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Genetic relationship between lodging and 
lodging components in barley (Hordeum vulgare) 
based on unconditional and conditional 
quantitative trait locus analyses
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ABSTRACT. Lodging (LD) is a major constraint limiting the yield 
and forage quality of barley. Detailed analyses of LD component 
(LDC) traits were conducted using 246 F2 plants generated from a cross 
between cultivars ZQ320 and 1277. Genetic relationships between LD 
and LDC were evaluated by unconditional and conditional quantitative 
trait locus (QTL) mapping with 117 simple sequence repeat markers. 
Ultimately, 53 unconditional QTL related to LD were identified on 
seven barley chromosomes. Up to 15 QTL accounted for over 10% 
of the phenotypic variation, and up to 20 QTL for culm strength 
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were detected. Six QTL with pleiotropic effects showing significant 
negative correlations with LD were found between markers Bmag353 
and GBM1482 on chromosome 4H. These alleles and alleles of QTL 
for wall thickness, culm strength, plant height, and plant weight 
originated from ZQ320. Conditional mapping identified 96 additional 
QTL for LD. Conditional QTL analysis demonstrated that plant height, 
plant height center of gravity, and length of the sixth internode had the 
greatest contribution to LD, whereas culm strength and length of the 
fourth internode, and culm strength of the second internode were the 
key factors for LD-resistant. Therefore, lodging resistance in barley 
can be improved based on selection of alleles affecting culm strength, 
wall thickness, plant height, and plant weight. The conditional QTL 
mapping method can be used to evaluate possible genetic relationships 
between LD and LDC while efficiently and precisely determining 
counteracting QTL, which will help in understanding the genetic basis 
of LD in barley.
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