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Powdery mildew, a devastating wheat foliar disease caused by fungus Blumeria graminis 
f. sp. tritici (Bgt), causes global wheat yield losses in cool and humid environments. The 
current study aimed to characterize ninety-eight Pakistani wheat landraces along with 
two check cultivars for yield potential and to unravel their potential for resistance 
against wheat powdery mildew. Wheat was sown in Randomized Complete Block (RCB) 
Design at Hazara University, Mansehra, Khyber Pakhtunkhwa, Pakistan in the 2021-
2022 and 2022-2023 wheat growing seasons. The study utilized STATISTIX 8.1 for 
statistical analysis of powdery mildew resistance and significant agronomic traits. The 
data revealed that 56 out of 98 landraces and check variety NARC-2009 were susceptible 
while 42 wheat landraces and check variety SH-2002 showed moderate to high level 
resistance to powdery mildew.  Three promising wheat landraces with high powdery 
mildew resistance, short height, good seed length and high 1000 KW (thousand kernel 
weight) identified in this study were acc.#11126, acc.#11212 and acc.#11392. Weak but 
highly significant negative correlation (r = -0.159***) of powdery mildew with thousand 
grain weight might suggest a probable trade-off where higher powdery mildew levels 
are associated with a reduction in 1000 KW.  Molecular markers analysis confirmed the 
presence of Pm1, Pm2, Pm3, Pm4 and Pm8 in different PM-resistant wheat landraces. 
Based on the molecular marker analysis of 100 wheat experimental panel, the most 
abundant gene possessed by landraces was Pm3 (23%), followed by Pm2 (10%), Pm1 
(8%), Pm4 (4%) and Pm8 (1%). Only three wheat landraces, namely, acc.#11126, 
acc.#11212 and acc.#11392, simultaneously possessed two PM resistance genes. The 
three promising candidate wheat landraces identified in this study could be potential 
breeding materials for developing powdery resistant wheat varieties for Pakistan's cool 
and humid environments with high prevalence of powdery mildew. 
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INTRODUCTION  

The yield of common wheat, one of the most widely 

grown crops, is often challenged by biotic and abiotic 

stresses (Alotaibi et al., 2023; Liang et al., 2016). Powdery 

mildew (PM), caused by Blumeria graminis f. sp. tritici 

(Bgt) is a devastating wheat foliar disease, which results 

in severe yield losses globally and locally (Hao et al., 

2015). Powdery mildew is prevalent in regions with cool 

and humid climate, especially in Hazara division and 

northern areas of Pakistan.   The deployment of powdery 

mildew resistant wheat cultivars is the most economical 

and environmentally safe strategy to curb this devastating 

disease (Mohler et al., 2013; Zou et al., 2023; Tony et al., 

2025; Hao et al., 2026). However, the resistant cultivars 

are soon overcome by novel virulent strains of Bgt owing 

to evolutionary pressure posed by host resistance and 

current global climate change. Thus, there is constant 

need to characterize local germplasm and discover novel 

sources of powdery mildew resistance.  

Screening of wheat genetic resources and identification of 

genetic variation is pre-requisite for identification, 

mapping, cloning and deployment of novel PM resistance 

genes in wheat breeding programs. The emergence of 

novel virulent Bgt strains caused by rapid drift in climate 

change and the loss of resistance of the major PM 

resistance loci such as Pm1 and Pm3 in Asia and Europe 

further necessitate exploration of novel wheat genetic 

resources for powdery mildew resistance. In general, only 

a few PM resistance genes have shown broad spectrum 

and durable resistance globally such as Pm21 (encoding 

CC-NBS-LRR protein) identified in wheat wild relative 

Haynaldia villosa and introgressed into bread wheat (He 

et al., 2018). Thus, large scale screening of different wheat 

genetic resources complemented by molecular markers is 

pivotal for identification of novel, broad spectrum and 

durable PM resistance genes and the deployment of these 

genes in developing PM resistant wheat cultivars.  

Molecular markers are important tools to perform genetic 

mapping, tagging, cloning and marker-assisted selection 

(MAS) in wheat breading programs aimed at developing 

PM resistant wheat cultivars. Different types of molecular 

markers have been extensively used to identify more than 

200 formally and temporarily designed PM resistance loci 

(genes, alleles and Quantitative Trait Loci-QTLs) in the 

past few decades (Xue et al., 2024).  

The bottleneck to using modern wheat cultivars in PM 

resistance wheat breeding programs is their low level of 

genetic diversity. The majority of modern wheat cultivars 

exhibit a low level of resistance to powdery mildew. For 

instance, screening of 100 Pakistani wheat varieties for 

powdery mildew resistance produced only two varieties 

that were resistant to local Bgt isolates in the field (Asad 

et al., 2014). On the contrary, wheat landraces have a 

diverse gene pool owing to their intraspecific genetic 

diversity. Wheat landraces are better adapted to local 

agro-climatic conditions and act as repositories of genes 

and elite alleles useful for biotic and abiotic stress 

improvement (Ullah et al., 2018; Li et al., 2019). However, 

Asian wheat landraces, including those of Pakistan, are 

rarely used in modern wheat breeding programs 

(Balfourier et al., 2019).  A recent report evaluated a 

global panel of 755 wheat landraces for powdery mildew 

resistance and revealed rich genetic diversity in Pakistani, 

Turkish and Iranian wheat landraces, and novel 

resistance loci to diverse powdery mildew isolates via 

subsetting approaches in association studies (Leber et al., 

2024). This study further suggested screening local wheat 

landraces to unlock their unexplored potential for 

powdery mildew resistance. Previously, more than a 

dozen PM resistance genes have been identified in wheat 

landraces such as Pm2c, Pm3b, Pm4e, Pm5d, Pm5e, Pm24, 

Pm47, Pm59, Pm61, Pm63 and PmXNM (Xu et al., 2015; 

Xue et al., 2024). However, the majority of wheat 

landraces are still locked in local and global germplasm 

banks, including those in Pakistan, and have not yet been 

fully characterized for powdery mildew resistance. 

Pakistani wheat landraces constitute an untapped 

reservoir of powdery mildew resistance, and 

phenotypically resistant accessions are expected to carry 

detectable Pm resistance genes associated with improved 

agronomic performance under disease pressure. The 

current study aimed to characterize ninety-eight 

Pakistani wheat landraces along with two check cultivars 

for yield-related traits and to unravel their potential for 

resistance against wheat powdery mildew. The findings of 

this study are important for local wheat breeders to 

develop elite wheat cultivars with powdery mildew 

resistance and better yield-related traits for powdery 

mildew prevalent regions of Pakistan with cool and 

humid environments. 

 

MATERIALS AND METHODS 

The current research was conducted in experimental area of 

Hazara University, Mansehra (powdery mildew prevalent 

region), Pakistan in the wheat growing season of November 

2021 - June 2022. All germplasm was re-evaluated at the 

https://doi.org/10.33687/phytopath.015.02.6221


Int. J. Phytopathol. 15 (02) 2026. 127-143  DOI: 10.33687/phytopath.015.02.6221 

129 

same single location for powdery mildew resistance in 

wheat growing season of November 2022 - June 2023. 

Research Design  

Research design layout for this study was standardized as 

randomized complete block design (RCBD) with three 

replications. The RCBD experimental design included the 

randomization procedure and single row plot type, 

resulting in 300 experimental units/plots (100 genotypes 

× 3 replications). Experimental area per plot was kept at 

0.675 m2 with 98 wheat landraces and two check (control) 

varieties SH-2002 and NARC-2009, grown on the grass 

planted area (300 plots) of 202.5 m2. Seeds were manually 

dibbled at a plant-to-plant spacing of 15 cm, with 15 seeds 

sown per row. Row length and row-row spacing were 2.25 

m and 30 cm, respectively. Standard agronomic practices 

such as fertilizer application of recommended doses of 

nitrogen and phosphorus, irrigation and hoeing were 

regularly performed. Morphological and agronomic 

observations were recorded from all healthy plants 

within each accession, while border plants, where 

applicable, were excluded from data collection to 

minimize edge effects. Consequently, each accession was 

represented once in each replication, providing three 

independent observations for statistical analysis. 

Germplasm Collection 

In this study, ninety-eight wheat landraces and two check 

varieties (SH-2002 and NARC-2009) were acquired from 

National Agricultural Research Centre (NARC), Islamabad 

Pakistan. Detailed enlistment is provided in Table 1. 

Accessions with “unknown origin” is a limitation of the 

germplasm documentation process. 

Morphological Characterization for Powdery Mildew 

Resistance and Yield Related Traits 

Scoring powdery mildew resistance  

Powdery mildew was scored as 0, 1, 2, 3, and 4 according 

to modified protocol of Si et al., (1992). The 0, 1, 2, 3 and 

4 in this scale represent no visible symptoms, visible 

necrosis without sporulation, sparse sporulation, 

abundant sporulation, and abundant sporulation with 

mycelia covering more than 80% of the leaf area, 

respectively. A score of 0–2 was considered as resistant 

and 3–4 as susceptible (Figure 1). 
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Figure 1. Powdery mildew scoring at Hazara University wheat field experiment. 

 

Plant height (cm) 

Plant height data was taken after all the wheat plants 

matured. Individual selected plants were subjected to 

measurement from soil surface to the top of ear exclusive 

of the awns and average was estimated. 

Spike length (cm) 

Spike length of the randomly chosen plants was 

calculated after measuring the spike from base to the 

pinnacle of spike exclusive of awns and further analyzed 

on their average calculated. 

Seed length (mm) 

Seed length was estimated with the help of digital Vernier 

caliper of three randomly selected seeds and further 

analyzed on their average calculated. 

1000-kernel weight (g) 

At the stage of physiological maturity, 1000 kernel weight 

(1000 KW) were calculated from the randomly selected 

plants, and their weight was taken in grams.
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Table 1. Detail of wheat germplasm used. 

Sr. Acc.# Remarks Geographic Origin Sr. Acc.# Remarks Geographic Origin 

1 010725 LU-26-S Pakistan 51 011181 000216(01) Pakistan, Kharan, Balochistan 
2 010726 S-1406 Pakistan 52 011183 000218(01) Pakistan, Kharan, Balochistan 
3 010730 SOFTYXTOB'S' Pakistan 53 011185 000220(01) Pakistan, Kharan, Balochistan 
4 010731 C-273 Pakistan 54 011189 000223(02) Pakistan, Chagai, Balochistan 
5 010810 SVP-75 Pakistan 55 011190 000224(01) Pakistan, Chagai, Balochistan 
6 010811 SVP-75 Pakistan 56 011199 000226(06) Pakistan, Ziarat, Balochistan 
7 010865 SVP-117 Pakistan 57 011209 000234(01) Pakistan, Ziarat, Balochistan 
8 010866 SVP-116 Pakistan 58 011212 000237(02) Pakistan, Ziarat, Balochistan 
9 010871 SVP-141 Pakistan 59 011214 000239(03) Pakistan, Loralai, Balochistan 
10 010890 SVP-150 Pakistan 60 011219 000242(09) Pakistan, Loralai, Balochistan 
11 010891 SVP-150 Pakistan 61 011234 000250(07) Pakistan, Sibi, Balochistan 
12 010895 SVP-153 Pakistan 62 011236 000253(01) Pakistan, Sibi, Balochistan 
13 010940 SVP-18 Pakistan 63 011238 000254(06) Pakistan, Sibi, Balochistan 
14 010941 SVP-19 Pakistan 64 011239 000254(07) Pakistan, Sibi, Balochistan 
15 010945 SVP-26 Pakistan 65 011242 000257(13) Pakistan, Sibi, Balochistan 
16 010951 SVP-29 Pakistan 66 011249 000261(05) Pakistan, Quetta, Balochistan 
17 010957 SVP-88 Pakistan 67 011250 000262(02) Pakistan, Quetta, Balochistan 
18 011016 WP124,37P8 N-634 Pakistan 68 011255 000265(02) Pakistan, Quetta, Balochistan 
19 011021 WP317,PV2P6 Pakistan 69 011256 000265(05) Pakistan, Quetta, Balochistan 
20 011022 WP242,11P10 N-627 Pakistan 70 011260 000267(05) Pakistan, Quetta, Balochistan 
21 011027 WP557,211 10 Pakistan 71 011262 000350(03) Pakistan, Qila Abdullah, Balochistan 
22 011041 WP571,AK-4 Pakistan 72 011274 000362(01) Pakistan, Pishin, Balochistan 
23 011042 WP572,AK-5 Pakistan 73 011280 000365(04) Pakistan, Pishin, Balochistan 
24 011046 WP576,AK-10 Pakistan 74 011286 000373(03) Pakistan, Pishin, Balochistan 
25 011061 WP591,AK-26 Pakistan 75 011296 000384(01) Pakistan, Chagai, Balochistan 
26 011062 WP592,AK-29 Pakistan 76 011306 000392(03) Pakistan, Chagai, Balochistan 
27 011063 WP594,AK-31 Pakistan 77 011311 000394(04) Pakistan, Chagai, Balochistan 
28 011066 WP597,AK-34 Pakistan 78 011324 000406(04) Pakistan, Quetta, Balochistan 
29 011067 WP598,AK-35 Pakistan 79 011332 000426(03) Pakistan, Ziarat, Balochistan 
30 011071 WP602,AK-39 Pakistan 80 011351 Punjab Type-9 Pakistan, Faisalabad, Punjab 
31 011072 WP603,AK-40 Pakistan 81 011383 000487(03) Pakistan, NaushahroFiroz, Sindh 
32 011076 WP607,AK-49 Pakistan 82 011387 000490(09) Pakistan, Larkana. Sindh 
33 011077 WP608,AK-50 Pakistan 83 011388 000490(10) Pakistan, Larkana, Sindh 
34 011078 WP609,AK-51 Pakistan 84 011389 000599(05) Pakistan, Bannu, KP 
35 011079 WP610,AK-53 Pakistan 85 011392 000594(04) Pakistan, D.I.Khan, KP 
36 011081 WP612,AK-56 Pakistan 86 011395 000507(03) Pakistan, Larkana, Sindh 
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37 011091 WP623,AK-72 Pakistan 87 011397 000592(02) Pakistan, D.I.Khan, KP 
38 011101 WP636,NPE-3 Pakistan 88 011398 000585(05) Pakistan, Bhakkar, Punjab 
39 011116 WP649,NPE-27 Pakistan 89 011407 000523(07) Pakistan, Jacobabad, Sindh 
40 011121 WP657,N-15E(1) 28P7 Pakistan 90 011452 000478(04) Pakistan, Hyderabad, Sindh 
41 011126 WP666,N1010E(4) 28P4 Pakistan 91 011491 000890(03) Pakistan, Okara, Punjab 
42 011136 WP679,N-691(D32)15P6 Pakistan 92 011513 000980(02) Pakistan, Parachinar, KP 
43 011145 000177(02) Pakistan, Pishin, Balochistan 93 011523 000890(03) Pakistan, Okara, Punjab 
44 011154 000196(02) Pakistan, Quetta, Balochistan 94 011524 001055(02) Pakistan, Nawabshah, Sindh 
45 011166 000207(01) Pakistan, Kalat, Balochistan 95 011612 001362(04) Pakistan, Swat, KP 
46 011169 000210(05) Pakistan, Kalat, Balochistan 96 011613 001364(06) Pakistan, Swat, KP 
47 011174 000212(01) Pakistan, Kalat, Balochistan 97 011705 82/1 Pakistan, Faisalabad, Punjab 
48 011175 000212(02) Pakistan, Kalat, Balochistan 98 011706 82/3 Pakistan, Faisalbad, Paunjab 
49 011179 000215(03) Pakistan, Kharan, Balochistan 99 SH-2002 INQ91/FINK’S’ Pakistan 
50 011180 000215(04) Pakistan, Kharan, Balochistan 100 NARC-2009 INQALAB 91*2/TUKURU Pakistan 

 

DNA Extraction and PCR Amplification  

DNA extraction from all 100 wheat germplasm 

using the leaves of young seedlings and their PCR 

amplification was performed with the reported 

procedures (Ma et al., 1994; Ullah et al., 2018). 

Polymerase chain reaction of markers was 

performed in PE9600 thermal cycler (Perkin 

Elmer), in a volume of 10 μL containing 10–20 ng 

of template, 2 pmol of each of the primers, 2 nmol 

of each of the deoxynucleoside triphosphates, 15 

nmol of MgCl2, 0.1 U Taq DNA polymerase, and 1 × 

PCR buffer. The PCR profile was set as one cycle of 

94 °C for 3 min, followed by 36 cycles of 94 °C for 

30 s, 50–60 °C (depending on the specific primers) 

for 40 s, and 72 °C for 50 s, and a final extension at 

72 °C for 5 min. PCR products from amplification 

with publicly available candidate markers of most 

prevalent powdery mildew resistance genes Pm1, 

Pm2, Pm3, P4 and Pm8 (Table 2) were separated on 

a 1% agarose gel, and viewed under ultra-violet 

(UV) light after staining with ethidium bromide. 

Statistical analysis 

All statistical analyses were performed using 

Statistix version 8.1 (Analytical Software, 

Tallahassee, FL, USA). Data recorded for powdery 

mildew resistance and agronomic traits were 

subjected to analysis of variance (ANOVA) 

according to the Randomized Complete Block 

Design (RCBD) model: 

Yij = μ + Gi + Rj + εij 

where Yij is the observed value, μ is the overall 

mean, Gi is the effect of the ith genotype, Rj is the 

effect of the jth replication, and εij is the 

experimental error. When significant differences 

among genotypes were detected, means were 

separated using the Least Significant Difference 

(LSD) test at the 5% probability level. Pearson's 

correlation coefficients were calculated to 

determine associations among powdery mildew 

resistance and agronomic traits. Statistical 

significance was evaluated at P ≤ 0.05 and P ≤ 0.01. 

 

RESULTS  

Phenotypic Characterization for Powdery 

Mildew Resistance  

Powdery mildew resistance of ninety-eight wheat 

landraces and two varieties was scored at seedling 

and adult stages for two consecutive years at 

Hazara University, Mansehra as shown in Figure 1. 

Different landraces and varieties responded 

differently to Bgt isolates in the cool, humid field of 

Hazara University. All five types of resistant (highly 

resistant, resistant, moderately resistant) and 

susceptible (moderately susceptible, highly 

susceptible) phenotypes were observed in the field 

(Figure 1). 

As shown by Figure 2, among all germplasm tested, 

check variety NARC-2009 was highly susceptible 

with score 4 while 56 landraces were moderately to 

highly susceptible (36 moderately susceptible with 

score 3 and 20 highly susceptible with score 4). 
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Figure 2 Powdery mildew status of 100 wheat germplasm in the field. Powdery mildew score 0-2: Resistant, 3-4: 

Susceptible. Year 1 (2021-2022) and year 2 (2022-2023). 

 

Similarly, 42 out of 98 landraces were resistant to 

powdery mildew in which 19 wheat landraces were 

moderately resistant (score: 2), 21 resistant (score: 1) 

and 2 were highly resistant (score: 0). Check variety SH-

2002 was resistant to powdery mildew with score 1. Two 

of the immune landraces from Ziarat (11212) and Loralai 

(11214) were extremely resistant without having spores 

or necrosis (Supplementary Table 1). Consistency of 

powdery mildew resistance versus susceptibility 

prevailed among all landraces across three replications at 

Hazara University research station. All tested genotypes 

showed consistency in powdery mildew resistance versus 

susceptibility for both years (Supplementary table 1).     

Agronomic Potential  

Powdery mildew resistance cultivars were further 

screened for traits with better yield characters such as 

plant height, spike length, seed length and 1000 kernel 

weight.  A two-year combined analysis of variance 

(ANOVA) revealed highly significant differences (p < 

0.001) among all wheat genotypes for powdery mildew, 

plant height, spike length, seed length and 1000 KW. The 

non-significant year x genotype interaction for all traits, 

except spike length, indicates substantial genetic 

variability and stable expression of traits across two 

years, thereby supporting their potential for effective 

selection in the breeding program (Table 3). Landrace 

11189 had minimum mean seed length of 5.58 mm and 

5.66 mm, and landrace 11212 had maximum of 8.34 mm 

and 8.65 mm for 2021/22 and 2022/23, respectively 

(Figure 3). Landrace 11091 had a minimum mean 1000 

KW of 30.03 g and 31.8 g, and Landrace 11212 had 

maximum mean 1000 KW of 59.43 g and 61.23 g for 

2021/22 and 2022/23, respectively (Figure 4). Landrace 

10810 had a minimum mean spike length of 7.07 cm and 
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7.34 cm, and Landrace 11214 had maximum of 16.15 cm 

and 16.84 cm for 2021/22 and 2022/23, respectively 

(Figure 5). Similarly, landrace 11260 had a minimum of 

62.76 cm and 62.2 cm mean plant height, and landrace 

11311 had maximum of 114.53 cm and 112.02 cm mean 

plant height for 2021/22 and 2022/23, respectively 

(Figure 6). Based on the above-mentioned traits scored 

for two years, it is evident that landrace 11212 from 

Ziarat Balochistan with highly resistant response to 

powdery mildew, semi-dwarf height (78.1 cm), maximum 

spike length (16.4 cm), seed length (8.49 mm) and 1000 

KW (60.33 g) suggests it is a promising candidate among 

all germplasm tested in this study. 

 

Table 3. Analysis of Variance (ANOVA) for powdery mildew and yield related traits. 

Source PM PH SPL SDL 1000 KW 

Genotype 7.36*** 760.24*** 641.88*** 2.00*** 207.18*** 

Year 0.13ns 103.48ns 13.15*** 9.96*** 289.39*** 

Replication 0.02ns 0.957ns 0.10ns 0.05ns 0.78ns 

Genotype*Year 0.051ns 5.03ns 1.27*** 0.03ns 1.19ns 

Error 0.053 4.316 0.109 0.029 1.18 

F-Value 133.14 181.26 5640.7 75.79 186.16 

P-Value <0.001 <0.001 <0.001 <0.001 <0.001 

LSD (5%) 0.370680053 3.345045266 0.531587218 0.274195473 1.749050241 

 

 
Figure 3. Comparative performance of 100 wheat genotypes for seed length. Values on Y-axis show seed length (mm) 

and genotypes are on X-axis. Year 1 (2021-2022) and year 2 (2022-2023). 

https://doi.org/10.33687/phytopath.015.02.6221


Int. J. Phytopathol. 15 (02) 2026. 127-143  DOI: 10.33687/phytopath.015.02.6221 

134 

 
Genotype 

Figure 4. Comparative performance of 100 wheat genotypes 1000 kernel weight (1000 KW). Values on Y-axis show 1000 

KW (g) and genotypes are on X-axis. Year 1 (2021-2022) and year 2 (2022-2023). 

 

Molecular Characterization for Powdery Mildew 

Resistance Genes 

Five Pm genes including Pm1, Pm2, Pm3, Pm4 and Pm8 

were chosen as candidates and the primer sequences of 

their functional markers were used to screen 100 

germplasm with the help of PCR. These five genes were 

chosen as candidates owing to their widespread 

application in local and global breeding programs for 

developing powdery mildew resistant cultivars. Another 

reason to choose these genes is their successful cloning in 

the past decades and availability of their functional 

markers (Kang et al., 2020). The markers names, their 

primer sequences and expected amplicon sizes are given 

in Table 2.

 

Table 2. Marker information for Pm1, Pm2, Pm3, Pm4 and Pm8. 

Marker Type Pm gene F- and R-primers Band size Reference 
Pm1aSTS1  

STS 
Pm1 CAATATAAACTTCAGATGTTCT AT 

CTACATTGGCTATGCGTGTAG TC 
333bp  Hewitt et al., 2021 

TaPm2a  
Functional 

Pm2 GGTTTGAATCCAAGAGATGATGCATATTTGAT 
TAAGTGGTAATAGCTCAATCTGAGAACCTT 

212bp Chen et al., 2019 

STSPm3  
Functional 

Pm3 TGGTTGCACAGACAATCC 
GTAGCTAAGCTTGAGTATTGGCA 

946bp Srichumpa et al., 2005 

TaPm4_V1  
Functional 

Pm4 TAGGTTGGAGAGATCACAACGA 
CTGAGGTAGAGGAGGCAACTT 

179bp Sa nchez-Martí n et al., 
2021 

sfr43  
Functional 

Pm8 TGGCTTCCAACAGCCCTAGC 
AGGCTTTTGCACCTTCTCTC 

662bp Hurni et al., 2013 
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Figure 5. Comparative performance of 100 wheat genotypes for spike length. Values on Y-axis show spike length (cm) 

and genotypes are on X-axis. Year 1 (2021-2022) and year 2 (2022-2023). 

 

All five Pm genes were identified in different landraces 

and check varieties used in this study. The most abundant 

gene possessed by landraces was Pm3 (23%), followed by 

Pm2 (10%), Pm1 (8%), Pm4 (4%) and Pm8 (1%). The Pm 

gene frequency data set represents the frequency of the 

respective Pm genes in the entire tested wheat panel (N = 

100) (Table 4, Figure 7).  Some of the germplasm 

possessed a single PM resistance gene while some 

possessed two at a time. None of the landraces or varieties 

possessed more than two Pm genes together. None of the 

susceptible lines possessed Pm genes except landraces 

11169 and 11174 which despite possessing Pm1 were 

highly susceptible (Table 4).  

Correlation of powdery mildew and agronomic traits 

As shown by Figure 8, several traits exhibited highly 

significant positive associations (p < 0.001). For instance, 

the highly significant positive correlation was observed 

between SDL and TGW (r = 0.294***), suggesting that 

increases in seedling length or related developmental 

traits positively influence 1000 KW. In contrast, 

significant negative correlations were identified between 

specific trait pairs (p < 0.001). Pm was highly significantly 

negatively correlated with 1000 KW (r = -0.159***). 

Although the magnitude of this association was very 

small, accounting for only approximately 2.5% of the 

variation, it might confer a probable trade-off where 

higher Pm levels are associated with a reduction in 1000 

KW. Plant height exhibited the same trend (Figure 8). 

Overall, all five traits demonstrated consistency in 

correlation across both seasons.
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Figure 6 Comparative performance of 100 wheat genotypes for plant height (cm). Values on Y-axis show plant height 

(cm) and genotypes are on X-axis. Year 1 (2021-2022) and year 2 (2022-2023). 

 

Table 4. Distribution of Pm genes in Pakistani wheat landraces. 

Sr. Acc.# 
PM 

score 
PM 

status 
Pm1 Pm2 Pm3 Pm4 Pm8 Sr. Acc.# 

PM 
score 

PM 
status 

Pm1 Pm2 Pm3 Pm4 Pm8 

1 10725 2 MR - + - - - 51 11181 4 HS - - - - - 
2 10726 2 MR - + - - - 52 11183 1 R - - + - - 
3 10730 3 MS - - - - - 53 11185 4 HS - - - - - 
4 10731 2 MR - - + - - 54 11189 4 HS - - - - - 
5 10810 3 MS - - - - - 55 11190 4 HS - - - - - 
6 10811 3 MS - - - - - 56 11199 4 HS - - - - - 
7 10865 4 HS - - - - - 57 11209 1 R - + - - - 
8 10866 4 HS - - - - - 58 11212 0 HR - + + - - 
9 10871 1 R - + - - - 59 11214 0 HR - - + - - 
10 10890 3 MS - - - - - 60 11219 3 MS - - - - - 
11 10891 3 MS - - - - - 61 11234 2 MR - - + - - 
12 10895 3 MS - - - - - 62 11236 1 R - - + - - 
13 10940 4 HS - - - - - 63 11238 3 MS - - - - - 
14 10941 3 MS - - - - - 64 11239 3 MS - - - - - 
15 10945 3 MS - - - - - 65 11242 3 MS - - - - - 
16 10951 2 MR - - + - - 66 11249 3 MS - - - - - 
17 10957 3 MS - - - - - 67 11250 3 MS - - - - - 
18 11016 2 MR - + - + - 68 11255 3 MS - - - - - 
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19 11021 3 MS - - - -  69 11256 3 MS - - - - - 
20 11022 3 MS - - - - - 70 11260 3 MS - - - - - 
21 11027 3 MS - - - - - 71 11262 3 MS - - - - - 
22 11041 1 R - - + - - 72 11274 1 R - - + - - 
23 11042 2 MR - - - + - 73 11280 3 MS - - - - - 
24 11046 2 MR + - - - - 74 11286 2 MR - - + - - 
25 11061 4 HS - - - - - 75 11296 4 HS - - - - - 
26 11062 1 R - - + - - 76 11306 4 HS - - - -  
27 11063 3 MS - - - - - 77 11311 4 HS - - - - - 
28 11066 3 MS - - - - - 78 11324 3 MS - - - - - 
29 11067 2 MR - - + - - 79 11332 3 MS - - - - - 
30 11071 3 MS - - - -  80 11351 3 MS - - - - - 
31 11072 4 HS - - - - - 81 11383 3 MS - - - - - 
32 11076 2 MR - + - - - 82 11387 2 MR - + - - - 
33 11077 3 MS - - - - - 83 11388 1 R - - + - - 
34 11078 1 R - - + - - 84 11389 2 MR + - - - - 
35 11079 2 MR - + - - - 85 11392 1 R + + - - - 
36 11081 2 MR - - + - - 86 11395 3 MS - - - - - 
37 11091 3 MS - - - -  87 11397 3 MS - - - - - 
38 11101 3 MS - - - - - 88 11398 1 R - - + - - 
39 11116 1 R - - - + - 89 11407 1 R - - + - - 
40 11121 1 R - - - - - 90 11452 2 MR - - - - - 
41 11126 1 R - - + + - 91 11491 1 R + - - - - 
42 11136 1 R - - + -  92 11513 2 MR + - - - - 
43 11145 4 HS - - - - - 93 11523 1 R - - + - - 
44 11154 4 HS - - - - - 94 11524 1 R - - + - - 
45 11166 3 MS  - - - - 95 11612 1 R + - - - - 
46 11169 4 HS + - - - - 96 11613 2 MR - - - - - 
47 11174 4 HS + - - - - 97 11705 1 R - - + - - 
48 11175 4 HS - - - - - 98 11706 2 MR - - + - - 
49 11179 4 HS - - - - - 99 SH-

2002 
1 R - - - - + 

50 11180 4 HS - - - - - 100 NARC-
2009 

4 HS - - - - - 

 

 
Figure 7. Relative distribution of powdery resistance genes in Pakistani wheat germplasm. Pm gene frequencies are 

based on the 100 wheat genotypes/accessions evaluated in the complete experimental panel (N = 100), including the 

check cultivars SH-2002 and NARC-2009. 
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Figure 8. Correlation of powdery mildew resistance and agronomic traits. PH: Plant height, SDL: Seed length, SPL: Spike 

length, PM: Powdery mildew resistance, 1000 KW: 1000 kernel weight, NS: Non significant, **,***: significant at p-vale 

< 0.01 and 0.001. 1: 2021-2022, 2: 2022-2023. 

  

DISCUSSION 

Wheat landraces are important wheat genetic resources 

and act globally as repositories of genes conferring 

resistance to various wheat diseases such as rust and 

powdery mildew (Lodhi et al., 2020; Nadeem et al., 2021). 

Globally, phenotypic screening of wheat landraces in the 

field (against mixture of Bgt strains) and disease 

nurseries (against controlled single Bgt isolates) revealed 

a diverse spectrum of resistance and susceptibility. The 

phenotypic resistance complemented by molecular 

resistance analysis revealed the identification of several 

pm-resistance loci such as Pm2, Pm3, Pm5 and Pm24 

(Bapela et al., 2023). Nearly half (42%) of the wheat 

landraces identified as powdery mildew resistant in the 

current study necessitates the large scale phenotypic and 

molecular analysis for powdery mildew resistance of the 

wheat landraces locked in global seed banks. Such large-

scale screening will broaden the genetic base of wheat 

germplasm against newly emerging virulent Bgt strains in 

the era of constantly changing climate. Since the 

resistance was evaluated only against the naturally 

occurring local Bgt population, the results should not be 

generalized to all geographical regions. Controlled 

inoculation using characterized isolates will be required 

for validation. 

Wheat landraces, cultivated for thousands of years in 

extreme environments, possess stable yield and 

contribute genes/alleles of agronomic importance and 

resistance against abiotic and biotic stresses (Ullah et al., 

2018). Besides stable yield and yield related attributes, 

wheat landraces contributed more than dozens of genes 

and alleles conferring race-specific powdery mildew 

resistance.  For instance, the identification of Pm47 in 

Chinese wheat landrace Hongyanglazi (Xiao et al., 2013) 

and Pm24 in landrace Baihulu (Xue et al., 2012) justify the 

utilization of wheat landraces in wheat breeding 
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programs aimed at developing powdery mildew 

resistance. Both these Pm genes were later transferred to 

elite Chinese cultivar Yangmai158 with the help of 

molecular markers. One wheat landrace identified in our 

study, 11212, conferred high phenotypic resistance and 

harbored Pm2 and Pm3. This landrace exhibited 

comparatively promising yield related attributes such as 

semi-dwarf height (78.1 cm), spike length (16.4 cm), seed 

length (8.49 mm) and 1000 KW (60.33 g).  This landrace 

can be utilized as a promising candidate breeding parent. 

Very few studies have investigated phenotypic and 

molecular resistance of Pakistan’s indigenous wheat 

germplasm against powdery mildew. For instance, 

investigation of the phenotypic resistance of historic 

Pakistani cultivars against powdery mildew in an open 

field experiment at Kaghan Valley, a powdery mildew hot 

spot in Pakistan, showed that all historic wheat cultivars, 

except SH-2002 and Parwaz-94, revealed moderate to 

high susceptibility to the local Bgt isolates in open field 

condition (Asad et al., 2014). Similarly, investigation of 

the phenotypic and molecular resistance of European 

wheat cultivars against powdery mildew in 38 different 

open field environments of northern region (powdery 

mildew prevalent region) of Pakistan identified several 

Pm genes. Phenotypic resistance followed by molecular 

markers analysis revealed the presence of powdery 

mildew resistant genes Pm8, Pm38 and Pm39 in the 

European wheat cultivars (Iqbal et al., 2023). Our study is 

the first report on phenotypic and molecular screening of 

Pakistan’s indigenous wheat landraces against powdery 

mildew and offer opportunities to utilize the powdery 

mildew resistant candidate wheat landraces in breeding 

programs. The race-specific characterization was beyond 

the scope of this study.  

Race-specific powdery mildew resistance confers 

resistance against specific strain of Bgt. In the current 

study, majority of the powdery mildew resistant 

landraces possessed single pm gene while few possessed 

two genes simultaneously. None of the landraces or 

varieties possessed more than two Pm genes together. 

None of the susceptible lines possessed Pm genes except 

landraces 11169 and 11174 which despite possessing 

Pm1 were highly susceptible. The Pm1 gene encodes a 

classic race-specific, major immune receptor (NLR 

protein) that works on a "gene-for-gene" basis. It only 

triggers a hypersensitive defense response if it recognizes 

a specific matching avirulence effector (AvrPm1) secreted 

by the fungus.  There could be several possible 

explanations to this phenotype-genotype mismatch of 

Pm1 in 11169 and 11174, including genetic background 

effects (Gallois et al., 2018), marker-gene recombination 

(Tailor and Bhatla, 2024), quantitative resistance (Corwin 

and Kliebenstein, 2017), modifier genes (Yin et al., 2019) 

and heterogeneous pathogen populations (Clin et al., 

2022). Previous reports demonstrated that wheat 

genotypes carry a non-functional or mutated allele of R-

gene (a pseudogene or silent allele) that contains a 

premature stop codon, frameshift mutation, or 

transposon insertion blocking proper protein 

transcription or translation. The molecular marker may 

still bind to a conserved flank or region of the DNA, 

resulting in a "positive" band or signal, even though the 

plant fails to produce a functional, active receptor protein 

(Kang et al., 2020). In addition to disease resistance, 

studies have shown that mutated alleles produced and 

amplified band on agarose gel, yet contributing less to the 

phenotypic trait. For instance, the wild type NAM-B1 

allele causes higher accumulation of Zn and Fe in wheat 

grain. The mutant NAM-B1 allele, though with amplify 

specific band on agarose gel, failed to accumulate higher 

Zn and Fe contents in wheat kernel (Uauy et al., 2006; 

Shoormij et al., 2023).  Besides, non-specific 

amplification, recombination between the marker locus 

and the functional resistance gene, or sequence variation 

affecting marker–gene association could potentially 

produce a marker-positive but phenotypically susceptible 

genotype. In the Pm1 case of this study, we suggest that 

marker detection should be interpreted as evidence of the 

presence of the marker-associated genomic region rather 

than definitive proof of a functional resistance allele. 

Race-specific characterization followed by molecular 

markers analysis along with amplified locus sequencing is 

recommended to resolve the phenotype-genotype 

mismatch in these two landraces. 

The abundantly present Pm3 gene coupled by stable 

resistance in Pakistani landraces suggests its exploitation 

in local breeding programs. Previous studies have 

identified the presence of Pm4 gene alone or in 

combination in several landraces, cultivars and synthetic 

hexaploid wheat (Hysing et al., 2007: Rafique et al., 2017). 

Both these studies support the presence of Pm4 alleles 

identified in several Pakistani wheat landraces in this 

study. Similarly, Pm3 alleles (Pm3CS) have been identified 

in three landraces, namely IG41606, IG41554 and 

AUS4856 belonging to Baluchistan province of Pakistan 

Pm3CS. The presence of Pm3CS in the latter two landraces 
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was found to be the ancestral Pm3 gene which later on 

diverged into a multi-allelic locus containing 17 different 

alleles of Pm3 distributed in global wheat landrace pool 

(Bhullar et al., 2009). The presence of Pm8 in variety SH-

2002 in this study might be attributed to the fact that Pm8 

originated from rye as wheat rye 1BL.1RS line. This wheat 

rye translocation has widely been applied in wheat 

breeding programs in Pakistan and India (Khan et al., 

2013). The presence of Pm8 in SH-2002 and not in 

landraces supports the hypothesis that the Pm8 in SH-

2002 might be the consequence of 1BL.1RS breeding.  

Previously, Pm8 has been demonstrated to be a 

homoeologous gene of Pm3 (Hurni et al., 2013). The 

reason for screening these five R-genes Pm1, Pm2, Pm3, 

Pm4 and Pm8 is that they are widely distributed in wheat 

germplasm, being major powdery mildew resistance loci, 

cloned and functionally validated (Yahiaoui et al., 2004; 

Hurni et al., 2013; Sa nchez-Martí n et al., 2016; Hewitt et 

al., 2021; Sa nchez-Martí n et al., 2021). Different studies 

identified novel variants of these cloned genes (Jin et al., 

2018; Chen et al., 2019; Manser et al., 2021; Jin et al., 

2022; Kunz et al., 2026; Saqlain et al., 2026), offering 

possibility to broaden the narrow base of wheat powdery 

mildew resistance. Since only five major resistance genes 

were screened in this stu[-p;dy, resistant accessions 

lacking these markers may possess novel resistance loci 

or additional Pm genes requiring future investigation. 

This hypothesis is supported by the fact that some 

landraces lacking Pm1, Pm2, Pm3, Pm4 and Pm8 alleles in 

this study still conferred resistance to powdery mildew, 

such as 11121, 11452 and 11613. 

Since the study relies on natural infection, a 

morphological or molecular confirmation of Blumeria 

graminis f. sp. tritici is further recommended to confirm 

these findings. A more rigorous investigation is needed to 

screen Pakistani wheat landraces in mixed Bgt 

environment the field and in the presence of single 

isolates in the greenhouse. Such resistance spectrum 

analysis might uncover novel Pm alleles in Pakistani 

wheat landraces. Besides resistance spectrum analysis, 

Genome-Wide Association Study (GWAS) and multi-site 

experiments may also reveal a new spectrum of alleles in 

Pakistani wheat landrace pool.  

Thousand kernel weight is a critical yield contributing 

trait in wheat and is highly affected by disease incidence. 

The highly significant negative correlation of powdery 

mildew with 1000 KW suggests that yield contributing 

traits such as TGW are adversely affected by powdery 

mildew, especially in heavy and prolonged rainy spells 

and high humidity, which are in agreement with previous 

findings that incidence of powdery mildew cool and 

humid environment lead to heavy yield losses while the 

presence of PM resistance genes in wheat landraces or 

cultivars contribute to better yield-related traits in 

powdery mildew-prone regions (Ullah et al., 2018). 

Similarly, also investigation of the correlation of wheat 

powdery mildew and yield losses of Egyptian wheat 

germplasm for consecutive two years attributed to 

incidence of wheat powdery mildew (Ashmawy et al., 

2014). They found that cultivars resistant to powdery 

mildew performed better with stable yield-related traits 

while those susceptible to powdery mildew observed 

yield losses from 20% to 22.52%, especially during 

prolonged rainy spells. Additionally, PH and SDL shared a 

significant negative relationship (r = -0.156), revealing 

that individuals with greater plant height under field 

conditions may display reduced seedling length traits, or 

vice-versa. Tall plants are more prone to lodging 

especially in flood irrigation or heavy rain followed by 

winds, thereby leading to low yield, low 1000 KW and 

shriveled seeds (Gao et al., 2020; Jamil et al., 2026). 

 

CONCLUSION  

The study concluded that more than half of the 

germplasm tested were susceptible to Bgt mix powdery 

mildew fungal strains in the field. The resistant 

germplasm comprised both moderate and highly 

resistant wheat landraces. Molecular characterization 

identified the presence of most prevalent PM resistance 

genes in different landraces. Based on wheat 

experimental panel (N = 100 tested with molecular 

markers, the most abundant Pm gene possessed by 

landraces was Pm3 (23%), followed by Pm2 (10%), Pm1 

(8%), Pm4 (4%) and Pm8 (1%). Powdery mildew 

resistance showed weak but highly significant correlation 

with 1000 KW and seed length. Based on powdery 

mildew resistance, molecular marker analysis and yield 

related attributes, three wheat landraces, especially 

wheat landrace acc.# 11212 from Ziarat Baluchistan 

province were the most superior breeding material for 

developing powdery mildew resistant and high yielding 

wheat cultivars for powdery mildew-prone regions of 

Pakistan. 
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