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SUMMARY 

The differences between individual breeding lines of spring barley and a control variety 

were tested in terms of several measured (continuous) and qualitative traits. The impact 

of the qualitative traits (diseases) on the quantitative traits, especially yield, was assessed 

on the basis of the significance of differences for both qualitative traits and yield. 

Depending on the type of trait, either a logistic model or analysis of variance was used as 

a statistical tool. The statistically significant differences between some breeding lines and 

the control variety were shown. It was observed that in fodder barley both infection by 

mildew and lodging influenced yield. The results of analyses obtained in the so-called 

pre-preliminary trials and preliminary trials were different. This fact confirmed the 

necessity of repeating trials over several years. 
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1. Introduction 

The breeding trials were carried out continuously over years. At the early stages 

of cereal breeding, many lines were sown in one-replicate experiments. Then the 

selected lines were sown in trials with several replications in more than one 

location, in the so-called pre-preliminary and preliminary trials. Finally, some of 

the lines were submitted for a registry study, which was carried out in 

accordance with the UPOV (International Union for the Protection of New 

Varieties of Plants) convention. In order to evaluate new lines, measurements 
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and observations of various traits were performed. These traits included some 

continuous (measured) traits such as yield, thousand-grain weight and height of 

plants, and some qualitative traits such as susceptibility to diseases or lodging. 

In this study experiments conducted with the breeding lines of spring barley, and 

two types of diseases of that species, powdery mildew and barley net blotch, 

were considered. 

Powdery mildew of barley caused by the fungus Blumeria graminis (DC.) 

Golovin ex Speerf. Sp. hordei (synonym of Erysiphe graminis DC. f. Sp. Hordei 

Em Marchal) occurs commonly in the main areas of cultivation of the species in 

the world. In most European countries the occurrence of powdery mildew causes 

serious losses in yield and significantly reduces quality (Czembor and Czembor, 

2004). This disease is less important in economic terms only in the north and 

south of the continent. The greatest losses in yield caused by this disease occur 

in Central Europe, where they can be as high as 10%, and in some areas can 

reach 25%. It also significantly affects the quality of grain, particularly by 

reducing the thousand-seed weight, an important feature in the production of 

malting barley. 

Barley net blotch is now regarded as the most dangerous disease of winter 

barley and spring barley. It is caused by fungi: Pyrenophora teres (Died.) 

Drechsler – perfect stage, ascus stage; and Drechslera teres (Sacc.) Shoemaker 

(syn. Helminthosporium teres Sacc.) – conidial stage. Infection may be present 

in all stages of the plant’s development. The disease occurs in different above-

ground parts of plants, most often in the leaves. Symptoms occur throughout the 

barley growing season (from the seedling stage to full maturity). The pathogen 

infects mainly leaves and leaf sheath, but it can also occur on stems and spikes. 

It is characterized by great diversity. The effect of this pathogen on different 

barley varieties was evaluated here. 

The aforementioned traits were measured and evaluated on data from pre-

preliminary and preliminary breeding experiments with breeding lines of 

malting and fodder barley. The statistical significance of differences between 

breeding lines and the control variety were tested. For this purpose the ANOVA 
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method and logistic models were used. The use of logistic models was reported 

by Bakinowska and Kala (2007) in an analysis of data concerning the lodging of 

pea varieties. Mila et al. (2004) applied a fixed logistic model to develop 

explanatory models of Sclerotinia stem rot prevalence (for soybean) in four 

states of the northern-central part of the United States. A fixed logistic model 

was applied by Bakinowska et al. (2012) in statistical analysis of downy mildew 

infection data in field pea varieties. A more general mixed logistic model was 

applied by Bakinowska et al. (2016), also for downy mildew data in pea. 

The aim of this study was to indicate methods for the selection of lines that 

differ significantly from the control variety in terms of both qualitative and 

quantitative traits. Additionally the impact of the disease and lodging on yield 

was analyzed. For this purpose the logistic model was used for data recorded 

with the use of an ordered scale. 

2. Material and methods 

2.1. Experimental data.  

Three two-year series of experiments with breeding lines of fodder spring barley 

and malting spring barley were performed at crop breeding stations in Poland. 

The first series was carried out in 2009–2010, the second in 2011–2012 and the 

third in 2012–2013. In each series, both pre-preliminary trials (PP) and 

preliminary trials (WP) were conducted. The second (2011–2012) and the third 

(2012–2013) series were repeated in several locations (PP trials – 2011 and 2012 

– were conducted in five locations, and WP trials – 2012 and 2013 - in six 

locations), while the first trial series (PP 2009 and WP 2010) was conducted 

only in one location. A single trial (one location and one year of tests) was 

conducted in incomplete block designs with three replications. The incomplete 

blocks consisted of 6 to 7 plots in trials with fodder barley and of 7 to 8 in trials 

with malting barley. Different numbers of breeding lines were sown in various 

experiments (Table 1). The lines sown in the second year (WP) were selected 

from the lines examined in the first year (PP). Malting barley and fodder barley 
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were sown in one experiment, which was organized in such a way that they can 

be considered either jointly or as separate experiments. 

 
Table 1. Numbers of examined lines in the pre-preliminary trial (PP) and preliminary 

trial (WP) for fodder and malting barley 

Year 2009 2010 2011 2012 2012 2013 

Trial PP WP PP WP PP WP 

Fodder barley 72 38 76 45 85 45 

Malting barley 60 21 41 28 39 30 

 

Each of the three two-year periods (2009–2010, 2011–2012, 2012–2013) 

differed in terms of the lines examined. Only three control varieties were 

repeated, though not in all cases. The control varieties were Blask, Suweren and 

Conchita from 2009 until 2012, and Olympic, Suweren and either Soldo (in the 

fodder barley trials) or Blask (in the malting barley trials) in 2013. Moreover, 

some of the examined lines were sown only in one year of the two-year testing 

period (which is due to the specific nature of the breeding research). 

In each trial several traits were observed, the number of which was 

dependent on whether or not the disease emerged in a given year. Diseases 

considered included leaf rust, net blotch, leaf septoria, powdery mildew and 

scald. Moreover, traits such as lodging, the number of days from January 1 to 

the date of ear emergence, height of plants, weight of one thousand grains and 

yield were studied in the trials.  

In this study the set of locations is restricted to those in which trials were 

carried out in both years. Moreover, from all observed traits, three qualitative 

and three quantitative traits were chosen for detailed analysis. In addition, the set 

of analyzed lines was limited to those that had been sown in both years of two-

year periods. For the purposes of this study only one control variety, having the 

best results in terms of both the quantitative and qualitative traits (the highest 

yield, no lodging and no diseases), was selected. From 2009 to 2012 this was 

Conchita, and in 2013 Olympik. 
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As mentioned above, from all the qualitative traits, three were selected for 

detailed analysis (severity of powdery mildew and net blotch and tendency for 

lodging). All of the qualitative traits were expressed in a 9-point bonitation 

scale: 9 meant that the plot was assigned to the best category (no disease or 

lodging observed), while 1 denoted the total infection of plants (or plant 

completely lodged). Because of the large number of categories and small 

number of observations, nine disjoint categories were combined into three, 

namely: category 1 represented the worst situation on the plot, 2 the average, 

and 3the best (healthy plants and no lodging observed). 

All of the quantitative traits measured in these trials were included in the 

analysis. The yield was measured in decitonnes per hectare [dt/ha] after 

conversion to a standard humidity of 15%, 1000-grain weight was determined in 

grams [g], and height was expressed in centimeters [cm] when plants reached 

full maturity. 

2.2. Statistical methods.  

Analyses were conducted for two-year periods (mixed model) taking into 

account the random effect of years, and also separately for each year (fixed 

model). 

Qualitative traits 

For the analysis of one-year data results, the fixed logistic model was used (Rao 

and Toutenburg 1999): 

i
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where p denotes the probability of occurrence of disease or of lodging, i  is the 

fixed effect of the i-th genotype, and 0 is the intercept. 
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For two-year data the mixed logistic model was used:  

ji
p

p
 


0

1
log                (3) 

where p (as previously) denotes the probability of occurrence of disease or of 

lodging, j  is a random effect of the j-th year, and i and 0  are as above. 

Quantitative traits 

In the analysis of the results of one-year observations, the fixed model of 

ANOVA was used:  

ijiij ey   ,               (4) 

where ijy  denotes the observation of the i-th genotype in the j-th replication,   

is the overall mean, i  is the fixed effect of the i-th genotype, and ije  is a 

random error (assumed to be normally distributed with mean 0 and variance 2).  

In the analysis of the results for each two-year period, the mixed model was 

used, analogously to (3), but here the interaction effect was added: 

ijkijjiijk ey   ,              (5) 

where ijky  is the observation concerning the i-th genotype in the j-th year of 

study in the k-th replication, 
j  is the random effect of the j-th year, 

ij  is the 

interaction of the i-th genotype with the j-th year, 
ijke  is the random error (with 

expectation 0 and variance 
2 ), and   and i  are as above. 

3. Results 

To avoid non-orthogonality in each analyzed series the number of locations was 

constrained to five and only genotypes that occurred in both years were 

included. 

On the basis of the performed analysis the lines differing significantly (at 

α = 0.1, α = 0.05 and α = 0.01) from the control, for at least one of the studied 

traits, were identified. This was done in each trial separately and next in each 

two-year periods. Since special attention was paid to genotypes for which 
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significant differences were found both for qualitative traits and for yield, only 

the results for which such differences were detected will be discussed.  

In the 2009–2010 and 2011–2012 periods (Table 2 and 3) the severity of 

powdery mildew infection was higher in the fodder barely lines than in the 

control. However, in the 2012–2013 period the malting barley lines were 

 
Table 2. Selected genotypes that differed significantly from the control variety  

in the 2009–2010 period 

Trait Powdery mildew Net blotch Lodging 

Year 
2009  

PP 

2010  

WP 

09/ 

10 

2009  

PP 

2010  

WP 

09/ 

10 

2009  

PP 

2010  

WP 

09/ 

10 

M
al

ti
n

g
 

b
ar

le
y

 

g
en

o
ty

p

es
 

3 - - - - - - *↓ o↑ - 

4 - - - - - - *↓ o↑ - 

11 - - - - *↑ - - - - 

14 - - - - - - **↓ - **↓ 

F
o

d
d

er
 b

ar
le

y
 

g
en

o
ty

p
es

  

16 - o↓ - - - - - - - 

18 - - - - - - *↑ - - 

21 - - - - - - *↑ - o↑ 

24 - o↓ - - - - o↑ *↓ - 

27 - *↓ o↓ - - *↓ *↑ o↓ - 

35 - *↓ - - - - - - - 

38 - **↓ *↓ - - - - - - 

 

Trait Yield 1000-grain wt. Height 

Year 
2009  

PP 

2010  

WP 

09/ 

10 

2009  

PP 

2009  

PP 

2010  

WP 

09/ 

10 

M
al

ti
n

g
 

b
ar

le
y

 

g
en

o
ty

p
e

s 

3 - * - ** ** ** ** 

4 - o - - ** - o 

11 * ** - o o - ** 

14 - o * * - o o 

F
o

d
d

er
 b

ar
le

y
 

g
en

o
ty

p
es

  

16 * o o ** * ** ** 

18 - - - ** - * - 

21 - ** * ** - ** * 

24 * - * o * ** ** 

27 - ** - o - ** ** 

35 * * - - ** ** ** 

38 - - - - ** * ** 

(o) α=0.1   (*) α=0.05   (**) α=0.01 

 genotype differs significantly from the control variety (was better) 

 genotype differs significantly from the control variety (was worst)  

- genotype does not differ significantly from the control variety 
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Table 3. Selected genotypes that differed significantly from the control variety  

in the 2011–2012 period 

Trait Powdery mildew Net blotch Lodging 

Year 
2011 

PP 

2012 

WP 

11/ 

12 

2011 

PP 

2012 

WP 

11/ 

12 

2011 

PP 

2012 

WP 

11/ 

12 

M
al

ti
n

g
 

b
ar

le
y

 

g
en

o
ty

p
es

 22 - - - - - o↓ - - - 

24 - - - - - - - - o↓ 

25 - - - - o↓ o↓ - - - 

26 - - - - - - - - o↓ 

28 - - - - - - - - o↓ 

F
o

d
d

er
 b

ar
le

y
 

g
en

o
ty

p
es

 

9 *↓ - *↓ o↓ - o↓ - - - 

11 **↓ o↓ **↓ - - - - - - 

18 *↓ - *↓ - - - o↓ - - 

25 *↓ - *↓ - - - - - - 

33 **↓ o↓ **↓ - - o↓ - - - 

43 o↓ o↓ *↓ - - - - - - 

 

Trait Yield 1000-grain wt. Height 

Year 
2011 

PP 

2012 

WP 

11/ 

12 

2011 

PP 

2012 

WP 

11/ 

12 

2011 

PP 

2012 

WP 

11/ 

12 

M
al

ti
n

g
 

b
ar

le
y

 

g
en

o
ty

p
es

 22 - - - **↓ **↓ *↓ - - - 

24 - - - **↓ **↓ **↓ - - - 

25 - - - **↓ - o↓ **↑ **↑ o↑ 

26 - - - **↓ **↓ **↓ **↑ **↑ *↑ 

28 - - - **↓ - o↓ **↑ **↑ *↑ 

F
o

d
d

er
 b

ar
le

y
 

g
en

o
ty

p
es

 

9 o↑ - - **↓ **↓ **↓ - **↓ - 

11 *↑ - - - *↑ o↑ **↑ **↑ *↑ 

18 - - - *↓ - o↓ **↑ - *↑ 

25 - - - **↓ o↓ **↓ - - - 

33 *↑ - - **↓ - *↓ **↑ - *↑ 

43 o↑ - - **↓ **↓ **↓ *↑ - - 

 

the most infected by powdery mildew (Table 4). The results obtained for each 

year of research (separately) in the 2009–2010 and 2011–2012 periods coincided 

with the results obtained in the joint analysis made for these two years of 

research (using model 3). This means that when in at least one of the two study 

years (model 1) the tested line was significantly different from the control, then 

in the whole two-year period (model 3) it was also different from the control. 

Significant differences in net blotch occurrence between the individual lines 

and the control were identified in only a few cases in the single trials. However, 

most of them were not confirmed in the joint analysis (Tables 2–4). While in the 

2009–2010 (malting lines) and 2012–2013 (malting and fodder lines) periods the 

majority of new genotypes were infected by net blotch to a lesser extent than the 
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control variety, the opposite situation was observed in the 2011–2012 period 

(malting and fodder lines). 
 

Table 4. Selected genotypes that differed significantly from the control variety  

in the 2012–2013 period 

Trait Powdery mildew Net blotch Lodging 

Year 2012 PP 2013 WP 2012 PP 2013 WP 2012 PP 2013 WP 

M
al

ti
n

g
 

b
ar

le
y

 

g
en

o
ty

p

es
 

13 - o↓ - - - - 

16 - o↓ - *↑ - - 

27 - **↓ - *↑ - - 

37 - *↓ - *↑ - - 

F
b

g
 

40 - - - o↑ - - 

 

Trait Yield Height 

Year 
2012 

PP 

2013 

WP 
12/13 

2012 

PP 

2013 

WP 
12/13 

M
al

ti
n

g
 

b
ar

le
y

 

g
en

o
ty

p

es
 

13 - o↓ - - - - 

16 - - - *↑ - - 

27 - - - o↑ *↑ o↑ 

37 - - - **↑ **↑ **↑ 

F
b

g
 

40 - - - **↑ **↑ **↑ 

Fbg - Folder barley genotypes 

 

In the case of lodging significant differences were observed chiefly in the 

first two-year period (2009–2010). This may be due to the fact that this trial was 

performed in one single location with specific agro-meteorological conditions 

(possibly unfavorable). In the two succeeding periods (2011–2012, 2012–2013) 

trials were performed in several locations simultaneously; therefore the risk of 

the influence of unfavorable conditions in one of those locations on the overall 

results was decreased. In addition, the results for the quantitative traits in each 

separate year of study (model 4) were confirmed by the joint analysis made for 

the two-year periods (model 5), with the exception of fodder barely lines in the 

2011–2012 period. 

The probability of powdery mildew infection was calculated using formula 

(2) (see Table 5 and Figure 1). In the case of two traits, lodging and yield, in the 

first year of research the genotypes exceeded the control, while in the second 
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year the opposite situation was observed (see for example malting barley 

genotypes 3 and 4 in respect of lodging in the 2009–2010 period). These two 

contrasting situations suggest that there is a need for at least two years of pre-

registration research. In 2009 the negative influence of lodging on thousand-

grain weight was observed (malting genotypes 3 and 14 had lower weights 

simultaneously with a higher level of lodging). When genotypes were less 

susceptible to lodging than the control, their thousand-grain weight was higher 

(fodder genotypes 18, 21, 24, 27). In 2010 powdery mildew infection caused 

reduction in yield (fodder genotypes 16, 27, 35). However, in 2011 the yield of 

the genotypes that were more infected by powdery mildew than the control was  
 

Table 5. Estimates of parameters in logistic model (2) 

Intercept 
0  Effect of i-th genotype 

i  

Category Genotype 

1 2 11 25 43 Standard 

-4.4044 -1.9598 4.0317 3.1821 2.5660 0 

 

 
Figure 1. a – Probability of degree of infection by powdery mildew for some 

genotypes – fodder barley 2011 (p3 – genotype not infected, p1 – genotype the most 

infected); b – Probabilities of lodging, infection by powdery mildew and net blotch 

for selected genotypes and for standard variety in multiple years: b1 – malting barley, 

b2 – fodder barley 

not lower than that of the control variety (for genotypes 9, 11, 33, 43 the yield 

was higher than the control, and for genotypes 18 and 25 it was at the same 

level). On the other hand, the thousand-grain weight of these genotypes was 
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significantly lower than that of the control. In 2012 a similar relationship was 

observed for genotype 43 in respect of the thousand-grain weight. This 

relationship was also confirmed for genotypes 9, 18, 25, 33, 43 in the joint 

analysis made for the 2011–2012 period. The reverse situation occurred with 

genotype 11, with a higher thousand-grain yield and higher infection by 

powdery mildew compared with the control variety. 

4. Discussion  

In the paper by Louw et al. (1996) the occurrence of net-type blotch and spot-

type lesions in South Africa was discussed. A significant influence on the losses 

in susceptible barley cultivars grown in the Western Cape Province was 

detected. Bekele et al. (2004) showed that the severity of net blotch was 

negatively correlated with grain yield and 1000-kernel weight. An assessment of 

the effects of net blotch disease on malt barley yield and grain quality under 

natural infection was presented by Galano et al. (2008). In that study, in the case 

of two tested varieties, losses of yield and thousand-kernel weight were detected. 

However, the influence was not detected on other analyzed grain quality 

characteristics. Considerable yield reduction of barley due to net blotch was 

demonstrated by Khan (1987), Yousfi and Ezzahiri (2001) and Bekele (2005). 

In a study by Statkevičiūtė and Leistrumaitė (2010) European commercial 

cultivars of spring barley were tested in respect of powdery mildew and net 

blotch resistance. Only varieties with the Mlo resistance gene (which are fully 

resistant to powdery mildew) were considered. The authors found that resistance 

genes are losing their effectiveness for most of the varieties because the 

effectiveness of the Mlo gene depends on other factors (Lyngkjaer et al. 1995). 

Only the variety ‘Acrobat’ (resistance gene unknown) exhibited good resistance 

to powdery mildew and net blotch. It was found that increased net blotch 

infection had a negative impact on ear length, number of spikelets and number 

of grains in the ear, in the year 2007. In 2009 no significant effects on these 

traits were found, but net blotch occurrence caused significantly lower grain 

weight per ear.  
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Leath and Bowen (1989), using a regression approach, showed that powdery 

mildew caused yield reduction. Czembor and Frese (2003) screened barley 

landraces collected from Turkey for resistance to powdery mildew.  

Kandemir (2004) showed that lodging significantly influenced barley 

yielding. In the paper by Caierão (2006), irrespective of the year and indepen-

dently of the lodging intensity, the effects on these variables were similar for 

different dates of occurrence (from booting until physiological maturity). Based 

on the results, he stated that ripening was the least sensitive phase to lodging 

effects, in absolute values of grain yield, followed by heading grain filling. 

In the above-mentioned papers, the ANOVA and standard regression models 

were used as statistical tools for the analysis of qualitative traits. Hampel and 

Hartmann (2011) used the generalized linear model (under binomial 

distribution) for data concerning winter hardiness of winter barley. In our 

approach, a logistic model belonging to the wide class of generalized linear 

models was applied to the analysis of such traits. 

Several authors have applied successfully different types of logistic model 

for the statistical analysis and interpretation of qualitative traits measured on 

ordinal scales. Wolf et al. (2003) used a logistic regression model in analyzing 

experiments on epidemics of Fusarium head blight, which have had a negative 

influence on wheat production in many regions of North America. A similar 

model (logistic regression model) was applied by Mila et al. (2004) to estimate 

the probability of stem rot prevalence with historical disease data from four 

states of the north-central region of the United States. In a paper by Bakinowska 

and Kala (2007) a fixed logistic model was applied in the analysis of lodging in 

pea varieties. The same model was used in a paper by Bakinowska et al. (2012) 

in analysis of downy mildew infection in field pea trials. Two types of logistic 

model (fixed and mixed) were applied by Bakinowska et al. (2016) for analysis 

of downy mildew data on field pea. 

Analysis of the extensive trial data leads us to conclude that: 

 In the case of two traits, lodging and yield, sometimes opposing tendencies 

were observed in two years of research – one year some genotypes 
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exceeded the standard variety in respect of the tested traits, while in the 

other year they were worse. 

 Infection by powdery mildew in general caused reduction in yield. 

 No impact of diseases on plant height was observed. 

 The behavior of the observed genotypes with respect to the tested traits was 

dependent on the environmental conditions in the year of the trial. It is 

recommended to carry out a series of such experiments over several years. 

 The logistic model confirmed its usefulness in analyzing and interpreting 

quantitative data. 

It was observed that powdery mildew and lodging mainly affected the yield 

of fodder genotypes. In most of the analyzed cases (for qualitative traits and 

yield) it was noted that the results of the pre-preliminary trials were contradict-

tory to those of the preliminary trials. This again suggests the need to conduct 

such trials over multiple years. In most trials with malting genotypes no impact 

of the qualitative traits on yield was observed. In the case of the malting geno-

types the thousand-grain weight was lower than that of the standard variety. In 

the trials with malting barley as well as with fodder barley the plants of studied 

genotypes reached a greater height than the plants of the standard variety. 
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