 was 

sown to check the reaction of particular leaf rust genes 

against these isolates.  

Set 1 Lr1, Lr 2a, Lr2c, Lr3  

Set 2 Lr 9, Lr16, Lr24, Lr26 

Set 3 Lr 3ka, Lr11, Lr17, Lr30 

Set4 LrB, Lr10, Lr14a, Lr18 

Set5 Lr3Bg, Lr14b, Lr20, Lr19 

Set6 Lr13, Lr15, Lr23, Lr27+31, Lr22b, Lr28, Morocco 

Every analyzed isolate was assigned a five letter 

designation based on hexadecimal code adapted for 

virulence nomenclature of P. triticina in North America 

(Long and Kolmer 1989).  

RESULTS AND DISCUSSION  

During 2017-18 wheat cropping season, collection and 

revival of leaf rust samples from Province Sindh of 

Pakistan were multiplied and subjected to the virulence 

analysis. Total 11 isolates were revived resulting in 

seven different leaf rust pathotypes/races, confirmed 

on leaf rust differential sets. Pathotype LKTSS found 

virulent to Lr1, Lr16, Lr24, Lr26, Lr3ka, Lr11, Lr17, 

Lr30, LrB, Lr10, Lr14a, Lr3BG, Lr14b, Lr20, Lr13, Lr15, 

Lr23 and Lr22b was the most frequent pathotype at 

36.36% found in 2017-18 leaf rust cultures collection. 

Pathotype LKFJS virulent to Lr3, Lr16, Lr24, Lr26, Lr17, 

Lr30, Lr10, Lr14a, Lr3BG, Lr14b, Lr20, Lr13, Lr15, Lr23 

and Lr22b was the second most common pathotype at 

18.18% found in collection. All remaining pathotypes 

were found as single culture in collection (Figure 1). All 

the races were virulent to Lr1, Lr16, Lr24, Lr26, Lr30, 

Lr10, Lr14a, Lr3bg, Lr14b, Lr20, Lr13, Lr15, Lr23 and 

Lr22b along with susceptible check morocco. The leaf 

rust isogenic lines including Lr2a, Lr9, Lr19, Lr27+31 

and Lr28 were found completely resistant to all the 

inoculated races. The Pathotype PKKSS was the only 

race that confirmed virulence to gene Lr2c whereas 

gene Lr2c showed resistance against all remaining 

races. Similarly, Pathotype MKPSS along with PKKSS 

found virulent to Lr3. All the pathotypes were found 

virulent to Lr17 except LKHSS that exhibits low 

infection type (LIT) on Lr17. Leaf rust gene Lr18 found 

resistant against all races except LKFKS. The response of 

the isogenic leaf rust differential lines reflected in Figure 

2 and the avirulence/virulence of the pathotypes listed 

in Table 1. LKTSS was the most frequent race observed 

in current studies and LKTSS isolated from the samples 
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of District Mirpur Khas. The second most frequent 

pathotype LKFJS was isolated from two districts of Sindh 

i.e. Tando Muhammad Khan and Nausheroferoz. Along 

with district Mirpur Khas the pathotype LKTSS was also 

confirmed from the sample of district Omer Kot. Race 

MKPSS isolated from the samples of district Matiari only. 

PKKSS, LKHSS and LKKSS were isolated from the 

samples of district Hyderabad and Nausheroferoz 

respectively. The districts and virulence of these races 

were given in Table 1.  

In Sindh leaf rust disease of wheat has been reported as 

one of the major wheat foliar disease (Khan et al., 2020). 

The leaf rust gene Lr9 was transferred from Aegilops 

umbellulatum (Sears,1956) to Chinese spring wheat and 

its located on chromosome 6B (Sears, 1961). In USA the 

gene Lr9 found susceptible in 1971 after four years of its 

deployment in soft red winter wheat (Shanner et al., 

1972). Similar observations were reported from 

Argentina, Italy (Huerta-Espino 1992) and Brazil. No 

virulence of Lr9 is exists in Pakistan therefore Lr9 

deployment for the improvement of wheat varieties is 

useful. Lr9 was postulated in Pakistani Wheat Variety 

“Marvi” by Rattu, 2006.  

In Pakistan virulence for Lr19 is still absent and it 

provides excellent barrier in terms of protection. Despite 

of usage potential for improvement the utilization of 

Lr19 is limited since its translocation linked with yellow 

flour pigment (Knott, 1980). Lr19 is positioned on 

chromosome 7AL and associated with Sr25 (McIntosh et 

al., 1976 & Eizenga, 1987). During the current study 

Lr19 found completely resistant against all races.  

Similar to Lr9 and Lr19 the leaf rust gene Lr28 also 

found resistant against all prevailing isolates. Therefore, 

the incorporation of such resistant genes in national 

wheat breeding programs plays vital role in disease 

resistance and ultimately in crop production.  Three 

years studies revealed that Lr9, Lr19 and Lr28 displayed 

zero reactions and showed resistance against all 

prevailing virulence’s of leaf rust (Chaudhry et al., 1996) 

and these outcomes also confirms the recent finding. 

Due to the frequency of leaf rust resistance genes Lr1, 

Lr3, Lr10, Lr13, Lr16 and Lr26 in Pakistani Wheat 

Commercial varieties the virulence frequency of these 

were also high (Hussain et al.,1979). Furthermore Mirza 

et al., (2000) also revealed their occurrence in Pakistani 

wheat commercial varieties by gene postulation. The leaf 

rust virulence of commercial varieties like Fakhr-e-

sarhad and Tatara that are growing in northern areas of 

Pakistan also found in Nawabshah and Karachi (Fayyaz 

et al., 2008). Therefore, by keeping in view the virulence 

pattern such wheat commercial should not be permitted 

to grow in other hot spots. The commercial varieties 

growing in Sindh including Bakhtawar and Tatara have 

Lr26 (Rattu, 2006) whereas Sarsabaz caring Lr16 found 

susceptible to leaf rust (Fayyaz et al., 2008). Lr10 was 

found susceptible against all races at all districts during 

current research work and wheat commercial varieties 

including Auqab-2000, Anmol-91, Zarghoon, Punjab-96, 

Soghat-90, Margalla-99, Chakwal-86 and Inqilab-91 

contains Lr10 in its blood line.  

 

Table 1. Avirulence/Virulence patterns of Puccinia triticina races 

Race Avirulence/Virulence 

MKPSS Lr2a, Lr2c, Lr9, Lr11, Lr18, Lr19, Lr27+31, Lr28/ Lr1, Lr3, Lr16, Lr24, Lr26, Lr3ka, Lr17, Lr30, LrB, 

Lr10, Lr14a, Lr3bg, Lr14b, Lr20, Lr13, Lr15, Lr23, Lr22b  

LKTSS Lr2a, Lr2c, Lr3, Lr9, Lr18, Lr19, Lr27+31, Lr28/ Lr1, Lr16, Lr24, Lr26, Lr3ka, Lr11, Lr17, Lr30, LrB, 

Lr10, Lr14a, Lr3bg, Lr14b, Lr20, Lr13, Lr15, Lr23, Lr22b 

LKFKS Lr2a, Lr2c, Lr3, Lr9, Lr3ka, Lr11, LrB, Lr19, Lr27+31, Lr28/ Lr1, Lr16, Lr24, Lr26, Lr17, Lr30, Lr10, 

Lr14a, Lr18, Lr3bg, Lr14b, Lr20, Lr13, Lr15, Lr23, Lr22b 

LKKSS Lr2a, Lr2c, Lr3, Lr9, Lr3ka, Lr18, Lr19, Lr27+31, Lr28/ Lr1, Lr16, Lr24, Lr26, Lr11, Lr17, Lr30, LrB, 

Lr10, Lr14a, Lr3bg, Lr14b, Lr20, Lr13, Lr15, Lr23, Lr22b 

PKKSS Lr2a, Lr9, Lr3ka, Lr18, Lr19, Lr15, Lr27+31, Lr28/ Lr1, Lr2c, Lr3, Lr16, Lr24, Lr26, Lr11, Lr17, Lr30, 

LrB, Lr10, Lr14a, Lr3bg, Lr14b, Lr20, Lr13, Lr23, Lr22b 

LKFJS Lr2a, Lr2c, Lr3, Lr9, Lr3ka, Lr11, LrB, Lr18, Lr19, Lr27+31, Lr28/ Lr1, Lr16, Lr24, Lr26, Lr17, Lr30, 

Lr10, Lr14a, Lr3bg, Lr14b, Lr20, Lr13, Lr15, Lr23, Lr22b 

LKHSS Lr2a, Lr2c, Lr3, Lr9, Lr3ka, Lr17, Lr18, Lr19, Lr27+31, Lr28/ Lr1, Lr16, Lr24, Lr26, Lr11, Lr30, LrB, 

Lr10, Lr14a, Lr3bg, Lr14b, Lr20, Lr13, Lr15, Lr23, Lr22b 
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Figure1: Leaf Rust races frequency. 

 

 
Figure2. Differentials genes virulence against different races. 

 

The major wheat variety inqilab-91 contains the genes 

Lr10, 27+31 beside this its parental pedigree also have 

Crow and WL-711 the adult plant resistance (APR) that 

shows slow rusting behavior. Therefore, by keeping in 

view the virulence of Lr10 for future wheat breeding the 

leaf rust gene Lr10 should very carefully be selected. 

Lr13 gene associated to Lr23 (McIntosh et al., 1995) is 

responsible for adult plant resistance (APR) whereas at 

seedling stage it’s a temperature sensitive gene. Lr13 is 

present in MH-97, Sairab-92, Wafaq-2001, Parwaz-94, 

Haider-2000 and Zarlashta. Lr26 presents as the 

dominant gene in various spring and winter wheat 

genetically associated to Sr31, Pm8 and Yr9 (Mclntosh et 

al., 1995) is becoming ineffective. Due to Lr26 presence 

and the high virulence it had serious impact on wheat 

production worldwide. As CIMMYT is the key source of 

wheat germplasm with the dominant genes including 

Lr1, Lr3, Lr10, Lr13, Lr16, Lr23, Lr26 and Gatcher 

therefore our common wheat commercial varieties 

claimed these genes in their background (Mirza et al., 

2000). 
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