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Introduction

Yellow rust caused by P. striiformis f. sp tritici is one 
of the most important foliar diseases of wheat 

around the world (Welling, 2011) including Asia 

where it can affect 43 million ha (Singh et al., 2004). 
Out of the total 9 million ha of wheat acreage in Pa-
kistan, 70% is prone to yellow rust (Bahri et al., 2011) 
and during different periods have caused 13 epidemics 
resulting in huge financial losses (Afzal et al., 2008). 
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Figure 1: Map of Pakistan and the survey districts representing southern, central and northern wheat production 
zone in Khyber Pakhtunkhwa (KPK) province.

During 2005, sever yellow rust epidemic in KPK 
incurred 100 million US$ loss to Pakistan economy 
(Duveiller et al., 2007). Yellow rust is more serious 
in the KPK region of Pakistan and several factors 
contributed to these historical yellow rust epidemics 
including monoculture and resistance breakdown of 
specific cultivars (Inquilab-91: Duveiller et al., 2007; 
Pirsabak-85 and Pak81: Ehsan et al., 2003), pathogen 
migration and development of races with new viru-
lences and new combinations of previously existing 
virulences that circumvent resistance genes in grown 
cultivars (Ali, 2012; Chen, 2007), presence of alter-
nate host and prevalence of favorable environment 
(Ibrahim et al., 2015; Chatrath et al., 2007). Under 

these unique and peculiar regional factors and its 
proximity to the center of diversity of P. striiformis f. 
sp tritici (Ali, 2012), yellow rust surveillance for spa-
tial-temporal development and information regard-
ing deployed cultivars becomes much more important 
and are essential for sustainability of crop protection 
and improvement initiatives. Such surveys are well 
documents from other regions of the world including 
North America, Central Asian Republics (Aslano-
va et al. 2012), China, Africa (Amil et al., 2012) and 
Asia (Anonymous, 2015). 

This paper reports recent comprehensive yellow rust 
surveillance results and the status of wheat cultivars 
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deployed in districts representing southern, central 
and northern wheat production zones in KPK prov-
ince of Pakistan during 2012 (Figure 1). 

Materials and Methods

Districts and area surveyed 
Yellow rust surveillance was carried out during 2012 
in 5 rainfed districts of the southern zone (Karak, 
DIKhan, Bannu, Lakki Marwat, Kohat), 5 medium 
rainfall districts of the central zone (Mardan, Sawabi, 
Nowshara, Charsada, Peshawar) and 4 high rainfall 
districts of the northeren zone (Swat, Manshera, Hari 
Pur, Abbotabad) of Pakistan Khyber Pakhtunkhwa 
(KPK) Province. Surveillance was carried out in three 
stage cluster sampling technique. In the 1st step, KPK 
was divided into 3 zones, namely southern, central 
and northern. In the 2nd step, districts are selected 
within each zone. In the 3rd stage, locations were se-
lected within each district based on proportional allo-
cation (the greater district area the greater number of 
locations/fields are selected). In the total 14 districts, 
a total of 1582 fields were surveyed in the three wheat 
production zones which corresponded to 4672 acres. 

Crop growth stage and rust assessment
Wheat growth stage in each field was determined us-
ing growth stage key and plants were classified into 
different distinct development phases as described by 
Zadoks (1972). Yellow rust incidence was estimated 
following general procedure in the diagonal transects 
(Mercer and Ruddock, 2004) for each field. Disease 
incidence was assessed at three sites on each of the 
field transect by following the following formula: 

Yellow rust severity from 1-100% of leaf tissue rusted 
was assessed as reported by Peterson et al. (1948). The 
severity was recorded four times per field and then 
converted into mean value.

Rust impact assessment
Field impact factor (FIF) for yellow rust of each field 
was quantified by adopting below mentioned procedure 
in an attempt to evaluate the relative damage of yellow 
rust in each surveyed region (http://library.ndsu.edu/
tools/dspace/load/?file=/repository/bitstream/han-
dle/10365/6159/farm_45_05_01.pdf ?sequence=1). 

Results and Discussion

Yellow rust surveillance results and the status of wheat 
cultivars deployed in each zone are described below. 

Southeren zone
Over 500 wheat fields comprising an area of 1786 
acres were inspected in Karak, Dera Ismail Khan, 
Bannu, Lakki Marwat and Kohat. Yellow rust was 
prevalent in these five districts and incidence ranging 
from 6-25%, 26-40% and >60% were observed in 5%, 
2% and <1% of the inspected fields, respectively (Ta-
ble 1). Frequency of yellow rust severity classes 3, 4, 5, 
6, 7, and 9 were <1, 5, 2, 1, and <1 respectively (Table 
2). In southern zone, 177 acres were affected by yel-
low rust which is about 10% of the total area surveyed. 
Maximum area of 115 acres was affected in D I Khan 
district which was 20% of the total inspected area in 
southern zone. In the remaining districts, collectively 
it was 62 acres which was 18% of the total area (Ta-
ble 1). Maximum field impact or damage of yellow 
rust was estimated at field scale in Bannu (FIF: 121) 
which was followed by Lakki Marwat (107), Bannu 
(45), Kohat (34.5) and Karak (6.25) (Table 1).

In this zone, different known and unknown wheat 
cultivars were deployed. Nine cultivars in Karak, 15 
in Dera Ismail Khan 12 each in Bannu and Lakki 
Marwat and 13 in Kohat (Table 3) Prominent cul-
tivars in Kohat (Pirsabak-2004 and Sehar-2006), 
Karak (Sehar-2006 and Bhakkhar-2002), Bannu (Si-
ren-2010, Inqilab-91 and Sehar-2006), Laki Marwat 
(Bhakkhar-2002, Inqilab-91, Fakhar-e-Sarhad and 
Sehar-2006) and D.I. Khan (Hashim-08 and Se-
har-2006) occupied 63, 71, 69, 78 and 72% of the area 
in each district, respectively. 

Central zone
Surveillance of 743 wheat fields was carried in 
Mardan, Sawabi, Nowshara, Charsada and Peshawar 
which corresponded 2481 acres. Yellow rust was pre-
velent in these five districts and. incidence ranging 
from 6-25%, 26-40%, 42-60% and >60% were ob-
served in 7%, 4%, 1% and <1% of the inspected fields, 
respectively (Table 1). Frequency of yellow rust sever-
ity classes 3, 4, 5, 6, 7, 8 and 9 were <1, 3, 5, 3, and <1, 
respectively (Table 2). In the central zone, area of 153 
acres was affected by yellow rust which is about 6% of 
the total area surveyed. Maximum area of 39.6 acres 
was affected in Nowshara district which was 10% of 
the total inspected area in the central zone which 
was followed by Mardan (31 acres equal to 10%), 

http://library.ndsu.edu/tools/dspace/load/?file=/repository/bitstream/handle/10365/6159/farm_45_05_01.pdf?sequence=1
http://library.ndsu.edu/tools/dspace/load/?file=/repository/bitstream/handle/10365/6159/farm_45_05_01.pdf?sequence=1
http://library.ndsu.edu/tools/dspace/load/?file=/repository/bitstream/handle/10365/6159/farm_45_05_01.pdf?sequence=1
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Table 1: Yellow rust % incidence, wheat affected area and field impact factor (FIF) in the three zones of Khyber Pa-
khtunkhwa during 2012.
Districts Area 

surveyed
No of fields 
visited

Percent of fields with incidence (%)  Area affected 
(in acres)

% total
  area

FIF
0            1 - 2     3 - 5 6 - 25      26-40    42-60     > 60

Southren Zone
Karak 120.20 47 97.90 0 0 2.13 0 0 0 2   1.7 6.25
DIKhan 565.40 118 95.80 0 0 1.69 2.54 0 0 115  20.3 45.80
Bannu 378.20 133 93.00 0 0 2.25 3.76 0 0.75 25.5   6.7 121.6
Lakki Marwat 346.40 142 88.70 0 0 8.45 2.82 0 0 13.6   3.9 107.9
Kohat 375.50 74 85.10 0 0 12.16 1.35 0 0 21   5.6 34.50
Total/Means 1785.50 514 92.10 0 0 5.34 2.09 0 0.15 177.1   9.9 63.20
Central Zone
Mardan 328.02 145 91.00 0 0 5.52 3.45 0 0 31 9.5 42.20
Sawabi 287.00 120 90.83 0 0 3.33 2.5 2.50 0.83 30 10.5 117.3
Nowshara 380.60 173 86.70 0 0 8.67 4.05 0.58 0.58 39.6 10.4 201.2
Charsada 1097.55 131 85.50 0 0 9.92 2.29 1.53 0.76 24.25 2.2 90.50
Peshawar 388.35 174 83.90 0 0 6.90 8.62 0.57 0 28.5 7.3 107.6
Total/Means 2481.52 743 87.60 0 0 6.87 4.18 1.04 0.43 153.35   6.2 111.8
Northern Zone
Swat 261.40 201 64.68 0 0 2.98 8.46 16.92 6.96 80.75  30.9 416.9
Manshera 30.10 37 62.16 0 0 16.22 8.11 8.11 5.40 10.1  33.6 328.0
Hari Pur  54.00 37 56.76 0 0 13.51 18.92 2.70 8.10 19.1  35.4 334.7
Abbotabad 59 50 50.00 0 0 12.00 16.00 6.00 16 23.4  39.7 498.6
Total/Means 404.5 325                  58.40 0 0 11.2 12.87 8.43 9.12 133.35 33.0 394.6

Table 2: Yellow rust severity recorded in the three wheat production zones of Khyber Pakhtunkhwa during 2012.
Rust Southeren Zone Central Zone Northern Zone
Sever-
ity

Ko-
hat

DI 
Khan

Ban-
nu

Lakki 
Marwat

Karak Mean Mar-
dan

Sawabi Now-
shara

Char- 
sada

Pesh-
awar

Mean Swat Man-
shera

Hari 
Pur

Abbo- 
tabad

Mean

classes Frequency (%) Frequency (%) Frequency (%)
1 98 96 93 89 98 95 91 91 87 85 84 88 65 62 56.8 50 58
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 2.1 0.4 0 0.8 0 0 0 0.2 0 0 0 0 0
4 17 0.8 4.5 3.5 0 5.2 4.8 0.8 1.2 2.3 3.4 2.5 1.5 0 0 2.0 1
5 2.1 2.5 0 4.2 0 1.8 2.8 4.2 3.5 6.1 6.3 4.6 2.0 10.8 10.8 14.0 9
6 2.1 0.8 1.5 0.7 0 1.0 1.4 3.3 3.5 5.3 3.4 3.4 8.0 13.5 10.8 6.0 10
7 0 0 0 0.7 0 0.1 0 0 1.2 0.8 1.1 0.6 3.5 0 2.7 2.0 2
8 0 0 0 0 0 0 0 0 0.6 0 1.7 0.5 9.5 5.4 0 2.0 4
9 0 0 0.8 2.1 0 0.6 0 0 4.0 0 0 0.8 10.9 8.1 18.9 24.0 15

Rust severity classes 1: No disease; 2: Disease affecting 1 to 4% leaf area; 3: 5 to 9%; 4: 10 to 19%; 5: 20 to 29%; 6: 30 to 44%; 7: 45 to 59%; 
8: 60 to 75%; and 9: >75% of leaf area affected.

Sawabi (30 acres, 11%), Peshawar (28.5 acres, 7%) 
and Charsada (24.25 acres, 2%). Maximum field im-
pact of yellow rust was estimated at Nowshara (FIF: 
201) Sawabi (117), Peshawar (108), Charsada (90), 
and Mardan (42) in the central zone (Table 1). 

In this zone, different known and unknown wheat 

cultivars were deployed. Five cultivars in Charsa-
da, 6 in Mardan, 8 in Sawabi, 9 in Nowshara and 
13 in Peshawar (Table 3). Prominent cultivars 
in  Charsada (Sehar-2006), Mardan (Sehar-2006 
and Fakher-e-Sarhad), Sawabi (Sehar-2006, Fak-
her-e-Sarhad and Atta Habib), Nowshara (Se-
har-2006 and Pirsabak-2004) and in Peshawar
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Table 3: Cultivar based wheat cultivated landscape composition and spread in Khyber Pakhtunkhwa during 2012. 
Districts Cultivars Names and % area covered in each district deployed
Southeren Zone
Karak 9 Sehar-2006(58.7), Bahakkar-2002 (12.5), Auqab 2000 (8.3), Inqilab-91(7.3), KT-2000(5), 

Hashim-2008 (5%), 
Lasani (1.7),  Faisalabad-2008 (1.2) and Unknown (0.2)

D I Khan 15 Hashim-2008 (38.1), Sehar-2006(34.3), Serin-2010(8.4), Bathoor-2008(6.1), Zam(5.9), Un-
known(2.1), Pirsabak-04(1.3), Dera 98(1.2), Bhakkar-2002 (0.8), Barsat-2009 (0.7), Fakhar-e-Sar-
had(0.4), Gomal-2008 (0.3), Auqab-2000 ( 0.2), Shafaq-2006 (0.2) and Tatara (0.1) 

Bannu 12 Serin-2010(33.5), Inqilqb-91(20.8), Sehar-2006(14.7), Auqab-2000(10.7), Pirsabak-2004(7.4), 
Amin-2010 (3.4), Bhakkar-2002(2.9), AS-2000(2.6), Pirsabak-05(0.8),Gomal-2008(1.1), Zam-
2004(1.1)& Unknown(1.1). 

Lakki Marwat 12 Bhakkar-2002(27.3), Inqilab-91(21.7), Fakhar-e-Sarhad(16.7), Sehar-2006(12.3), Naseer-2000(6.6), 
Hashim-2008(5.9), Unknown(4.7), Auqab-2000(1.8), Pirsabak-2004(1.5), Pirsabak-2005(1.0), 
Changaz(0.3) and Siren-2010(0.3) 

Kohat 13 Pirsabak-2004(34.4),Sehar-2006(28.4),Bathoor-2008(17.4),AttaHabib(9.5),Pirsabak-2005(2.9),-
Saleem-2000(1.7), Inqilab-91(1.3),Serin-2010(1.3),Bhakkar-2002(1.1),Hashim-2008(1.1),Auqab-
2000(0.5),KT-2000(0.2) and Unknown (0.2). 

Central Zone
Mardan 6 Sehar-2006(38), Fakhar-e-Sarhad(30), Zam-2004(13), Pirsabak-2004(11), Bhakkar-2002(6) and 

Unknown (3). 
Sawabi 8 Sehar-2006(42.5), Fakhar-e-Sarhad (23.2), Atta Habib (21.6), Serin-2010 (6), Unknown (3.7), Au-

qab-2000 (2), Faisalabad-2008 (0.5) and Meraj (0.5). 
Nowshara 9 Sehar-2006 (73.4), Pirsabak-2004 (17.4), Pirsabak-2005 (3.4), Unknown (2.4), Bathoor-2008 (1.3), 

Bhakkar-2002 (1.2), Auqab-2000 (0.6), Barsat-2009 (0.3) and Fakhar-e-Sarhad (0.1). 
Charsada 5 Sehar-2006 (96.3), Bhakkar-2002 (2.5), Pirsabak-2004 (0.7), Fakhar-e-Sarhad (0.5) and Tatara (0.1). 
Peshawar 13 Sehar-2006(69.2), Unknown (13.4), Janbaz (5.2), Pirsabak-2004(3.2), Bhakkar-2002 (2.7), Pir-

sabak-2005(2.2), Atta Habib(1.7), Auqab-2000(0.6), Ghaznavi-98(0.4), AUP-5008(0.3), AUP-
4008(0.3), Faisalabad-2008(0.3) and Shafaq-2006 (0.1). 

Northern Zone
Swat 10 Sehar-2006 (46.1), Paisalabad-2004 (26.2), Pirsabak-2005(9.2), Inqilab-91 (6.2), Bhakkar-2002 (3.3), 

Pirsabak-2008 (2.4), Atta Habib (2.3), Auqab-2000 (2.0), Unknown (1.9) and Fakhar-e-Sarhad (0.4).
Manshera 4 Auqab-2000 (75.08), Pirsabak-2004(11.62), Sehar-2006(8.30) & Unknown (4.98). 

Hari Pur 7 Sehar-2006(40.0), Atta Habib (20.7), Serin-2010 (14.8), Pirsabak-2005 (13.9), Faisalabad-2006(5.6), 
Pirsabak-2004(3.7) and Bhakkar-2002 (1.3). 

Abbotabad 8 Atta Habib (24.57), Paisalabad-2005(24.57), Sehar-2006(22.88), Bathoor-2008 (9.32), Pirsab-
ak-2004(6.77), Unknown (6.77), Serin-2010(3.38) and Fakhar-e-Sarhad(1.69).

 (Sehar-2006) occupied 96, 68, 87, 91 and 70% of the 
area in each district, respectively. 

Northeren zone
In Swat, Manshera, Hari Pur and Abbotabad, 325 
wheat fields were inspected having an area of 404 
acres. Yellow rust was also prevelent in these four 
districts and the incidence ranging from 6-25%, 26-
40%, 42-60% and >60% were observed in 11, 13, 8 
and 9% of the inspected fields, respectively. (Table 
1). Frequency of yellow rust severity classes 4, 5, 6, 
7, 8 and 9 were 1, 9, 10, 2, 4 and 15%, respective-
ly (Table 2). In the northeren zone, an area of 133 
acres was affected by yellow rust which is about 

33% of the total area surveyed. Maximum area of 81 
acres was affected in Swat district which was 31% 
of the total inspected area in the northeren zone 
which was followed by Abbotabad (23.4 acres equal 
to 40%), Hari Pur (19.1 acres, 35%) and Manshera 
(10.1 acres, 34%). Maximum field impact of yellow 
rust was estimated for Abbotabad (FIF: 499) which 
was followed by Swat (417), Hari Pur (335) and 
Manshera (328) in the northeren zone (Table 1). 

In this zone, different known and unknown wheat 
cultivars were deployed. Four cultivars were deployed 
in Manshera, 7 in Hari Pur, 8 in Abbottabad and 
ten in Swat (Table 3). Prominent cultivars in Man-
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shera (Auqab-2000), Hari Pur (Sehar-2006, Atta 
Habib, Serin-2010 and Pirsabak-2005), Abbotabad 
(Atta Habib, Pirsabak-2005, Sehar-2006 and Bat-
hoor-2008) and Swat (Sehar-2006, Pirsabak-2004, 
Pirsabak-2005 and Inqilab-91) occupied 75, 89, 81 
and 88% of the area in each district, respectively. 

Wheat rust surveillance is important to know about 
the distribution of wheat rust and status of resistance of 
already deployed cultivars in a particular region. Such 
information are fundamental to formulate and adopt 
suitable policies, investments and strategies for wheat 
protection, wheat breeding, and seed systems (Park et 
al., 2011). Wheat production sustainability needs de-
ployment of rust resistant sources and withdrawal of 
existing wheat cultivars possessing defeated resistant 
genes. In northern Pakistan (Khyber Pakhtunkhwa), 
yellow rust is considered as the most important and 
serious disease affecting wheat production and result-
ed into heavy losses in the past (Bahri et al., 2011). 
This region is considered as center of diversity for yel-
low rust pathogen (Ali, 2012) where rust races carried 
virulences for Yr2, Yr6, Yr7, Yr8, Yr9, Yr10, Yr15, Yr27, 
Yr31, Yr32, YrA (Bahri et al., 2011; Ali, 2012; Ibrahim 
et al., 2015).Yellow rust occurrence and distribution 
was recorded low in the current surveillance during 
2012 in Khyber Pakhtunkhwa. Disease occurrence 
fluctuated between rainfed (southern), rainfall (cen-
tral) and highly rainfall (northern) zones of Khyber 
Pakhtunkhwa. Similarly, low yellow rust occurrence 
was also reported from the region during 2012 com-
pared to 2011 (Rattu et al., 2012). The main spring 
precipitation ranges from 1100 mm in the northern 
zone to as low as 100 mm in the southern zone dur-
ing wheat season 2012 (Qaiser, 2012) while in the 
central zone, wheat is grown under irrigated condi-
tions. Apart from moisture, other factors that may 
have contributed in less impact and distribution of 
yellow rust in southern zone could have been less 
dense stands due to low seeding rates, low humidity, 
and drought conditions during early growth stages, 
followed by high day temperatures which were also 
reported previously (Boshoff et al., 2002). 

One of the prime reasons for low wheat productivity 
and instability is the unavailability and unawareness 
of good quality seed (Hameed, 2013). Old and un-
desirable susceptible wheat varieties like Inqilab-91, 
Bhakkar-2002, Zam-2004, and Sehar-2006 were 
still deployed in farmer’s field during the surveillance 
2012. It is hoped that with the approval of Seed Act 

2015 by the government of Pakistan, this act will pro-
vide an effective deterrence against the sale of fake 
and substandard seed (http://www.technologyreview.
pk/state-seed-pakistan/). Sehar-2006 possessing 
undesirable susceptible Yr9 gene (Iqbal et al., 2016) 
was the major variety grown on maximum % covered 
area in all the three zones of KPK as recorded dur-
ing 2012 surveillance. This variety was distributed by 
Non-Governmental Organizations (NGOs) free of 
cost for sowing purpose among flood affected people 
during December 2010 through an emergency pro-
ject “Livelihood Initiative for Flood-Affectees’ Em-
powerment” (Anonymous, 2011). Variety Sehar-2006 
was thus cultivated on a large area of KPK in the 
three zones by chance as seeds of local varieties were 
damaged by the flood. During 2011-12 wheat season, 
farmers used their own seed of Sehar-2006 which 
was thus gown on the largest areas and resultantly 
emerged as major wheat variety grown in the prov-
ince. Cultivars with effective yellow rust resistance 
genes have negligible deployment area which includ-
ed Tatara possessing Yr3, Yr5, Yr26 genes (Iqbal et al., 
2016; Afzal et al., 2010), Shafaq-2006 carrying Yr5, 
Yr10 (Iqbal et al., 2016), Pirsabak-2005 possessing 
Yr5, Yr26, Yr30 (Ejaz et al., 2012; Iqbal et al., 2016) 
and Saleem-2000 having Yr5, Yr18, Yr26, Yr30 (Iqbal 
et al., 2016; Ejaz et al., 2012). Seeds of these cultivars 
should be increased and deployed on priority bases 
for yellow rust management in the region. 

Authors Contribution

Muhammad Ibrahim presented the basic idea, 
planned the experiments, analyzed data and wrote the 
manuscript. Syed Jawad Ahmad Shah and Shaukat 
Hussain helped in refinement of the basic idea, plan-
ning experiments and data analysis and critical edit-
ing of the mnauscript. Musharaf Ahmad and Farah-
tullah helped in experiment paln and data alanysis. 

References

Afzal, S.N., M.I. Haque, M.S. Ahmedani, A. Rauf, 
M. Ahmad, S.S. Firdous, A.R. Rattu, and I. 
Ahmad. 2008. Impact of stripe rust on kernel 
weight of wheat varieties sown in rainfed areas 
of Pakistan. Pak. J. Bot. 40: 923-9.

Afzal, S.N., Haque M.I., Rauf, A., Ahmad, I and S.S. 
Firdous. 2010. Vulnerability of Pakistani wheat 
(Triticum aestivum) varieties against stripe rust 
under rain-fed climate of the northern Punjab 

http://www.technologyreview.pk/state-seed-pakistan/
http://www.technologyreview.pk/state-seed-pakistan/


September 2017 | Volume 33 | Issue 3 | Page 472

Sarhad Journal of Agriculture
and NWFP. Pak. J. Bot. 42(3): 2029-2042. 

Ali, S. 2012. Population biology and invasion histo-
ry of Puccinia striiformis f. sp. tritici at world-
wide and local scale. PhD Dissertation. UNI-
VERSITE PARIS-SUD – UFR des Sciences 
– France.

Amil, R.E., K. Nazari, C.D.V. Pope, S. Ali, A. 
Yahyaoui, and M. Hovmøller. 2012. Status of 
stripe (yellow) rust in Syria in 2010-2011. In: 
McIntosh R. (ed) Proceedings Poster Abstracts 
Theme 5: Rust Surveillance BGRI 2012 Tech-
nical Workshop September 1–4 Beijing, China. 
pp. 222.

Anonymous. 2015. Genetic Resources 2015-2016, 
ICAR-NBPGR, Pusa Campus, New Delhi, 
India.

Anonymous. 2011. Livelihood Initiative for 
Flood-Affectees’ Empowerment (LIFE) Fund-
ed by Asian Development Bank. Available at: 
http://www.asf.org.pk/doc/Project %20Com-
pletion %20 Report_LIFE%20Project _%20
February%202011.pdf.)

Aslanova, K., K. Nazari, D. Hodson, M. Hovmøller, 
B. Hoffmann. 2012. Distribution of wheat rusts 
in Azerbaijan. In: McIntosh R. (ed) Proceed-
ings Poster Abstracts Theme 5: Rust Surveil-
lance BGRI 2012 Technical Workshop Sep-
tember 1–4 Beijing, China. pp. 223.

Bahri, B., S.J.A. Shah, S. Hussain, M.J. Lecon-
te, Enjalbert and C.D.V. Pope. 2011. Genetic 
diversity of the wheat yellow rust population 
in Pakistan and its relationship with host re-
sistance. Plant Path. 60: 649–660. https://doi.
org/10.1111/j.1365-3059.2010.02420.x

Boshoff, W.H.P., Z.A. Pretorius and B.D. van 
Niekerk. 2002. Establishment, distribution, 
and pathogenicity of Puccinia striiformis f. sp. 
tritici in South Africa. Plant Dis., 86:485-492. 
https://doi.org/10.1094/PDIS.2002.86.5.485

Chatrath, R., B. Mishra. and G.O. Ferrara. 2007. 
Challenges to wheat production in South 
Asia. Euphytica 157: 447-456. https://doi.
org/10.1007/s10681-007-9515-2

Chen, X.M. 2007. Challenges and solutions for 
stripe rust control in the United States. Aus-
tralian J. Agric. Res. 58: 648-655. https://doi.
org/10.1071/AR07045

Duveiller, E., Singh, R.P. and Nicol, J. M. 2007. The 
challenges of maintaining wheat productivity: 
pests, diseases, and potential epidemics. Eu-
phytica. 157: 417–430. https://doi.org/10.1007/

s10681-007-9380-z
Ehsan, U.H., M.A.S. Kirmani. M.A. Khan. and 

M. Niaz. 2003. Screening of wheat varieties to 
stripe rust (Puccinia striiformis f. sp. tritici) in 
the field. Asian J. Pt. Sci. 2: 613-615. https://
doi.org/10.3923/ajps.2003.613.615

Ejaz, M., M. Iqbal, A. Shahzad, A.U. Rehman. I. 
Ahmed and G.M. Ali. 2012. Genetic varia-
tion for markers linked to stem rust resistance 
genes in Pakistani wheat varieties. Crop Sci. 52: 
2638-2648. 

 Hameed, S. 2013. Effective use of technology in 
production of quality wheat to achieve export 
standards and demands in Pakistan. Afr. J. Ag-
ric. Res. 8: 1433-1441. https://doi.org/10.5897/
AJAR11.2370

Ibrahim, M., S.J.A. Shah. S. Hussain. M. Ahmad 
and F. Ullah. 2015. Virulence patterns of wheat 
yellow rust and effective resistance genes to 
Puccinia striiformis F. sp. tritici in Pakistan. Int. 
J. Dev. Res. 5: 3651-3657. 

Iqbal, M., M. Ejaz. I. Ahmed. A. Shahzad and G.M. 
Ali. 2016. Molecular genetic variation for stripe 
rust resistance in spring wheat. Pak. J. Agric. 
Sci. 53(1): 143-150. https://doi.org/10.21162/
PAKJAS/16.2503

Mercer, P.C., A. Ruddock. 2004. Survey of cere-
al diseases in Northern Ireland, 1976 to 2000. 
Irish J. Agric. Food Res. 43: 85-101.

Park, R., T. Fetch, D. Hodson, Y. Jin, K. Nazari, M. 
Prashar, Z. Pretorius. 2011. International sur-
veillance of wheat rust pathogens: progress and 
challenges. Euphytica. 179: 109–117. https://
doi.org/10.1007/s10681-011-0375-4

Peterson, R.F., A.B. Campbell, A.E. Hannah. 1948. 
A diagrammatic scale for rust intensity on 
leaves and stems of cereals. Canadian J. Res. 26: 
496–500. https://doi.org/10.1139/cjr48c-033

Qaiser, G. 2012. Climate of Pakistan in 2012. Na-
tional Drought Monitoring and Early Warning 
Centre, Pakistan Meteorological Department, 
Islamabad.

Rattu, A.R. Fayyaz, M. Mirza, J.I. Asad, S. Iftikhar, 
S. Khanzada, K.A. Hussain, M. Muhammad 
Ch F. Muhammad, F. Tariq, A.H. Ahmed, S. 
Baloch, A. Shah, J.A. Mujahid M.Y. and Ward 
R. 2012. Wheat rusts in Pakistan: Review and 
update. Proceedings BRGI 2011 Technical 
Workshop, Poster Abstracts Theme 5: Rust 
Surveillance, Edited by Robert McIntosh page. 
224.

http://www.asf.org.pk/doc/Project %20Completion %20 Report_LIFE%20Project _%20February%202011.pdf
http://www.asf.org.pk/doc/Project %20Completion %20 Report_LIFE%20Project _%20February%202011.pdf
http://www.asf.org.pk/doc/Project %20Completion %20 Report_LIFE%20Project _%20February%202011.pdf
https://doi.org/10.1111/j.1365-3059.2010.02420.x
https://doi.org/10.1111/j.1365-3059.2010.02420.x
https://doi.org/10.1094/PDIS.2002.86.5.485
https://doi.org/10.1007/s10681-007-9515-2
https://doi.org/10.1007/s10681-007-9515-2
https://doi.org/10.1071/AR07045
https://doi.org/10.1071/AR07045
https://doi.org/10.1007/s10681-007-9380-z
https://doi.org/10.1007/s10681-007-9380-z
https://doi.org/10.3923/ajps.2003.613.615
https://doi.org/10.3923/ajps.2003.613.615
https://doi.org/10.5897/AJAR11.2370
https://doi.org/10.5897/AJAR11.2370
https://doi.org/10.21162/PAKJAS/16.2503
https://doi.org/10.21162/PAKJAS/16.2503
https://doi.org/10.1007/s10681-011-0375-4
https://doi.org/10.1007/s10681-011-0375-4
https://doi.org/10.1139/cjr48c-033


Sarhad Journal of Agriculture

September 2017 | Volume 33 | Issue 3 | Page 473 

Singh, R.P., E. Duveiller and J. Huerta-Espino. 
2004. Virulence to yellow rust resistance gene 
Yr27: a new threat to stable wheat production 
in Asia. Meeting the Challenge of Yellow Rust 
in Cereal Crops, Proceedings of the 2nd, 3rd and 
4th Regional Conferences on Yellow Rust in 
the Central and West Asia and North Africa 
(CWANA) Region. Edited by Amor Yahyaoui 
and Sanjaya Rajaram. 

 Wellings, C. 2011. Global status of stripe rust: a re-
view of historical and current threats. Euphyt-
ica. 179 (1): 129-141. https://doi.org/10.1007/
s10681-011-0360-y

Zadok, J.C. 1972. Methodology of epidemio-
logical research. Annual Res. Phytopath. 10: 
253-276. https://doi.org/10.1146/annurev.
py.10.090172.001345

https://doi.org/10.1007/s10681-011-0360-y
https://doi.org/10.1007/s10681-011-0360-y
https://doi.org/10.1146/annurev.py.10.090172.001345
https://doi.org/10.1146/annurev.py.10.090172.001345

