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Study of emmer (Triticum dicoccum (Schrank) Shuebl.) accessions for traits related to spike
productivity and grain quality in connection to durum wheat improvement
K. Taneva, V. Bozhanova*, B. Hadzhiivanova
Field Crops Institute, 6200 Chirpan, Bulgaria
Abstract. Emmer (Tr. dicoccum (Schrank) Schuebl. (2n = 4x = 28) is a progenitor of cultivated wheat and it is considered as potential source of genes for
important agronomical traits including grain quality. The aim of this study was to characterize emmer accessions for agronomic and grain quality traits in relation
to durum wheat improvement. Fifteen emmer accessions were characterised in a 3-year field study (2010 – 2012) and compared to Bulgarian durum wheat
standard cultivar Predel. Variation among genotypes for all studied traits was found. Most of emmer accessions are characterized by higher values for the traits
spike length, grain protein and gluten content, and vitreousness and lower values for the traits kernel number per spike, kernel weight per spike and thousand
grain weight in comparison with durum wheat standard cultivar. By analyses of variance the influence of genotype, year of cultivations and interaction between
both factors on the variation of some studied traits was determined. Emmer accession № 45367 is distinguished with the best combination of traits related to
spike productivity and grain quality – 1.95 g kernel weight per spike, 49.5 g thousand grain weight, 20.4% grain protein content, 41.9% gluten wet content and
99% grain vitreousness. The presented results reveal that some of the studied emmer accessions have potential to be involved in durum wheat breeding
programme especially for grain quality traits improvement.

Keywords: emmer, durum wheat, agronomic and grain quality traits
Abbreviations: SL – spike length, SLN/S – spikelets number per spike, KN/S – kernel number per spike, KW/S – kernel weight per spike, TKW –
thousand kernel weight

Introduction
Durum wheat is the preferred raw material for high quality pasta
due to specific grain properties of this botanical species
guaranteeing quality of end products expected by the traditional
consumer (Dexter and Matsuo, 1980; Petrova and Belcheva, 2000).
Grain of durum wheat is characterized by a hard and compact
endosperm, high vitreousness, high protein and carotenoid content,
quality gluten with high extensibility and low elasticity. Major
commercial, technological and nutritional traits falling under the
attention of breeders and producers of macaroni concern: grain
specific weight, vitreousnesss, mass of 1000 grains, content of
damaged grain, content of yellow pigments, oxidative potential,
protein content, gluten strength and ash content. The little difference
of variation in genes, controlling main quality parameters in modern
durum wheat cultivars is one of the major limitations in breeding
improvement of these traits (Blanco et al., 1994).
The genetic diversity of crop plants was decreased largely by
domestication and breeding processes. Therefore, an important
aspect of modern plant breeding is the identification of valuable
alleles locked in the wild ancestors and their reintroduction into
cultivated crops (Tanksley and McCouch, 1997). The wild and
cultivated species of family Poaceae show large variation in many
major agronomic traits and could be used for durum wheat
improvement. Emmer (Tr. dicoccum (Schrank) Schuebl. (2n = 4x =
28) is one of the oldest wheat species, progenitor of cultivated
wheat, considered as potential source of genes for important
agronomic traits including grain quality and could provide a large
variation in respect of these traits (Zaharieva et al., 2010). Laidò et
al. (2013) found that genetic diversity of the morphological traits and
seed storage proteins was lower in durum wheat compared to the

wild and domesticated emmer. High variation for storage proteins in
collection of different emmer genotypes was found (Jaradat, 2011;
Zaharieva et al., 2010).
An important prerequisite for an efficient use of germplasm
collection in a breeding programme is its evaluation for
morphological, agronomical and grain quality traits. Тhe previous
research of emmer focused on agronomic (Troccoli et al., 1997; De
Vita et al., 2006), grain quality (Galterio et al., 1994; Pagnotta et al.,
2008), nutrition (Chatzav et al., 2010) and molecular aspects
(Barcaccia et al., 2002; Pagnotta et al., 2008) are relatively limited
and very few data are available. However, emmer has already been
used in durum wheat breeding programs for protein content
increasing (Ciaffi et al., 1991; Blanco and De Giovanni, 1995).
The aim of this study was to characterize a collection of emmer
accessions for agronomic and grain quality traits in relation to future
involvement of the best genotypes in interspecific hybridisation for
durum wheat improvement.

Material and methods
Fifteen emmer accessions, kindly provided by the gene bank of
ICARDA - Syria were included in this investigation and compared to
the Bulgarian durum wheat standard cultivar Predel. The genotypes
were grown in three crop years (2010 – 2012) in the experimental
field of the Institute of Field Crops, Chirpan in a randomized,
complete block design in two replications. Twenty plants of each
replication were examined for traits related to spike productivity:
heading date (HD after 1th April), spike length (SL), spikelet number
per spike (SLN/S), kernel number per spike (KN/S), kernel weight
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per spike (KW/S) and grain quality traits: thousand kernel weight
(TKW), vitreousness (V), protein content (%) and gluten content (%).
Crude protein content in grain (N × 5.7% dm basis) was
determined by the Kjeldahl method. Gluten content was measured in
% by standard handwork method according to the Bulgarian State
Standard (BDS 13375-90 and BDS 13490-76). Vitreousness was
calculated in % according to the Bulgarian State Standard (BDS
13378-76).
The results of the experiment were processed via two factor
analysis of variance АNOVA and Duncan's test for multiple
comparing the means at the detected significant differences (P <
0.05). The software STATISTICA 7 was used (2004).

Results and discussion
The main effects of experimental factors calculated through the
analyses of variance are presented in Table 1. The studied factors –
genotype, years of cultivation (environment) and interaction
between both (GхE) significantly affected the variation of the traits
SL, SLN/S KN/S, KW/S, TKW and GPK. Insignificant influence of
interaction between the studied factors was found only for the trait
kernel number per spike. The variation of the majority of the studied
traits was due mostly to the genotype. The greatest influence of
genotype was found for the traits thousand kernel weight (70.59%),
kernel weight per spike (65%), grain protein content (51.01%) and at
least one for spikelet number per spike (32.28%). The factor years of
cultivation renders the greatest influence on the variation of the trait
spikelet number per spike (48.15%) that is even more than the
influence of genotype (32.28%). The variation of the studied traits
was influenced more by the years of cultivation than by the
interaction between genotypes and environments (ExG). The
influence of interaction was minor for most of the studied traits
except for the grain protein content (30.1%) and the spike length
(19.1%). Mondini et al. (2008) reported also no serious cross-over
interactions for some yield related traits in one population of
European emmer wheat. The high influence of the genotype x
environment interaction on protein content found in our study was
reported previously for both durum wheat (Mariani et al., 1995; Ames
et al., 1999; Dechev, 2004) and emmer (Mondini et al., 2008) and
may make the selection of right genotypes difficult.
The average values from a 3-year investigation of the traits
related to spike productivity (HD, SL, SLN/S, KN/S, KW/S) are given
in Table 2. The significance of differences between means (average
of three years) of the studied traits in the examined genotypes was
found by Duncan's multiple range test. All studied emmer genotypes

matured later and emerged 10 to 17 days later in comparison with
durum wheat cultivar Predel. Accession numbers 45364, 45379,
45382, 45383 and 45391 are characterized with the shortest
growing period among all emmer genotypes, while accession
numbers 45337, 45360, 45362 and 45384 are with the longest one.
According to Pagnotta et al. (2008) hulled wheats usually head later
than durum wheat and the emmer genotypes investigated by us are
no exception in this respect. In regard to SL the differences among
emmer genotypes were significant. Genotypes numbers 45364,
45362 and 45357 were characterized with the longest spike – 9.3
cm, 9.2 cm and 9.1 cm, respectively. The lowest value of this trait
was found for genotype 45383 (7.43 cm). In general, most emmer
accessions feature a longer spike than the standard durum wheat
variety Predel – 7.68 cm. Damania et al. (1992) also reported that the
studied emmer genotypes were characterized by long spikes
ranging between 9.9 – 12 cm.
SLN/S, KN/S and KW/S are important yield components highly
correlated with each (Peng et al., 2003). In modern wheat cultivars
these traits are continually subjected to selection during the
breeding process, but also much earlier in emmer wheat – during the
domestication. The SLN/S in the sample of еmmer accessions
varied from 18.6 to 27 and there were significant differences among
genotypes. Genotypes 45364 and 45337 are characterized with the
highest number of SLN/S among all emmer genotypes and
outmatch the standard durum wheat variety (21.1). KN/S and KW/S
in the studied emmer genotypes showed lower values compared
with durum wheat cultivar. Only one emmer accession 45364
showed a similar value of KN/S (48.2) as durum wheat cv. Predel
(48.6). Genotype 45367 was characterized with the highest KW/S
(1.95) among the emmer genotypes; however this is considerably
lower than the value of cv. Predel (2.34).
The genotypes used in this study were analyzed additionally for
some basic grain quality parameters: thousand kernel weight
(TKW), vitreousness, protein and gluten content (Table 3). TKW is
an important quality parameter which affects the milling properties of
wheat. Small or shriveled grains give more bran and more ash than
large rounded grains, which results in a lower yield of semolina
(Petrova, 2009). The emmer wheat grains were considerably
smaller (TKW = 35.4 g average of all accessions) than the control
durum wheat grains ( TKW = 49.3). Only one emmer genotype
(45367) was characterized by larger grains – 49.5 g exceeding the
grains of durum wheat Predel. Protein content is an important trait of
the grain, not only due to its nutritional value, but also for its
connection with the technological properties of durum wheat. It is
considered that there is high correlation between the protein content
and culinary quality (Dexter and Matsuo, 1980; Autran et al., 1986).

Table 1. Analyses of variance on some studied traits in emmer and durum wheat genotypes

Source of variation, % from the total variation
Traits

SL
SLN/S
KN/S
KW/S
TGW
Protein content

Genotype

Year
2

Interaction
2

SS

MS

η ,%

SS

MS

η ,%

SS

MS

η2,%

31.92
347.73
2574.3
11.57
2928.4
138.68

2.13***
23.18***
171.6***
0.77***
195.2***
9.25***

40.38
32.28
48.83
65
70.59
51.01

18.68
518.66
1783.5
3.68
291.1
46.7

9.34***
259.33***
891.7***
1.84***
145.5***
23.35***

23.63
48.15
33.83
20.67
7.02
17.18

15.33
124.78
404.9
1.41
523.0
81.87

0.51**
4.16**
13.5NS
0.05*
17.4*
2.73***

19.4
11.58
7.68
7.92
12.61
30.11

*** Significant at p< 0.001, ** Significant at p<0.01, * Significant at p<0.05, ns – not significant
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Table 2. Means (from 3 years) of traits related to spike productivity in emmer accissions and in durum wheat standard
cultivar

Genotype

HD (days after 1th April)

SL, cm

SLN/S, n

KN/S, n

KW/S, g

Emmer (Tr. dicoccum)
45337
45356
45357
45360
45362
45364
45367
45368
45369
45377
45379
45382
45383
45384
45391

59
57
55
59
59
52
56
55
53
56
52
52
52
58
52

24.57ab
8.62abcd
bcde
20.82bc
8.3
22.63bc
9.05ab
20.20bc
7.80de
ab
21.15bc
9.2
27.00a
9.3a
cde
21.17bc
8.18
20.33c
7.8de
de
20.90bc
7.92
20.38c
7.8de
abc
18.55c
8.9
21.15bc
7.72e
e
20.28c
7.43
21.10bc
8.22cde
de
22.52bc
8.03
Durum wheat (Tr.durum)

39.92b
33.77bcd
37.92bc
34.97bcd
36.12bcd
48.22a
39.32bc
31.62cd
33.47bcd
33.95bcd
35.85bcd
32.05bcd
29.53d
34.67bcd
34.9bcd

1.25cde
1.13e
1.33cde
1.20de
1.29cde
1.59c
1.95b
1.11e
1.20de
1.18de
1.50cd
0.98e
1.06e
1.12e
1.13e

cv. Predel

42

7.68e

48.58a

2.34a

21.10bc

**Mean values (in each column), followed by the same letters are not significantly different at p<0.05 according to
Duncan's multiple range test.

Table 3. Means (from 3 years) of grain quality traits in emmer accissions and in durum wheat standard cultivar

Genotype

TKW, g

Crude Protein Content, %

Wet Gluten Content, %

Vitreousness, %

Emmer (Tr. dicoccum)
c

45337
45356
45357
45360
45362
45364
45367
45368
45369
45377
45379
45382
45383
45384
45391

31.32
33.43c
34.92c
34.18c
35.80c
32.68c
49.51a
34.93c
35.91c
34.73c
41.54b
30.82c
35.82c
32.35c
32.39c

18.95ab
a
19.94
18.75ab
19.40ab
19.48a
19.17ab
20.41a
17.69bc
19.6a
18.83ab
19.75a
19.20ab
17.15c
20.02a
18.84ab
Durum wheat (Tr.durum)

38.4
40.6
40.45
43.55
42.8
42.0
41.9
37.2
42.4
39.8
39.35
40.85
31.5
40.75
37.55

94
97
99
98
96
85
99
93
93
97
79
97
92
98
95

cv. Predel

49.25a

15.44d

32.0

87.6

**Mean values (in 2 and 3 column), followed by the same letters are not significantly different at p<0.05 according to
Duncan's multiple range test
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This correlation is due to the larger number of polypeptide chains
and their capacity to interact with each other to form a gluten
network. The protein content of all emmer genotypes showed higher
values ranging from 17.2% (45383) to 20.4% (45367) compared with
the studied durum wheat cultivar (15.4%). A similar trend was
observed for wet gluten content ranging from 31.5% (45383) to
43.6% (45360) in emmer accessions versus 32.0% at control durum
wheat cultivar. Vitreousness is an indicator reflecting the structure of
the grain with proven influence on yield and size of the semolina; the
extent of grain starch damage, ash and protein content and content
and stability of yellow pigment in the pasta production. Nonvitreousness grains are typically characterized by lower protein
content. The high-quality durum wheats are characterized with over
75 – 80% vitreousness (Petrova, 2009). All studied emmer
genotypes were distinguished by very high vitreousness ranging
from 79 to 99% and almost all outmatched standard durum wheat
variety (87.6%). Accessions 45 357 (99%), 45 367 (99%), 45 384
(98%) and 45360 (98%) were with the highest values for this trait.
Only two accessions were with lower vitreousness than the durum
wheat. The emmer genotypes with the highest vitreousness in our
study showed the highest protein content as well. These results
confirmed the prevailing opinion that the formation of vitreous
kernels in durum wheat greatly depends on the protein content
(Sieber et al., 2015).
Emmer accessions 45367, 45384, 45360, 45356, 45382,
45362 and 45357 could be utilized in our breeding programme to
transfer some important grain quality traits such as protein content
and vitreousness to durum wheat. Since protein content is not
always related to protein quality, some additional investigations on
gluten strength and the presence of certain gliadin and glutenin
alleles for dough technological properties in emmer genotypes must
be performed. Previous studies by other authors showed that
despite the high protein content emmer had low gluten properties
(De Vita et al., 2006) due to reduced synthesis of some glutenin
fractions which greatly affected the rheological quality of semolina
(Galterio et al., 2000).
As a result of this investigation emmer genotypes (45337,
45357, 45364, 45367) characterized with good combination of
agronomic and grain quality traits were assigned, too. The identified
genotypes with good combination of both groups of traits or those
only with best grain quality parameters could be involved as parents
in interspecific hybridization with durum wheat. Moreover, we
already received the first positive results from this hybridization. One
backcross durum wheat line (possessing higher grain protein and
gluten content than recurrent durum wheat genotype) with proven by
SSR markers introgressions of several segments from Tr.dicoccum
was obtained (Todorovska et al., 2013). Furthermore, the
hybridization between durum wheat and emmer could be useful for
breeding improvement of the rheological properties of emmer, too.
According to De Vita et al. (2006), an efficient way to improve the
rheological properties of emmer might be the introgression of good
quality traits from durum wheat.

Conclusion
Our results show that in the studied collection of emmer
genotypes there is useful variability for traits related to spike
productivity and grain quality that can be utilized for durum wheat
improvement. The variation of the majority of the studied traits was
due mostly to the genotype followed by years of cultivation. The
202

influence of interaction was minor for most of the studied traits
except for the grain protein content and for spike length.
Most of the studied emmer genotypes are characterized by
higher values for traits spike length, crude protein content, wet
gluten content, vitreousness and lower values for the traits heading
date, kernel number per spike, kernel weight per spike, thousand
kernel weight compared to the standard variety of durum wheat.
Emmer accessions 45367, 45384, 45360, 45356, 45382,
45362 and 45357 are characterized with the highest grain protein
content and vitreousness, while accessions number 45337, 45357,
45364, 45367 are distinguished with the best combination of
agronomic and grain quality traits. The awarded emmer genotypes
could be involved as parents in interspecific hybridization with durum
wheat.
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