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Summary 

The object of investigation constituted forty doubled haploid (DH) lines of spring barley 
(Hordeum vulgare L.). The DH lines were produced from seed of F1 progeny obtained after 
crosses of two– and six–rowed cultivars. The control group (without use of mutagen) and the 
group with use of mutagen include twenty DH lines. In the both groups fourteen lines were two–
rowed forms and six were six–rowed forms. Doubled haploid lines were analyzed with respect to 
the number of spikes. The considered trait is treated as discrete, so in the analysis the logistic 
model which belongs to the class of generalized linear models was applied. 
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1. Introduction 

To analysis of experiments in which the observed trait is described by 
continuous random variable, the linear model usually is used. But sometimes, 
there are traits, which are naturally continuous in a character, but the results of 
their observations are statements about the membership of studied unit in 
definite category, as in the case of discrete random variables. Such traits include 
for example resistance to frost or tendency to big or small number of spikes of 
various variety of cereals. These tendencies are represented by continuous 
random variable which is hidden and only the results of classification of 
observed units (with respect to a symbolic ordinal scale) are analyzed in detail. 
The results of such classification are connected with some discrete random 
variable. In this case to use the standard methods based on linear model is not 
sufficient. Then to the statistical analysis of such experiments, the logistic model 
which to the class of generalized linear models belongs, is used (McCullagh and 
Nelder, 1989). 

The relation of hidden continuous random variable with a discrete ordinal 
scale is determined by separation points of successive categories (borders of 
categories). In literature the borders are called thresholds (Misztal et al., 1989) 
or cutpoints (Miller et al., 1993). 

For an experimenter who carries out an experiment, it may be interesting to 
estimate unknown cumulative probabilities and the possibility of the comparison 
of such probabilities for various treatments (compare Bakinowska and Kala, 
2007). 

In the literature we can find a lot of articles describing the application such 
generalized linear models in various fields of science: in medicine (Miller et al., 
1993; Koch et al., 1989; Laframboise et al., 2007; Chen et al., 2009) or in 
economics (Cramer, 2003; Cramer and Ridder, 1988). 

This paper is the illustration of application the logistic model in agriculture. 
Using the logistic model to analyze of such data allows to show how the same 
set of data can be described in other way (not by standard linear model). The 
aim of this paper is an application of logistic model to analysis of the number of 
spikes of various forms of spring barley. 

2. Plant material 

The doubled haploid (DH) lines were produced with use of Hordeum 
bulbosum method (Kasha and Kao, 1970) with additional mutagenic treatment 
of kernels obtained in results of crosses between two– and six–rowed polish 
spring barley cultivars: Maresi and Klimek. DH lines without mutagenic 
treatment constituted a control combination. For further analysis 40 DH lines 
were chosen: 20 control lines and 20 obtained after use of mutagen. In the both 
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groups were this same number of two– and six–rowed lines. Phenotypic 
variability of lines were analysed on the base of field trial conducted with help 
of randomized blocks design in three replications. Kernels were sown in 1 m2 
plots with 15 cm between rows and 5 cm within the rows. After harvest of plants 
biometrical measurements were performed. Characteristics of analysed DH lines 
was earlier presented in detail by Rybiński et al. (2008). Among greater number 
of traits described by Rybiński et al. (2008), spike number per plant was chosen 
for achievement of  goal of performed statistical analysis. 

3. Description of method 

Let us assume that in experiment there are s independent treatments, each 
represented by fixed number of units mi. The studied units are classified to k 
separate categories. Let πji be the probability of the belonging of the studied unit 
to the j–th category corresponding to i–th treatment. The logistic model can be 
now written in the following form (see Miller et al. 1993, compare Bakinowska 
and Kala 2007): 

 ,,,2,1,1,,2,1,
1

log sikjij
ji

ji
KK =−=τ+θ=

γ−
γ

 (3.1) 

where jθ  is border (cutpoint) of j–th category, iτ  is the effect of i–th treatment 

(in result jθ + iτ  means the cutpoint of j–th category for i–th treatment), and 

jiγ  is the j–th cumulative probability corresponding to units of i–th treatment, 

.1,,2,1,21 −=π++π+π=γ kjjiiiji KK  

The results of classification of studied units are usually modeled with the 
use of multinomial distribution, which is determined by probabilities πji, 

kj ,,2,1 K= , summing up to one, ∑
=

=π
k

j
ji

1

1, and the fixed number of units mi. 

Our aim is to estimate the unknown cumulative probabilities in model (3.1) 
based on the experimantal data. The observed frequencies pij, which are natural 
estimators of unknown probabilities πji, kj ,,2,1 K= , will be used in estimation 
by weighted least squares method. 
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4. Results and discussion 

The earlier researches indicated on large difference between two– and six–
rowed doubled haploid lines with respect to some traits: plant height, spike 
length, number of spikes per plant, number of grains per spike, grain weight per 
spike, grain number per plant, grain weight per plant, (Bocianowski and 
Rybiński, 2008; Rybiński et al., 2008). Therefore, the comparison between 
mutants and control genotypes for two– and six–rowed DH lines were 
conducted independently. 

The studied trait was the number of spikes per plant. In the case of two–
rowed form, the genotypes were divided (with respect to the number of spikes) 
into three separate ordered categories: less then 6, 6 or 7, more then 7 spikes. 
Similarly it was made with six–rowed forms. But the six–rowed forms are 
determined by smaller number of spikes, then the categories were established: 
less then 5, 5 or 6, more than 6 spikes.  

To the analysis the model (3.1) will be used. The main aim it was to 
estimate the unknown cumulative probabilities jiγ . From the model (3.1) we 

obtain: 

 
( )

( ) .2,12,1,
exp1

exp
==

τ+θ+
τ+θ

=γ ij
ij

ij
ji  (4.1) 

We have s=2 treatments (mutants and control object) and k=3 separate 
categories, to which homogenous units are classified. The results of 
classifications were presented in Tables 1 and 2. 

Table 1. Data concerning number of spikes for two–rowed barley doubled haploid lines 

 Categories 

Treatments <6 [6,7] >7 
Controls 15 15 12 
Mutants 15 16 11 

Table 2. Data concerning number of spikes for six–rowed barley doubled haploid lines 

 Categories 

Treatments <5 [5,6] >6 
Controls 9 4 5 
Mutants 5 2 11 
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Let now 1τ  i 2τ  be the effects of control and mutant genotypes, 

respectively. The parameter jθ  in model (3.1) can be interpreted as the average, 

with respect to varieties, value of the j–th cutpoint, because effects iτ  sum to 

zero (compare McCullagh and Nelder 1989, p. 176): 

 ,021 =τ+τ  (4.2) 

what is equivalent to equality 21 τ−=τ . The equality (4.2) allows consider the 
model (3.1) with smaller number of parameters. So let τ  be the effect of control 
genotypes, τ−  effect of mutant genotypes, and 1θ , 2θ  cutpoints between 
categories. Then the model (3.1) in matrix form can be written as  

 XβLπC =)log(T , (4.3) 

where 
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Let now p be the vector of observed frequencies, corresponding to the 
probability vector π . Then the estimator of unknown parameters β  in model 
(4.3) obtained by weighted least squares method has the form:  
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 )log()(ˆ 111 LpCSXXSXβ
TTT −−−= , (4.4) 

where  

TTT ))(())(( LLpCVLLpCS δδ −−= , 

and V is block diagonal matrix, where each block on main diagonal is the 

estimate of covariance matrix in multinomial distribution, )(1 T

iiiimi pppV −= δ , 

i=1, 2. 
Using formula (4.4) for our data we obtain following estimates for two–rowed 
DH lines: 
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and for six–rowed doubled haploid lines: 
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In consequence basing on (4.1) the searched probabilities can be calculated from  

( )
( ) .2,1,2,1,

ˆˆexp1
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ij

ij
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These probabilities were presented in Table 3 (for two–rowed DH lines) and in 
Table 4 (for six–rowed doubled haploid lines). However, in figure 1 relation 
between estimated cumulative probabilities jiγ̂  obtained using the model (3.1) 

and cumulative probabilities jiiji pp ++=γ ...~
1  as the natural estimators of 

jiγ  (where jip  are the observed frequencies) for number of spikes of plant was 

presented. 
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Table 3. Estimates of cumulative probabilities for two–rowed barley doubled haploid lines 

 Two–rowed barley doubled haploid lines 

 
i1γ̂  i2γ̂  

Controls 0.351 0.720 
Mutants 0.364 0.732 

 

 

Table 4. Estimates of cumulative probabilities for six–rowed barley doubled haploid lines 

 Six–rowed barley doubled haploid lines 

 i1γ̂  i2γ̂  

Controls 0.538 0.685 
Mutants 0.206 0.396 

 

 

Fig. 1. Relation between estimated cumulative probabilities jiγ̂  obtained using the model (3.1), 

and cumulative probabilities jiγ~  for number of spikes per plant. 

In the case of two–rowed control lines the probability, that one will 
observed less than 6 spikes per plant is 0.351, and less than 6 or less than 7 is 
0.72. Let notice, that differences between control lines and mutants of doubled 
haploid lines, based on probability, for two–rowed are minimal, but for six–
rowed significant. 

    – two–rowed          – multi–rowed jiγ~  

jiγ̂  
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5. Conclusions 

Method described above seems to be good tool to analysis of such set of 
discrete data (Bocianowski et al., 2008). The main problem it was the 
comparison of various varieties with respect to number of spike. The problem 
was solved using the presented model to calculation the cumulative 
probabilities. This paper is only the illustration one way of application logistic 
models to analysis of agricultural experiments. 
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