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Genetics and Breeding

Morphological analysis of spikes and grouping of accessions of Triticum turgidum ssp. 
dicoccon

H. Stoyanov*

Faculty of Plant Protection and Agroecology, Agricultural University, 12 Mendeleev, 4000 Plovdiv, Bulgaria 

Abstract. Triticum turgidum ssp. dicoccon, is one of the oldest cultivated plants. Its wide distribution throughout the three continents (Asia, Europe and Africa) 
is the reason to differentiate this species into many groups. Under the influence of different environmental conditions and the effect of stress factors different 
genotype and phenotype forms have evolved. Simultaneously, under the influence of natural and artificial selection typical forms with valuable agronomic 
properties are preserved. To establish the group diversity, 152 accessions of the species Triticum turgidum ssp. dicoccon (cultured emmer) are tested. 
Morphological evaluation of the spikes of each accession is made by 4 quantitative (length of spike, length of spike with awns, spike weight, number of spikelets 
per spike), 4 index (awns index, weight distribution along the length of spike, number of spikelets per length of spike, average weight of spikelet) and six quality 
properties (glume colour, awn color, spike brittleness, spike hairiness, spike shape, spike branching). The accession's influence on the formation of quantitative 
traits is assessed. All samples were grouped by the relevant studied characteristics. The largest number of accessions (72 accessions) belongs to the group of 
typical emmer – bearded, yellow glumes and awns, glabrous, prismatic shape, unbranched spikes with an average weight between 59 and 69 g and an 
average number of spikelets per spike between 15 and 20. The smallest number of accessions are these with black glumes (3 accessions), strong hairness (5 
samples) and awnless accessions (3 accessions). There are 5 accessions with pyramid-shaped spikes, 2 accessions with a triangular cross section and 7 
accessions with branched (complex) spikes (two typically branched, and the remaining 5 – similar to Triticum turgidum ssp. turgidum). Some samples exhibit 
atypical morphology of the species – non-brittle rachis spikes, better threshing, very low mean spikelet weight) and should be related to other wheat species 
(Triticum aestivum, Triticum turgidum ssp. durum, Triticum monococcum ssp. monococcum). Many samples show widely and similarly variation of spikes 
length, spike weight and number of spikelets per spike, which determines the presence of significance of the factor 'accession' for the formation of these 
properties. Proper grouping on intraspecific level of accessions and referral to a particular species is crucial for the selection of source breeding material for the 
wheat species.

Keywords: grouping, morphology, Triticum turgidum ssp. dicoccon

Abbreviations: LS – length of spike, LSA – length of spikes with awns, WS – weight of spikes, NSS – number of spikelets per spike, AI – awness index, DWLS – 
weight distribution along the length, NSLS – number of spikelets along length of spike, AWSp –  average spikelet weight

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 6, No 2, pp , 2014124 - 133

Introduction species to be created, with a wide variation in morphological and 
qualitative properties, but without sharply violating the natural 
process of species incompatibility, i.e. variability of properties is The species Triticum turgidum ssp. dicocoon, is one of the 
matched to unlimited or relatively strong interbreeding with other oldest cultivated plants, with great food importance in a wide time 
similar species.interval (Hammer et al., 2004). This species originated from the 

Cultivation of Triticum turgidum ssp. dicocoon from Antiquity to territory of the Fertile Crescent (the territories of present-day Iran, 
the Middle Ages is primarily connected to the wide spreading and Iraq, Syria, Palestine, Jordan) and is distributed as a culture 
popularity of the crop. Gradually, the importance of hulled wheat beginning in Mesopotamia and Egypt, and later covers the 
decreased because of the increased area occupied by common and Mediterranean, much of West Africa to reach in the Middle Ages 
durum wheat (Stoyanov, 2012a). Effects of conscious and much of Europe, Africa and Southwest Asia (Perrino et al., 1998). 
purposeful selection in the period from the Middle Ages to the Domestication of Triticum turgidum ssp. dicocoon, is not a unilateral 
present day in the agrocenoses significantly improve the agricultural process, and it is associated with the action of multiple unconscious 
and food qualities of the species. Properties such as yield, seed selection in populations by the ancient agricultural societies. On the 
weight, and protein content are increased (Pflueger et al., 2001; one hand, this leads to local restriction of the genetic diversity of the 
Vallega and Waines, 1987; Alvarez et al., 2007). On the other hand, species. Differentiation of various social groups, which carry the 
low genetic diversity is a prerequisite for the emergence of culture plant with themselves, allows modification variability due to 
susceptibility to pathogens and low ecological plasticity.various biotic and abiotic environmental factors (Nesbitt and 

Modern breeding techniques aiming to improve crop plants by Samuel, 1998). Formation of the intraspecific structure of the 
optimizing quality and yield, significantly increase the genetic species Triticum turgidum ssp. dicocoon is directly related to its vast 
diversity of the species Triticum turgidum ssp. dicocoon (D'Antuono geographical spread but also to the concomitant processes of 
and Bravi, 1998; Jaradat et al., 1998; Pegna-Chocarro, 1998; natural mutations, natural hybridization, plant-plant interactions and 
Vazzana, 1998). Valuable properties of the crop such as resistance plant-pest interactions (Ayala and Kiger, 1987). This allows a stable 
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to pathogens and pests (Beteselasie et al., 2007a, 2007b; Assessment of glume color and awns color was performed 
Gasrataliev, 1983; Ji et al., 2007; Marais et al., 2005; Stoyanov, using the five point scale (pale, yellow, brown, black, gray, green) 
2012), tolerance to metal toxicity (Genc and McDonald, 2008; based on RAL colour chart (RAL, 1976). Spike brittleness was 
Zaharieva et al., 2010) and drought tolerance (Al Hakimi et al., 1998) determined by threshing 10 analyzed spikes to the following scale: 
are among the reasons intraspecific diversity among the tetraploid self-fragile (break itself upon reaching maturity), highly fragile (when 
wheats to be sought. Under the influence of intraspecific, removing awns without threshing disintegrates into separate 
interspecific and intergeneric hybridization, artificial selection and spikelets), medium fragile (when threshing the spike is divided into 
biotechnological tools valuable qualitative properties are improved its individual spikelets), low fragile (when threshing the spike is 
and quantitative properties of the crop are significantly increased. broken into large pieces), unfragile (spike spindle remains when 

At the current stage of development of Triticum turgidum ssp. threshing). Hairiness of spikes is based on the presence of hairs on 
dicocoon, it is divided in 4 subspecies, 6 convars and 64 varieties the spikelets base, edge and surface of glumes, using the following 
according to their origin, morphological properties and physiological scale: non-hairy (there are no hairs), low hairy (only base of spikelets 
features (Naskidashvili, 1984; Szabo and Hammer, 1998). is hairy), medium hairy (base of spikes and the edge of glumes are 
Participation of the species as parental forms in the creation of hairy), strongly hairy (base of spikelets and 2/3 of glumes surface are 
synthetic hexaploid wheats (Spetsov et al., 2008; Spetsov et al., hairy), very strongly hairy (base of spikelets and the whole glumes 
2009; Stoyanov et al., 2010) and separately in breeding programs are hairy) – in line with the methodology of CPVO for distinctness, 
necessitates different accessions to be characterized and their uniformity and stability of wheat (CPVO, 2011). The shape of spikes 
morphological, ecological, biochemical, physiological, phyto- is determined based on the methodology of CPVO for distinctness, 
pathological, entomological qualities to be identified. For this reason uniformity and stability of wheat and the following groups are 
differences in morphology should firstly be faithfully reported and defined: normal (parallel), pyramidal (tapering), squareheaded 
also the similarities of accessions to other species as well in order to (clavate), semi-squareheaded (semi-clavate), fusiform (with 
perform proper grouping and subsequent selection of starting triangular cross section). Spike branching is determined based on 
breeding material. the presence of complex spikelets, using the following scale: 

The purpose of this research is accessions of the species typically branched (Tr. vavilovii - like), turgidum branched (Tr. 
Triticum turgidum ssp. dicoccon to be grouped with regards to their turgidum ssp. turgidum - like), unbranched.
morphological characteristics, and to assess their suitability for The influence of the accessions on the formation of the 
participation in breeding programs of various wheat species. quantitative properties is assessed. All accessions are grouped by 

the relevant studied characteristics. A univariate factor ANOVA of all 
quantitative and index properties to the factor "accession" is made 
and the statistical impact and importance of the factor in the Material and methods
formation of the specific properties is determined. Grouping per 
index and quantitative properties is done using CHAID grouping A total of 152 samples of tetraploid wheat Triticum turgidum ssp. 
method based on the interaction of variables (Wilkinson, 1992). A dicoccon are used, 151 originating from the collection of ICARDA-
classical cluster analysis is made for grouping accessions by Syria, and 1 sample was received from IPGR-Sadovo and used as a 
complex interaction of the average values of all quantitative and standard accession in relation to the morphological properties. A 
index properties. The standard deviation (SD), coefficient of total of 15 seeds of each sample of the tetraploid wheat were sown 
variation (CV) and statistical error (SE) for quantitative indicators are with row spacing 30 cm and intrarow spacing 5 cm. Sowing was 
reported. For summarizing the data and analyzing of variance done on 05-06.11.2011, under field conditions in the area of  
software Microsoft Excel 2007 was used and for CHAID, ANOVA and Stozher, Dobrich region. Harvesting was done in phase full maturity 
cluster analysis – IBM SPSS Statistics v.19.between 20th and 31.07.2012. Of each sample 10 fully mature 

spikes, free of infestation by pests were randomly selected. 
Morphological evaluation of the spikes of each sample is done with 
regards to 4 quantitative properties (indicators): length of spike (LS), Results and discussion
length of spikes with awns (LSA), weight of spikes (WS), number of 
spikelets per spike (NSS); 4 index properties (indicators): awness The results of the morphological analysis of the quantitative and 
index (AI) – ratio between LSA and LS; weight distribution along the index properties are shown in Table 1. There is a very wide variation 
length (DWLS) – ratio between WS and LS; number of spikelets in the studied properties, especially pronounced with regards to WS, 
along length of spike (NSLS) – ratio between NSS and LS; average NSS and NSLS. This defines the significant diversity in the studied 
spikelet weight (AWSp) – ratio between WS and NSS; 6 qualitative accessions. The variation in relation to the other parameters is also 
(external) properties (indicators): glume colour, awns color, spike significant (between 20 and 35%), and thresholds of LS, LSA and AI 
brittleness, spike hairiness, spike shape, spike branching. are clearly differentiated to the accession. Pagnota et al. (2009), 

Table 1. Quantitative and index properties of the studied accessions of Triticum turgidum ssp. dicoccon

AV – average value, SD – standard deviation, CV – coefficient of variation, SE – statistical error

Accessions LS LSA WS NSS AI DWLS NSLS AWSp

AV

SD

CV

SE

72.99

18.83

25.80%

  0.49

159.88

  30.90

  19.33%

    0.80

  2.31

  1.12

48.38%

  0.03

19.02

12.52

65.85%

  0.33

  2.30

  0.58

25.04%

  0.01

  0.03

  0.01

36.32%

  0.00

  0.26

  0.13

50.31%

  0.00

  0.13

  0.04

32.20%

  0.00



Alvarez et al. (2007) reported similar variation in the morphological univariate factor ANOVA shown in Table 2. At level for α = 0.05, 0.01, 
characteristics of the species Triticum turgidum ssp. dicoccon. The 0.001%, the effect of the genotype as a factor is absolutely 
authors indicate high degree of diversity among the studied significant for all studied index and quantitative properties. The 
accessions not only in morphological phenotype, but also in the yield highest impact in the formation of a morphological feature expressed 

2 2obtained and the physiological characteristics. The high degree of by partial eta square (η ) was observed in properties NSS (η  = 
2difference in the studied samples is determined by the genetic 0,937) and NSLS (η  = 0,940). The impact of genotype with regards 

2 2 2diversity of the species. Dedkova et al. (2007), Dedkova et al. to LS (η  = 0,776), AWSp (η  = 0,756) and DWLS (η  = 0,717) is 
(2009), indicate that intraspecific diversity is the result of differences slighter. The lower influence of genotype on properties AWSp, WS 

2and chromosomal translocations that have evolved as a result of (η  = 0,800), LS and DWLS is determined by the greater importance 
powerful evolutionary factors in the phylogenetic development of the of environmental factors (biotic and abiotic) in their formation 
species. Differentiation of the morphological properties of Triticum (Tsenov et al., 2004). NSS is largely determined genetically and also 

2turgidum ssp. dicoccon is demonstrated using molecular markers. AI (η  = 0,790), but in AI, LS is taken into account as a component 
Figliuolo and Perrino (2004), and Terzi et al. (2007) confirmed significantly dependent on environmental factors (Tsenov et al., 
intraspecific variation using RFLP, AFLP and SSR markers. 2006; Rachovska and Uhr, 2010; Reeves et al., 1999; Georgieva et 

The influence of genotype (factor "accession") on the formation al., 2004). LS is a component in DWLS and NSLS, but while DWLS 
of morphological characteristics is represented by the results of the combines factors largely dependent on the environment than by 

Table 2. Data from ANOVA for the studied accessions of Triticum turgidum ssp. dicoccon

SS – sum of squares, d.f. – degrees of freedom, Sig. – significance

Variable SS Mean Square F Sig. 2Partial ηd.f.

LS

LSA

WS

NSS

AI

DWLS

NSLS

AWSp

407383.970

1156006.800

1477.621

217542.780

387.467

0.135

23.544

1.867

150

150

150

150

150

150

150

150

2715.893

7706.712

9.851

1450.285

2.583

0.001

0.157

0.012

30.756

39.894

35.520

131.920

33.357

22.454

138.909

27.547

.000

.000

.000

.000

.000

.000

.000

.000

0.776

0.818

0.800

0.937

0.790

0.717

0.940

0.756
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Figure 1. CHAID grouping of LS (A), LSA (B), WS (C) and NSS (D)
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genotype, the ratio of NSS to LS can be considered a separate Nine groups are determined with regard to NSS property 
property, which is highlighted of significant influence of the factor (Figure 1D). The main part of the samples are close to the average 
"accession" against. value (groups 1, 2, 3, 6 and 7 including standard accession 111111). 

The grouping of the studied accessions by the CHAID grouping The highest average value is for group 9 where turgidum-branched 
method is presentative for the quantitative properties in Figure 1, accessions (Figure 4F) belong, while the smallest average value is 
and for the index properties in Figure 2. With regard to WS, 10 for group 4 where self-fragile and highly fragile spikes belong. NSS is 
groups are separated (Figure 1C), and the groups 1, 2, 3 and 4, form an important indicator because it relates to the quantification of yield 
a single group tending to the average value. The majority of these (Pinthus and Millet, 1978). With WS, these are the two most 
samples belong to the group of the typical species of Triticum important properties in the selection of starting breeding material, 
turgidum ssp. dicoccon, similar to the standard accession 111111. where the main purpose is the productive capacity of the crop to be 
With the highest average value is group 7 to which accession 45398 increased. However, they should not be entirely determinative, 
belongs featuring good performance in terms of winter resistance because NSS and WS do not always correlate to each other.
and germinating energy (Stoyanov, 2012a) of unbranched Indicator AWSp along with WS provides realistic figures for the 
accessions (Figure 4B) and the group of branched accessions potential yield of the plant in relation to extensive productivity gains, 
(Figure 4F). With the lowest average value is group 9 where the i.e. heavier grains in the heavy spike – higher yield (Pinthus and 
accessions from the group of self-fragile and highly fragile are. This Millet, 1978). The highest average value has group 1 (Figure 2H), 
feature has direct correlation with the weight of 1000 kernels, which which includes accessions 45398 and 45444, and with the lowest 
is a key indicator in determining the potential of the crop. The base average value is group 10, to which turgidum-branched accessions 
assumption is that the vast weight of spike sets higher yield, too belong and also 45432 and 45120 from the self-fragile group.
(Sehnalova, 1990; Reeves et al., 1999; Rachovska and Uhr, 2010). With regard to LS, 9 groups are determined, and groups 1, 2, 3 
This hypothesis is completely correct for the hulled wheat to which and 6, form specific core around the average value (Figure 1A). The 
Triticum turgidum ssp. dicoccon belongs. The highest WS outlines majority of accessions belong to the typical representatives of 
branched accessions and accessions 45398. As for samples with Triticum turgidum ssp. dicoccon. With the highest average is group 
branched spikes because of the greater NSS, respectively the 4, which comprises accessions 45398 and 127709, and with the 
number of grains which should be formed, WS is not directly lowest value is group 4 which includes accessions such as 45120 
correlated with the weight of 1000 grains, i.e. the yield is at the and 45432. From breeding point of view LS is interesting in relation 
expense of the larger number of spikelets, respectively the greater to the improvement of the productive capacity of the spike in the 
ratio between the weight of the paleas and the WS, but not bigger intensive method, i.e. relies on the assumption that longer spikes 
weight of the grains (Zhang et al., 2012). Among the group of the form more productive spikelets and thus lead to more grains 
unbranched of the studied accessions with the highest average (Nikolova and Panayotov, 2008). This assumption is valid only when 
value for WS are 45398 (4.20 g) and 45444 (4.98 g). taking into account the accessions which have uniform distribution of 
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the number of spikelet (NSLS) and the weight (DWLS) along the 454301, and three samples with atypical morphology of the species 
spike. (Figure 4G, Figure 4H), 45398 (along with the typically-branched 

NSLS is an indicator that characterizes the density of the spike. accessions 45434 and 454342 (Figure 4E) and accession 45331)), 
With regard to this indicator 12 groups are determined, and the 127709 (with 454431, 45443 and 45354), which are characterized 
majority of the accessions are divided into groups (groups 1, 2, 3, 6, by high productivity, also belong to branches different than the 
7, 8, including standard accession 111111) with values close to the primary core. Self-fragile samples 45120 and 45432  are in a 
average (Figure 2G). With the highest average value is group 12 to 
which turgidum-branched accessions belong, and with the lowest 
average value is group 9, where accessions 45375 and 45071 are; 
the latter do not possess typical morphology of the species Triticum 
turgidum ssp. dicoccon. Higher values of this index indicate spikes 
with more spikelets or spikes with smaller spikelets. Because 
smaller spikelets determine smaller grains (Pinthus and Millet, 
1978), from a breeding point of view accessions with lower values of 
the indicator (127709) are going to be more important.

Unlike NSLS, DWLS characterizes the weight of one unit of 
spike. This indicator is based on the hypothesis that the bigger 
weight per unit of spike length determines the bigger weight of 
kernels (Pinthus and Millet, 1978). In relation to this indicator 12 
groups are determined and the majority of the samples again fall into 
groups (groups 2, 3, 4, 10, on the standard accession 111111) with 
values close to the average value (Figure 2F). With the highest 
average value is group 9 where turgidum-branched accessions and 
accessions 45398 and 45444 belong, and with the lowest average 
value is group 11, where accessions 45432 and 45120, which 
possess fragile or self-fragile spike spindle belong.

LSA and AI have no relevance from a breeding point of view, 
with regards to improvement of yield. These two properties and their 
grouping (Figure 1B and Figure 2E) are relevant for taxonomic 
determining of accessions only.

For all quantitative and qualitative properties it may be noted 
that a significant number of accessions are grouped around the 
average value of a given indicator. Although there is no exact 
matching in the groups, a certain part of the accessions is always 
close to the core of average values. Since CHAID grouping method 
is not able to group the conjunctions in a significant way but 
determine larger number of groups (Stoyanov, personal 
communication), cluster analysis is also used. Data from cluster 
analysis are summarized and presented as dendrogram (Figure 3), 
taking into account the influence of the complex of morphological 
properties of the studied accessions. The figure shows that 
turgidum-branched accessions (Figure 4F) are a completely 
separate branch of the dendrogram and differ completely from the 
other accessions. The largest number of accessions belongs to the 
branch where the standard accession 111111 is. Accessions 45444 
(with unawned unbranched accessions 45430 (Figure 4D) and 

Table 3. Qualitative properties of the studied accessions of Triticum turgidum ssp. dicoccon

Acc – number of accessions in the group

Colour of glumes

Property

Yellow

Pale

Brown

Black

Gray

Green

Acc

97

28

22

3

1

-

Property

Yellow

Pale

Brown

Black

Gray

Not awned

Acc

101

17

20

7

-

5

Property

Not hairy

Low hairy

Medium hairy

Strong hairy

Very strong hairy

-

Acc

139

4

4

3

2

-

Property

Self-fragile

Strong fragile

Medium fragile

Low fragile

Not fragile

-

Acc

3

8

107

11

22

-

Property

Normal (Parallel-sided)

Square-headed (Clavate)

Pyramided (Tapering)

Semi-square-headed

(Semi-clavate)

Triangled (Fusiform)

Untypical

Acc

97

28

22

3

1

-

Property

Typical 

Turgidum 

Non-branched

Double spikelet

Untypical 

-

Acc

2

5

119

2

22

-

Colour of awns Hairiness Brittleness Shape of spike Branching

Figure 3. Schematic dendrogram of cluster analysis
of the studied quantitative and index properties of
accessions (acc).
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separate branch. Accessions from the group consisting of 45398 are indicators. The remaining 22 studied accessions possess qualitative 
located much closer to the standard accession than those from the morphology that distinguishes them too much from the species of 
group of 45444 and 127709 group. This makes accessions 45398 Triticum turgidum ssp. dicoccon. The most important difference is 
and 45444 potentially the best, in relation to qualitative and index the presence of good threshing and unbreakable spindle, i.e. they 
properties to be included into breeding programs for various wheat are non-hulled.
species. Relevant to the breeding of various wheat species are the 

An important point of the choice of starting breeding material is properties hairiness, spike brittleness and spike branching. Since on 
its proper grouping in terms of qualitative properties related to hairy leaves cereal leaf beetles of the genus Lema do not cause 
taxonomic grouping more meaningful for intraspecific appurtenance significant damage (Stoyanov, 2012b), it is suggested that other 
of the accessions. The results of qualitative morphological beetles such as Zabrus sp., and Anisoplia sp. will not cause the 
properties are presented in Table 3. The data in the tables shows same damage in the presence of hairs on the spikes. Self-fragile 
again that the widest number of species belong to the group of the spike spindle and highly fragile spikes are not preferred in practice 
standard accession for the species Triticum turgidum ssp. dicoccon because of the large technological losses due to premature loss or 
(111111). The main group of accessions (97 accessions) have yellow simply shelling of the spikelets (Stoaynov, 2012b). It would seriously 
glume and awns color, medium fragile spikes, non-hairy spikes, a hamper the quality of breeding work. In relation to spike branching, it 
typical form of the spikes, unbranched spike. Other 32 accessions of is directly related to the modification of the quantitative properties 
the species Triticum turgidum ssp. dicoccon have similar NSS, WS, NSLS, DWLS and AWSp. Depending on their values it 
morphology of the spikes with a certain variation in each of the could be determined whether the branched accessions are suitable 

Table 4. Classification of the studied accessions of Triticum turgidum ssp. dicoccon according to the classification of Szabo
and Hammer (1998)

1 = glumes white; 2 = glumes brown; 3 = glumes black; 4 = awns of the same colour as glumes; 5 = awns black; 
6 = spikes simple; 7 = spikes with double spikelets; 8 = spikes branched; 9 = awns long; 10 = awns short; 
11 = awns absent; 12 = glumes naked; 13 = glumes hairy (pubescent)

1 2 3 4 5 6 7 8 9 10 11 12 13 Varieties

var. dicoccon

var. rufum

var. fictesemicanum

var. semicanum

var. atratum

var. novicium

var. schubleri

var. albiramosum

var. cladurum

X

X

X

X

X X X X

X

X

X

X

X

X

X

X

X

X

X

X

X

X X X XX

X X X

X X X X X

X X X X

XXXX

X

X

Accessions

45364, 45325, 45323, 45321, 45319, 45318,45316, 45314, 
45313, 45308, 45412, 45304, 45404, 45366, 45398, 45403, 
45346, 45345, 45350, 45347, 45351, 453511, 45352, 45353,
45354, 45363, 45121, 45123, 45124, 45125, 45118, 45119, 
45072, 45254, 45096, 45069, 45068, 45280, 45073, 45087, 
45088, 45253, 45252, 45251, 45250, 45246, 45247, 452471,
45248, 45249, 45120, 45070, 45303, 45244, 45245, 454321, 
99236, 45343, 45344, 453431, 99234, 45339, 45432, 45425, 
45428, 111111, 453262, 45335, 45333, 45331, 45330, 45328, 
45327, 45237, 45129, 45128, 45127, 127709, 45238, 45239, 
45243, 45241, 45242, 45418, 45419, 45415, 45416, 45414, 
45437, 91674, 45426, 45435, 45439, 45436, 45091, 45095, 
45089

453261,45323, 45340, 45422, 45427, 45336, 454341,
454343, 45440

45329, 45417

45429, 45445, 454451, 45443, 454431

454331, 45433, 45423

45430, 454301, 45444

454381, 45438

45434, 454342

454311, 454201, 45431, 454202, 45420

45126

45365

45375, 45071

45240, 45320, 45306, 44976, 449761, 450730, 45033, 44961, 
45122, 449611, 91692, 91686, 45340, 88883, 88729, 91675, 
91683, 45442, 99252,

Tr. monococcum

Atypical morphology

Tr. polonicum

Tr. durum

Tr. aestivum 
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Figure 4. Spikes of accessions 111111 (A); 45398 (B); 127709 (C); 45430 (D); 454432 (E); 45431 (F);
45375 (G); 44961 (H).
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for increasing the productivity of the wheat species. accession with the inappropriate  characteristics or seriously 
The comparison of the data from the cluster analysis with reduced quantitative and index properties. By the applied statistical 

qualitative morphology of the accessions shows that there is some methods taxonomic affiliation of the studied accessions is defined 
correlation between quantitative and index, on the one hand, and the and the largest group belong to Triticum turgidum ssp. dicoccon 
qualitative indicators. This enables the intraspecific diversity of convar. dicoccon var. dicoccon.
current accessions to be assigned not only to their external Some accessions possess valuable qualities as hairiness 
(qualitative) properties but also according to their quantitative (45443 and 454431) and branched spikes (45434 and 454342) and 
morphology in the presence of sufficiently high significance of the could be used for transfer of valuable genes and improving quality 
studied properties. Since high productive accessions 45398 and and increasing the productivity of different wheat species. From a 
127709 get into the group of typical representatives of the species breeding point of view in order to enhance the production potential of 
Triticum turgidum ssp. dicoccon, the conclusion is that the whole the wheat species, accessions 45398 and 127709 are the most 
group has the potential through hybridization (intraspecific, suitable to be included in the breeding programs of various wheat 
intragroup, interspecific and intergeneric) to create lines which species.
combine their qualitative and quantitative morphological 
characteristics.
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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