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Abstract

The paper presents a study on the content of Ca, Mg, K, Mn, Zn, Cu, and Fe in
kernels (F5 generation) of winter triticale produced by crossbreeding three maternal with
two paternal forms. As maternal forms, two strains were used, IGS 5101, FDT 975, as well
as cultivar Alzo. The paternal components consisted of strains LAD 122 and F 8063. Mor-
phologically established hybrid strains were selected at the Institute of Genetics, Plant Bre-
eding and Biotechnology of the University of Life Sciences in Lublin. The component se-
lection for crossbreeding was performed to achieve hybrids with great yield-forming
potential and to improve the resistance to grain sprouting. Minerals were determined by
the atomic absorption spectrometry (AAS) method. The results revealed differentiation in
amounts of the analysed mineral components in hybrids depending on genotypes of the
parental forms. Hybrid strains were usually characterized by a lower ash content in ker-
nels than the parental forms. Among all the hybrids, strain IGS 5101 × F 8063 was distin-
guishable by its higher content of  K, Ca, Mn, and Fe in grain versus both parental forms.
It also excelled exceeded the other hybrids in respect of Ca, K and Mn. Tests on the mine-
ral components in hybrid triticale strains indicate that it is possible to shape their levels
through an appropriate selection of parental forms and selection during breeding work on
X Triticosecale Wittmack  genus to achieve cultivars of improved nutritional value.

Key words: triticale, hybrid strains, mineral elements.
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WP£YW FORM RODZICIELSKICH NA ZMIANY ZAWARTOŒCI SK£ADNIKÓW
MINERALNYCH W ZIARNIE NOWYCH RODÓW MIESZAÑCOWYCH

PSZEN¯YTA OZIMEGO

Abstrakt

W pracy badano zawartoœæ Ca, Mg, K, Mn, Zn, Cu, Fe w ziarnie (pokolenie F5) pszen-
¿yta ozimego otrzymanego w wyniku krzy¿owania trzech form matecznych z dwoma oj-
cowskimi. Jako formy mateczne u¿yto: 2 rody IGS 5101, FDT 975 i odmianê Alzo. Forma-
mi ojcowskimi by³y rody LAD 122 i F 8063. Rody mieszañcowe ustalone morfologicznie
wyselekcjonowano w Instytucie Genetyki, Hodowli Roœlin i Biotechnologii Uniwersytetu
Przyrodniczego w Lublinie. Dobór komponentów do krzy¿owania prowadzono w celu uzy-
skania mieszañców o du¿ym potencjale cech plonotwórczych oraz poprawienia odpornoœci
na porastanie ziarna. Zawartoœæ sk³adników mineralnych analizowano metod¹ absorpcyjnej
spektrometrii atomowej (AAS). Wyniki badañ wykaza³y zró¿nicowanie poziomu badanych
sk³adników mineralnych w mieszañcach zale¿nie od genotypów form rodzicielskich. Rody
mieszañcowe wykazywa³y zwykle ni¿sz¹ popio³owoœæ ziarniaków w porównaniu z formami
rodzicielskimi. Z badanych mieszañców wyró¿nia³ siê ród IGS 5101 × F 8063, w którego
ziarnie stwierdzono wy¿sz¹ zawartoœæ K, Ca, Zn, Mn i Fe w odniesieniu do obu form rodzi-
cielskich oraz Ca, K i Zn w porównaniu z pozosta³ymi rodami mieszañcowymi. Badania
zawartoœci sk³adników mineralnych w mieszañcowych rodach pszen¿yta wskazuj¹ na mo¿-
liwoœæ kszta³towania ich poziomu przez odpowiedni dobór komponentów rodzicielskich i se-
lekcjê w pracach hodowlanych w obrêbie rodzaju X Triticosecale Wittmack dla uzyskania
odmian o wy¿szej  wartoœci ¿ywieniowej.

Key words: pszen¿yto, rody mieszañcowe, sk³adniki mineralne.

INTRODUCTION

Triticale is a cereal plant that has modest requirements and is tolerant
to low soil pH and water deficiency (MAS£OWSKI  et al. 1994, KACZMARCZYK et
al. 2000). It can therefore be grown on lighter soils, under soil and weather
conditions typical of Poland. When evaluated for its nutritional value as
fodder, triticale demonstrates many advantages, for instance high protein
levels of higher biological value than proteins in wheat or rye, richer min-
eral composition, and smaller amounts of anti-nutritive substances than rye
(MAKARSKA, GRUSZECKA 1998, KOCIUBA, WASAK 1998). Breeders continue to be
interested in r achieving stable triticale genotypes, characterized by high
potential and good quality of kernels. Thus, new sources of genetic material
for creative breeding are searched for in order to obtain genotypes of great-
er practical importance and potential, also as a baking grain, than the ini-
tial forms (GUSTAFSON et al. 1989, GRUSZECKA et al. 2004, MAKARSKA 2000, SOD-
KIEWICZ et al. 2002). Valuable forms can be obtained by introducing into
crossbreeding components which supply genes that make plants resistant to
diseases, tolerant to drought or high temperatures, or adaptable to be culti-
vated under different pH conditions (MAS£OWSKI et al. 1994).
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There is growing interest in the breeding work in which where related
wild forms (Aegilops sp. or Agrotriticum) are used for crossbreeding with
triticale. Beside improving the resistance to environmental factors, the ob-
tained material is expected to have wider genetic diversity in terms of chem-
ical composition, including mineral make-up (MAKARSKA, GRUSZECKA 1996,
2000).

The study aimed at evaluating the content of nutrients in grains
of hybrid triticale strains as compared to their parental forms.

MATERIAL AND METHODS

The material for study consisted of kernels of 5 hybrid winter triticale
strains produced by crossbreeding strains and varieties originating from var-
ious collections as well as their parental forms (F5 generation) – Table 1.
The hybrids were morphologically established and selected at the Institute
of Genetics, Plant Breeding and Biotechnology of the University of  Live
Sciences in Lublin. The grain samples were taken from a field experiment
set in 2 replications on 2 m2 area plots on loess soil with brown subsoil.
Common vetch was the forecrop. Mineral fertilization was applied at the
following amounts: 60 kg N ha-1, 80 kg ha-1 P2O5, 100 kg ha-1 K2O.
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The component selection for crossbreeding was performed to obtain hy-
brids of great yield-forming potential and to improve the resistance to grain
sprouting. Since the qualitative traits of the hybrids had not been previous-



134

ly tested, such an analysis was performed. Qualitative determinations of early
uniform populations of strains facilitate their proper selection for further
breeding and may be a starting point for establishment of a new variety.

Minerals (Ca, Mg, K, Fe, Mn, Zn, Cu) were determined by the atomic
absorption spectrometry (AAS) method using a UNICAM 939 apparatus after
combustion in a muffle furnace and dissolution in hydrochloric acid (1:1). All
the analysis were made in three replications. The results were statistically
processed by calculating arithmetic means, while the verification of differ-
ences between mean values for particular hybrid strains and parental com-
ponents was performed with variance analysis and Tukey's test at the level
of significance p=0.05. The coefficient of variation was calculated according
to the formula: (standard deviation/arithmetic mean) ⋅100%.

RESULTS AND DISCUSSION

The hybrids, as compared to the parental forms, were usually charac-
terized by a lower ash content, except strain IGS 5101 × F 8063, which had
the highest ash content in grain (1.98%) – Table 2. The analysis of the
content of macronutrients and microelements in hybrid kernels and their
parental forms showed variability of levels of these elements. The study
focused on the influence of a genotype on the content of mineral nutrients
in order to confirm the possibility of shaping their levels in hybrid strains
through a proper selection of parental forms.

Beside the genotype effect, other authors (FEIL, FOSSATI 1995) pointed
to a significant effect of the field location and year on the uptake and accu-
mulation of minerals in cereal grains. Such influence was determined for
most of mineral elements, whose level was also affected by the interaction
between location and weather conditions.

When evaluating the content of macronutrients in winter triticale, it was
found that Ca concentration in kernels of the maternal form cv. Alzo was
significantly higher than in the other maternal components. Among the an-
alyzed paternal forms, kernels of LAD 122 strain were characterized by
a higher Ca level, although the paternal components did not statistically dif-
fer. The level of Ca in hybrid strains – IGS 5101 x LAD 122 and FDT
975 × LAD 122 – was lower than in the parental kernels; they were a ho-
mogenous  group with the maternal forms but had a significantly lower Ca
content than the paternal components. For the strains Alzo x LAD 122 and
Alzo x F 8063, the Ca content in grain was moderate; statistically it was
a homogenous  group with both parental forms. In the strain IGS 975 x
F 8063, the Ca concentration in grain was considerably higher than in both
parental forms (Table 2).
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No significant differences in Mg were found between the parental forms.
The content of Mg in kernels of three hybrids, i.e. IGS 5101 x LAD 122,
Alzo x LAD 122 and Alzo x F 8063, was lower than in the parental compo-
nents. The latter strain contained significantly less magnesium than the
paternal form F 8063, whereas the other differences were not significant.
For the hybrid strains IGS 5101 ×  F 8063 and FDT 975 x LAD 122, the Mg
content in grain  reached moderate values as compared to the parents
(Table 2).

The maternal form IGS 5101 was distinguishable by its considerably high-
er potassium content than the other maternal components, in which it was
similar to the paternal form F 8063. The hybrid strain IGS 5101 ×  F 8063
derived from these parental components was characterized by a significantly
higher K concentration than the other hybrids. Furthermore, it was the
only hybrid that contained more K than its both parents. The other hybrid
strains, as compared to the corresponding parental forms, were character-
ized by lower potassium levels. In the case of Alzo x F 8063 strain, the
difference was statistically significant versus both parental forms (Table 2).

The effect of different factors (e.g. fertilization) on content of macronu-
trients in triticale grain was analyzed by others authors. Higher nitrogen
rates contributed to an increase in the potassium concentration (PILEJCZYK et
al. 2004) and nitrogen magnesium fertilisation had a positive effect on the
accumulation of potassium, magnesium and sodium in triticale grain (WYSZ-
KOWSKI 2001).

Levels of microelements (Fe, Mn, Cu, Zn) in the analysed hybrid strains
were diversified and depended on the parental forms (Table 3). The content
of Fe and Mn in the hybrids was evidently affected by the strain LAD 122
(paternal form), which was distinguishable by the highest levels of these
elements among grain samples. All the hybrids originating from this form
(i.e. IGS 5101 x LAD 122, FDT 975 x LAD 122, and Alzo x LAD 122) con-
tained significantly less manganese than the paternal strain and more than
the maternal forms, although these differences were not significant. And
similarly, a moderate content of Fe in the hybrid strains, relative to the
parental forms, was not statistically significant at p = 5%. The content of Fe
and Mn was significantly lower in the hybrid strain Alzo x F 8063. Kernels
of this strain contained less of these elements than the maternal and pater-
nal forms (Table 3).

A considerably higher content of copper versus the other maternal forms
was found in IGS 5101, in which it was similar to the paternal form LAD 122.
The hybrid strain IGS 5101 ×  LAD 122 also contained a significantly higher
Cu level as compared to the other hybrids. The content of Cu in kernels of
four hybrid strains IGS 5101 x LAD 122, FDT 975 x LAD 122, Alzo x F
8063, and IGS 5101 x F 8063 was lower than in both parental forms. In the
case of the hybrid strains IGS 5101 x LAD 122 and Alzo x F 8063,
the difference was considerable as compared to the parental components;



137

!
��

�
�
�

*
�+

�
��


�
�
�


�
��

�
�
��

�
)


�
�
�
�
���

�
�
)

��
�,�
��


�
�


��
-
�


��

�
��

�
.

��
�


�
�

�
��

�

�,�

�
�




�
�


�


�

�
*
.

�
/
0

�
�
��
�

	,�
��

��

�

	
�

 
� �

�
0

1+
�
8

 
� �

�
0

1+
�
�

 
� �

�
0

1+
�

�
 
� �

�
0

1+

�
��


�
�
�
��

�

�

�

�
�
�
�

�
��

&
�3

�
�

�
&
�3

�

!3
�

�3
�
&

��
��

�
�
�3

�

!3
�

&3
&
!

�
'
�3

�

!3
&
�

�3
$
!

��
�

�
&3

�

&3
$

�
�
�

�
 
�

�
�3

$
��

�
�
�
�3

�

!3
�

�3
!
�

��
�

!
'3

�

!3
�

�3
�
!

�
�
�3

�

�3
!
�

�3
�
!

�
�
�3

�

!3
!



"�

#
$
�3

$
�

�
�
�3

�

'3
!

�3
�
&

�
$
&3

�
�

!3
�
�

�3
�
�

��
�

�
�3

'

$3
�
�

�3
�
!

����
�

�
'3

!

�3
�
�

�
��


�
�
�
��

�

�
4

�
�
�

 
#
%

�
�3

�
�

�
'
�3

�

�3
!

!3
�
�

�
�
�3

�

�3
�

$3
�
�

�
�
�3

�

�3
�
�

�3
�
$

�
$
!3

�

�3
�

!
&
�
'

�
�
�3

$
�

&
�
�3

�

'3
�

�3
�
&

��
��

�
�
�3

�

$3
�

�3
�
!

�
�
'3

&

&3
�
�

'3
�
!

��
�

&
'3

�

�3
�

�
���

�
�

5

�
�
�

 
#
%

(
�
�
�
�

�
��

�
�3

$
�

�
�
�3

�

�3
�

�3
$
�

��
�

�
�3

!

$3
&

'3
!
$

��
�

�
&3

�

�3
!
�

�3
�
!

	��
�
$3

�

�3
!

!
&
�
'

�
(

�
�
�
�

�
��

�
�3

$
��

�
�
�
�3

�

�3
�

$3
&
&

��
�

�
'3

�

'3
$
�

'3
�
!

�
�
!3

$

�3
�
�

!3
&
!

��
���

�
�3

�

!3
!

�
�
�

 
#
%

(
�
�
�

�
 
�

�
'3

!
�

�
$
�3

�

!3
�

�3
�
&

��
��

�
�
�3

�

�3
&
�

�3
�
�

��
�

&
�3

�

�3
$

�3
�
$

	
�
!3

�

�3
�

�
�
�

 
#
%

(


"�

#
!
�3

$
�

�
$
�3

�

�3
�

&3
�
�

��
��

�
!
�3

�
�

!3
�
�

�3
�
�

��
�

�
�3

'

�3
�
�

�3
'
!

	���
�

!
!3

�

�3
�

!
&
�
'

�
(



"�

#
�
�3

!
�

�
'
�3

�

$3
�

�3
�
$

�
�
�3

�

�3
$

�3
�
!

�
�
�3

�

�3
&
�

$3
'
�

�
�
!3

�

&3
$

 
�
%

�
�3

�
�
�3

�
�3

&
�

&
�3

!
�

�
�3

!

6
�

�


��
�
�
�

��
�
�
�
�
�

/
 
�

�
�

6
�

�


���
�
�
�




�
��,���

�

,

/
	

��
�

�
��

�
�

�
�



�
�
�
	

�

*
�
	


�
�
�
*



�


)

/



�
�3

�
7



138

the FDT 975 x LAD 122 hybrid contained significantly less Cu than its pa-
ternal form, and IGS 5101 x F 8063  – than its maternal form (Table 3). Our
comparison of the hybrids IGS 5101 x LAD 122, FDT 975 x LAD 122 and
Alzo x LAD 122 originating from the same paternal form showed an evident
influence of the maternal component on the Cu level in kernels of the hy-
brid strains.

The level of Zn in the hybrids was the most advantageous in the strain
IGS 5101 x F 8063, in which it significantly exceeded both parental forms
(Table 3). Considerably less zinc was found in kernels of the hybrids IGS 5101
x LAD 122, Alzo x LAD 122 and Alzo x F 8063 when compared to parental
components.

The content of the determined mineral components in triticale strains
was compared to the levels found in triticale by SOUCI et al. (2000). The
concentrations of Ca and Cu in the strains analyzed in our research were
below the average values reported by the above authors. The zinc content
was twice as high, while the iron level was similar to the values found by
SOUCI et al. 2000.

When comparing the mean values of macronutrients and microelements
in kernels of the analyzed strains with the results presented by VARUGHESE

et al. (1996) for many triticale varieties, higher levels of Mg, Ca, Zn, and
Mn but a similar content of Cu were observed.

When comparing the average content of minerals in grain of the ana-
lyzed strains with 14 promising strains cultivated in India, their differentia-
tion depending on the genotype features can be seen (SEHGAL et al.1983).
Our analysis of the mean levels of minerals for all the objects revealed that
the analyzed strains were characterized by a higher content of Mn and Zn
in grain, similar K level and lower concentrations of Ca, Cu, and Fe than
the mentioned strains from India (SEHGAL et al. 1983). Similarly to other
studies (SEHGAL et al. 1983), the grain of the strains we tested demonstrated
positive correlations between the ash content and concentrations of K and
Mn. Considering solely the genetic variability, FEIL and FOSSATI (1995) proved
positive correlation between protein and mineral levels. When comparing
the protein content in kernels of the analyzed strains (previously published
data, MAKARSKA et al. 2008), positive correlation of this parameter with the
content of minerals was determined in the hybrid strains. The hybrid strain
Alzo x LAD 122 with the highest protein content was also characterized by
the highest Zn, Fe, Mn, and Cu concentrations in grain.
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CONCLUSIONS

1. Triticale hybrid strains, as compared to their parental forms, were
usually characterized by a lower ash content in kernels, except the strain
IGS 5101 x F 8063.

2. The IGS 5101 x F 8063 hybrid strain excelled both parental forms
in terms of Ca, K, Zn, Fe, Mn levels; it was also distinguishable from the
other hybrids by higher Ca, K and Mn levels.

3. The differentiation of mineral components in the hybrid strains de-
pended on the selection of parental forms.

4. Tests on the mineral components in triticale strains suggest that it is
possible to shape their levels through a proper selection of parental compo-
nents and selection, which takes into account the positive features within X
Triticosecale Wittmack genus.
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