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Yellow rust caused by Puccinia striiformis f. sp. tritici is a damaging wheat disease in many
countries including Pakistan. Monitoring of pathogen virulences over time and space provides
information for the host resistance improvement and deployment. Virulences were monitored in
three wheat growing zones close to Himalayan region in Pakistan using yellow rust differentials
AVSYTINIL, AvSYrSNIL, AvSYr6NIL, AvSYr7NIL, AvSYr8NIL, AvSYrONIL, AvSYr10NIL,
AvSYrISNIL, AvSYrl7NIL, AvSYrl18NIL, AvSYr24NIL, AvSYr26NIL, AvSYr27NIL,
AvSYr32NIL, AvSYrSPNIL, Jupateco R, Jupateco S, Avocet R and Avocet S during 2010 to
2013. No virulence was observed for Yr/ and YrI7 in the southern zone while Y770 and Yrl5
were found clean in the central and northern (Abbotabad) zones. Y15 indicated susceptibility
during 2011 and 2013 in northern zone (Swat). Performance of other genes fluctuated among
locations and years. Virulences were observed for Y75, Yr24, Yr26 and YrSp at different locations
and years but rust severity of these genes were below 20% during 2010 to 2013 except Yr5 which
was high at one location in the central zone. Similarity index (SI) among locations of three zones
indicated a high degree of similarity between Peshawar 1 and Abbotabad (SI=0.13). All locations
have little similarity among each other’s except Peshawar 1 and Bannu (SI=27.72) and Bannu and
Abbotabad (SI=27.6) which had highest dissimilarity to each other. Both Yr/0 and Yr/5 can be
used in the wheat improvement programs along with Y78 to prolong the effective life span of
cultivars for durable protection against yellow rust in Pakistan.

Copyright © 2015 Muhammad Ibrahim et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Wheat diseases are one of the major production constraints
and yellow rust is a high profile economically important

Wheat is an import crop worldwide and is being grown on 223
million ha (http://www.indexmundi.com/agriculture/
?commodity=wheat). Yellow rust caused by Puccinia
striiformis Westend. f. sp. tritici Erikss., is an economically
important wheat disease in different regions of the world and
its epidemics are common and repeatedly occur in many
countries (Wellings, 2011). Yellow rust is the most damaging
in reducing grain yields (Singh et al., 2000b) and posing a
major threat to wheat production in Asia where 43 million ha
of farmland is vulnerable to it. Pakistan lies in Asia and
occupies the top 9™ and 8™ positions in the world with regard
to wheat acreage and production, respectively.

*Corresponding author: Dr. Syed Jawad Ahmad Shah
Nuclear Institute for Food and Agriculture (NIFA) Tarnab, Peshawar
(Khyber Pakhtunkhwa), Pakistan

disease capable of attacking 70% of the wheat area in Pakistan
(Singh et al., 2005). Thirteen yellow rust epidemics were
reported from Pakistan (Afzal et al., 2008; Duveiller et al.,
2007). Four major epidemics were recorded in 1978, 1997-98
and 2005 and caused respective losses of US$244 million, $33
million and $100 million to Pakistan economy (Duveiller et
al., 2007; Bahri et al., 2011). Yellow rust pathogen exhibit two
major biological characteristics that make continued
monitoring as an essential and absolute requirement. Firstly,
they have the capacity of rapid and long distance movements,
either by air or by accidental human transmission. Secondly,
rust pathogens have the potential to change and evolve new
virulences through mutation or sexual recombination (Park
2007). Monitoring of the yellow rust virulences in different
regions help to understand the current genetic variability of
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host-pathogen interactions. In addition, information on
virulence is also useful in screening cultivars or breeding lines
for the determination of resistance levels and exploitation of
new resistance genes (Sharma-Poudyal et al., 2013). Yellow
rust pathogen virulence monitoring using trap nurseries is a
well adopted practice in many parts of the world including
Kyrgyzstan, Turkey, Hungary, Pakistan, Morocco, Russia,
Iraq, Iran and Nepal (Absattarova et al., 2002; Cetin et al.,
2002; Manninger 2002; Anonymous 2002; Ramdani et al.,
2011b; Volkova et al. 2011; Nori and Maaroof 2012;
Aslanova et al., 2012; Sharma et al., 2012).

Deployment of trap nurseries utilizing isogenic lines for the
assessment of pathogenic variation in P. striiformis offers
several advantages as it provides a cost-effective means of
pathogenicity assessment by alleviating reliance on sample
collection, multiplication and processing through expensive
environmentally controlled greenhouses (Wellings et al.,
2000). At least 53 yellow rust resistance genes have been
identified (McIntosh et al., 2010 and USDA 2010) but very
few were exploited in Pakistan (Shah ef al., 2010; Bahri ef al.,
2011). Northwest of Pakistan is an important region with
regard to yellow rust occurrence and is located close to the
center of diversity of the pathogen (Ali 2012).Therefore an
initiative was undertaken on a regular bases to monitor
pathogen virulences, potential of resistance genes and to
compare test locations for yellow rust similarity. A recent four
year result (i. e 2010-2013) under this initiative are reported
which may be useful for the national wheat improvement in
Pakistan and neighboring countries for developing new
cultivars with effective genes.

MATERIALS AND METHODS

Study area

Experiments were carried out at six wheat growing locations
in three zones i.e. Southeren (Bannu, Elevation: 360 m),
Central (Peshawar 1, Elevation: 316m; Peshawar 2, Elevation:
316m; Nowshara, Elevation: 331m) and Northern (Abbotabad,
Elevation: 1256m; Swat, Elevation: 880m). These locations
fall within CIMMYT mega-environment 1, 2B, 4 and 8§
(http://wheatatlas.org/search) and are located close to
Himalayan region in the northwest of Pakistan where yellow
rust is more serious (Chatrath et al., 2007), over-summering is
common (Hassan 1968), prevalence of alternate host (Ali et
al., 2014) and is also located at the gateway of the new rust
races entering from neighboring countries (Rajaram et al.,
1998; Singh et al., 2002, 2005).

Host material and sowing

Yellow rust near isogenic differentials (NILs) including
AvSYrINIL, AvVSYrSNIL, AvSYroNIL, AvSYr7NIL,
AvSYr8NIL, AvSYrONIL, AvSYrlONIL, AvSYrl5SNIL,
AvSYr17NIL, AvSYrl18NIL, AvSYr24NIL, AvSYr26NIL,
AvVSYTr27NIL, AvSYr32NIL, AvSYrSPNIL, Jupateco R
(Yr18), Jupateco S (Null), Avocet R(YrA) and Avocet S
(Null) were provided by Dr. Colin R. Wellings of Plant
Breeding Institute, Cobbitty NSW, Australia. A plot with 19
differentials was planted at each location and year. Each
differential was planted in a mini-plot consisting of two

parallel rows 2 m long and 60 cm apart at a rate of 4 g of seed
per row. Two rows of a yellow rust susceptible wheat cultivar
“Morocco” were sown around experimental plot at each
location during the study years to enhance rust development.

Yellow rust scoring and virulence frequency

Inspection of the differentials was started as soon as the first
yellow rust symptoms appeared on the leaves. Several
inspections were made over time during the cropping seasons.
Infection types (ITs) were scored on flag leaves using 0-9
scale, where 0 = no symptoms and 9 = abundant sporulation
without necrosis or chlorosis. In this scale, ratings between 0
and 3 are considered to be resistant reactions; 4 to 6 are
intermediate and 7 to 9 are susceptible (Line and Qayoum
1992). Infection type was considered avirulent when IT falls
within 0-6 while 7-9 indicate presence of virulence in the
natural rust population at each location to the respective gene.
Yellow rust severity was also estimated visually on flag leaves
using a modified Cobb scale of 0-100%, where 0% = no
symptoms and 100% = maximum symptoms (Peterson et al.,
1948). The frequency of infection of each genotype was
calculated as the relative percent frequency of infection of
susceptible lines over four years at all the testing sites in
northwest of Pakistan (Yahyaoui et al., 2002).

Similarity index and rust severity analyses

Yellow rust severity of the 19 differentials recorded from 2010
to 2013 at six locations in three zones was compared in all
pair-wise combinations. For these comparisons, a similarity
index (SI) was calculated for each pair based on absolute
differences in the percent rust severity on the differential series
using the following equation:

N
SI= IN Y
i=1

| PPy |

where N is the number of host lines in the differential set
(=19), P the percentage of rust severity of the ith differential
line at site A, and PiB the percentage of rust severity of the ith
differential line at site B (Leonard et al., 2005). Thus locations
among three zones with the same percentage of rust severity
for all differential lines would have a SI of 0.0. A greater
difference in the percentage of rust severity between a pair of
sites indicates a lower similarity of the yellow rust population
between these sites. The mean percentage of rust severity for
the 19 differential lines cultivated at six locations in three
zones from 2010 to 2013 was analyzed and treatment means
were compared using Fisher least significant difference test
using Minitab 17 Statistical Software (2010).

RESULTS

Yellow rust mean severity and infection types varied among
test locations and years (Fig.la & b) in three zones. Three
locations (i.e. Peshawar 1, Peshawar 2 and Abbotabad) had
almost similar mean rust severity (around 40%) which was
followed by Swat (20.17%), Nowshara (16.57%) and Bannu
(13.33%). Maximum mean IT (i.e. 6.32) was recorded in
Peshawar 2 while both Peshawar 1 and Abbotabad had IT little
higher than 5.
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Fig. 1a. Yellow rust mean infection types (IT) and severity at six
locations in northwest of Pakistan during 2010-2013
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Fig. 1b. Yellow rust mean infection types (IT) and severity over
six locations in four years in northwest Pakistan

Bannu, Nowshara and Swat had almost similar mean ITs
around 4.96. Lowest mean rust severity was recorded during
2013 (23.77%) which was little less than 2010 while
maximum was observed in 2011 (36.27%) (Fig.1b). In Bannu
(Southeren zone), virulences were recorded for each of the 9
genes during 2011 and 2012 while susceptibility in number of
genes increased to 17 during 2013 (Table 1). Over three years,
high IT of ‘8" was displayed by genes Yr5, Yr6, Yr7, Yré,
Yr26, Yr27 and Avocet S while their corresponding mean rust
severities were 16.67%, 50%, 33.33%, 18.33%, 11.67%,
18.33% and 30%, respectively (Table 2). During both 2011
and 2012, no rust was observed on Y79, Yr10, Yrl8, YrSp and
Jupateco R while Yr/ and Yr17 were found rust free over the
study period at Bannu. In the Central zone, virulences were
recorded over four years for 12-16 genes at Peshawar 1, 9-17
genes at Peshawar 2 and 8-16 genes at Nowshara. At Peshawar
1, Peshawar 2 and Nowshara, genes Yrl, Yr6, Yr7, Yr8, Yri8,
Yr32, Jupateco S, Avocet R and Avocet S were found
susceptible and their corresponding mean rust severities over
four years were 6.25-55%, 30-85%, 37.5-85%, 10-57.5%,
15-37.5%, 6.25-60%, 27.5-55%, 37.5-77.5% and 45-70%,
respectively (Table land 2). Yr5 was found susceptible at
Peshawar 1, Yr9 at Peshawar 2, Yrl7 at both Peshawar 2 and
Nowshara, Yr27 at Peshawar 2, YrSp at Peshawar 1, and
Jupateco R at both Peshawar 1 and Nowshara while ITs and
rust severity of these genes fluctuated and remained

inconsistent over years and locations in the central zone. Rust
severity of both Yr24/Yr26 was low at the three test locations;
however, their infection types fluctuated within years. No
virulence was detected for both Y»/0 and YrI5 in the central
zone during the study period. Number of genes for which
virulences were found varied between 10-14 in the Northern
Zone. At Abbotabad and Swat, genes Yrl, Yr6, Yr7, Yr8, Yri8,
Jupateco S, Avocet R and Avocet S were found susceptible
and the mean rust severities for the corresponding genes
reached up to 35%, 90%, 60%, 37.5%, 45%, 90% and 85%
(Table 1 and 2). Both Y75 and Yr/5 were found susceptible at
Swat while Yr24 and Yr32 displayed susceptibility at
Abbotabad and Swat respectively. ITs and rust severity for
Yr9, Yri7, Yr26, Yr27 and YrSp varied among years/locations
in the northern zone. No virulence was observed for Yr5
(Abbotabad), Yr/0 (Abbotabad & Swat), Yri/5 (Abbotabad)
and Yr24 (Swat). The frequency of virulence to Yr resistance
genes (Table 1) was determined based on infection of genes
under field conditions over locations and years in Northwest
Pakistan. Virulence frequency for most of the genes i.e. Yr/,
Yrs, Yré, Yr7, Yr8, Yr9, Yri7, Yr27, Yr32, Jupateco R (Yri8)
Jupateco S (lacking Yr18), Avocet R (YrA) Avocet S (lacking
Yrd4) were >50%. Virulence frequencies for Yr/0 and Y15
were 5 and 20% respectively and resistance of both these
genes was effective. Virulence frequencies to the remaining
genes Yr24/Yr26 and YrSp were upto 50% and carried
moderate resistance. During each year from 2010 to 2013,
mean rust severity for Yrl0, Yri5, Yr24, Yr26 and YrSp
remained below 20%. Mean rust severity for Yr5 was 43%
during 2012 while in 2011 and 2013 it was around 20%.
Severity means for Yr/8 was less than 30% for each year

(Fig 2).

Severity

MRWJMH

Yr# Yrio Yrig Yris Y24 Yr26 YrSp

m2010 #2011 =2012 m2013

Fig. 2. Yellow rust severity means of selected genes over four
years for six locations in northwest Pakistan

The SI was calculated as the mean absolute difference in the
percentage of natural yellow rust on the differential series.
Spatial similarity in degree of virulence profiles of P.
striformis f. sp. tritici populations among pair of test locations
in descending order were Peshawarl:Abbotabad (SI= 0.13),
Nowshara: Swat (SI=3.60), Bannu: Swat (S[=6.84),
Peshawarl: Peshawar2 (SI= 8.16), Nowshara: Bannu
(SI=12.07), Peshawal: Nowshere (SI=12.5), Peshawarl: Swat
(SI=15.53), Peshawar2: Swat (SI=18.77), Abbotabad: Swat
(S1=20.74),  Peshawar2:Nowshara (SI=22.37), Nowshara:
Abbotabad (SI=24.34), Peshawar2: Abbotabad (SI=22.43),
Peshawar2: Bannu (SI=25.61), Bannu: Abbotabad (SI=27.6),
Peshawal: Bannu (SI=27.72) (Table 3).
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Table 1. Infection types of 19 Near Isogenic wheat differential lines cultivated at six locations in three zones of northwest Pakistan from 2010 to 2013

Diff ol Yr Southern zone Central zone Northern zone Virulence
ticrentials genes Bannu Peshawar 1 Peshawar 2 Nowshara Abbotabad Swat Frequency (%)
2011 2012 2013 2010 2011 2012 2013 2010 2011 2012 2013 2010 2011 2012 2013 2011 2013 2011 2012 2013
AvSYrINIL Yrl 0 0 0 7 7 8 8 0 8 8 8 0 7 8 8 8 8 7 8 8 75
AvSYrSNIL Yrs 8 8 8 0 8 8 8 0 0 8 8 0 0 8 7 0 0 0 8 7 60
AvVSYr6NIL Yré 8 8 8 7 8 8 8 8 8 0 8 7 8 8 8 8 8 8 8 8 95
AvVSYr7NIL Yr7 6 8 8 8 8 8 8 8 8 0 8 8 8 8 8 8 8 8 8 8 90
AvSYr8NIL 8 8 8 8 8 7 8 8 8 8 8 8 8 8 0 8 8 8 7 8 8 95
AvVSYrONIL Yr9 0 0 8 8 0 8 0 7 8 8 8 7 8 0 0 8 0 8 0 0 55
AvSYrl1ONIL Yrio 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5
AvSYrI5NIL Yris 8 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 8 20
AvSYrl17NIL Yri7 0 0 0 8 7 0 0 7 8 8 8 7 8 0 7 8 0 8 0 0 55
AvSYrl18NIL Yri8 0 0 8 8 7 8 7 0 8 8 8 8 8 0 8 8 8 7 0 7 75
AvSY124NIL Yr24 0 8 7 0 8 0 5 0 0 8 8 6 0 0 8 8 8 0 0 0 40
AvSYr26NIL Yr26 8 8 8 0 7 8 8 0 0 0 8 0 0 0 7 0 8 0 0 8 50
AvSYr27NIL Yr27 8 8 8 8 8 0 0 8 8 8 8 7 7 0 8 8 0 0 8 8 75
AvSYr32NIL Yr32 8 0 8 8 8 8 8 0 8 8 8 7 0 8 8 8 0 8 8 8 80
AvSYrSPNIL YrSp 0 0 8 8 7 0 8 0 0 8 8 0 0 0 8 0 8 8 0 0 45
Jupateco R Yri8 0 0 8 0 7 8 8 0 7 0 8 7 8 8 8 8 8 0 0 8 65
Jupateco S Null 0 8 8 0 8 8 8 8 8 0 8 7 7 0 8 8 8 8 8 8 80
Avocet R Yrd 8 0 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 0 8 8 90
Avocet S Null 8 8 8 8 8 8 0 8 8 8 8 8 8 7 8 8 8 8 8 8 95

Table 2. Mean natural yellow rust severity percentage on 19 Near Isogenic wheat differential lines cultivated at six locations in three zones of northwest Pakistan from 2010 to 2013

Differential v Southern zone Central zone Northern zone
HHerentias T genes Bannu Peshawar 1 Peshawar 2 Nowshara Abbotabad Swat
AvSYrINIL Yrl 0 D 55 ABCDE 42.5 ABCD 6.25 DEF 35 AB 30 ABC
AvSYr5NIL Yrs 16.67 BCD 67.5 ABC 22.5 BCD 3.75 EF 0 B 16.67 ABC
AvSYr6NIL Yré 50 A 85 A 50 ABC 30 ABC 90 A 46.67 A
AvSYr7NIL Yr7 33.33 AB 85 A 52.5 ABC 37.5 AB 60 AB 40 AB
AvSYr8NIL Yr8 18.33 BCD 37.5 BCDEFG 57.5 AB 10 CDEF 37.5 AB 21.67 ABC
AvVSYTONIL Yr9 1.67 D 42.5 BCDEF 50 ABC 15 BCDEF 50 AB 13.33 ABC
AvSYrl1ONIL Yrio 1.67 D 0 G 0 D 0 F 0 B 0 C
AvSYrl5NIL Yris 8.33 D 0 G 0 D 0 F 0 B 28.33 ABC
AvSYrl7NIL Yri7 0 D 22.5 DEFG 57.5 AB 18.75 BCDEF 50 AB 13.33 ABC
AvSYrl18NIL Yri8 10 CD 37.5 BCDEFG 37.5 ABCD 15 BCDEF 45 AB 16.67 ABC
AvVSYr24NIL Yr24 5 D 7.5 FG 30 ABCD 2.5 EF 10 B 0 C
AvVSYr26NIL Yr26 11.67 CD 15 EFG 5 D 1.25 F 2.5 B 1.67 C
AvSYr27NIL Yr27 18.33 BCD 30 CDEFG 70 A 25 ABCDE 80 A 8.33 BC
AvSYr32NIL Yr32 10 CD 60 ABCD 37.5 ABCD 6.25 DEF 25 AB 11.67 ABC
AvSYrSPNIL YrSp 6.67 D 25 DEFG 12.5 CD 2.5 EF 2.5 B 16.67 ABC
Jupateco R Yri8 1.67 D 25 DEFG 17.5 BCD 31.25 ABC 30 AB 1.67 C
Jupateco S Null 13.33 BCD 37.5 BCDEFG 55 ABC 27.5 ABCD 90 A 40 AB
Avocet R Yrd 16.67 BCD 717.5 AB 72.5 A 37.5 AB 85 A 30 ABC
Avocet S Null 30 ABC 70 ABC 70 A 45 A 85 A 46.67 A
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Table 3. Average similarity (%) of natural infection on Near
Isogenic wheat differential lines cultivated at six locations in
three zones of northwest Pakistan from 2010 to 2013

Regions Peshawar 2 Nowshara Bannu  Abbotabad Swat

Peshawar 1 8.16 12.5 27.72 0.13 15.53

Peshawar 2 22.37 25.61 22.43 18.77

Nowshara 12.07 24.34 3.60

Bannu 27.6 6.84

Abbotabad 20.74
DISCUSSION

Effective and relevant surveys of variability of the pathogens
are fundamental to the achievement of genetic control of the
cereal rusts (McIntosh et al., 1995). Yellow rust severity,
infection types and number of virulences varied for the tested
genes among years and test locations in Pakistan. Among
tested genes, virulence frequency was upto 90% for Yr6, Yr7,
Yr8 and YrA in the natural rust populations across locations
and years in northwest of Pakistan. Pathotypes carrying
virulences for Yr6, Yr7 and Yr§ are known previously from
Pakistan (Ahmad, 2002) and elsewhere (El-Daoudi et al.,
1996; Hakim et al., 2002). Virulence for YrA4 was prevalent in
the current study which was detected in 1977 for the first time
in Pakistan (Hussain et al., 2004), soon after introduction of
the resistance gene Y74 in old wheat cultivars (Wellings ef al.,
1988). Virulence for Y78 was detected in Pakistan during 1970
(Hussain et al., 2004) and its widespread prevalence in this
study could be due to the worldwide use of this gene from
Aegilops comosa and its common presence in grasses (Stubbs
1985). Virulence for Yr8 was also reported from Middle East
(Hakim and Mamluk, 1996), England (Johnson et al., 1978),
Australia (Wellings, 1988), Iran (Nazari and Torabi, 2000) and
United States (Chen et al., 2002).

Virulences for Yr/ and Yri7 were reported from parts of
Pakistan (Sharma-Poudyal et al., 2013) but current study has
shown their effectiveness over three years in the southern
zone. Similar results regarding both Yr/ and Yrl7 were
reported from Iran (Elyasi-Gomari and Petrenkova, 2011) and
Egypt (Shahin et al., 2014). Virulence for Yr9 was observed in
the current study but it was inconsistent among locations and
years. Despite the breakdown of Yr9, the migration of this new
pathotype from the Eastern African highlands to North Africa,
West Asia and South Asia up to Nepal (Singh et al., 2005) was
damaging. In Pakistan, two Y79 based cultivars (i.e. Pirsabak-
85 and Pak-81) resistance broke down which were extensively
grown during 1994-95 in the northwest and rainfed areas of
Punjab (Shah et al., 2003; 2005) and race 134E150 was
responsible for the epidemic (Hussain et al., 2004). However,
virulence for Yr9 has declined since 2008 in northwest
Pakistan (Shah, 2010) which may be due to the withdrawal of
Yr9 based cultivars from the seed production system. It is not
wise to promote Y79 in the national wheat germplasm which
was recently confirmed in several candidate lines (Begum et
al., 2014). Several resistant cultivars released in the region
(Inqgilab-91 in Pakistan) following the epidemics on Y79 which
were protected by Y727. Evidence of the presence of virulence
for Yr27 started emerging in Pakistan under field conditions
during 2003 which was confirmed in 2004 and was also
reported from neighboring countries (Duveiller et al., 2007).

Cultivation of Inqilab-91 carrying race specific resistance gene
Yr27 on a larger scale lead to greater genetic uniformity and
consequently greater vulnerability resulted in an epidemic
during 2005 when resistance of Inqilab-91 broke down in
northwest Pakistan (Duveiller et al., 2007). Virulence
frequency of Yr27 was >70% in the current study which is a
great threat to Attila and Kauz based varieties. Virulences
were not observed in the central zone during 2010 for Y75,
Yri0, Yri5 and Yr24/Yr26 which is in agreement (except
Yr15) with (Ali 2012). Field evidence of virulences for Y75,
Yri0, Yris, Yri8, Yr24/Yr26, Yr32 and YrSp started emerging
in different zones/years after 2010 in northwest of Pakistan. In
the current study, virulence frequency for Yr5 was 60% and
that of Y75 remained 20%. Both Y5 and Yr/5 were effective
in many countries including Pakistan (Shah et al. 2010;
Sharma-Poudyal et al., 2013; Wan and Chen 2014). However,
yellow rust isolates virulent to Y75 have been reported in India
and Australia and isolates virulent to Y15 has been reported
from Afghanistan (McIntosh et al., 1995). Virulence
frequency for Yr/0 was low (5%) in the current study and the
presence of Yri0 virulence in Southeast Asia, Nepal, and
Pakistan differed from the findings of Stubbs (1985) and
Hovmeller et al. (2008).

Virulence frequency for Yr24/Yr26 was up to 50% and that of
Yr32 was 80% in the present study, isolates virulent to these
genes have been reported from many countries including
Pakistan (Sharma-Poudyal et al., 2013). Virulence frequency
for YrSp was <50% in the current study but no information
regarding this virulence existed in Pakistan during the past.
Virulence to Spaldings Prolific, which is being used in the
European set of differentials, was reported in many other
countries in late 1960s and early 1970s (Mclntosh et al.,
1995). Furthermore, it was also reported recently from China,
Turkey and Uzbekistan (Sharma-Poudyal et al., 2013).
Virulence frequency for adult plant slow rusting resistance
gene Yri8 was 65%, however, less disease severity was
recorded across northwest of Pakistan on Y7/8 in comparison
with differential lacking this gene. Significant effect of Yr/8
on latent period and infection frequency is reported (Qamar et
al., 2012) which is more pronounced at flag leaf and the gene
is more effective at later stages of plant growth.

Dissimilarity among the virulence profiles of P. striiformis. f.
sp. tritici at test locations in the current study may be due to
several facts. Wheat cropping cycle has variability depending
on the region in northwest Pakistan and it stretches from
November to July and the crop is also available during
summer from May to September in some areas. Frequent
yellow rust occurrence is common in areas where weather
favors over summering of the pathogen. Under suitable
climate, about 80 species of rust fungi (including P.
striiformis. f. sp. tritici) are reported from Pakistan on 93
poaceous host plant (Afshan and Khalid, 2013) while around
the world, yellow rust fungus can over season on more than
300 species of grasses from 50 genera in addition to its
primary host wheat (Sharma-Poudyal ef al., 2013). Apart from
this, occurrence of yellow rust alternate host Berberis is
reported in the adjacent areas of Bannu (Shah et al., 2013),
Peshawar and Nowshara (Sher et al., 2011), Abbotabad and
Swat (Ali and Khan, 1978).



3656 Sved Jawad Ahmad Shah et al. Virulence patterns of wheat vellow rust and effective resistance genes to Puccinia striiformis F. Sp. tritici in Pakistan

Virulence to most of the specific resistance genes was
common and location factor as assessed by similarity index of
yellow rust was not consistent in northwest Pakistan.
However, Yri0 and Yri5 were considered to have very high to
high resistance level and can be used in combination with
race-non-specific genes (like Yr/8) for wheat-breeding to
achieve sustainable control of stripe rust in Pakistan. Further
detailed study is needed to investigate the climatic suitability
among locations/zones for confirming the degree of
dissimilarity recorded in the virulence profiles of P.
striiformis. f. sp. tritici in the current study
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