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GRAIN MINERAL COMPOSITION OF INTROGRESSIVE
WHEAT-WILD FORMS IN BREEDING OF SPRING WHEAT
ON THE NUTRITIONAL PROPERTIES

Abstract. One of the most important problems of our time is providing people with balanced diet by adding all
of the essential factors necessary for the health. A convenient and perspective object is interspecific and intergeneric
wheat-wild hybrids that can combine nutritional, technological properties and agronomic suitability. From this point
of view, introgressive forms from interspecific and intergeneric hybrids with systematic breeding of wheat type up to
the F6-F8 generation are valuable with permanent forms of cytological control of 42-chromosome forms in the early
generations. To use this material for practical purposes, it is necessary to characterize the mineral composition, both
the metabolic potential and the biochemical composition of the grain, against a background of productivity.

The content of macro- and microelements in the grain was determined by inductively-plasma-atomic emission
spectrometry.

The genotypes llinskaya x T.timopheevii (N, K, P, Zn) and Kazakhstanskaya 10 x 7.dicoccum (Mg, Mn, Fe, Zn)
showed stably increased level of mineral composition in the North. The genotype Kazakhstanskaya 10 x T.dicoccum
in both the south and the north were characterized by a stable increase in the content of N, Mg and Fe, as well as the
genotype Ilinskaya x T.timopheevii according to Zn content.

It was noted the predominance of spring introgressive forms over wild and cultivated forms on the content of P,
K, Mg, Fe and Ca. The obtained results indicate that in the breeding for a high level of metabolism, the use of tran-
sitional wheat-wild spring-type forms is promising for extreme continental conditions.

Key words: spring wheat, wild relatives and hybrids, macro- and microelements of grain, breeding.

Introduction. One of the most important problems of our time is providing people with balanced diet
by adding all of the essential factors necessary for the body.

The biological approach of the natural enhancement of microelements in plants has been termed
"biofortification". One of the most important factors of stable production of spring wheat high-quality
products as an export crop is breeding and early introduction into agricultural production of new varieties,
combining high economically valuable traits with a genetically determined high content of microelements
and adapted to the agroclimatic conditions of the region.

Recently, interest in natural and organic products has increased, which led to the reopening of ancient
wheat as a source of grain for healthy nutrition. A number of wheat species are used and adapted for
cultivation on an industrial scale, for example, T.turgidum (khorosan), T.spelta, T.compactum. However,
these wheat have drawbacks (shedding, difficult threshing, etc.) that prevent their widespread using. In
this regard, the constant interspecific and intergeneric wheat-wild hybrids are a convenient and promising
object, which ideally can combine nutritional, technological properties and agronomic suitability.
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It is known that wild and primitive wheat (T.monococcum, T.dicoccum and T.dicoccoides) are iden-
tified as more promising genetic sources of microelements, in comparison with modern wheat varieties
and breeding lines. The species T.dicoccoides is a resource of genetic diversity for agronomic properties,
amino acid composition and protein content. Similar studies are developing on phosphorus [1] and
nitrogen, the assimilation of nutrients (N, P, K) by di-, tetra- and hexaploid wheat [2]. The increase in
ploidy of wheat is accompanied by an increase in the efficiency of the use of N for the growth of biomass
and grain yield. The influence of N and P on biomass is maximally effective in T"boeoticum, minimally in
Ae.speltoides. The influence of N, P and K on productivity is most effective in Ae.speltoides and least in
T.estivum. According to the content of mineral elements in the grain, in particular Fe and Zn, T.dicco-
coides’ accessions , T. durum fore crops are most studied, characterized by an increased content of Fe in
the grain.

Other types of wheat were characterized sporadically by mineral composition of the grain [3], as well
as samples of Aegilops [4]. A number of works are devoted to the search for sources of not only a high
content of microelements, but also their bioavailability [5].

Wheat has long been used by mankind for food, according to the high value of grain. Problems of
nutrition and health are being addressed with success in wheat breeding, which allow to obtain high yields
and successes in processing allowing to obtain high-quality white flour.

One way to overcome these problems is to return or resynthesis to ancient wheat as more nutritious
and digestible.

Another approach considers it necessary to develop modern wheat on the basis of new technological
methods of breeding and processing.

Thus, in order to enhance signs of resistance to diseases, stresses and increase of protein content it
was created a new material as a result of successful hybridization of Triticum and Aegilops species with
modern commercial varieties at the breeding center of KazSRIA&PG under a program of remote cros-
sing [6].

From this point of view valuable are introgressive forms from interspecific and intergeneric hybrids
with systematic of wheat type up to the F6-F8 generation and with constant cytological control of 42-
chromosome forms in the early generations [7-9], characterized by resistance to disease [10, 11] and
productivity at the level of 8-9 t/ha, including in the CIMMYT experiments.

To use this material for practical purposes, it is necessary to characterize the mineral composition,
both the metabolic potential and the biochemical composition of the grain, against a background of
productivity. Detailed phenotyping of the material for grain quality is promising for further genetic
analysis of introgressive forms involving different species [12-16]. In addition, transitional forms are the
most optimal approach for the evaluation and subsequent transfer of unique wheat gene alleles from its
wild relatives. Maintain and keep normally identified gene (allele) of wheat-alien hybrids (WAH) much
easier than tracking it in populations of wild relatives.

Goals. To study the features of mineral composition of the spring wheat introgressive form grains in
comparison with wild relatives and varieties and to identify sources and donors of high content of macro-
and microelements for the development of breeding for nutritional and technological properties.

Materials and methods.

Plant material. Species of wheat and Aegilops (table 1) were used: tetraploid (T.dicoccum,
T.militinae, T.timopheevii, T.dicoccoides), hexaploid (T. kharae, T.aestivum); b) constant transitional
forms from intergeneric and interspecific crossings F6-F8 [6]; ¢) topcrosses between transitional forms
and registered varieties [17].

The material was grown in 2006-2009 in south-east agroecological conditions the Kazakh Research
Institute of Agriculture and Plant Growing (KazRIA&PG), 42° N, 77° E, 740m above sea level, and in
2014-2016 in north conditions the Karabalyk Agricultural experimentation station, 43° N, 75°, at 5m” plots
in 2 replications in accordance with the accepted agrotechnics.

Methods. The content of macro- and microelements in the grain was determined by inductively-
plasma-atomic emission spectrometry (ICP-AES) [3]; The N content is determined by the Kjeldahl
method. The cluster analysis was carried out by SP Martynov's algorithm using the minimum product
between the Euclidean distances and the correlation coefficient D (1-R)* [18].
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Figure 1 — General scheme for the creation and study of transitional (introgressive) forms

Results. Characterization of introgressive spring wheat forms according to the mineral composition
of the grain and distinguishing the source of the high content of macro- and microelements.

The nitrogen content in the grains of introgressive wheat forms varied from 13.0% (Kazakhstanskaya
rannespelaya x T.timopheevii) to 21.8% (Kazakhstanskaya 10 x T.timopheevii). The 1l'inskaya x T.timo-
pheevii (13.5-17.9%) and the Kazakhstanskaya 17 x T.kiharae (16.4-16.8%) forms differ by relatively low
nitrogen content. Transitional forms occupied an intermediate position between varieties of Kazakh-
stanskaya 10 (13.8-15.3%), Kazakhstanskaya rannespelaya (13.0-15.1%), Kazakhstanskaya 25 (16.9-
17.1%), llinskaya (14, 1-14.3%) and wild forms: T.timopheevii (16.0-17.3%), T.kiharae (21.9-22.2%),
T.dicoccoides (19.3%); T.militinae (22.2-23.6%), T.dicoccum (18.9%).

The phosphorus content varies from 3531 mg/kg (Kazakhstan 17 x T.kiharae) to 5944 mg/kg
(Kazakhstanskaya 10 x T.dicoccum). The Kazakhstanskaya 10 x T.timopheevii (4902-5729 mg/kg) and
Kazakhstanskaya rannespelaya x T.timopheevii (4246-5563 mg/kg and 3831-5779 mg/kg on the 2 num-
bers with the same origin) are characterized by a stable high phosphorus content. Hybrid forms are
characterized by superiority over parental forms, such as Kazakhstanskaya 10 from 3830 to 4674 mg/kg,
Kazakhstanskaya rannespelaya 3646 to 3888 mg/kg), Kazakhstan 25 (3034-4367 mg/kg) and wild
relatives T.kiharae (4257 mg/kg), T.dicoccoides (2959-4618 mg/kg) and T. timopheevii from 3359 to
5433 mg/kg (Table 30). The transitional forms occupied an intermediate position between the varieties
(3888-4122 mg/kg) and the species T.timopheevii (5433 mg/kg) by phosphorus content only in the first
reproduction (table 1).

Potassium content ranged from 3509 mg/kg - 4349 mg/kg in minimum values to 4411-6684 mg/kg in
the maximum values by all reproductions of transitional forms.

The maximum values were stably differed by the Kazakhstanskaya 10 x T.dicoccum (3624-
6684 mg/kg), with excess over the parent forms: Kazakhstanskaya 10 (3960 mg/kg - 4315 mg/kg) and the
hybrid transitional form Kazakhstanskaya 10 x T.timopheevii (4242 -4829 mg/kg) with excess over
T.timopheevii from 3512 mg/kg to 4515 mg/kg, respectively (table 1).

The content of Ca in the grain of transitional spring forms varied from 443 mg/kg (6631 x T.militi-
nae-1) to 729 mg / kg (Kazakhstanskaya 10 x T.dicoccum). Synthetic forms were characterized by high
calcium content relative to varieties (411-542 mg/kg for Kazakhstanskaya 10 variety, 405-499 mg/kg for
Kazakhstanskaya rannespelaya variety, 415-504 mg/kg for Kazakhstanskaya 25 variety, Ilinskaya 418-
429 mg/kg) and relative to wild relatives T.militinae - 284-393 mg/kg, T.timopheevii 333-368 mg/kg;
T.dicoccoides 341-421 mg/kg; T.dicoccum and T. kiharae 396-421 mg/kg (Table 31).Genotypes:
Kazakhstanskaya 30 x T.timopheevii (605-668 mg/kg); 6569 x T.militinae-1 (561-644 mg/kg); Kazakh-
stanskaya 10 x T.timopheevii (awned) (464-646 mg/kg) and 6625 x T.timopheevii (574-598 mg/kg) were
differed by a stable maximum value.
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Table 1 — Characteristics of transitional spring forms in terms of nitrogen (N x 5,7),
potassium and phosphorus content (N, P, K) in grain

Genotypes of spring wheat N content (protein), % P content (phosphorus) K content, mg/kg
synthetics Min max min ‘ max min max
Parents: wild relatives
T.kiharae 21,9 21,9 4257 4257 4076 4076
T.dicoccoides 19,3 19,3 2959 4618 3344 3753
T.dicoccum 18,9 18,9 3023 3023 3221 3221
T.timopheevii 16,0 17,3 3350 5433 3512 4515
T.militinae 22,2 23,6 4403 4848 3747 4108
Parents: varieties

Kazakhstanskaya 10 13,8 15,3 3830 4674 3960 4315
Kazakhstanskaya rannespelaya 13,0 15,1 3646 3888 3343 4003
Kazakhstan 25 16,9 17,1 3034 4367 3401 3671
Iliinskaya 14,3 14,3 3909 3909 4476 4476
Kazakhstanskaya 10 x T.kiharae 15,6 18,6 4827 4827 4708 4708
Kazakhstanskaya 17 x T.kiharae 16,4 16,8 3531 4029 4286 4531
Kazakhstanskaya 10 x T.dicoccum 16,7 17,8 3789 5944 3624 6684
Iliinskaya x T.timopheevii 13,5 17,9 3664 3951 3777 4391
iliinskaya x T.timopheevii 15,4 15,4 3869 3869 4349 4349
Kazakhstanskaya r/sp x T.timopheevii 13,0 20,6 3831 5779 4189 4480
Kazakhstanskaya r/sp x T.timopheevii 19,8 21,8 4226 5563 4411 4672
Kazakhstanskaya r/sp x T.timopheevii 13,0 14,8 3615 3968 4442 4442
6583 x T.timopheevii 15,4 20,5 3717 4696 4017 4653
6625 x T.timopheevii-1 15,4 19,4 3974 4728 3673 4153
6625 x T.timopheevii-2 18,9 19,6 4014 4608 3752 4151
6625 x T.timopheevii-3 18,1 18,1 3721 3721 3509 3509
Kazakhstanskaya 25xT.timopheevii-1 17,7 17,7 3781 3781 3980 3980
Kazakhstanskaya 25xT.timopheevii-1 18,1 18,1 3942 3942 4022 4022
Kazakhstanskaya 10 x T.timopheevii (awn) 21,0 21,6 4902 5750 4242 4829
Kazakhstanskaya 10 x T.timopheevii (awnless) 20,5 21,8 5669 5729 4581 4704
Kazakhstanskaya 30 x T.timopheevii 19,4 19,5 4717 5392 4186 4545
6628 x T.timopheevii 19,4 20,6 3956 4720 3627 4334
6628 x T.timopheevii 18,1 18,1 4544 4544 4244 4244
6631 x T.timopheevii 18,7 21,4 4240 5268 4434 5802
6569 x T.militinae-1 18,9 20,0 4065 4634 4073 4417
6569 x T.militinae-2 19,5 19,5 4205 4205 3858 3858
6628 x T.militinae 19,0 19,0 4149 4149 3829 3829
6631 x T.militinae-1 18,4 19,7 4477 4638 3978 4733
6631 x T.militinae-2 20,0 20,0 4402 4402 4181 4181
Kazakhstanskaya 10 x T.zhukovkyi 17,7 17,7 5251 5251 4213 4642
Dawil x T.timopheevii 17,7 19,0 4334 4334 4422 4422
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The Mg content in the grain of transitional forms is noted at the level of variability from 1230 mg/kg
Kazakhstanskaya 17 x T.kiharae and 1228-1243 mg/kg for Ilinskaya x T.timopheevii to the maximum
1869 mg/kg (Kazakhstanskaya 10 x T.timopheevii) and Kazakhstanskaya 10 x T.dicoccum, which in
general exceeds the range of variability in both varieties (1118-1459 mg/kg) and wild relatives (1182-
1676 mg/kg). An intermediate level of Mg content (1187-1659 mg/kg) in transitional forms between
varieties (1171-1288 mg/kg) and wild forms (1676 mg/kg) was noted in the first reproduction. Kazakh-

stanskaya 10 x T.timopheevii was characterized by stably maximum values of Mg content (table 2).

Table 2 — Characteristics of transitional spring forms in terms of Mg, Mn, Ca mg/kg

Genotypes of spring wheat Ca content Mg content Mn content
Transitional forms Min max min max min max
Kazakhstanskaya 10 x T-kiharae 456 564 1187 1508 62 62
Kazakhstanskaya 17 x T.kiharae 557 566 1230 1276 37 43
Kazakhstanskaya 10 x T.dicoccum 468 729 1337 1912 39 58
Iliinskaya x T.timopheevii 504 596 1228 1243 38 51
lliinskaya x T.timopheevii 617 617 1199 1199 49 49
Kazakhstanskaya r/sp x T.timopheevii 472 565 1171 1294 40 47
Kazakhstanskaya r/sp x T.timopheevii 493 528 1629 1840 44 66
Kazakhstanskaya r/sp x T.timopheevii 579 579 1653 1653 61 61
6583 x T.timopheevii 553 622 1390 1678 42 51
6625 x T.timopheevii-1 574 598 1238 1659 47 56
6625 x T.timopheevii-2 518 626 1491 1547 41 59
6625 x T.timopheevii-3 515 515 1416 1416 37 37
Kazakhstanskaya 25 x T.timopheevii-1 474 474 1249 1249 33 33
Kazakhstanskaya 25 x T.timopheevii-1 462 462 1308 1308 34 34
Kazakhstanskaya 10 x T.timopheevii (ost) 464 646 1658 1811 53 68
Kazakhstanskaya 10 x T.timopheevii(bezost) 512 571 1715 1869 60 65
Kazakhstanskaya 10 x T.timopheevii 566 566 1558 1558 60 60
Kazakhstanskaya 30 x T.timopheevii 605 668 1547 1583 53 65
6628 x T.timopheevii 519 632 1418 1510 45 59
6628 x T.timopheevii 528 528 1611 1611 47 47
6631 x T.timopheevii 522 609 1530 1715 45 80
6569 x T.militinae-1 561 644 1386 1453 40 52
6569 x T.militinae-2 530 530 1479 1883 41 41
6628 x T.militinae 571 571 1401 1401 44 44
6631 x T.militinae-1 473 604 1549 1641 48 59
6631 x T.militinae-2 443 443 1596 1596 45 45
Kazakhstanskaya 10 x T.zhukovkyi 526 554 1443 1581 44 46
Dawil x T.timopheevii 539 539 1331 1331 48 48
Parents: varieties
Kazakhstanskaya 10 411 542 1252 1459 44 46
Kazakhstanskaya rannespelaya 405 499 1118 1274 39 45
Kazakhstan 25 415 504 1141 1404 40 42
Iliinskaya 418 418 1288 1288 42 42
Arai 419 419 1439 1439 37 37
Parents: wild relatives
T.kiharae 421 421 1490 1490 64 64
T.dicoccoides 341 421 1182 1448 35 37
T.dicoccum 396 396 1183 1183 35 35
T.timopheevii 333 368 1169 1676 36 50
T.militinae 284 393 1419 1438 45 53
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Table 3 — Characteristics of transitional spring forms in terms of Fe, Zn and S mg/kg

Genotypes of spring wheat Fe content Zn content S content

Transitional forms min max min max min max
Kazakhstanskaya 10 x T.kiharae 45 54 45 45 1901 1901
Kazakhstanskaya 17 x T kiharae 33 43 32 39 1723 1832
Kazakhstanskaya 10 x T.dicoccum 44 58 39 51 1811 2184
Iliinskaya x T.timopheevii 35 45 34 43 1792 2001
Iliinskaya x T.timopheevii 43 43 34 34 1756 1756
Kazakhstanskaya r/sp x T.timopheevii 43 54 31 49 1660 1997
Kazakhstanskaya r/sp x T.timopheevii 53 70 67 68 2397 2506
Kazakhstanskaya r/sp x T.timopheevii 74 74 66 66 2333 2333
6583 x T.timopheevii 41 49 34 56 1800 2191
6625 x T.timopheevii-1 43 50 37 52 1893 2122
6625 x T.timopheevii-2 41 50 42 50 1966 1979
6625 x T.timopheevii-3 39 39 48 48 1971 1971
Kazakhstanskaya 25 x T.timopheevii-1 33 33 45 45 1936 1936
Kazakhstanskaya 25 x T.timopheevii-1 35 35 47 47 1975 1975
Kazakhstanskaya 10 x T.timopheevii (ost) 56 66 62 66 2346 2357
Kazakhstanskaya 10 x T.timopheevii (bezost) 63 70 69 76 2305 2411
Kazakhstanskaya 10 x T.timopheevii 58 58 59 59 2289 2289
Kazakhstanskaya 30 x T.timopheevii 53 56 48 65 2161 2205
6628 x T.timopheevii 44 51 43 51 2054 2103
6628 x T.timopheevii 47 47 55 55 1998 1998
6631 x T.timopheevii 52 66 57 60 1977 2049
6569 x T.militinae-1 44 48 43 51 644 2030
6569 x T.militinae-2 44 44 52 52 1883 2065
6628 x T.militinae 46 58 49 49 2048 2048
6631 x T.militinae-1 46 57 46 62 2017 2277
6631 x T.militinae-2 53 53 57 57 2243 2243
Kazakhstanskaya 10 x T.zhukovkyi 49 49 41 57 1889 1955
Dawil x T.timopheevii 46 46 35 35 1807 1807

Parents: varieties
Kazakhstanskaya 10 39 43 33 44 1601 1740
Kazakhstanskaya rannespelaya 37 42 30 37 1514 1732
Kazakhstanskaya 25 40 40 34 46 1813 1888
Iliinskaya 37 37 40 40 1630 1630
Arai 38 38 38 38 1774 1774
Parents: wild relatives

T kiharae 55 55 51 51 1767 2142
T.dicoccoides 30 36 35 39 1817 1817
T.dicoccum 37 37 35 35 1802 1802
T.timopheevii 35 47 36 53 1841 1849
T.militinae 33 54 40 48 2275 2330

— 3 ——
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The Mn content in the grain of synthetic spring forms ranges from 33 mg/kg (Kazakhstanskaya
25 x T.timopheevii) to 68-80 mg/kg (Kazakhstanskaya 10 x T.timopheevii) in the awned and awnless
variants — (6631 x T.timopheevii). Stable high Mn content by reproductions was formed in the same
genotypes of Kazakhstanskaya 10 x T. timopheevii from 53 to 68 mg/kg for awning variants; from 60 to
65 mg/kg for awnless and for Kazakhstanskaya 30 x T.timopheevii - from 53 to 65 mg/kg. Moreover,
among the parental forms only for 7 .kiharae noted similar levels of Mn ~ 64 mg/kg and in some repro-
ductions for T.militinae and T.timopheevii (50-53 mg/kg).

Varieties characterized by Mn content at the level of 39-45 mg/kg (for the Kazakhstanskaya
rannespelaya), 44-46 mg/kg (Kazakhstanskaya 10); 40-42 mg/kg (Kazakhstanskaya 25) and 38-42 mg/kg
(Ilinskaya).

The sulphur content in the grain of spring transitional forms varied from 1660 mg/kg (Kazakhstan-
skaya rannespelaya x T.timopheevii-1) to 2506 mg/kg (Kazakhstanskaya rannespelaya x T.timopheevii-2)
and Kazakhstanskaya 10 x T.timopheevii (awned), surpassing of S level in the grain of varieties Ka-
zakhstan 10 (1601-1740 mg/kg), Kazakhstanskaya rannespelaya (1514-1732 mg/kg), Kazakhstanskaya 25
(1813-1888 mg/kg), llinskaya (1630 mg/kg) and in the grain of wild relatives T.kiharae (1767-
2142 mg/kg), T.timopheevii (1841-1849 mg/kg), T.dicoccum (1802-1817 mg/kg), T.militinae (2275-
2330 mg/kg). The stable maximum content of S (more than 2000 mg/kg) is noted for the genotypes of
Kazakhstanskaya rannespelaya x T.timopheevii-2 and 3, Kazakhstanskaya 10 x T.timopheevii awning and
awnless forms and in some reproductions for the Kazakhstanskaya 10 x T.dicoccum (table 3).

The content of Fe in the grain of spring transitional forms varied from 33-35 mg/kg (Kazakhstan-
skaya 17 x T.kiharae, Kazakhstanskaya 25 x T.timopheevii, llinskaya x T.timopheevii) to 70-74 mg/kg
(Kazakhstanskaya 10 x T.timopheevii and Kazakhstanskaya rannespelaya x T.timopheevii). The biofortifi-
cation level of Fe (> 50 mg/kg) is noted for 30-63% of genotypes, depending on the conditions of the year
of reproduction. As stable sources of high Fe content marked genotypes: Kazakhstanskaya rannespelaya x
T.timopheevii - 2,3 (53-74 mg/kg with an average of 62 mg/kg); Kazakhstanskaya 10 x T.timopheevii both
in the awned variant (56-66 mg/kg) and in the awnless (63-70 mg/kg); Kazakhstanskaya 30 x T.timo-
pheevii (53-56 mg/kg); 6631 x T.timopheevii (52-66 mg/kg); 6625 x T.timopheevii-2 (41-50 mg/kg with an
average of 47 mg/kg).

At the same time, a high Fe content was revealed for parental forms only for T kiharae (51-
55 mg/kg), and for varieties at the level of 39-43 mg/kg for variety Kazakhstanskaya 10; 37-42 mg/kg
for varieties Kazakhstanskaya rannespelaya, Kazakhstanskaya 25 up to 40 mg/kg, for Ilinskaya -
37-38 mg/kg.

The Zn content in the grain of spring transitional forms (table 3) varies from 31-32 mg/kg (Kazakh-
stanskaya rannespelaya x T.timopheevii-1 and Kazakhstanskaya 17 x T.kiharae) to 69-76 mg/kg for the
genotype Kazakhstanskaya 10 x T.timopheevii awnless). The stable maximum value of Zn is typical for
the same population in the awned variant (62-66 mg/kg), for the forms of Kazakhstanskaya rannespelaya x
T.timopheevii 2, 3 (66-68 mg/kg) and 6631xT.timopheevii (57-60 mg/kg). Parental forms relatively of
synthetic were characterized by a lower content of Zn both in cultural forms (Kazakhstanskaya ranne-
spelaya 30-37 mg/kg, Ilinskaya 38-40 mg/kg, Kazakhstanskaya 10 from 33 to 44 mg/kg and Kazakhstan-
skaya 25 from 34 to 46 mg/kg ), and wild relatives (7T.dicoccum and T.dicoccoides 35-39 mg/kg,
T.militinae 40-48 mg/kg, T.timopheevii 36-53 mg/kg, T.kiharae 51-52 mg/kg).

Thus, the synthetic forms of wheat occupied an intermediate position between wild relatives and
modern varieties according to the content of macro- and microelements [19-20]. It has been revealed
transitional forms with the level of mineral composition typical for wild forms close to modern varieties
depending on growing conditions (figures 2, 3).

In general, it has been selected synthetic spring wheat’s accessions with the maximum content:
Kazakhstanskaya 10 x T.dicoccum- K (6684 mg/kg), P (5944 mg/kg), Ca (729 mg/kg), Mg (1869 mg/kg) ;
Kazakhstanskaya 10 x T.timopheevii - N (21.8%), S, Fe, Zn (176), Mg, Mn (180); Kazakhstanskaya
rannespelaya x T.timopheevii - Fe (74 mg/kg), S (2506 mg/kg).
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Figure 2 — Comparative characteristics of the range of variability of macro- and microelements content (mg / kg) in the grain
of wild relatives (W), modern varieties (C) and synthetic forms of wheat (I) 1 and 2 — winter wheat; 3 and 4- spring wheat

Conclusion. Constant lines between wild forms and spring common wheat varieties have been
previously analysed on the content of Zn in the grain. Constant lines with significant content of Zn in
grain were identified as sources with high content of Zn in grain.

Wild relatives of wheat are analyzed by the content of N, P, K, S, Mg, Ca, Mn, Fe, Zn, Al, Cd, Cu in
the grain.

The content of Cd in a grain of different species of wheat and wild relatives is found from less than
20 mg/kg to 25 mg/kg - T.kiharae; 26 mg/kg - T.militinae; 35 mg/kg T.dicoccum.

Our studies (VOGIS, 2018) reveal that the most favorable ratio of calcium to phosphorus is
characteristic for 7.turgidum species (1: 6,0); T.persicum (1: 5,7); at a maximum of 1:19 (T.compactum)
and 1: 16.0 (T.spelta). For introgressive spring forms, the ratio of Ca:P varied from 1: 6.3 (Ilinskaya x
T.timopheevii) to 1: 11.0 (Kazakhstanskaya 10 x T.timopheevii) against the background of wild relatives 1:
7.0 (T.dicoccoides) up to 1: 15,5 (T.militinae). The most nutritious in addition to the Ilinskii x 7.timo-
pheevii are Kazakhstanskaya 17 x T.kiharae (1: 6,3 - 1: 7,1); Kazakhstanskaya rannespelaya x T.timo-
pheevii-1; (1: 7.0 -1: 7.7); and 6583 x T.timopheevii (1: 6,6-1: 7,6).

Among the wild relatives as parental forms 7.dicoccoides (1: 2.5), T.dicoccum (1: 2,6) and among the
introgressive forms: 6625 x T.timopheevii-1, 2, 3 (1: 2.6 - 1: 2.8); 6583 x T.timopheevii and 6631 x
T.militinae (1: 2.7 - 1: 3.0) are balanced by the ratio Ca: Mg.

In general, samples with the maximum content are selected out: Kazakhstanskaya 10 x T dicoccum -
K, P, Ca, Mg; Kazakhstanskaya 10 x T.timopheevii - N, S, Fe, Zn, Mg, Mn; Kazakhstanskaya ranne-
spelaya x T.timopheevii - Fe, S; llyinsky x T.timopheevii - Zn, P, K.

According to the results of top crossings with the testers (the commercial and most common varieties
Arai, Kazakhstanskaya 10, Kazakhstanskaya rannespeelaya) was revealed the transfer of this trait to the
offspring in F2-F3 generations for 3 constant lines: Kazakhstanskaya rannespelaya x T.timopheevii,
6625 x T.timopheevii and 6583 x T.timopheevii.

— 34 ——
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Figure 3 — Dendrogram of similarities-differences of spring synthetic forms and their parents (wild relatives and varieties)
according to the mineral composition of the grain in the first reproduction

Genotypes Kazakhstanskaya rannespelaya x T.timopheevii-1, 2, 3 and Kazakhstanskaya 10 x 7.ti-
mopheevii-1, 2 were distinguished by an increased level of mineral composition in all reproductions in the
south of Kazakhstan (KIZ).

In northern conditions the Ilyinskaya x T.timopheevii (N, K, P, Zn) and the Kazakhstanskaya 10 x
T.dicoccum (Mg, Mn, Fe, Zn) were characterized by a stably increased level of mineral composition.

The genotypes Kazakhstanskaya 10 x T.dicoccum as well as the Ilinskaya x T.timopheevii in both the
south and the north were differed by a stable increase in the content of N, Mg and Fe according to Zn
content.

Among the spring wheat introgressive forms prevailed over wild and cultured on the content of P, K,
Mg, Fe and Ca; the predominance of varieties according to the content of Zn and S are at the maximum
values. Wild relatives remain with the highest values of protein and magnesium. According to the content
of macro- and microelements, the introgressive winter forms of wheat occupy an intermediate position
between wild relatives and modern varieties (figure 2).

The selection of sources of high content of certain elements, as well as their values depends on the
growing conditions. Almost all spring transitional forms of wheat were characterized by high nitrogen
content (Table 1). Accessions of the Kazakhstanskaya rannespelaya variety have been identified as a
source with minimum nitrogen comtent (mainly in Karabalyk) and hybrids with it.
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The genotype Kazakhstanskaya 10x 7T.dicoccum in 6 of 12 reproductions differs by the maximum
value of phosphorus, as well as by the content of potassium. Kazakhstanskaya 10 x T.timopheevii and
Kazakhstanskaya rannespelaya x T.timopheevi are distinguished among genotypes with a stably high NP.

Perspective forms for technological directions, for example, the ratio N: S and nutrient (medical), the
ratio of Ca : P are of particular interest.

The sources of the high content of elements are wild relatives and synthetic forms: a) for N —
Kazakhstanskaya 10 x T.timopheevii; Kazakhstanskaya rannespelaya x T.timopheevii; Kazakhstanskaya
10 x T.dicoccum — T.spelta (cvs Faraon); b) N, K — Kazakhstanskaya 10 x T.dicoccum — Kazakh-
stanskaya 10 x T.timopheevii — Kazakhstanskaya rannespelaya x T.timopheevii — T.spelta (cvs Grem-
me); ¢) Fe and Zn — Kazakhstanskaya 10 x T.timopheevii — T.timopheevii = T.spelta — Kazakhstan-
skaya 10 x T.dicoccum.

Thus, these results indicate that in the breeding for a high level of metabolism, the use of transitional
wheat-alien forms of the spring type is promising for the extreme continental conditions in the North of
Kazakhstan.
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A. L Bﬁyfa.ﬂnesal’z, T. B. Cagun™ 5, K. Yakmax®,
K. Koxaxmetos', B. A. Uyannos®, A. U. Mopryunos®

'Kasak erin sxoHe oCiMIIK IIApyalIbLIBIFb! FHIUTBIME-3epTTey HHCTUTYThI XKILIC-1, Anmatel, Kazakcran,
?Kasak YITTHIK arpapiibiK yHuBepcureTi, AnMatsl, KazakcTas,
3STEV AGR JKIIC-1, Acrana, Kazakcrah,
*Cabanun yaupepcureri, CramOyi1, Typkus,
°KapabaibIK aybUIIIapyaInbLibiK Toxipudenik cranmusicesl XKIIC-i, Kapabansik, Kazakcras,
SCUMMMUT — Ankapa, TypKus

KY3/IK BUJIAY CEJIEKIIUSICBIHJIA UHTPOTPECCHUBTI
BUJANIBI-BOI'JIE TYPJIEPIHIH KOPEKTIK KACUETTEPIHE
JOHHIH MUHEPAJI/IBIK KYPAMBI

AHHoOTanMsl. 3aMaHay¥ MaHBI3Ibl axyaJgaplblH Oipl XaJbIKTBI camlaibl TOJBIKKAH/ABI, KypaMmblHAA ar3ara
Ka)KETTI 2JIeMEHTTepl 0ap KyHapIIaHIbIPbUIFaH a3bIKIIEH KaMTaMackl3 eTy. TypapaiblK jKoHe TYBIC apajblK OMIaiiibl-
Oere THOPUATED BIHFAMIBI )KOHE OOJIAIIAKTEI HBICAH OOJIBIN TA0BLTA B, OJT KOPEKTIK, TEXHOJIOTUSJIBIK KACHETTEPMEH
arpOHOMMSIIIBIK JKapaMIBUIBIKTEL Oipre ajbin skype amaasl. OChl K63 KapacTaH TypapalblK XOHE TYBIC apaiblK
rHOpUATEP/IH MHTPOTPECCUBTI Typiepi Oupmaitnbsl TunTeH »xocrnapibl ipikrey Fe—Fs-neiiin, epre TykbiMaa yHemi
LUTOJIOTHSUIBIK Oakpuiayiapia 42-xpoMacoMalblK TYpiiep KYHABUIBIFBIH KepceTTi. Ockl Marepuaabl TKIpuOenx
MaKcaTTa KOJJIaHy YIIiH MUHEPAJIbl CHIIATTaMachl METaOOIUKAIBIK TOTECHIMAIBI KOHE TOHHIH OHIMIUTIK HETi31H/1e
OMOXUMHSUIBIK KYpaMbl PETiH/IE KaXKeT.

JoHzeri Makpo- ’koHe MHUKPOIJIEMEHTTEP KypaMbl MHAYKTHBTI-IIa3MaJIbl-aTOMIIbl SMUCCHOHIBI CIIEKTPOMET-
pust oxicimer anbIKTanapl(/CP-AES);

KP ContycTik >karmaiiblHAa Kelleci TeHOTHITEPIiH MHHEPaIAbl KYpambl TYPaKTHI JKOFaphl JKEHreHiMeH cu-
natrannel: Unenackas x T.timopheevii (N, K, P, Zn) xone Kazaxcraunckas 10 x T.dicoccum (Mg, Mn, Fe, Zn).
Kazaxcranckas 10 x T.dicoccum renotum N, Mg xone Fe Kypambl OOHBIHIIA CONTYCTIKTE YKOHE OHTYCTIKTE TY-
PAKTBI JKOFApBUIBIFBIMEH epeKLIeNeH i, CoHbIMeH Katap WmbuHckas x T.timopheevii TEHOTUIIH KypaMbIHAAFbl Zn
OOMBIHIIIA EPEKIIEeTIEHII.

P, K, Mg, Fe xone Ca Kypambl OOMBIHIIIAa HHTPOIPECCUBTI TypJiepae xabailbl ®oHE MOACHHU TYpJiepre Kapa-
FaHJa 0AachIMIBUIBIK TaHBITTHI. AJIBIHFaH HOTHIKEJEpP KYPT KOHTHHEHTANbI JKaraai YIIiH KY3[IiK ©Tien Ouaiibl-
Oerje Typiepi ylIiH NepCIeKTUBTI KOJIaHy METa00JIN3M JICHIeHiHIH CeNIeKIMAAa )KOFaphl €KeHIH KopceTe.

Tyiiin ce3mep: Ky3xik Onnai, xxabaiibl TyplcTapMeH THOPHUATED, AOHHIH MAKPO- 1 MUKPOIJIEMEHTTED], CENeKIIMSL.
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A. M. A6yraamesa®?, T. B. Capun™°, K. Yakmax®,
K. Koxaxmeros', B. A. Uynunos®, A. U. Mopryuos®

'TOO Kasaxckuii HAYYHO-HCCIIEI0BATENbCKAN HHCTUTYT 3eMJICICNS U PaCTEHUEBO/ICTBA,
Anmartel, Kazaxcran,
’Ka3axckuii HALMOHANBHBII arpapHbIil yHHBepcuTeT, AnMathl, KasaxcraH,
3TOO STEV AGR, Acrana, Ka3axcran,
*Cabanun yuusepcurer, Crambysn, Typus,
*TOO Kapa0OanbIkckast cenbCKOX03MCTBCHHAs ONbITHAS craHIms, Kapabansik, KazaxcraH,
SCUMMMUT — Ankapa, Typuus

MHUHEPAJIBHBIN COCTAB 3EPHA
HNHTPOT'PECCUBHBIX NIIEHNYHO-YYKEPOJHBIX ®OPM
B CEJIEKIIMU APOBOU NNIIEHUIIBI HA IIMTATEJIBHBIE CBOUCTBA

Annotanusi. ObecrieueHue oAl KaueCTBEHHO MOJHOLIEHHBIM MUTaHUEM, COaJIaHCUPOBAHHBIM I10 COCTaBY H
COJICPIKaHMIO HEOOXOAMMBIX JUIsl OpPraHM3Ma AJIEMEHTOB, SBJISIETCS. OJJHOM M3 BaXXHEHIIUX MPOOJIEM COBPEMEHHOCTH.
MexXBHIOBBIE U MEKPOJOBbIE TIIEHUYHO-1YyKEPOIHbIE THOPU/IBI SBISIOTCS YA0OHBIM U MEPCIEKTUBHBIM 00BEKTOM,
KOTOPBIH B Hjieane MOKeT COUeTaTh MUTATeIbHbIE, TEXHOJIOTHUYECKNE CBOMCTBA M arPOHOMHUYECKYIO MPUTroJHOCTh. C
9TOH TOYKHM 3pPEHUSI MPENCTABISIOT LIEHHOCTh HHTPOTPECCUBHBIE (POPMBI M3 MEXBHIIOBBIX M MEXPOJOBBIX THOPHUIOB
C IUIAaHOMEPHBIM O0TOOpOM TMieHn4HOro Tuna a0 Fe-Fg mokosieHus, MOCTOSHHBIM IIMTOJIOTMYECKUM KOHTPOJEM B
PaHHUX MOKOJIEHUsIX 42-XpOMOCOMHBIX (opM. [ MCIONB30BaHMs ATOr0 Marepuaia B MPAKTHUECKHUX LENsX HeoO-
XO/IMMa XapaKTepPUCTHKa MUHEPAIBHOI'O COCTaBa, KaK META0OJMUYECKOTo IMOTEHIHAIa U OMOXMMHUYECKOTO COCTaBa
3epHa Ha (pOHE MPOJYKTUBHOCTH.

CopneprxkaHne Makpo- U MUKPOJIEMEHTOB B 3€pHE — ONPEIESNId METOJOM HHAYKTUBHO-IUIA3MEHHO-aTOMHOI
smuccuoHHOM ciekTpomerpuu (ICP-AES);

B ycnoBusix CeBepa PK craGuibHO NOBBIIMIEHHBIM YPOBHEM MHHEPAIBHOTO COCTaBa XapaKTepPH30BAIUCH
renotunsl: Unbunckas x T.timopheevii (N, K, P, Zn) n Kazaxcrauckas 10 x T.dicoccum (Mg, Mn, Fe, Zn). CtaOuib-
HO NOBBILIEHHBIM cofepxkanneM N, Mg u Fe ortnmuancs renotun Kasaxcranckas 10 x T.dicoccum xax Ha 1ore, Tak U
CeBepe, a Takke reHotun Wnbuuckas x T.timopheevii 10 COACPIKaHUIO Z1.

st spoBbIX (POPM OTMEUEHO TpeodiIajaHue HHTPOIPECCUBHBIX HAJl AUKUMH U KYJIbTYPHBIMH 110 COJIEPIKaHHIO
P, K, Mg, Fe u Ca. [Tony4eHHbIe pe3ysbTaThl YKa3bIBalOT Ha TO, YTO B CEJIEKIIMU Ha BBICOKUH YpPOBEHb MeTa0OIM3Ma
MEPCIIEKTUBHO HCIIONIb30BAHHUE MEPEXOJHBIX IMIIEHUYHO-UYKEPOIHbIX (OpM SPOBOro THIA ISl PE3KOKOHTHHEH-
TaJbHBIX YCIOBUU.

KaroueBble ciioBa: sipoBasi IIICHWIA, JWKUE COPOIMYM W THOPUIBI, MaKpo- M MHKPODJIEMEHTHI 3epHa,
CeNeKIus.
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