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ABSTRACT 

The aim of the research, conducted at the Institute of Plant Genetics, Breeding and Biotechnology of the 
University of Life Sciences in Lublin since 1982, is the systematic gathering and multi-annual characteriza-
tion of triticale accessions collected in the Polish gene bank, as well as regeneration of materials preserved in 
the seed stores in case of reduced germination capacity or a small sample of grains. Valorisation of accessions 
is carried out in a 4-year cycle of field experiments and includes botanical identification and a description of 
morphological and useful traits (agricultural and qualitative), conducted every year according to the same 
methodology. The valorisation data include both traits determined in field evaluation (assessment of emergen-
ce, overwintering, lodging, fungal disease resistance, and heading and full maturity dates) and measurements 
of biometric features (plant height, spike length, number of spikelets per spike, number and weight of grains 
per spike, 1,000 grain weight, protein content in grain). As part of the research, accessions have been made 
available for use in breeding programmes and have been donated to research and development institutes as 
a broad spectrum of variation for genetic similarity analysis and to provide genetic sources of such traits as 
resistance to pre-harvest sprouting, response to toxic aluminium ions, and disease resistance. 
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INTRODUCTION 

Germplasm collections of cultivated plants are an important source of 
knowledge about the biodiversity of a species. Their purpose is the systematic 
collection of cultivars and valuable breeding strains (Shands, 1990; Ukalska and 
Kociuba, 2013). An understanding of the variability of the large number of ac-
cessions in a collection gathered over the years can provide better insight for 
selecting parents in a breeding programme in terms of adaptation and produc-
tivity traits (Cui et al., 2001; Mohammadi and Prasanna, 2003;Jaradat et al., 
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2004, Ukalska and Kociuba, 2013, Kociuba and Kramek, 2014). Progress in the 
breeding of new cultivars depends mainly on the choice of appropriate forms 
for crossbreeding. Consequently, it is necessary to collect and protect both new 
and old accessions for plant breeding and research as valuable sources of gene-
tic variability for important useful traits (Banaszak and Marciniak, 2002; Kociu-
ba, 2007, 2010; Kociuba et al., 2010; Kociuba and Kramek, 2014). 

The triticale collection has been maintained in Poland since 1982 by the Insti-
tute of Genetics, Plant Breeding and Biotechnology at the University of Life 
Sciences in Lublin. The triticale genetic resources collected in the Polish gene 
bank include all genetic combinations produced in the breeding process, i.e. 
registered cultivars, cultivars removed from the register, breeding lines and va-
luable hybrid materials. These accessions come from both domestic and foreign 
triticale breeding centres and represent a wide range of variability of useful tra-
its. This collection is the subject of evaluation and description during which 
standard observations and measurements of the most important usable traits are 
conducted to determine variability. These materials are located in the seed sto-
res of the National Centre for Plant Genetic Resources: Polish Gene Bank of 
Plant Breeding and Acclimatization Institute – National Research Institute in 
Radzików, and therefore are available for use by research and breeding institu-
tions. The triticale accessions have full valorisation data, i.e. the results of field 
evaluation and yield values from four years of research. In this way varieties 
removed from the register, as well as valuable genetic materials obtained at bre-
eding and research institutions, are protected against irrecoverable extinction 
(Kociuba, 2000). 

Triticale (X Triticosecale Wittmack 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 have mainly focused on improving 
hexaploid triticale (Oettler, 2005; Goyal et al., 2011; Kociuba and Kramek, 
2014). Triticale is uniquely different from other cereals in nutritional quality 
and has broader adaptability. It also has a higher yield potential, is generally 
more competitive with weeds than wheat, and displays better tolerance to 
drought and pests than its ancestral species (Oettler, 2005;Beres et al., 2010). 

The aim of the present study was to characterize major yield traits of the ge-
netic resources of winter and spring triticale (X Triticosecale Wittm. ex A. Ca-
mus) collected in the Polish Gene Bank. The variability of triticale accessions 
originating in different parts of the world in the soil and climatic conditions of 
Poland was assessed as well. The results may provide a source of valuable in-
formation for breeders and researchers concerning the range of variability of the 
parameters analysed, which will facilitate the selection of interesting accessions 
as starting material for breeding programs. 

MATERIALS AND METHODS 

The research material consisted of 2,474 triticale accessions, of which 1417 
were winter forms and 1057 were spring forms. The accessions came from 
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different geographic regions of the world. Material from foreign breeding cen-
tres comprised the largest share of the collection (54% of the winter triticale 
collection and 71% of the spring triticale). Domestic accessions accounted for 
39% of the winter triticale and 6% of the spring triticale, and the remaining ac-
cessions were of unknown origin (Fig. 1). 

Fig. 1. The origin of collected winter and spring triticale genetic resources accessions  

The research, conducted from 1982 at the Institute of Plant Genetics, Bree-
ding and Biotechnology of the University of Life Sciences in Lublin, involved 
valorisation of triticale collection materials in a four-year cycle of single-
replication field experiments, according to a uniform method of evaluation and 
measurements. The field experiments were set up at the Experimental Farm of 
the University of Life Sciences in Czesławice on loess soil with a brown sub-
strate. Seeds of all forms tested were sown by hand on 2 m2 plots with five rows 
at 20 cm row spacing and 630 seeds sown on each plot.  

Due to the partial allogamy of triticale, some of the spikes were isolated after 
heading. For this purpose, two or three cellophane crossing bags were placed on 
each plot. After the end of flowering the crossing bags were removed and the 
isolated spikes were collected separately. The grain from these spikes was used 
for sowing in the next growing season. 
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In the growing period of the plants, all the collection materials were marked 
with the dates of their development stages (emergence, heading and full maturi-
ty). In addition, emergence, overwintering, lodging and infection by fungal di-
seases were assessed on a 9-point scale according to the Research Centre for 
Cultivar Testing (COBORU) in SłupiaWielka (Poland), where 9 represents the 
most favourable condition and 1 the least favourable. The height of the plants 
was measured at three randomly selected locations on each plot. 

During the full maturity period, 50 spikes of each form were randomly selec-
ted. Spike length and spikelet number per spike were measured in 20 spikes. 
The grain number and grain weight per spike and the 1,000-grain weight were 
calculated on the basis of threshing of 50 spikes. Protein content in the grains 
was determined by the Kjeldahl method. Since 2013 this procedure has been 
carried out in a Kjeltec (FOSS) analyser (CLA/PSO/13/2013 version 3 of 19 
December 2013; PN-75/A-04018) at the Central Agroecological Laboratory of 
the University of Life Sciences in Lublin, using a nitrogen/protein coefficient 
factor of 6.25. 

After four years of valorisation the accessions were transferred to the IHAR 
(Plant Breeding and Acclimatization Institute) seed stores in Radzików to secu-
re an appropriate amount of grain from cultivars removed from the register as 
well as valuable genetic materials obtained at breeding and research facilities. 
There are currently 2474 triticale objects in the seed stores, of which 1417 are 
winter forms and 1057 are spring forms. They have complete valorisation data, 
i.e. the results of field evaluation and values of yield traits from four years of 
research. 

The results presented in this paper cover the multi-year averages, range of 
variability, and coefficients of variation for the most important agricultural fea-
tures, i.e. plant height, grain weight per spike, 1000 grain weight, and protein 
content in the grain of materials from winter and spring triticale collections ob-
tained in the years 1982–2016.  

RESULTS 

According to the data presented in Table 1, the winter and spring triticale 
materials collected in the Polish gene bank are characterized by high variability of 
yield characteristics, with greater variation noted in the winter triticale collection. 
The most variable traits in both collections were grain number and weight per spike, 
as evidenced by their high coefficients of variation: CV = 18.9% and CV = 22.4%, 
respectively, for winter triticale and CV = 17.6 and CV = 19.3% for spring tritica-
le. There was also a wide range of variation for these characteristics. Grain 
number per spike ranged from 10.7 to 85.1 in the winter triticale collection and 
from 11.9 to 89.9 in the spring triticale collection, while the ranges for grain 
weight per spike were 0.4–4.6 g and 0.6–3.4 g. In both collections the most 
frequent range for grain weight per spike was 1.6–2.5 g (Fig. 2). The winter tri-
ticale collection had a larger share of accessions with a grain weight per spike 
of more than 3.1 g. A high level for this feature together with a high grain num-
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ber per spike is an important element in the selection of valuable starting mate-
rial for breeding new varieties. 

Fig. 2. The distribution of weight of grains per spike in the collection of winter and spring triticale  

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

in winter and spring triticale genetic resources accessions 

The 1000 grain weight showed less variability, both in the winter triticale 
collection (CV = 12.2%) and the spring triticale (CV = 11.6%). The mean value 
was 46.2 g in the collection of winter triticale genotypes, with a range from 21.6 
to 83.7 g, and 43.5 g in the spring triticale collection, with a range from 20.0 to 
81.1 g (Table 1). The largest share of genotypes of both winter and spring triti-
cale had a 1,000 grain weight from 45.1 to 55.0 g. Both collections also had 
a small percentage of accessions (about 4%) with a 1000 grain weight excee-

Examined trait Form Number of 
accessions Mean 

Variability 
range  

min - max 
CV [%] 

Plant height [cm] 
winter 1417 117.0 62.0 – 186.3 14.4 

spring 1057 107.7 62.3 – 168.0 12.7 

Number of grains per spike 
winter 1417 46.6 10.7 – 85.1 18.9 

spring 1057 44.6 11.9 – 89.9 17.6 

Weight of grains per spike [g] 
winter 1417 2.2 0.4 – 4.6 22.4 

spring 1057 1.9 0.6 – 3.4 19.3 

1000 grain weight [g] 
winter 1417 46.2 21.6 – 83.7 12.2 

spring 1057 43.5 20.0 – 81.1 11.6 

Protein content in grain [%] 
winter 1417 11.1 5.9 – 23.3 14.9 

spring 1057 13.0 8.6 – 20.1 10.4 



98  Wanda Kociuba et al..  

ding 60 g. These genotypes can be valuable starting material for breeding new, 
high-yield triticale cultivars (Fig. 3). 

Fig. 3. The distribution of 1000 grains weight in the collection of winter and spring triticale genetic resources 

Fig. 4. The distribution of plant height in the collection of winter and spring triticale genetic resources 

The height of the triticale plants was very diverse and it varied in the years of 
research, both among the winter triticale material (from 62.0 to 186.3 cm) and 
the spring triticale (from 62.3 to 168.0 cm). This was linked to the inclusion of 
new varieties with reduced plant height in the research, as well as older ac-
cessions from world collections whose height often exceeded 140 cm. The me-
an plant heights for winter and spring triticale were 117.0 cm and 107.7 cm, 
respectively (Table 1, Fig. 4). As can be seen from the data presented in Fig.4, 
the greatest share of accessions had a plant height in the range from 100.1 to 
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130.0 cm in the winter triticale collection and from 90.1 to 120.0 cm in the 
spring triticale collection. Both collections also contain short and stiff straw 
genotypes that are resistant to lodging, as well as very tall forms (over 140 cm) 
with higher protein content in the grain. 

Fig. 5. The distribution of protein content in grain (%) in the collection of winter 
and spring triticale genetic resources 

The data in Table 1 show that the spring triticale material has higher average 
protein content in the grain (13.0%) than the winter forms, with an average 
level of 11.1% in 1982–2016. In addition, this feature showed high variation in 
both collections: from 5.9% to 23.3% for winter triticale and from 8.6% to 
20.1% for spring triticale. Accessions with protein content of 11-13% made up 
the largest share of the winter triticale collection, while in the spring collection 
more than half of the accessions had between 13% and 16% protein in the grain 
(Fig. 5). In terms of practical breeding, accessions with increased protein con-
tent in the grain (over 17%) merit attention. 

DISCUSSION 

The existence of wide genetic variation for yield and other agronomic traits 
in a plant population is important for an effective breeding programme. Deve-
lopment of high-yielding cultivars requires information on the magnitude of 
variability present in the germplasm (Goyal et al., 2011;Thiemt and Oettler, 
2008). Directional selection in breeding has resulted in material whose useful 
traits are more similar (Kociuba, 1992, 1996, 1998, 2000, 2007). The results of 
our work were similar to those obtained by Kociuba (2007, 2010), Kociuba and 
Kramek (2014), and Kociuba et al. (2007, 2010). They show the highest coeffi-
cients of variance for the number (CV from 18.5% to 23.4%) and weight of gra-
ins per spike (CV from 21.4% to 27.1%).  
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The characteristics that primarily determine the yield of cereal crops are the 
grain number and weight per spike. It is therefore important that the accessions 
have high values for these traits, which, if the density of spikes on a unit of sur-
face area is good, will affect the yield. It should be remembered that the larger 
proportion of triticale genotypes with a higher grain number and grain weight 
per spike is due to the production of valuable material by breeders in Poland 
and abroad. Valuable genotypes are those in which the grain number per spike 
exceeds 60 g. Valuable initial materials useful in recombination breeding for 
improving yield can be selected from the germplasm of Polish triticale cultivars 
(Maćkowiak et al., 1998;Wolski et al., 1998; Cyfert, 2008; Kociuba et al., 2007; 
Tokarski, 2010; Ukalska and Kociuba, 2013, Kociuba and Kramek 2014). 

In addition to the aforementioned traits, yield is also influenced by the 1000 
grain weight. Hence, one of the main objectives of breeding work on triticale is 
to improve grain plumpness, measured as 1000 grain weight. Triticale grains 
are less well-filled than wheat grains, so accessions with a high 1000-grain we-
ight are an interesting starting material for breeding (Kociuba, 2000). 

Significant progress has recently been made in triticale breeding, as eviden-
ced by an increase in the yield obtained per unit area and in better grain fill, 
which may have been improved by systematic breeding and heavy selection 
pressure. Modern triticale cultivars have the potential to be competitive with 
wheat in terms of grain yield 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 has caused a decrease in total protein content in the 
grain. The high protein content of early triticale materials was the result of 
shrivelled grain. As a consequence of increased plumpness, protein content in 
grain decreased (Oettler, 2005). State research on assessment of cultivars has 
shown that the protein content of the grain of currently grown winter triticale 
cultivars is comparable to that of wheat and rye. In the new cultivars, however, 
a slight decrease in this feature is observed, possibly due to better grain filling 
than in the past (Cyfert, 2008; Tokarski, 2010). The results of research on col-
lections (Kociuba, 1992, 1996, 1998, 2000, 2007, 2010) indicate that lower ave-
rage protein content in winter triticale grain could be associated with better gra-
in filling, which in turn is also associated with a higher 1000 grain weight. 

Breeding work on the height of winter triticale plants is aimed at obtaining 
traditional cultivars with a plant height of 120 to 140 cm, but with stiff straw, 
and short-straw cultivars (less than 120 cm) whose lodging resistance is signifi-
cantly improved (The Polish National List of Agricultural Plant Varieties, 
2016). The first materials from winter triticale collections had a plant height 
between 140 and 160 cm and were susceptible to lodging. By introducing the 
partially dominant dwarfing gene from the wheat cultivar Tom Pouce, the semi-
dwarf cultivar Bókoló was developed in Hungary (Oettler, 2005). Cultivars of 
this type have been obtained in Poland as well. Fidelio was the first Polish semi
-dwarf cultivar of winter triticale, registered in 1997. Subsequent breeding work 
has resulted in the registration of the semi-dwarf cultivars Pinokio (1997), Ma-
gnat (2000), Woltario (2000), Zorro (2002), Baltiko (2006), Gniewko (2006), 
Grenado (2007), Alekto (2008), Borwo (2008), Pigmej (2008), Atletico (2009), 
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Agostino (2011), Mikado (2011), Twingo (2012), Wiarus (2012), whose plant 
height is below 120 cm, which significantly improves their resistance to lod-
ging. 

CONCLUSIONS 

The results presented indicate that the genetic resources of triticale collected 
in the Polish gene bank in the years 1982–2016 represent a broad spectrum of 
variation in the yield traits analysed, with greater variation observed in the win-
ter triticale collection. 

The greatest variation was noted for the yield traits of the spike, i.e. grain 
number and grain weight per spike, as indicated by their high coefficients of 
variation as compared with other traits analysed.  

ACKNOWLEDGMENTS 

The research was supported by the Plant Breeding and Acclimatization Insti-
tute – National Research Institute at Radzikow (project: „The creation of the 
scientific basis for the biological progress and germplasm resources preserva-
tion source of innovation and support of sustainable agriculture and food securi-
ty of the country”). 

REFERENCES 

Banaszak Z., Marciniak K., 2002. Wide adaptation of DANKO triticale varieties. Proc of the 5th Int. Triticale 
Symp. Radzików, Poland. 30 VI-5 VII; Vol. I: 215–222. 

Beres B.L., Harker K.N., Clayton G.W., Bremer .E., Blackshaw R.E., Graf R..J., 2010. Weed competitive 
ability of spring and winter cereals in the Northern Great Plains. Weed Technol. 24: 108–116. http://
dx.doi.org/10.1614/wt-d-09-00036.1 

Cui Z., Carter T.E., Burton J.W., Wells R., 2001. Phenotypic diversity of modern Chinese and North Ameri-
can soybean cultivars. Crop Sci.; 41. 1954–1967. http://dx.doi.org/10.2135/cropsci2001.1954 

Cyfert R., 2008. Pszenżyto ozime. Lista opisowa odmian. 2008. Cz. I. Rośliny rolnicze. COBORU, Słupia 
Wielka. p. 89–97. 

Erekul O., Köhn W., 2006. Effect of weather and soil conditions on yield components and bread-making 
quality of winter wheat (Triticum aestivum L.) and winter triticale (Triticosecale Wittm.) varieties in 
north-east Germany. J. Agron. Crop Sci. 192: 452–464. http://dx.doi.org/10.1111/j.1439-
037x.2006.00234.x 

Goyal A., Beres B.L., Randhawa H.S., Navabi A., Salmon D.F., Eudes F., 2011. Yield stability analysis of 
broadly adaptive triticale germplasm in southern and central Alberta, Canada, for industrial end-use 
suitability. Can. J. Plant Sci. 91: 125–135. http://dx.doi.org/10.4141/cjps10063 

Jaradat A.A., Shahid M., Al-Maskri A.Y., 2004. Genetic diversity in the Batini barley landrace from Oman I. 
Spike and seed quantitative and qualitative traits. Crop Sci. 44: 304–315. http://dx.doi.org/10.2135/
cropsci2004.0997 

Kociuba W., Kramek A., Doliński R., 2007. Porównanie wartości cech użytkowych krajowych odmian pszen-
żyta ozimego zarejestrowanych w latach 1982-2003. Zesz. Probl. Post. Nauk Roln. 517: 379–387. 

Kociuba W., Mądry W., Kramek A., Ukalski K., Studnicki M., 2010. Multivariate diversity of Polish winter 
triticale cultivars for spike and other traits. Plant Breed. Seed Sci. 62: 31–42. http://dx.doi.org/10.2478/
v10129-011-0003-4 

Kociuba W., 1992. Ocena ważniejszych cech rolniczych materiałów kolekcyjnych pszenżyta ozimego i jarego 
(X Triticosecale Wittmack). Biul. IHAR. 183: 125–133. 

Kociuba W, 1996. Wartość ważniejszych cech krajowych i zagranicznych obiektów kolekcyjnych pszenżyta 
ozimego. Biul. IHAR. 200: 131–138. 



102  Wanda Kociuba et al..  

Kociuba W. 1998. Wyniki oceny materiałów kolekcyjnych pszenżyta ozimego i jarego w 1996 roku. Biul. 
IHAR. 205: 219–227. 

Kociuba W, 2000. Zmienność i współzależność ważniejszych cech plonotwórczych w obrębie heksaploidal-
nego pszenżyta ozimego X Triticosecale Wittmack. Rozprawy Naukowe Akademii Rolniczej w Lubli-
nie. 232, pp. 74. 

Kociuba W., 2007. Charakterystyka zasobów genowych pszenżyta zgromadzonych w latach 1998-2005. Zesz. 
Probl. Post. Nauk Roln. 517/1: 369–377. 

Kociuba W., 2010. Charakterystyka zbiorów kolekcyjnych pszenżyta jako mieszańca międzyrodzajowego. 
Zesz. Probl. Post. Nauk Roln. 555: 237–247. 

Kociuba W., Kramek A., 2014. Variability of yield traits and disease resistance in winter triticale genetic 
resources accessions. Acta Agrobotanica 67(2): 67-76, http://dx.doi.org/10.5586/aa.2014.027 

Maćkowiak W., Budzianowski G., Cicha A., Cichy H., Mazurkiewicz L., Milewski G., Pajzert K., Szeląg B., 
Szeląg J., Woś H., 1998. Hodowla pszenżyta w Zakładzie Doświadczalnym Hodowli i Aklimatyzacji 
Roślin „Małyszyn”. Biul. IHAR. 205/206: 303–320. 

Mohammadi S.A., Prasanna M., 2003. Analysis of genetic diversity in crop plants – salient statistical tools 
and considerations. Crop Sci. 43: 1235–1248. http://dx.doi.org/10.2135/cropsci2003.1235 

Oettler G., 2005. The fortune of a botanical curiosity – Triticale: past, present and future. J. Agric. Sci. 143: 
329–346. http://dx.doi.org/10.1017/S0021859605005290 

Polish National List of Agricultural Plant Varieties, 2016 – COBORU. 
Shands, H.L., 1990. Plant genetic resources conservation: the role of the gene bank in delivering useful gene-

tic materials to the research scientist. J. Heredity 81: 7–10. 
Thiemt E.M., Oettler G., 2008. Agronomic performance of anther-derived doubled haploid and single seed 

descent lines in crosses between primary and secondary winter triticale. Plant Breed. 127: 476–479. 
http://dx.doi.org/10.1111/j.1439-0523.2008.01498.x 

Tokarski P., 2010. Pszenżyto ozime. Lista opisowa odmian 2010. Cz. I. Rośliny rolnicze. COBORU, Słupia 
Wielka, p. 94-103. 

Ukalska J., Kociuba W., 2013. Phenotypical diversity of winter triticale genotypes collected in the Polish 
Gene Bank between 1982 and 2008 with regard to major quantitative traits. Field CropsResearch 149: 
203-212. http://dx.doi.org/10.1016/j.fcr.2013.05.010 

Wolski T., Szołkowski A., Gryka J., Pojmaj M.S., 1998. Obecny stan hodowli pszenżyta ozimego w DAN-
KO. Biul. IHAR. 205/206: 289–297. 


