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Comprehensive abstract 

Introduction  
Covered smut disease caused by the biotrophic fungus, Ustilago hordei (Pers.) Lagerh., is one of 

the significant limiting factors in barley cultivation. This disease is present in all barley cultivation 
regions, and if seeds of sensitive cultivars are planted without the use of fungicides, it can become a 
serious problem. Moreover, this disease adversely affects grain quality by contamination of healthy 
seeds with teliospores. The contamination level in the farms of Karaj and Zabol in 1990-1992 ranged 
from zero to 90%. Considering the importance of organic agriculture and the public demand for 
production systems with reduced chemicals inputs, planting improved seeds with genetic resistance is 
the most effective and economical approach to control this disease. This research was conducted to 
assess the sensitivity of barley cultivars to the covered smut disease and to evaluate the effect of this 
disease on the phenological, physiological, and agronomic characteristics of barley cultivars. 

Materials and methods 
 In this study, 148 spring barley varieties from common commercial varieties from European 

countries along with Oxin and Zehak cultivars from Iran were investigated. This experiment was 
conducted in field conditions using an alpha lattice design with two replications under two 
environmental conditions, disinfection of seeds with fungicide and disease stress by inoculation of the 
covered smut pathogen, in the Zehak Agricultural Research Station, Sistan and Blouchestan province, 
Iran, in 2021-22 growing season. To induce the stress of covered smut disease, the seeds of the studied 
cultivars were artificially contaminated. The measured traits in this experiment included phenological, 
morphological, physiological, and agronomic traits, as well as spike infection percentage after 
maturity. To perform statistical analyses, the normal distribution of the collected data was firstly tested 
using the Shapiro-Wilk test, and then combined analysis of variance was conducted. Comparison of 
means, simple correlation coefficients between traits, principal component analysis, and heritability of 
the studied traits were conducted. 
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Research findings 
The results showed that the accurence rate of covered smut disease among the studied cultivars 

under disease inoculation conditions varied from 0% to 26.48% with the average of 3.51%. The 
genotype × environment interaction for all studied traits including days to tillering, tiller number per 
plant, plant height, flag leaf length and width, flag leaf sheath length, peduncle length, spike length, 
number of nodes, internode distance, 1000-grain weight, grain yield, biological yield, harvest index, 
water-soluble carbohydrate concentration, and disease infection percentage, was significant at 1% 
probability level, except for phenological traits including days to germination, days to tillering, days to 
heading, as well as canopy temperature. The heritability rate of resistance to covered smut disease was 
97.89%. Also, a negative and significant correlation was observed between the percentage of disease 
infection with plant height, flag leaf sheath length, peduncle length, spike length at the 1% probability 
level, and with biological yield at the 5% probability level. 

Conclusion 
The results of this research showed that there was a significant genetic diversity among the 

evaluated cultivars and the studied cultivars exhibited diverse reactions to different environmental 
conditions. Due to the significant impact of covered smut disease or loose smut disease on spike-
related traits during the maturity stage, therefore it is challenging to differentiate resistant cultivars 
from susceptible ones in other stages and traits, and the selection of resistant cultivars requires waiting 
until the end of the cropping season. 

Keywords: Commercial cultivars, Correlation, Disease infection, Grain yield and yield components, 
Resistance, Ustilago hordei,  
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Table 1. Meteorological information in the experimental site in 2021-2022 

Month Temperature (°C) Precipitation (mm) Evaporation (mm) 

October 23 0 415 
November 25 0 241 
December 13 0 129 
January 11 9 93 

February 11 0 155 
March 21 3 193 
April 31 0 299 
May 32 11 508 
June 37 0 598 
July 38 33 707 

August 35 0 702 
September 32 0 517 
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Table 2. Cultivar of Barley in field evaluation of resistance to Covered Smut 
Breeder Variety No. Breeder Variety No. 

New Farm Crops Ltd. Cork 48 Abed Fonden Abed4611 1 
Clovis Matton PVBA Culma 49 Abed Fonden Abed5193 2 

Nickerson Pflanzenzucht GmbH Decanter 50 New Farm Crops Ltd. Abelone 3 
Nickerson UK Ltd. Delibes 51 Plant Breeding International Ltd. Adele 4 

Nordsaat Saatzucht GmbH Delita 52 CPB Akita 5 
Nordsaat Saatzucht GmbH Derkado 53 Lochow-Petkus GmbH Alabama 6 

Sejet Planteforædling Dialog 54 Sejet Planteforædling Alanis 7 
ICI Seeds Ltd. Digger 55 Abed Fonden Albright 8 

New Farm Crops Ltd. Enigma 56 Saatzucht Josef Breun Alexis 9 
Nickerson UK Ltd. Escort 57 Pajbjergfonden Alliot 10 

Abed Fonden Etna 58 Nordsaat Saatzucht GmbH Annabell 11 
Saatzucht LFS Evelyn 59 Pajbjergfonden Annasofie 12 

New Farm Crops Ltd. Extract 60 Cebeco Zaden BV Apex 13 
New Farm Crops Ltd. Ferment 61 Secobra Recherches Aravis 14 
Sejet Planteforædling Fusion 62 Landbouwbureau Wiersum Ardila 15 

Carlsberg A/S Gant 63 Svalöf Weibull AB Ariel 16 
Nordsaat Saatzucht GmbH Gesine 64 Nickerson UK Ltd. Aspen 17 

Abed Fonden Give 65 Secobra Recherches Astoria 18 
Svalöf Weibull AB Goldie 66 Saatzucht Josef Breun Barke 19 

Saatzucht Hadmersleben GmbH Hanka 67 Nickerson UK Ltd. Bartok 20 
Nordsaat Saatzucht GmbH Henni 68 Schweiger & Co. Bella 21 

ICI Seeds Ltd. Heron 69 Abed Fonden Bereta 22 
Pajbjergfonden Hydrogen 70 Plant Breeding International Ltd. Blenheim 23 
Pajbjergfonden Jacinta 71 Sejet Planteforædling Bond 24 

Agricultural Research Institute Kromeriz, Ltd. Jarek 72 Saatzucht Hadmersleben GmbH Brenda 25 
Cebeco Zaden BV Jersey 73 New Farm Crops Ltd. Brewster 26 
Svalöf Weibull AB Jill 74 New Farm Crops Ltd. Brise 27 

Saatzucht Hadmersleben GmbH Korinna 75 Saatzucht Hadmersleben GmbH Britta 28 
Saatzucht Hadmersleben GmbH Krona 76 Abed Fonden Cadeau 29 

Sejet Planteforædling Lamba 77 Carlsberg A/S Calypso 30 
Saatzucht Hadmersleben GmbH Lenka 78 Carlsberg A/S Camant 31 

Saatzucht Josef Breun Libelle 79 Carlsberg A/S Caminant 32 
Svalöf Weibull AB Limbo 80 Carlsberg A/S Canut 33 
Svalöf Weibull AB Linus 81 Carlsberg A/S Caruso 34 

Pajbjergfonden Lisbet 82 Carlsberg A/S Caskant 35 
Abed Fonden Loma 83 Abed Fonden Cathrine 36 

Sejet Planteforædling Lux 84 Svalöf Weibull AB Cecilia 37 
Sejet Planteforædling Lysiba 85 Nickerson UK Ltd. Century 38 
Sejet Planteforædling Lysimax 86 New Farm Crops Ltd. Chalice 39 

Lochow-Petkus GmbH Madonna 87 Carlsberg A/S Chamant 40 
Lochow-Petkus GmbH Madras 88 Plant Breeding International Ltd. Chariot 41 

Advanta Seeds BV Mandolin 89 Pflanzenzucht Dr. H.C. Carsten Charlotte 42 
Lochow-Petkus GmbH Maresi 90 Abed Fonden Charon 43 
Lochow-Petkus GmbH Marina 91 Abed Fonden Christian 44 

Svalöf Weibull AB Maud 92 Sejet Planteforædling Cicero 45 
Svalöf Weibull AB Meltan 93 Nickerson UK Ltd. Collie 46 
Svalöf Weibull AB Mentor 94 New Farm Crops Ltd. Cooper 47 
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Breeder Variety No. Breeder Variety No. 

Nickerson UK Ltd. Ricarda 123 Pajbjergfonden Merete 95 
Abed Fonden Riga 124 Svalöf Weibull AB Mie 96 

Saatzucht Josef Breun Roxana 125 Sejet Planteforædling Miralix 97 
New Farm Crops Ltd. Sabel 126 Nickerson UK Ltd. Neruda 98 
New Farm Crops Ltd. Saloon 127 Secobra Recherches Nevada 99 
Saatzucht Josef Breun Scarlett 128 Saatzucht Josef Breun Nizza 100 
Sejet Planteforædling Senor 129 Plant Breeding International Ltd. Odin 101 
Sejet Planteforædling Shamu 130 New Farm Crops Ltd. Optic 102 
Sejet Planteforædling SJ5095 131 Saatzucht Josef Breun Optima 103 
New Farm Crops Ltd. Static 132 Lochow-Petkus GmbH Orthega 104 

Ackerman & Co, Saatzucht Irlbach Steffi 133 Sejet Planteforædling Otira 105 
Secobra Recherches Sultane 134 Abed Fonden Paloma 106 

New Farm Crops Ltd. Teal 135 Lochow-Petkus GmbH Pasadena 107 
Secobra Recherches Texane 136 New Farm Crops Ltd. Peel 108 

Ackerman & Co, Saatzucht Irlbach Thuringia 137 
Saatzuchtgesellschaft Streng's Erben 

GmbH & Co. KG 
Peggy 109 

Svalöf Weibull AB Tirup 138 Pajbjergfonden PF11011-52 110 
Svalöf Weibull AB Tofta 139 Pajbjergfonden PF11202-53 111 
Svalöf Weibull AB Trebon 140 Saatzucht Hadmersleben GmbH Polygena 112 
Verneuil Semences Tremois 141 Svalöf Weibull AB Pongo 113 
Secobra Recherches Trianon 142 Svalöf Weibull AB Potter 114 

Unisigma, GIE Recherche et 
Sélection 

UN AE 3.1 143 Plant Breeding International Ltd. Prestige 115 

IVP Wageningen Vada 144 Nordsaat Saatzucht GmbH Princesse 116 
Abed Fonden Verona 145 Landbouwbureau Wiersum Prisma 117 

New Farm Crops Ltd. Vintage 146 Sejet Planteforædling Prolog 118 
Nordsaat Saatzucht GmbH Viskosa 147 Sejet Planteforædling Prominant 119 

Advanta/Zeneca Wren 148 Sejet Planteforædling Punto 120 
AREEO IRI Oxin 149 Advanta Seeds BV Ragtime 121 
AREEO IRI Zahak 150 Advanta Seeds BV Reggae 122 
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Table 3. Analysis of variance for Phenological, physiological and agronomic traits of Barley varieties under normal and disease stress conditions 

Source of variation df 
Mean square 

† 

DGE DTI DST DHE TN PHT FLL FLW SHFLL PL 

Environment (E) 1 20.17** 1.71* 413.34** 403.44** 1378.65** 4522.66** 691.76** 1.40** 655.22** 2100.53** 
Replication (R) / E 2 14.42** 0.39n.s 9.66** 72.72n.s 0.84n.s 8.80n.s 2.45n.s 0.06* 1.03n.s 3.01n.s 

Block / (R × E) 36 0.15n.s 0.31n.s 0.47n.s 18.24* 1.81* 12.55n.s 0.90n.s 0.01n.s 2.41n.s 2.98* 
Genotype (G) 149 0.30** 0.36* 8.38** 63.29** 11.62n.s 80.23* 8.36** 0.04* 14.05* 13.22n.s 

G × E 149 0.19n.s 0.28n.s 2.70** 11.44n.s 11.29** 61.03** 5.34** 0.03** 10.05** 10.74** 
Error 262 0.20 0.26 0.62 10.76 1.07 14.82 0.77 0.01 2.66 1.99 

CV (%) - 2.93 1.75 1.07 3.17 14.36 8.00 11.80 18.14 9.05 13.58 
2
bh  - 69.59 58.88 84.87 95.04 11.96 45.99 55.83 48.40 53.23 36.23 

 

 ?��L3 -                 K3���                                                                                                                                                                                                         Table 3. Continued 

Source of variation df 
Mean square 

† 

SL NN ID TGW GYLD BY HI DI CT WSC 

Environment (E) 1 449.45** 0.24n.s 335.85** 3073.61** 80621.43** 513984.13** 984.06** - 3802.68** 14482.84** 
Replication (R) / E 2 0.05n.s 0.06n.s 7.25* 75.57* 2051.55** 35632.53* 48.51* 0.56n.s 470.46** 21.85n.s 

Block / (R × E) 36 0.53n.s 0.07n.s 1.28n.s 9.73n.s 219.82n.s 4566.33n.s 10.49n.s 2.04n.s 29.04** 27.73n.s 
Genotype (G) 149 3.39** 0.58** 6.07n.s 160.95** 2996.30** 40243.51** 99.54** 44.18** 5.54n.s 657.93n.s 

G × E 149 2.16** 0.35** 5.52** 96.37** 1937.18** 24133.16** 67.85** - 4.71n.s 533.80** 
Error 262 0.54 0.10 1.63 10.16 196.10 3792.95 10.34 1.41 4.65 31.00 

CV (%) - 10.34 5.09 13.84 8.29 27.43 17.54 23.52 30.86 7.31 11.00 
2
bh  - 60.27 63.66 16.69 59.90 56.50 66.92 46.99 97.89 36.59 19.25 

ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 
† Traits abbreviations are including: DGE, days to germination; DTI, days to tillering; DST, days to stemming; DHE, days to heading; TN, tiller number per plant; PHT, plant height (cm); 
FLL, flag leaf length (cm); FLW, flag leaf width (cm); SHFLL, sheath flag leaf length (cm); PL, peduncle length (cm); SL, spike length (cm); NN, number of nodes; ID, internode distance 
(cm), TGW, thousand grain weight (g); GYLD, grain yield (g); BY, biological yield (g); HI, harvest index (%); DI, disease infection (%); CT, canopy temperature (0C); WSC, water 
soluble carbohydrate concentration (mg/g leaf fresh weight). 
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Table 4. Comparison of means (based on REML analysis) for phenological, physiological and agronomic traits 
of barley varieties under normal and disease stress conditions 

Traits Normal conditions Disease stress conditions 

Days to germination 14.99a 15.36a 

Days to tillering 29.22a 29.11a 

Days to stemming 72.96b 74.62a 

Days to heading 104.22a 102.58a 
Tiller number per plant 8.73a 5.70b 

Plant height (cm) 50.87a 45.38b 

Flag leaf length (cm) 8.52a 6.37b 

Flag leaf width (cm) 0.50a 0.41b 

Sheath flag leaf length (cm) 19.06a 16.97b 

Peduncle length (cm) 12.26a 8.52b 

Spike length (cm) 8.00a 6.27b 

Number of nodes  6.24a 6.20a 
Internode distance (cm) 9.99a 8.49b 

Thousand grain weight (g) 40.72a 36.19b 

Grain yield (g) 62.65a 39.46b 

Biological yield (g) 380.45a 321.91b 

Harvest index (%) 14.95a 12.39b 

Disease infection (%) 0.00b 3.51a 

Canopy temperature (0C) 26.97b 32.00a 

Water soluble carbohydrate concentration 
(mg/g LFW) 

55.55a 45.72b 

Means followed by similar letter (s) in each row are not significantly different at 5% probability level. 
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Table 5. Simple correlation coefficients between phenological, physiological and agronomic traits of barley 

varieties under disease stress conditions 
Trait 

† DGE DTI DST DHE TN PHT FLL FLW SHFLL PL 

DGE 1 
         

DTI 0.149 1 
        

DST 0.015 0.257** 1 
       

DHE 0.019 0.231** 0.280** 1 
      

TN 0.042 -0.066 -0.156 -0.067 1 
     

PHT -0.027 0.007 -0.113 -0.093 0.078 1 
    

FLL -0.038 0.011 -0.137 -0.068 0.206* 0.310** 1 
   

FLW -0.097 0.018 -0.248** 0.137 0.175* 0.280** 0.545** 1 
  

SHFLL 0.000 -0.135 -0.020 -0.056 -0.051 0.565** 0.285** 0.140 1 
 

PL -0.045 0.028 0.022 -0.007 0.047 0.485** 0.392** 0.201* 0.619** 1 
SL -0.095 -0.072 0.092 -0.100 0.022 0.503** 0.227** 0.037 0.624** 0.588** 
NN 0.058 0.102 -0.016 0.143 0.016 0.225** -0.024 0.109 -0.088 0.004 
ID -0.057 -0.022 -0.086 -0.202* 0.046 0.581** 0.231** 0.088 0.594** 0.644** 

TGW -0.063 -0.114 -0.023 -0.200* 0.019 0.048 0.142 0.078 0.138 0.085 
GYLD -0.236** -0.096 0.013 -0.202* 0.112 0.073 0.176* -0.041 0.085 0.062 

BY -0.217** -0.157 -0.227** -0.180* 0.343** 0.253** 0.451** 0.259** 0.142 0.212** 
HI -0.121 0.010 0.072 -0.131 -0.090 -0.035 -0.099 -0.188* 0.042 -0.020 
DI 0.078 -0.050 -0.013 0.119 0.034 -0.217** -0.107 -0.022 -0.355** -0.272** 
CT -0.062 -0.153 -0.130 -0.288** -0.085 -0.091 -0.160 -0.155 -0.081 -0.059 

WSC 0.039 0.152 -0.155 0.069 -0.156 -0.079 0.137 0.120 -0.010 -0.012 

 

  
 ?��L5 -                                                                 K3���                                                         Table 5. Continued 

Trait 
† SL NN ID TGW GYLD BY HI DI CT WSC 

SL 1 
         

NN 0.072 1 
        

ID 0.565** -0.010 1 
       

TGW 0.097 -0.120 0.055 1 
      

GYLD 0.072 0.024 0.104 0.348** 1 
     

BY 0.167* 0.078 0.145 0.395** 0.576** 1 
    

HI 0.011 -0.036 0.082 0.151 0.736** -0.032 1 
   

DI -0.250** 0.046 -0.098 -0.129 -0.167* -0.111 -0.135 1 
  

CT 0.045 -0.050 0.001 -0.163* -0.173* -0.159 -0.028 -0.050 1 
 

WSC 0.019 0.174* -0.056 -0.256** -0.028 -0.057 0.034 0.072 0.005 1 
* and ** Significant at 5% and 1% probability levels, respectively. 
† Traits abbreviations are including: DGE, days to germination; DTI, days to tillering; DST, days to stemming; DHE, 
days to heading; TN, tiller number per plant; PHT, plant height (cm); FLL, flag leaf length (cm); FLW, flag leaf width 
(cm); SHFLL, sheath flag leaf length (cm); PL, peduncle length (cm); SL, spike length (cm); NN, number of nodes; 
ID, internode distance (cm), TGW, thousand grain weight (g); GYLD, grain yield (g); BY, biological yield (g); HI, 
harvest index (%); DI, disease infection (%); CT, canopy temperature (0C); WSC, water soluble carbohydrate 
concentration (mg/g leaf fresh weight). 
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Table 6. Principal component analysis for phenological, physiological and agronomic traits of barley varieties 
under normal conditions 

Traits PC1 PC2 PC3 PC4 

Days to germination -0.06 0.06 0.36 -0.06 
Days to tillering -0.22 0.16 -0.06 0.35 

Days to stemming -0.15 0.21 -0.17 0.44 
Days to heading -0.27 0.15 0.30 0.38 

Tiller number per plant 0.18 0.12 0.15 0.07 
Plant height (cm) 0.26 0.10 0.28 -0.21 

Flag leaf length (cm) 0.01 0.51 0.11 -0.04 
Flag leaf width (cm) -0.12 0.42 0.32 -0.14 

Sheath flag leaf length (cm) 0.28 0.24 -0.18 -0.18 
Peduncle length (cm) 0.14 0.43 -0.11 -0.06 

Spike length (cm) 0.17 0.35 -0.17 0.09 
Number of nodes  -0.03 -0.04 0.41 0.17 

Internode distance (cm) 0.32 0.12 -0.07 -0.19 
Thousand grain weight (g) 0.33 0.00 -0.05 0.24 

Grain yield (g) 0.38 -0.11 0.10 0.33 
Biological yield (g) 0.34 -0.06 0.23 0.21 
Harvest index (%) 0.36 -0.10 0.00 0.32 

Disease infection (%) 0.00 0.00 0.00 0.00 
Canopy temperature (0C) -0.05 0.10 -0.47 0.15 

Water soluble carbohydrate concentration (mg/g LFW) -0.07 0.15 -0.07 0.12 

Eigen value 4.38 2.33 1.68 1.62 
Variance percentage 23.06 12.27 8.85 8.52 

Cumulative variance percentage 23.06 35.33 44.18 52.69 
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Figure 1. Biplot diagram of the first and second components for phenological, physiological and agronomic traits 
of barley varieties under normal conditions. DGE, days to germination; DTI, days to tillering; DST, days to 
stemming; DHE, days to heading; TN, tiller number per plant; PHT, plant height (cm); FLL, flag leaf length (cm); 
FLW, flag leaf width (cm); SHFLL, sheath flag leaf length (cm); PL, peduncle length (cm); SL, spike length (cm); NN, 
number of nodes; ID, internode distance (cm), TGW, thousand grain weight (g); GYLD, grain yield (g); BY, biological 
yield (g); HI, harvest index (%); DI, disease infection (%); CT, canopy temperature (0C); WSC, water soluble 
carbohydrate concentration (mg/g leaf fresh weight). 
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Table 7. Principal component analysis for phenological, physiological and agronomic traits of barley 
varieties under disease stress conditions 

Traits PC1 PC2 PC3 PC4 PC5 
Days to germination -0.08 0.20 0.03 0.01 -0.11 

Days to tillering -0.06 0.20 0.02 0.43 0.05 
Days to stemming -0.08 0.11 -0.27 0.42 -0.29 
Days to heading -0.11 0.25 0.14 0.43 -0.13 

Tiller number per plant 0.09 -0.13 0.31 -0.10 -0.21 
Plant height (cm) 0.36 0.18 0.01 0.00 0.04 

Flag leaf length (cm) 0.29 -0.01 0.36 0.05 0.02 
Flag leaf width (cm) 0.18 0.08 0.48 0.04 0.05 

Sheath flag leaf length (cm) 0.38 0.17 -0.19 -0.01 -0.05 
Peduncle length (cm) 0.38 0.21 -0.09 0.05 -0.05 

Spike length (cm) 0.35 0.18 -0.21 -0.02 0.02 
Number of nodes  0.02 0.12 0.16 0.19 0.35 

Internode distance (cm) 0.36 0.16 -0.18 -0.08 0.04 
Thousand grain weight (g) 0.15 -0.34 -0.01 0.06 -0.32 

Grain yield (g) 0.18 -0.51 -0.09 0.28 0.19 
Biological yield (g) 0.27 -0.34 0.29 0.02 -0.04 
Harvest index (%) 0.05 -0.36 -0.32 0.28 0.32 

Disease infection (%) -0.19 0.03 0.20 -0.05 0.00 
Canopy temperature (0C) -0.06 0.03 -0.20 -0.47 0.24 

Water soluble carbohydrate concentration (mg/g LFW) -0.03 0.14 0.14 0.10 0.63 
Eigen value 4.01 2.28 1.98 1.70 1.36 

Variance percentage 20.03 11.40 9.91 8.49 6.81 
Cumulative variance percentage 20.03 31.43 41.34 49.83 56.64 
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Figure 2. Biplot diagram of the first and second components for phenological, physiological and agronomic traits 
of barley varieties under disease stress conditions. DGE, days to germination; DTI, days to tillering; DST, days to 
stemming; DHE, days to heading; TN, tiller number per plant; PHT, plant height (cm); FLL, flag leaf length (cm); 
FLW, flag leaf width (cm); SHFLL, sheath flag leaf length (cm); PL, peduncle length (cm); SL, spike length (cm); NN, 
number of nodes; ID, internode distance (cm), TGW, thousand grain weight (g); GYLD, grain yield (g); BY, biological 
yield (g); HI, harvest index (%); DI, disease infection (%); CT, canopy temperature (0C); WSC, water soluble 
carbohydrate concentration (mg/g leaf fresh weight). 
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