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Abstract. In the paper 28 lines of doubled hap- 
loids (DH) produced from F , hybrids Aramir x EP79 
were investigated under field conditions. Lodging degree 
was estimated in the field applying a 9-grade scale (where 
l means no lodging and 9 the highest degree of lodging). 
The geometrical stalk features evaluated in the experiment 
included: stalk length its external diameter and wall thick- 
ness. However, some physical stalk features were judged 
employing ultrasound method and are described as values 
of elasticity index (Young's modulus). The data presented 
in the paper have showed that stalk elasticity seems to be 
the most variable feature of DH lines populations. A ge- 
netic analysis showed the significance of the additive gene 
action effects for all the studied geometrical and physical 
treits of stalk. 

Keywords: Hordeum vulgare L., genetic pa- 
rameters, lodging resistance, Young’s modulus 

INTRODUCTION 

Cereal lodging is mostly associated with a 
damage of the stem or root system as a result 
of unfavourable conditions during their vege- 
tation. These are most frequently weather con- 
ditions: rainfalls, winds and temperature. 

Losses of grain and straw yield caused by 
lodging may reach 60%. In this connection it 
seems that all the works in the field of gene- 
tics, breeding and agrophysics aimed conse- 
quently at creating cultures which increased 
lodging resistance may reduce these losses to a 
significant degree. 

This paper presents results of an experi- 
ment with DH barley lines carried out to esti- 

mate some geometrical and physical properties 
of stem which determine lodging resistance. 

MATERIAL AND METHODS 

The studying material consisted of 28 
doubled haploid lines of spring barley ob- 
tained from Fl Aramir x EP 79 hybrids by 
Hordeum bulbosum methods [1,7]. The lines 
and parental forms were examined in a field 
trial established in a randomized block design 
with three replications. Seeds at the rate of 
330 g/m? were sown out on 4 m2 plots. The 
degree of lodging was estimated at full matu- 
rity using a 1-9 scale, where 1 means no lodg- 
ing and 9- the largest lodging. After harvest, 
geometrical stem measurements were taken 
for the length, the length of the first and se- 
cond internodes (counting from stem base), dia- 
meter of internodes and their wall thickness. 
In addition, stem elasticity (Young’s modulus) 
was estimated on the basis of the speed of ul- 
trasonic wave flow through a 5 cm stem sec- 
tion of the third internode by the method 
described by Gawda and Haman [4]. 

The data obtained from the measurements 
were statistically calculated. An analysis of 
variance was carried out, and using Dunnet’s 
test groups of lines with maximal and minimal 
values of a given trait were separated. The 
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lines within each of these groups did not differ 

significantly from one another, but differed 

significantly from the remaining forms. On the 

basis of means for extreme lines, the effects of 

additive gene action [d] and effects of interac- 

tion of loci in a homozygous state [i] were es- 

timated. Results of the analysis of variance 

made it possible to estimate also heritability 

coefficients. 

RESULTS AND DISCUSSION 

The analysis of variance showed that the 

examined DH lines significantly differed from 

one another in all analysed traits, due to this it 

was possible to separate groups of lines with 

maximal and minimal values. Table 1 gives 

mean values for the both groups of lines as 

well as general means for the studied DH line 

population and for initial forms. It can be no- 

ticed here that the cv. Aramir was markedly 

more resistant to lodging than the form EP79. 

This cultivar, as compared to the from EP 79, 

had a shorter stem and definitely larger diame- 

ters and thicker walls of the first two inter- 

nodes. However, the most pronounced were 

differences in the values of stem elasticity 

(Young's modulus). The value of this index 

for the cv. Aramir was twice as high as that of 

the more lodging form EP79. Estimates of pa- 

rameters for the studied geometrical traits of 

the DH lines presented in Table 2 showed, that 

the effects of additive gene action [d] were 

significant for the lenght of both the stem and 

lower internodes as well as for the diameter 

and wall thickness of internodes. Non-allelic 

interaction [i], however, appeared to be sig- 

nificant only for the internode length and for 

the wall thickness of the first and second in- 

ternodes. The “m” parameter in Table 2 means 

the value of trait independent of the action of 

segregation loci, in the case of doubled hap- 

loids the “m” parameter is equal to the mean 

of all the lines Surma eż al. [9]. This table also 

gives the value of genetic parameters for stem 

elasticity and lodging degree. The value of the 

parameter [d] significantly differend from 0 

for the both considered traits. Effects of the in- 

teraction of genes in a homozygous state [i] 

appeared to be also significant for these traits. 

From the values of the heritability coeffi- 

cients presented in Table 3 follows that the 

portion of additive variance in phenotypic 

variation of the analysed geometrical traits 

was comparatively small - from 44.6% for the 

diameter to 65.5% for the wall thickness of the 

first internode. However, in the case of stem 

elasticity (84.5 and 80.2%, respetively) these 

coefficients were already considerably higher. 

It may, however, be noticed, that the heritabil- 

ity coefficients for the stem length and for the 

lenght of the first two internodes were similar 

and ranged within 50-54%. In the case of the 

Table 1. Mean values of the studied geometrical and physical stem traits of doubled haploid lines (DH) of barley ob- 

tained from F Aramir x EP 79 hybrids 

  

Character 
  

  

Lines DH Parental forms 

max. min. mean Aramir EP 79 

Length (cm) 

stem 78.21 55.21 65.22 60.43 68.70 

internode | 7.32 5.81 6.61 5.89 6.93 

internode II 12.09 9.11 10.91 10.05 11.32 

Diameter (mm) 

internode | 3.51 2.99 3.11 3.36 3.00 

internode II 3.54 3.11 3.33 3.44 3.29 

Wall thickness (mm) 

internode I 0.38 0.32 0.35 0.43 0.36 

internode I] 0.31 0.27 0.30 0.36 0.30 

Young’s modulus (MPa) 29.11 18.91 23.11 45.25 22.11 

Lodging grade (1-9) 5.05 3.11 4.21 2.44 5.00 
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Table 2. Estimation of genetic parameters for the studied traied traits of barley DH lines 
  

  

Character m [d] [1] 

Length (cm) 

stem 65.22-3.610 11.05+0.614 0.91+1.511 
internode I 6.61-0.151 0.92+0.123 0.55+0.121 
internode II 10.910.801 0.69+0.322 0.84-0.192 

Diameter (mm) 

internode I 3.11+0.012 0.64=0.053 0.06+0.051 
internode II 3.38+0.081 0.59+0.082 0.02-0.056 

Wall thickness (mm) 

internode I 0.35+0.012 0.16-0.049 0.08+0.036 
internode II 0.27+0.002 0.05+0.001 -0.02+0.005 

Young’s modulus (MPa) 23.11+0.583 8.11-:0.592 0.22+0.061 

Lodging grade (1-9) 4.21+0.163 1.04+0.111 0.12+0.090 
  

Table 3. Estimation of the heritability ceofficients 

studied traits of barley lines 

  

  

Character Her itability 

coefficients (%) 

Length (cm) 

stem 51.1 

internode I 54.1 
internode II 50.8 

Diameter (mm) 

internode I 41.6 
internode II 46.1 

Wall thickness (mm) 

internode I 65.5 
internode II 52.8 

Young’s modulus (MPa) 84.5 

Lodging grade 80.2 
  

internode diameter the situation was similar 

(44.6-46.1%). The obtained values of genetic 

parameters and heritability coefficients show, 

that in the studied set of genotypes the largest 

breeding advance can be obtained by selection 

for high stem elasticity, and among geometri- 

cal traits - for the wall thickness of the first and 

second internodes. The mentioned traits, par- 

ticularly the index of stem elasticity (Young’s 

modulus), largely determine lodging resistance 

[3,5,6]. 

The suggestions made should first of all 

be referred to the studied population of dou- 

bled haploids, since the values of both geome- 

trical parameters and heritability coefficients 

depend on the environmental conditions and 

analysed cross combination [2,8]. As metioned 

before, on the basis of DH lines it is possible 

to estimate only effects of the action of genes in 

a homozygous state. In self-pollinating plant 

breeding these are the most significant infor- 

mation as they concern those effects, which 

can become stable in the process of selection 

and determine breeding advance. 

CONCLUSION 

Stalk elasticity seems to be the most vari- 

able feature of DH lines populations. A ge- 

netic analysis showed the significance of the 

additive gene action effects for all the studied 

geometrical and physical treits of stalk. 
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