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Aim. To explore sources of high groats properties among the genetic diversity of emmer and related species.
Methods. Biochemical: The protein content was determined by Kjeldahl digestion; the starch content — by infrared
spectroscopy. Technological: the vitreousness was determined by cutting 100 caryopses and expressed as percent-
ages. The hull content, expressed in percent, was estimated as the ratio of hulled caryopses to the total of fully
threshed ones. The gluten content and quality were assessed by manual washing-out. The hardness was determined
on a YPD-300 hardness tester (Ltpm China) as the force in newtons required for caryopsis destruction. Emmer
groats were obtained on a laboratory peeler UShZ-1. The groats properties were evaluated according to the method
described in a utility model patent No. 129205. Statistical: the significance of differences between accessions was
assessed using the Mann-Whitney test for small samples with unknown distribution. Two-factor analysis of vari-
ance considered 2 factors — genotype and year conditions. Pearson’s test was used in the correlation analysis. The
variability of traits was assessed by the coefficient of variation (CV). Results. The yields of emmer and durum
wheat accessions and varieties as well as lines derived from emmer-wheat hybrids were measured and analyzed in
2016-2019. The yields of most emmer accessions (except for 7. timopheevii) were similar to that of the check em-
mer variety Holikovska (286 + 15 g/m?). The highest contents of protein and gluten were found in 7. timopheevii
(18.1+0.4 % and 40.5 + 1.8 %, respectively), Triticum durum Desf. var. falcatomelanopus Jakubz. & Filat. (17.5
+ 1.0 % and 40.4 + 1.4 %), autochthonous variety Polba 3 (16.8 = 0.1 % and 36.9 + 1.1 %), and line 10-139
(14.8 £ 0.8 % and 29.0 + 2.4 %). The gluten quality of most lines, derived from crossing spring emmer with
durum wheat, corresponds to quality group I (good), and the gluten deformation index (GDI) is 5075 units. T.
timopheevii and T. durum var. falcatomelanopus were noticeable for vitreousness (99 = 1 % and 75 + 5 %, respec-
tively). The grain hardness of the accessions under investigation varied from 151 & 15 N in variety Romanivska to 286 +
+ 3 N in T timopheevii. Lines 10-79 (255 + 6 N), 10-65 (220 + 10 N) and 7. durum var. falcatomelanopus
(268 £ 6 N) were characterized by high hardness, which exceeded that of durum wheat variety Spadshchyna (152 +
+ 13 N). High outputs of groats were intrinsic to line 10-139 (96.2 £ 0.8 %), line 10-79 (90.6 + 0.8 %), T_ timopheevii
(92.0 £ 0.1 %), and durum wheat Spadshchyna (91.4 £ 0.5 %). All the studied accessions showed low variability
(<10 %) of grain hardness. Conclusions. It was found that by the set of groats properties (groats output and cook-
ing coefficient in combination with good palatability, aroma, consistency, and also easy threshing), breeding lines
10-79 and 10-139, which are recommended to submit to trials as sources of groats qualities, have been distin-
guished. T timopheevii and T. durum var. falcatomelanopus can be used as stand-alone groats crops, but in this
case, they need improvement via breeding in terms of agronomic characteristics.
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hardness.
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INTRODUCTION

As the evidential base for the role of diet in reduc-
ing the risk of chronic diseases expands, consumers
prefer groats with higher content of dietary fibers,
antioxidants, and low glycemic index (Gorelick J et
al, 2017; Shewry PR, Hey SJ, 2015). Emmer grain is
used to produce high quality groats (hulled kernels
of various cereal grains, used as basis for soups and
porridges, some of them including those of emmer
and durum are grains without germ and bran, which
are finely crushed and then polished) (Yilmaz VA,
2020; Vasyliev SV, 2017). Among different wheat
varieties, emmer wheat (Triticum dicoccum or T. tur-
gidum subsp. dicoccum) is considered to be healthy
food, even superfood (Karagdz A, 2014; Righetti L
et al, 2016; Zaharieva et al, 2010) because emmer is
rich in bioactive compounds, dietary fibers, and em-
mer starch is digested more slowly than that of other
wheat species (Thorup AC et al, 2014; Lachman J
et al, 2012; Kulathunga et al, 2021). The assortment
of dishes (including groats) that can be made from
emmer is particularized in Zaharieva et. al (2010).
Within the framework of cooperation with the EU,
Ukraine has considerably increased its supplies of
grain processing products (including groats) to the
EU market within five last years. Ukrainian groats
are among top five products, imported to the EU. Ac-
cording to the EU Export HelpDesk, in 2016 the total
delivery volume of these products was 2.6 thousand
tons, with the Ukrainian share of 47 % therein. All
the abovementioned facts demonstrate the promis-
ing future of selecting emmer wheat varieties suit-
able for groats use.

The main problems in using traditional cultivated
emmer varieties are low yield, fragility of wheat ears,
and hull content. To date, these problems are partially
solved via hybridization of emmer with modern wheat
varieties, especially with durum wheat (7. durum or T.
turgidum subsp. durum) which is closely related to 7.
dicoccum, (Vecherska LA et al, 2019). This crossing
approach was used at the Plant Production Institute
named after V. Ya. Yuriev (PPI) to select the emmer
varieties Holikovska, Romanivska, and Yunika, which
were introduced to the State Register of Plant Varieties
Suitable for Dissemination in Ukraine in 2014, 2016
and 2020, respectively.

Our study aimed at exploring gene pool accessions
and identifying sources of good groats properties
among the genetic diversity of emmer and related
species.
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MATERIALS AND METHODS

In our study, we used accessions from the National
Bank for Plant Genetic Resources of Ukraine and from
the working collection of the Laboratory of Wheat
Physiology and Breeding of the PPI: 1) varieties (Ho-
likovska [State Registration Certificate No 150209 dat-
ed 02.05.2015], Romanivska [State Registration Cer-
tificate No 160888 dated 03.30.2016], Yunika [State
Registration Certificate No 200614 dated 05.19.2020])
and lines (10-56, 10-65, 10-79, 10-139) of emmer hy-
brids derived via hybridization of spring emmer with
spring durum wheat (the varieties and lines have been
bred by us and included in the working collection); 2)
autochthonous accession of spring emmer (variety Pol-
ba 3) (T. dicoccum) (National Bank); 3) spring durum
wheat (7. durum) varieties (Spadshchyna, Ukraine)
(working collection) and Triticum durum var. falca-
tomelanopus (IR 00137, Syria) (National Bank); 4)
Timopheev Emmer (7. timopheevii) (National Gene
Bank). The National Bank for Plant Genetic Resources
of Ukraine acquired accessions for its collection from
other banks on exchange basis in compliance with the
standards for gene banks (Plant Production and Protec-
tion Division, 2013).

The field experiments were conducted in the fields of
the scientifically-based crop rotation of PPI, NAAS lo-
cated in the eastern forest-steppe of Ukraine, in 2016—
2019 (Khark Oblast, Kharkiv District; N 49°59'39",
E 36°27'09"). The climatic conditions of the zone are
temperate-continental with moderately cold winters
and long, sometimes dry, hot summers and unstable
humidity. The average annual air temperature is + 6—
8 °C. The hydrothermal coefficient is close to 1. The
highest temperature is recorded in July (+21 °C), and
the lowest - in January (—7 °C). The average annual
temperature is 8.1 °C. The sum of average daily tem-
peratures above 10 C for the period from May to Sep-
tember is 2500-2750 °C, and the duration of the pe-
riod with temperatures above 15 °C ranges 100 to 120
days. The summer months are characterized by a high
average daily air temperature, which in June reaches
+20.2 °C, in July to +21.4 °C, and in August slightly
decreases to +19.6 °C. The maximum temperature
reaches +38 + 41 °C and it can rise up to +50 °C and
above on the soil surface (Lipinsky VM et al, 2003).
The annual precipitation ranges 476 to 536 mm; the
ave-rage amount of precipitation during the growing
period is about 290 mm. The distribution of precipi-
tation during the year is uneven by months. In some
years there are significant deviations in precipita-
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tion from the average. Evaporation significantly ex-
ceeds precipitation, especially in summer. The avera-
ge relative humidity is 63 %. The largest portion of
precipitation (240440 mm) falls during the warm
period (May — September). Atmospheric droughts
are relatively common.

The soil of the area under investigation is chorno-
zem chernic calcic luvic loamic aric pachic (FAO and
IUSS, 2015).

The weather data are provided by the Department
of Agro-Industrial Development of Kharkiv Regional
State Administration. During the vegetation period of
wheat in 2016, the amount of precipitations exceeded
the climate normal by 25 %, whereas in 2017-2019
it was 36-43 % lower (Table 1). So, in the last three
years, weather conditions were drought-afflicted. In
2018 and 2019, the air temperature exceeded the pe-
rennial temperature by 17-19 %, in 2016 and 2017 the
excess amounted to 8-9 %.

In 2018 and 2019, high temperatures and insufficient
precipitations during the vegetation period of grain
crops hindered the manifestation of genetic potential of
yield and quality of grain, but allowed evaluating and
differentiating accessions by such characteristics as
yield, resistance to lodging, size and fullness of cary-
opsis, stable manifestation of improved traits of grain,
and isolating the best genotypes, suitable for conditions
in the eastern forest-steppe of Ukraine.

The registration area of a plot was 10 m?. The ex-
periment plots were randomly located in blocks in four
replications. Three samples were taken from each ex-
perimental plot. The sowing was done in optimal terms
in rows with the inter-row spacing of 15 cm, 40 seeds
per 1 row. When harvesting, the threshing was done
by the sheaf thresher MPSU-500 (Machine-Building

Table 1. Weather conditions during the vegetation period
(April — August) 2016-2019

Precipitation, mm Air temperature, t °C
Year % of the % of the
ofstudy | ¢ average average average
perennial perennial
temperature temperature
2019 187 64 64 119
2018 182 62 62 117
2017 167 57 57 108
2016 367 125 125 109
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Plant of Experimental Constructions of the All-Russian
Institute of Mechanization, Russian Federation). The
performance data are presented at standard humidity
(14 %) and 100 % purity.

Biochemical methods. The protein content was de-
termined by Kjeldahl digestion (S’aez-Plaza P et al,
2013a; S"aez-Plaza P et al, 2013b); the starch content —
by infrared spectroscopy (Chen Ye et al, 2017); the wet
gluten content — by manual washing out until complete
removal of starch. (Zhygunov D et al, 2017).

Technological methods. The vitreousness was de-
termined by cutting 100 peeled caryopses which,
depending on the cut consistency, were referred to
one of three groups: vitreous, partially vitreous, and
farinaceous (Tkachyk SO et al, 2016). The total vit-
reousness was expressed as a percentage in the ratio
with 100 caryopses. While calculating the percent-
age of the total vitreousness, the number of partially
vitreous caryopses was added to the number of com-
pletely vitreous caryopses. The hull content was esti-
mated as the ratio between hulled caryopses and the
total number of caryopses after threshing with sheaf
thresher MPSU-500 and expressed in percent (%).
Emmer groats were obtained using a laboratory peel-
er UShZ-1 (LLC “OLIS”, Ukraine) designed to pro-
cess the grain surface by the method of intense peel-
ing of hulls. The weight of the investigated sample
was 100 g. In total, 4 samples of each accession were
analyzed for each year. The grain was peeled for 120
s. The groats properties were evaluated according to
the method described in a utility model patent No.
129205 (Liubych VV et al, 2018) The groats prop-
erties were evaluated by boiling 50 g of groats in
200 mL of water with 1 g of sodium chloride on a
water bath. The cooking time was defined, depend-
ing on the type of grain and groats. After cooling to
20 °C, the color, odor, consistency, chewability, and
palatability of cooked cereal were assessed using a
9-point scale. The cooking coefficient of the groats
was determined by the formula:

K =2k, (Tkachyk SO et al, 2016)

Vkp
where Vk — porridge volume, cc; Vkp — groats vo-
lume, cc.

The hardness was determined on a YPD-300 hard-
ness tester (Ltpm China) according to the method, de-
veloped by (Yarosh AV et al, 2014). The principle of
the method is to measure the force (in newtons), re-
quired for caryopsis destruction. The caryopsis was

AGRICULTURAL SCIENCE AND PRACTICE Vol. 8 No.2 2021



STARTING MATERIAL FOR BREEDING SPRING EMMER (TRITICUM DICOCCUM SHRANK.)

placed horizontally, with its sulculus down, and crused
on sides.

Statistical methods. The data are presented as the
mean values of replicative measurements (n = 4). The
statistical analysis of the data obtained was conduct-
ed in Microsoft Excel and StatgraphWin. The signifi-
cance of differences between accessions was assessed
using the Mann-Whitney test for small samples with
unknown distribution (Lakin GF, 1990). Two-factor
analysis of variance considered 2 factors — genotype
and year conditions. The difference was deemed statis-
tically significant at p < 0.05. Pearson’s test was used
in the correlation analysis (Lakin GF, 1990). The cor-
relation was evaluated by Chaddock’s scale: 0.1-0.3 —
insignificant correlation; 0.3—-0.5 — moderate; 0.5-0.7 —
significant; 0.7-0.9 — high; 0.9-0.99 — very high; 1-
functional (Chaddock RE, 1925). The analysis of vari-
ance and the variability of traits (CV) were conducted
as described in (Lakin GF, 1990).

RESULTS

In terms of yields, no accession under investigation
exceeded significantly the controls (emmer variety
Holikovska and durum wheat variety Spadshchyna).
However, there was an evident tendency towards yield
increase in Yunika variety (338 + 35 g/m?) as com-
pared with emmer variety Holikovska (286 + 15 g/
m?). The lowest yield was registered for 7. timopheevii
(170 £ 3 g/m?). The yield of most emmer accessions
was at the level of the check variety Holikovska. 7. du-
rum var. falcatomelanopus had lower yield than du-
rum wheat variety Spadshchyna, although this differ-
ence is not statistically significant (278 + 12 g/m?. and
317 £ 15 g/m?, respectively; p > 0.05) (Fig. 1).

The highest indices of protein content in caryopsis
were noted for 7. timopheevii (18.1 £ 0.4 %), T. du-
rum var. falcatomelanopus (17.5 £ 1.0 %) T. dicoccum
Polba 3 (16.8 £ 0.1 %), line 10-139 (14.8 + 0.8 %)
and emmer variety Holikovska (14.1 £ 1.0 %) (Table
2). The protein content in caryopsis of 7 timopheevii,
T. dicoccum Polba 3 and T. durum var. falcatomelano-
pus exceeded (p <0.01) this index for durum wheat va-
riety Spadshchyna (12.7 0.4 %) and (p <0.05) emmer
variety Holikovska (14.1 + 1.0 %) (Table 2).

Another component, characterizing the nutritional
value of the groats is starch. The starch content in cary-
opses of accessions under investigation varied from
53.0£0.4 % to 61.4 + 0.1 %. The highest starch con-
tent was noted for lines 10-56 (59.3 + 0.4 %) and Spad-
shchyna variety (61.4 + 0.1 %), which was significantly
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higher (p < 0.05) as compared with Holikovska variety
(56.8 £0.1 %).

According to the results of evaluating the wet gluten
content in caryopsis, the highest value was registered
for the accessions of 7. timopheevii (40.5 = 1.8 %),
T durum var. falcatomelanopus (40.4 = 1.4 %) and
Polba 3 variety (36.9 = 1.1 %) (Table 2). The gluten
content in the indicated accessions was significantly
(p < 0.05) higher than in Holikovska variety (by 8.8—
12.4 %) and (p < 0.01) durum wheat variety Spadsh-
chyna (by 12.0-15.6 %).

In terms of GDI index, the gluten quality of most lines
was 50—75 units. (Table 2), which corresponds to qual-
ity group I — good. The exceptions were found in lines
10-65, Unica variety, 1. durum var. falcatomelanopus
and 7. timopheevii with gluten quality at the level of
80+2,95+4,100 + 3 and 95 = 2 un. Thus, GDI, cor-
responding to quality group II, is satisfactory, but poor.
The gluten of Polba 3 variety with GDI 105 + 2 was
referred to quality group III — unsatisfactory and poor.

The highest level of vitreousness was noted for ac-
cessions: 7. timopheevii (99 = 1 %) and T. durum var.
falcatomelanopus (75 £ 5 %), which was significantly
higher than that for emmer variety Holikovska (by 19—
43 %; p < 0.05) and durum wheat Spadshchyna (27—
51 %; p <0.01) (Table 2). In addition, the vitreousness
of lines 10-79 (56 + 14 %), 10-65 (59 + 16 %), 10-56
(56 £ 11 %) and Yunika variety (59 + 8 %) was at the
level of Holikovska variety (56 + 12 %).

The indices of hardness were the highest for
T. timopheevii, T. durum var. falcatomelanopus, Ho-
likovska, Yunika, 10-56, 10-65, and 10-79 with the
range from 198 = 7 N to 286 + 3 N. These accessions
significantly (p < 0.01) exceeded durum wheat Spadsh-
chyna (152 £ 13 N).

The hull content of varieties and hybrid lines under
investigation was inherited from emmer, but weakened
considerably (Fig. 2). Rather high output of peeled
grain was noted for lines 10-79 (92.7 = 0.7 %), 10-65
(91.4 £ 0.3 %) and 10-139 (85.0 = 1.1 %), which ex-
ceeded the check variety in terms of this index signifi-
cantly (p < 0.05), and 100 % threshing was achieved
for Yunika variety. High grain yield was noted also for
emmer variety Romanivska (95.1 + 1.2 %), and T. du-
rum var. falcatomelanopus (99.3 + 0.3 %).

High outputs of groats were intrinsic to line 10-139
(96.2 £ 0.8 %), line 10-79 (90.6 £ 0.8 %), T. timophee-
vii (92.0 £ 0.1 %), and durum wheat Spadshchyna
(91.4 £ 0.5 %), which is significantly higher as com-
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Fig. 1. The average yield of wheat accessions, 2016-2019, M + m. 1 — Holikovska; 2 — Romanivska; 3 — Spadshchyna; 4 —
Yunika; 5 — 10-56; 6 — 10-65; 7 — 10-79; 8 — 1-139; 9 — Polba 3; 10 — T_ durum var. falcatomelanopus; 11 — T. timopheevii

pared to Holikovska variety (88.7 + 0.1 %). Low out-
put of groats was noted for line 10-56 (82.2 = 0.3 %)
(Fig. 3).

The evaluation of groats quality indices demonstrat-
ed that the accessions did not differ in color (8 points),
smell, palatability, and consistency, which were given
the highest number of points for all the accessions —
9. The porridge color was yellow (durum wheat), light
yellow (emmer-wheat hybrid line 10-56), or cream
(Table 3). Other accessions had porridge of cream col-
or. Hence, use of these accessions can satisfy different
consumers’ tastes and preferences.

The shortest cooking time was 25-30 min for Pol-
ba 3 variety, and the longest — 75 min for coarse-
grained durum wheat 7. durum var. falcatomelano-

pus. The cooking of the remaining accessions took
40 min (Table 3). The cooking coefficient by vol-
ume was determined within the range of 2.7 + 0.1
(T, durum var. falcatomelanopus) — 3.8 = 0.1 (line
10-56). All varieties and lines of spring emmer, and
Polba 3 variety exceeded spring durum wheat vari-
ety Spadshchyna in terms of the cooking coefficient
by volume.

In general, the impact of the “genotype” factor on all
the traits was higher as compared to the year factor (Ta-
ble 4). This impact was manifested the most in terms of
hardness and groats output — over 95 %.

A relevant characteristic of gene pool accessions as
sources for groats quality for selection purposes is the
stability of expression of the phenotypic traits such

Table 2. The biochemical and technological properties of wheat accessions, 2016-2019, M =+ m

Content in caryopsis, % Gluten quality Vitreousness, | Hardness,
Genotype o, N)
of protein of starch of gluten GDI GDI

Holikovska, emmer 14.1+1.0 56.8+0.1 28.1+3.4 70+ 4 1 56+12 198 +7
control variety
Romanivska 13.7+1.1 572+ 1.6 26.9+3.6 75+ 8 1 44+ 10 151+ 15
Spadshchyna durum 12.7+0.4 61.4+0.1% 249+3.1 70+ 1% 1 48 £6 152+13
control variety
12-126 Yunika 13.0+0.1 572+1.2 27.0+3.4 95 £ 4* 2 59+8 214+ 11
10-56 12.1£1.0 59.3+£04* | 25.0+4.4 60 £2 1 56+ 11 215+ 8*
10-65 13.5+0.8 58.5+0.9 26.2+3.4 80 + 2% 2 59+ 16 220 + 10*
10-79 134+09 59.5+1.6 25.1+£3.5 704 1 56+ 14 250 + 6**
10-139 14.8+0.8 58.1+1.3 29.0+2.4 50+ 1% 1 51+15 159+9
Polba 3 16.8+0.1*% | 559+0.2 36.9+ 1.1* | 105+2% | 3 53+12 204 £ 15
T durum var. falcato- 17.5+1.0% | 53.7+£0.2 404+ 1.4% | 100£3* | 2 75 + 5% 268 £ 6**
melanopus
1. timopheevii 18.1+04** | 53.0+0.4 405+ 1.8% | 95+2* | o 99 & 1** 286 + 3**

Note: *, ** — differences from the check variety are significant at p < 0.05 and p < 0.01, respectively.
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Fig. 2. The output of peeled grain in wheat accessions, 20162019, M + m
T. timopheevii 92.0 Groats output, %
T durum var. falcatomelanopus ’ 88.3
Polba 3 ’ 87.1
10-139 ’ 96.2
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Fig. 3. The output of groats from wheat accessions, 2016-2019, M + m

as groats output, vitreousness, grain hardness starch
content etc. In general, rather stable are the indices of
groats output (CV from 0.1 to 1.7 %), starch content
(0.2-4.2 %) and hardness (2.4-8.9 %) (Table 5).

Greater variability of accessions was noted for vitre-
ousness (0.8-32.0 %), gluten (6.0-28.2 %) and protein
(1.2-15.9 %) contents, yield (3.6-21.4 %).

Among the accessions under investigation, the le-
ast variable varieties in terms of yield were Roma-
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nivska (CV 4.8 %), Polba 3 (3.6 %) and T. ti-mophee-
vii (4.8 %). Line 10-139 and Yunika variety were
characterized by rather high variability in terms of
this trait (CV 19.9 and 21.4 %, respectively). Pol-
ba 3 was comparatively stable in protein and gluten
content (CV 1.2 and 9.4 % respectively), and Yuni-
ka — in the former of these traits (2.2 %). Stable vitre-
ousness of caryopsis was also noted for 7. durum var.
falcatomelanopus (4.5 %) and T. timopheevii (0.8 %).
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DISCUSSION

Emmer is known to be inferior to durum wheat in
yield indices, yet emmer wheat is more resistant to
the abiotic stressors (higher temperature, insufficient
moisture, high osmotic pressure) (Musienko MM et al,
2019; Smirnov O et al, 2020) and its yield indices are
not lower than those for common wheat (Hiitsch BW
et al, 2018). Polba 3, the autochthonous emmer vari-
ety, demonstrated low yield (Fig. 1), but it had reliably
higher indices of protein and gluten content in caryop-
sis than most other accessions (Table 2).

According to different data, protein content in em-
mer caryopsis may vary in a very wide range: from 3 %
to 37 % (Shewry PR, Hey SJ, 2015; Curna V, Lacko-
Bartosova M, 2017; Geisslitz S et al, 2019; Kulathunga
et al, 2021; Bobryk-Mamczarz et al, 2021) depending
on the genotype, region of cultivation, agrotechnology,
and climate conditions. Protein content in the caryopses
of accessions under our investigation was from 12.1 %
for line 10-56 to 18.1 % for T timopheevii. These val-
ues are rather high, as, pursuant to the requirement
of the State standard, grain of class I should contain
> 14.0 % protein.

The wet gluten content in the accessions under inves-
tigation is generally in agreement with other researchers’
data (Bobryk-Mamczarz et al, 2021), who reported that
the wet gluten content in emmer was 38 % and in durum
wheat — 28.7-28.8 %. Emmer gluten is known for its
weakness due to a higher content of gliadins and lower
content of glutenins as compared with common wheat
(Longin et al, 2015), so it is better digested by the hu-
man organism (Geisslitz S et al, 2019), which, in com-

bination with slowly digested starch, gives grounds to
recommend products, made of emmer, for a healthy diet.

The gluten quality of most lines, derived from cross-
ing spring emmer wheat with spring durum wheat,
amounted to 50-75 un. GDI (2), which corresponds to
quality group I — good. The exceptions were found in
lines 10—65, Yunica variety, 1. durum var. falcatomela-
nopus and T. timopheevii with gluten quality, which
corresponded to quality group II — satisfactory but poor
(Table 2). It is noteworthy that according to DSTU
3768:2019 this index for durum wheat (close to emmer
both genetically and in its use) is not limited.

Hardness, protein content, color, content and quality
of gluten are the main parameters to evaluate the suit-
ability of durum wheat for the production of bulgur and
couscous grouts in countries of the Middle East, North
Africa, and Turkey. The first three parameters should
be maximally expressed, while gluten may have medi-
um indices (Hammami R, Sissons M, 2020; Ozboy O,
Koksel H, 2002). In addition, hard vitreous caryopses
have better technological traits during threshing, peel-
ing, and refinement. The value of the hardness index
lies in the fact that it is a genetically conditioned, he-
reditary, varietal trait, manifested regardless of the vit-
reousness level of the caryopsis (Ma X et al, 2017; Nir-
mal RC et al, 2016). It is difficult to compare the data
of different researchers since they use different meth-
ods and devices to measure the hardness. Based on the
data, obtained by Veha A et al. (Veha A et al, 2011),
we determined that 286 N approximately corresponds
to HI 68. Comparing with the data of (Haraszi R et al,
2016; Haraszi R et al, 2013), we received similar result,

Table 3. The indices of groats quality for caryopses of wheat accessions, 2016-2019, M = m

Genotype Cooking time, Cooking coefficient Porridge
min by volume color
Holikovska, emmer control variety 40+ 1 3.5+£0.1* cream
Romanivska 40+2 3.5+£0.2% cream
Spadshchyna durum control variety 40+ 1 2.8+0.1 yellow
12—126 Yunika 40+2 3.1£0.1* cream
10-56 40+ 1 3.8+0.1* light yellow
10-65 40+2 3.5+£0.2% cream
10-79 40+2 3.7+£0.2% cream
10-139 40+2 32+£0.1* cream
Polba 3 25 4 2%* 3.7+£0.2% cream
T durum var. falcatomelanopus 75 4+ 2%* 2.7+0.1 yellow
T. timopheevii 40+3 3.0£0.2 cream

Note. *, ** — differences from the check durum wheat variety Spadshchyna are significant at p < 0.05 and p < 0.01 respec-

tively.
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meaning that 7. timopheevii, T. durum var. falcatomela-
nopus and lines 10-79, 10-65 belong to durum wheat
or durum/medium-hard durum wheat according to the
classification of Haraszi et al. (Haraszi R et al, 2016;
Haraszi R et al, 2013), though some researchers (Kulat-
hunga et al., 2021) reported even higher HI values for
their emmer accessions (around 74).

The highest indices of protein and gluten content,
vitreousness and hardness were noted for 7. durum var.
falcatomelanopus and T. timopheevii (Table 2). It is
important that the former accession has very large
grain (according to our data, the weight of 1,000
grains over 55 g), which is easily threshed and
highly regarded at the international market due to

Table 4. The results of the analysis of variance, biochemical and technological indices of tetraploid spring wheat varieties,

20162019
Sum of squared
Variation factor Degrees of deviations, Mean square, Actual F-test, F | . vael of Factor effect
freedom, df SSD MS significance, S

Yield
Total 116,347.0
Genotypes 10 73,697.7 7,369.8 6.8 0.000 63.3
Years 3 9,997.0 3,332.4 3.1 0.04 8.6
Errors 30 32,652.3 1,088.4 28.1

Protein content
Total 231.1
Genotypes 10 166.6 16.7 10.2 0 72.1
Years 3 15.7 5.2 32 0.099 6.8
Errors 30 48.8 1.6
Starch content
Total 305.4
Genotypes 10 246.1 24.6 16.4 0 80.6
Years 3 14.3 4.8 3.2 0.037 4.7
Errors 30 45.0 1.5
Wet gluten content
Total 2621.9
Genotypes 10 1,518.6 151.9 6.9 0 57.9
Years 3 438.3 146.1 6.6 0.001 16.7
Errors 30 665.0 22.2
Vitreousness
Total 15,756.5
Genotypes 10 9,298.5 929.9 12.0 0 59.0
Years 3 4,129.3 1,376.4 17.7 0 26.2
Errors 30 2,328.7 77.6
Hardness
Total 85,998.4
Genotypes 10 82,434.7 8,243.5 86.8 0 95.9
Years 3 716.3 238.8 2.5 0.077 0.8
Errors 30 2,847.5 94.9
Groats output

Total 496.4
Genotypes 10 474.5 47.5 80.1 0 95.6
Years 3 4.0 1.3 2.3 0.998 0.8
Errors 30 17.8 0.6
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this characteristic. 7. durum var. falcatomelanopus
(falcate durum wheat) is often supplied to the global
market under the name of kamut. This is not accu-
rate, since classic kamut is another variety of wheat:
khorasan wheat or 7. turanicum Jakubz. Still, a par-
ticular reason for this substitution is found in similar
characteristics of grain of both forms (Dorofeev VF
et al, 1987). T. turanicum is adjusted to the condi-
tions of warm climate and irrigation, so it is poorly
suitable for cultivation in the eastern Forest-Steppe
of Ukraine. Like most territory of Ukraine, in this
region it is reasonable to obtain grain for the produc-
tion of groats from 7. durum var. falcatomelanopus
with the yield index of 2.8 t/ha and more.

The starch content in the accessions under inves-
tigation ranged 53.0 = 0.4 % to 61.4 = 0.1 %, which
is somewhat lower than the values (64.3—66.9%)
reported by other researchers (Kulathunga et al.,
2021). The contents of starch and protein are in a
negative dependence. At the same time, starch in
the caryopsis of kamut is largely “resistant” — it is
slowly fermented into sugars in the human organ-
ism, so it is more suitable for people, who have type
II diabetes and/or are inclined to corpulence (Sofi F
etal, 2013).

One of the problems, faced by emmer processors,
is its hull content. This trait of emmer is traditionally
viewed negatively, since peeling grain from hulls re-
quires special peeling equipment, more energy and
time. However, at present, researchers consider hull
content of emmer as an advantage as compared with
wheat varieties with naked grain. Hulled accessions

had higher performance, were more stable to biotic fac-
tors, and ripened earlier (Kohl S et al, 2015). Hulls pre-
serve their metabolic activity longer than other vegeta-
tive organs, and impact protein accumulation in grain
(Okamoto Y, Takumi S et al, 2013) in comparison with
naked accessions.

The hybridization of emmer with durum wheat
was successfully used for partial improvement of the
threshing level. The hull content of hybrid lines under
our investigation was inherited from emmer, but weak-
ened considerably (Fig. 2). On the one hand, such hull
content does not hinder mechanic threshing, but on the
other hand — in case of rains it is better than in durum
wheat, protecting caryopses from fast moisturization
which causes starch hydrolysis and loss of saleable
condition of grain and reduces storage duration.

Our results show that the emmer wheat accessions
under investigation correspond to the main require-
ments, used to evaluate the suitability of durum wheat
for groats production. Emmer wheat accessions in our
hands were not inferior to or, by some indices (protein
content, gluten content, vitreousness, and hardness)
even superior to the control spring durum wheat vari-
ety Spadshchyna.

The cooking coefficients in terms of volume and du-
ration of cooking are some of the most important groats
traits. A rather high (3.7-3.8) cooking coefficient was
noted for Polba 3, lines 10-56, 10-79; comparatively
low coefficient — for durum wheat accessions Spadsh-
chyna and 7. durum var. falcatomelanopus (2.7-2.8)
(Table 3). The cooking coefficient of the remaining
accessions was 3.4-3.5. All varieties and lines of em-

Table 5. The variability of biochemical and technological traits of caryopsis quality of spring tetraploid wheat species,

2016-2019
Variation coefficient, %
Varietylline Yield protein gluten starch vitreousness | hardness output
content content content of groats
Holikovska emmer control variety 10.5 13.7 23.8 0.1 23.8 6.4 0.1
Romanivska 4.8 15.9 26.6 3.9 28.5 4.6 0.5
Durum control variety Spadshchyna 9.6 6.9 25.2 0.2 14.0 5.1 1.1
12—126 Yunika 21.4 2.2 25.1 2.9 17.1 33 0.4
10-56 8.4 7.6 21.7 1.1 21.3 7.9 0.6
10-65 13.0 11.2 26.3 2.2 32.0 33 1.0
10-79 10.4 12.8 28.2 4.2 30.0 2.9 1.7
10-139 19.9 11.0 16.6 33 30.5 4.0 1.5
Polba 3 3.6 1.2 9.4 0.4 17.8 8.9 0.3
T durum var. falcatomelanopus 8.3 10.3 10.6 0.7 4.5 2.4 0.1
T. timopheevii 4.8 2.8 6.0 1.1 0.8 2.8 0.5
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mer in our experiment and Polba 3 variety significantly
(p <0.05) exceeded durum wheat variety Spadshchyna
by the cooking coefficient. According to the scientific
data, the cooking coefficient of groats from emmer lines
varied from 2.53 to 3.19 (Malchikov PN, et al 2016),
which is lower than for most our lines and varieties.

The duration of cooking groats depends on the size of
its grains, thickness of cellular walls and time of starch
gelatinization (Kumari M, 2019). Messia MC et al
(2012) reported that the duration of cooking emmer por-
ridge was 18-21 min. In our studies, the cooking time
of all lines and varieties of spring emmer, durum wheat
variety and 7. timopheevii did not differ. Polba 3 variety
had the shortest (25 min) cooking time. The accession
T’ durum var. falcatomelanopus was characterized by the
longest cooking time (75 min). As starch gelatinization
is one of the main factors, affecting the cooking time,
these differences may be conditioned by the specificities
of the structure of starch granules of Polba 3 variety and
T durum var. falcatomelanopus. The size of caryopsis
of T. durum var. falcatomelanopus may reach up to 10
mm, which may also explain the long cooking time of
this accession, as the surface/volume ratio in this case
means slower soaking, heating and, hence, cooking, of
T durum var. falcatomelanopus grain.

CONCLUSIONS

It was found that by the set of groats properties
(groats output and cooking coefficient in combination
with good palatability, aroma, consistency, and also
easy threshing), breeding lines 10-79 and 10-139,
which are recommended to submit to trials as sourc-
es of groats qualities, could be distinguished indeed
as potential candidates. It would be reasonable to use
T. timopheevii and T. durum var. falcatomelanopus
accessions independently and not yet in crossings as
donors, as they require improvement via breeding in
terms of agronomic characteristics.
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Meta. BusHaunTti 3pa3ku reHOGOHIY — JDKepena Kpym' s-
HUX BJIACTUBOCTEH y TEHETWYHOMY pPI3HOMAHITTI MOJIOU
3BHUAIHOI SApO1 Ta CHOPiAHEHNX BUAIB MINCHUI. MeTomu.
Bioximiuni: BMicT OiKa BHM3Ha4aiu 3a meTtomoMm K’empmans;
BMICT KPOXMAJTIO — METOJOM iH()Pa4epBOHOI CIIEKTPOCKO-
mii. TeXHONOriuHI: CKIOMOMIOHICTh OIIHIOBAIM IIIIXOM
po3pizarus 100 3epeH i BHpakand y BiICOTKax; IUTiBYAC-
TICTh — BIJHOMICHHSM KUTBKOCTI 3€peH, BKPHTHX ILTIBKAMH,
JI0 3arajbHOI KUTBKOCTI 3€pPEH IMiCIsi OOMOJIOTY i BHpaXKan
y BIJICOTKaX; BMICT Ta SIKICTh KJICHKOBHHH — IIIIXOM BiJIMU-
BaHHA PYYHHM CIIOCOOOM; TBEPIO3EPHICTh BHU3HAYAIM Ha
tBeproMipi YPD-300 (Ltpm China), 3a cuoro, HEOOXiTHOIO
JUIsL pyWHYBaHHSI 3€pHIBKM; KPYIy 3 TOJOM OTpHUMYBaIIU
Ha JabopatopHomy nyupuibHEKY YIII3-1; BU3HaYeHHS
KPYI'SIHUX BJIACTHBOCTEH MPOBOAMIM BIJIIOBIJAHO 10 Me-
TONUKH, OTKCAHOI B MATCHTI Ha KOpPUCHY Monenb Ne 129205.
CrarucTyyHi: 3HAYYLIICTh BIIMIHHOCTEH MIDK 3pa3kaMH Olli-
HIOBAJIM 32 JIOIOMOTOI0 KpuTepito MaHHa-YiTHI I Mainux
BUOIPOK 3 HEBimoMUM posmoaiioM. [Ipu aBodakTopHOMY
JUCIIEPCIHHOMY aHasi31 po3misigand 2 (pakTopu — FeHOTHIT
Ta YMOBH POKY. Y KOPCNAIIHHOMY aHaii3i BUKOPHCTOBY-
Bayu kpurepiii [lipcona. BapiabenbHiCTh 03HAK OIIHIOBAIIN
3a xoedimienrom Bapiarii (KB). PesyawsTaTu. J{ocmimkeno
Ta MPOAHAII30BAHO PIBEHb YPOXKAHHOCTI 3pa3KiB COPTIB MMOJ-
01 Ta MIIEHWII TBEPIOi, a TAKOXK JIHIH, OJCPKaHUX 3 TOJ-
0’ stHO-TIIIIeHNYHAUX TiOpuaiB ympomorxk 2016-2019 pp. Ypo-
JKaWHICTD OUTBIIOCTI 3pa3kiB mondu (kpim Triticum timo-
pheevii) Oyma Ha piBHI cTaHmapty lomikoBceka (286 =+
+ 15 r/m?). HaiiBummm BMicToM Gika Ta KICHKOBHHH Y
3epHi XapakrepusyBanuck 1. timopheevii (18,1 = 0,4 %
ta 40,5 + 1,8 %, Bimmosinuo), Triticum durum Desf.
var. falcatomelanopus Jakubz. & Filat. (17,5 £ 1,0 % Ta
40,4 + 1,4 %), aBroxToHHHI coptT [lomba 3 (16,8 + 0,1 %

71



VECHERSKA et al.

ta 36,9 + 1,1 %), i mmiz 10-139 (14,8 £ 0,8 % Ta
29,0 £ 2,4 %). Y 6inbmocTi JIiHIH, OTPUMAHUX Y Pe3yiIbTarTi
CXpellyBaHb MMOJION SAPOi 3 MIIEHHUIIEI0 TBEPJOIO SPOFO, iH-
nexc nedopmarii kneiikoBuan (IJIK) y mexax 50-75 omu-
HUIb BIAMOBINAE TMEPIIil Tpymi SKOCTI KICHKOBHHH —
xopomra. 3a piBHEM CKIOMONiIOHOCTI BumineHo 1. timophe-
evii (99 = 1 %) ta T durum var. falcatomelanopus
(75 £ 5 %). PiBeHb TBEpI03€PHOCTI TOCIIKYBaHUX 3pa3KiB
BapiroBaB Bif 151 £ 15 H y copry PomaniBcbka 1o 286 +3 H
y T. timopheevii. BUCOKUM piBHEM TBEpIO3EpHOCTI Xapak-
TepusyBanuch niHii 10-79 (255 £ 6 H), 10-65 (220 = 10 H)
ta T. durum var. falcatomelanopus (268 + 6 H), sxi nepe-
BHIITYBAJIX COPT ImeHuTi TBeproi Crammuna (152 + 13 H).
BucokuMm BUXOZOM KpymH XapakTepu3yBaiwch miHil 10—
139 (96,2 = 0,8 %), 10-79 (90,6 + 0,8 %), T. timopheevii
(92,0 £ 0,1 %), mmennns TBepma CmammuHa (91,4 =+
+ 0,5 %). YcranopieHo HU3BKY BapiadempHicTh (KB < 10 %)
MOKa3HUKa TBEPAO3EPHOCTI B YCiX BHBUCHHX 3pa3Kax.
BucnoBku. BcTaHoBieHO, 110 32 KOMIUIEKCOM KpPYyI’ sIHMX
BJIACTHUBOCTEH (BHUXiH Kpymu Ta Koe(illieHT pa3BaproBa-
HOCTI B TOEJHAHHI 3 XOPOIIMMH CMaKOM, apOMaToOM, KOH-
CHCTEHIIIEI0, @ TAKOXK JISTKMM BUMOJIOTOM) BHJILIEHO CEIeK-
uiftHLTiHIT oo 10-79 ta 10-139, ki peKOMEeHIYEThCS BU-
poOyBaTH K JKepea KpyM sSTHUX BIACTHBOCTEH y celek-
uii. 3pasku T, timopheevii Ta T. durum var. falcatomelano-
pus TOUITHHO BUKOPUCTOBYBATH SK CAMOCTIHHI KPyII sHi
KyJIBTYpH, OZHAK BOHM TOTPEOYIOTH CEJEKIIHHOTO TOKpa-
IIEHHSI 32 arPOHOMIYHUMH O3HAKaMH.

Knitouoei cnosa: Triticum dicoccum, T. timopheevii, T. du-
rum, KpYIT'siHI BJIACTUBOCTI, IUTIBYACTICTh, OUIOK, KIICHKO-
BHHA, TBEP/I03EPHICTb.
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