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A b s t r a c t

A systematic gathering of winter triticale accessions 
was started in Poland in 1982 by the Institute of Genetics, Bre-
eding and Seed Science at the Agricultural University in Lublin 
(at present its name is: Institute of Genetics, Breeding and Plant 
Biotechnology at the University of Life Sciences in Lublin). 
First, breeding lines obtained in local breeding stations were 
gathered. Next, accessions were imported from the following 
world gene banks: Beltsville, Gatersleben, and VIR. Interesting 
hybrid materials obtained in research centers were also included 
in the collection. Now, the collection includes 2349 accessions 
(1329 of winter triticale and 1020 of spring triticale). The eva-
luation is conducted in a 4-year cycle of field experiments using 
the same methods. The gathered accessions represent a large 
range of variability of both morphological and commercial tra-
its. The large differentiation of accessions especially concerns 
traits such as: plant height, number and weight of grains per spi-
ke, protein content in grain, field resistance to powdery mildew, 
brown rust and leaf and spike diseases.

Key words: collection of triticale, spike diseases, genetic resources, 
fungal diseases, variability, yield traits

INTRODUCTION

Triticale (×Triticosecale Wittm. ex A. Camus) 
is a man-made cereal crop developed around 1870 
in Scotland. It was derived from intergeneric crosses 
between the female parent wheat (Triticum ssp.) and 
the male parent rye (Secale ssp.). Recent breeding and 
research efforts, however, have mainly focused on im-
proving hexaploid triticale [1, 2]. Triticale is uniquely 
different from other cereals in nutritional quality and 
broader adaptability. It also has a higher yield poten-
tial, is generally more competitive with weeds than 
wheat and displays better tolerance to drought and pe-
sts than its ancestral species [1, 3, 4].

Knowledge of genetic diversity and variation 
of initial material provides a better insight in selecting 
parents in a breeding program in terms of identifying 
diverse accessions for traits of adaptation and producti-
vity [5–7]. Genetic diversity of initial material is the ba-
sic condition for improvement of crop plants, including 
triticale. Progress in the breeding of new cultivars of 
this cereal depends mainly on the choice of appropriate 
forms for crossbreeding. Consequently, it is necessary 
to collect and protect both new and old accessions to be 
used for plant breeding and research as valuable sources 
of genetic variability for important useful traits [8–11].

The research and collection of hybrid materials 
of triticale was started in Poland in 1982 by the Institute 
of Genetics, Breeding and Seed Science at the Agricul-
tural University in Lublin (at present its name is: Insti-
tute of Genetics, Breeding and Plant Biotechnology at 
the University of Life Sciences in Lublin). The basic 
aim of this research has been to collect registered cul-
tivars, cultivars deleted from the register and valuable 
breeding materials on a regular basis. The accessions 
that constitute the subject of research come from Po-
lish and foreign breeding centres and from gene banks 
located all over the world. The collections of winter 
and spring triticale genetic resources, just like collec-
tions of other plants, are assessed and described; they 
also undergo standard observations and their important 
commercial traits are measured. In this way a new va-
riation can be defined [9–15]. After the evaluation has 
been completed, the accessions are sent to an air-con-
ditioned storage facility of IHAR (Plant Breeding and 
Acclimatization Institute) in Radzików so as to ensure 
the availability of a suitable amount of grain for culti-
vation and exchange with other gene banks. At present, 
1329 winter triticale and 1020 spring triticale acces-
sions have been gathered in the storage facility. 52% 
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of winter triticale accessions and 72% of spring triticale 
accessions are foreign forms and respectively 40% and 
7% are materials of Polish origin (Fig. 1).

The aim of this study was to characterize the 
collection of winter triticale (×Triticosecale Wittm. ex
A. Camus) genetic resources collected in the Polish 
Gene Bank in terms of yield traits and field resistance to 
fungal diseases. In this paper, the variability of genetic 
resources of triticale originated from different regions of 
the world under soil and climatic conditions of Poland 
was also assessed. The presented results may constitute 
a source of valuable information for breeders about the 
range of variability of the analysed parameters, which 
will facilitate the selection of interesting accessions as 
initial materials for the relevant breeding programs.

MATERIALS AND METHODS

The research material consisted of 1329 hexa-
ploid winter triticale accessions originated from diffe-
rent regions of the world. 52% of them were foreign 
forms, 40% were materials of Polish origin and 8% 
were of unknown origin (Fig. 1).

Each accession was examined in a four-year 
cycle of non-replicated field experiments with no stan-
dard, on the basis of uniform assessment and measu-
rement methodology. Three time intervals were taken 
into consideration: 1982–1990 (565 accessions were 
analysed), 1991–2000 (561 accessions were analysed), 
2001–2010 (203 accessions were analysed). Each year, 
the collection of triticale genetic resources was expan-
ded with newly added accessions which began the next 
four-year cycle. Thus, the number of accessions varied 
in the particular years.

The experiments were carried out at the Experi-
mental Field Station of the University of Life Sciences 

in Lublin in Czeslawice near Nałęczów, in the Lublin 
Upland, on brown loess soil. Each year, seeds were 
sown by hand in 2 m2 plots with rows 20 cm apart and 
seed spacing of about 2 cm. Due to the partial allo-
gamy, which occurs in triticale after spike formation, 
some spikes were isolated from the rest (by means of 
2 or 3 cellophane isolators in each plot) to preserve the 
identity of the accessions. The isolated spikes were ha-
rvested separately and the grain was used for sowing in 
the next growing season.

In each growing season, field observations of the 
major phenological plant stages, such as sprouting, he-
ading and full maturity, were performed. Moreover, as-
sessment of sprouting, overwintering, lodging and plant 
resistance to fungal diseases was carried out on the ba-
sis of a 9-point scale according to COBORU (Research 
Centre for Cultivar Testing). In this scale, 9 means the 
most advantageous condition from the agricultural po-
int of view, whereas mark: 1 – the least advantageous. 
Plant height was also measured in 3 places in each plot.

When the plants reached full maturity, 50 spikes 
from each accession were selected at random. Then, 
spike length and number of spikelets per spike were 
determined on the basis of 20 spikes. The number and 
weight of grains per spike as well as 1000-grain weight 
(TGW) were determined on the basis of 50 spikes. The 
protein content in grain was determined by the Kjeldahl 
method with a Kjeltec analyzer (FOSS) in the Central 
Agroecology Laboratory of the University of Life 
Sciences in Lublin, using a conversion factor N´5.7.

The presented results include the multi-year 
mean value and the range of variability as well as the 
variation coefficients of important agricultural traits 
and the estimation of field resistance to fungal diseases 
in the collection of winter triticale genetic resources ob-
tained in: 1982–1990, 1991–2000, 2001–2010.

Fig. 1. The origin of collected winter and spring triticale genetic resources accessions.
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RESULTS
The data presented in Table 1 show that the col-

lection of winter triticale genetic resources was cha-
racterised by a wide variability of the yield traits ana-
lysed. The greatest variability observed during the time 
of the experiments related to the number and weight 
of grains per spike. The range of variability of these 
traits between 1982 and 2010 was from 14.0 to 85.1 
as far as the number of grains per spike is concerned 
and from 0.4 to 6.8 g for the weight of grains per spi-
ke. The variation coefficients of the above-mentioned 

traits were the highest during the first years of the col-
lection (1982–1990), which showed a greater diversity 
of older triticale accessions. Throughout the period of 
the experiments in the analysed population of winter 
triticale, the weight of grains per spike ranged from 2.1 
to 2.5 g in the largest number of accessions (Fig. 2). 
Moreover, the share of accessions with the weight of 
grains per spike exceeding 3.0 g was higher in the ac-
cessions examined after 1991, which showed that the 
selection of breeding material significantly affected 
yield-contributing traits.

Fig. 2. The distribution of weight of grains per spike in the collection of winter triticale genetic resources.

1000 grain weight (TGW) was another important 
element for breeding, since it provides information not 
only about the quantity of crop but also about its quali-
ty. The production yield of a cultivar depended on high 
TGW, a high number and weight of grains per spike and 
appropriate density of spikes per unit area. In the exami-
ned collection of winter triticale genetic resources, the 
weight of 1000 grains ranged from 25.4 to 86.2 g, and 
most of the accessions had TGW from 45.0 to 55.0 g 
(Table 1, Fig. 3). Therefore, valuable accessions were 
the ones in which the value of the trait in question exce-
eded 60 g.

A decrease in protein content in triticale grain 
was also observed in the investigated collection resour-
ces. The mean protein content in grain of winter tritica-
le genetic resources examined between 1982 and 1990 
was 15.1%, while between 2001 and 2010 – 10.5%. 
It needs to be stressed that in the collected accessions 
this trait showed a wide range of variability (from 5.9 
to 19.3%), irrespective of the time of the experiments. 

Moreover, the variation coefficient for grain prote-
in content ranged from 8.6% (1991–2000) to 13.1% 
(1982–1990) and it showed a decreasing tendency not 
only in the genetic resources of winter triticale, but also 
in triticale breeding (Table 1, Fig. 4).

The height of winter triticale plants was va-
ried throughout the experiments (ranging from 70.0 to
172.0 cm), which was associated with the introduction 
to the collection of new cultivars and older ones from 
world collections (Table 1, Fig. 5). The accessions of 
winter triticale analysed between 1982 and 1990 were 
the highest (128.5 cm). In the following years, the plant 
height dropped to 110 cm, which was caused by the 
introduction of semi-dwarf cultivars of this crop.

Among 330 accessions examined between 1985 
and 1988, over 92% showed very good resistance to po-
wdery mildew (score 9) and 63.9% did not manifest any 
signs of being affected with brown rust. Between 2001 
and 2010, a decrease in field resistance to the above-
-mentioned disease-generating factors was observed as 
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compared to the previous examination time. Accessions 
resistant to powdery mildew and brown rust constituted 
78.9% and 53.1%, respectively, of the investigated popu-
lation (Fig. 6, 7). The high susceptibility to leaf and spike 
diseases caused by the fungus Stragonospora nodorum 
was and still is a big problem in the case of triticale. As 
the data presented in Fig. 8 show, older accessions of 
winter triticale showed a higher resistance to this patho-
genic factor (scores 6 and 7; 40.3% and 16.7%, respec-

tively) as compared to the latest resources; only 29.8% 
of them received a score of 6, whereas 11.2% a score 
of 7. Resistant accessions, which were a valuable source 
of resistance, constituted a small percentage both among 
the older and younger genotypes. Thanks to large-scale 
breeding work, many forms of triticale resistant to the 
particular pathogens have been obtained, but the genoty-
pes that exhibited a complex resistance to diseases were 
the most valuable from the point of view of agriculture.

Fig. 3. The distribution of 1000 grain weight in the collection of winter triticale genetic resources.

Fig. 4. The distribution of protein content in grain in the collection of winter triticale genetic resources.



Variability of yield traits and disease resistance in winter triticale genetic resources accessions 71

© The Author(s) 2014      Published by Polish Botanical Society

Fig. 5. The distribution of plant height in the collection of winter triticale genetic resources.

Fig. 6. The distribution of infection by powdery mildew in the collection of winter triticale genetic resources.

Fig. 7. The distribution of infection by brown rust in the collection of winter triticale genetic resources.
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Fig. 8. The distribution of infection by septoriosis in the collection of winter triticale genetic resources.

Table 1
Mean values, variability ranges and variation coefficients (CV) of major useful traits

in winter triticale genetic resources accessions

Examined trait Years of
research

Number of
objects Mean Variability range 

min - max CV (%)

Plant height (cm)
1982-1990
1991-2000
2001-2010

565
561
203

128.5
106.1
111.0

75.0 – 168.8
70.0 – 172.0
70.7 – 155.5

13.8
13.1
11.7

Number of grains per spike
1982-1990
1991-2000
2001-2010

565
561
203

47.1
51.7
46.2

19.1 – 79.9
14.0 – 81.2
16.4 – 85.1

23.4
18.9
18.2

Weight of grains per spike (g)
1982-1990
1991-2000
2001-2010

565
561
203

2.3
2.7
2.2

0.8 – 4.3
0.5 – 6.8
0.4 – 4.2

27.1
21.4
21.5

1000 grain weight (g)
1982-1990
1991-2000
2001-2010

565
561
203

49.7
50.1
47.4

28.6 – 66.0
28.3 – 86.2
25.4 – 83.7

15.2
11.1
12.6

Grain protein content (%)
1982-1990
1991-2000
2001-2010

565
561
203

15.1
14.9
10.5

10.8 – 19.1
8.0 – 19.3
5.9 – 17.4

13.1
8.6
12.8

DISCUSSION

The existence of wide genetic variation with 
respect to yield and other agronomic traits in a plant 
population is important for an effective breeding pro-
gram. Development of high-yielding cultivars requires 
information on the magnitude of variability present in 
the germplasm [2, 16]. Directional selection in breed-
ing resulted in obtaining materials whose useful traits 
were more similar [9, 12 – 15]. The results obtained in 
our work were similar to those obtained by K o c i u b a 
[9, 10] and K o c i u b a  et al. [11, 17]. They show that 
the highest variation coefficients were observed for the 
number (CV from 18.5 to 23.4%) and weight of grains 

per spike (CV from 21.4 to 27.1%). It should be re-
membered that a higher percentage of winter triticale 
genotypes with a larger number and weight of grains 
per spike is a result of producing valuable materials 
by breeders in Poland and abroad. Therefore, valuable 
genotypes are the ones in which the value of the trait in 
question exceeds 60 g. The above-mentioned authors 
indicate that in winter triticale germplasm of the Polish 
cultivars one could select valuable initial material use-
ful in recombination breeding for yield improvement 
[17–24].

Recently, a significant progress has been made 
in triticale breeding; this progress is shown by an in-
crease in yield per unit of area and better seed fill, 
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which can be significantly improved by systematic 
breeding and heavy selection pressure. Modern triti-
cale cultivars have the potential to be competitive in 
terms of grain yield with wheat under optimal growing 
conditions. In commercial production, where triticale 
cultivars are mainly grown under suboptimal or stress 
conditions, they are generally superior to wheat and 
rye. However, such one-directional selection caused
a decrease in total protein content in grain. The high 
protein content of the early materials of triticale was 
a result of shrivelled grain. As a consequence of in-
creased plumpness, the protein content in grain de-
creased [1]. The state-sponsored research on cultivar 
assessment has shown that the protein content in grain 
of currently cultivated winter triticale cultivars is com-
parable to that of wheat and rye [20, 21, 23, 24].

The first collection materials of winter triticale 
were characterized by a plant height between 140 and 
160 cm and plants were susceptible to lodging. By 
introducing a partially dominant dwarfing gene from 
the wheat cultivar Tom Pouce, the semi-dwarf cultivar 
Bókoló was developed in Hungary [1]. Also in Poland 
this kind of cultivars was obtained. Fidelio was the first 
Polish semi-dwarf cultivar of winter triticale registered 
in 1997. The breeding programs allowed the next fol-
lowing semi-dwarf cultivars to be registered: Pinokio 
(1997), Magnat (2000), Woltario (2000), Zorro (2002), 
Baltiko (2006), Gniewko (2006), Grenado (2007), 
Alekto (2008), Borwo (2008), Pigmej (2008), Atleti-
co (2009), Agostino (2011), Mikado (2011), Twingo 
(2012), and Wiarus (2012), whose plant height is be-
low 120 cm, which results in a significant improve-
ment in their resistance to lodging [24].

One of the most important problems in plant 
breeding is the resistance to fungal diseases [9, 25, 
26]. For many years, triticale was believed to be one of 
the most resistant genera of crop plants and its resist-
ance to diseases, especially to fungal diseases, was one 
of its main good points [25–30]. However, with the 
expansion of the triticale-growing area, the favorable 
disease resistance of the earlier genotypes changed [1]. 
Recently, increasingly more triticale genotypes have 
been affected by diseases, mainly powdery mildew 
(Blumeria graminis) and brown rust (Puccinia recon-
dita). According to S t r z e m b i c k a  [31] and C z a -
j o w s k i  et al. [32], brown rust, which has appeared 
in large quantities in some regions recently, may pose 
a serious threat to triticale cultivation because some 
genotypes are appropriate hosts for this pathogen. 
Also yellow rust, which occurs less frequently in our 
climate than brown rust, may pose some threat to triti-
cale. However, Zamorski and Schollenberger [33] in-
form that triticale cultivars are affected by yellow rust 
to a smaller degree than wheat cultivars. S c h i n k e l 
[34] evaluated the disease scores of the winter triticale 

genotypes tested in the German National Trials during 
1988–2001 and compared them with wheat and rye. 
The obtained results show that triticale is still less sus-
ceptible to most diseases than wheat and rye, but has a 
similar disease spectrum. The main disease was Star-
gonospora (Septoria) leaf blotch. On the basis of long-
term assessment, it is possible to claim that in field 
conditions winter triticale collection resources mani-
fest a high resistance to powdery mildew and brown 
rust. This mostly concerns the genotypes examined at 
the initial stage of the collection [25, 26].

CONCLUSIONS

1. The presented results indicate that the genetic re-
sources of winter triticale represent a wide spec-
trum of variability of agricultural traits. The large 
diversity of the examined accessions mostly relates 
to traits such as plant height, number and weight of 
grains per spike, and grain protein content.

2. Moreover, the accessions of winter triticale collect-
ed during the first years of the experiments (1982–
90) showed a greater variability of the traits under 
study than the accessions collected recently. It is 
most probably connected with directional selection 
used in breeding. The older accessions were usu-
ally higher and they also had a higher grain protein 
content.

3. As far as the more recent collections of winter triti-
cale genetic resources are concerned, a decrease in 
field resistance to powdery mildew, brown rust and 
septoriosis has been observed, but the intensity of 
these diseases varied over the years of the research.
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Zmienność cech plonotwórczych
i odporności na choroby w kolekcji zasobów

genetycznych pszenżyta

S t r e s z c z e n i e

Systematyczne gromadzenie materiałów ko-
lekcyjnych pszenżyta ozimego rozpoczęto w Polsce 
od 1982 roku w Instytucie Genetyki, Hodowli Roślin 
i Nasiennictwa Akademii Rolniczej w Lublinie (obec-
ny Instytut Genetyki, Hodowli i Biotechnologii Roślin, 
Uniwersytet Przyrodniczy w Lublinie). Początko-
wo gromadzono głównie rody hodowlane otrzymane
w krajowych ośrodkach hodowli pszenżyta. Następnie 
sprowadzono materiały ze światowych banków genów: 
Beltsville, Gatersleben, VIR. Do kolekcji włączono 
także interesujące materiały mieszańcowe otrzymywa-
ne w placówkach badawczych. Obecnie kolekcja liczy 
2349 obiektów (1329 pszenżyta ozimego i 1020 pszen-
żyta jarego). Ewaluacja prowadzona jest w 4-letnim 
cyklu doświadczeń polowych według jednolitej meto-
dyki. Zgromadzone materiały kolekcyjne reprezentują 
duże spektrum zmienności zarówno cech morfologicz-
nych, jak i użytkowych. Duże zróżnicowanie badanych 
obiektów kolekcyjnych dotyczy zwłaszcza takich cech, 
jak: wysokość roślin, liczba i masa ziarn z kłosa, zawar-
tość białka w ziarnie oraz polowa odporność na mącz-
niaka właściwego, rdzę brunatną oraz choroby liści
i kłosów.
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