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Abstract. Spring bread wheat is the staple crop in Western Siberia and Kazakhstan, a significant portion of which goes for
export. Wheat breeding with a high level of zinc in wheat grain is the most cost-effective and environmentally friendly way
to address zinc deficiency in the diet. The purpose of this work was to evaluate the contribution of the factors ‘location’and
‘genotype’in the variability of zinc content in wheat grain, and to identify the best varieties as sources of this trait for breed-
ing. The research on screening zinc content in the wheat grain of 49 spring bread wheat varieties from the Kazakhstan-
Siberia Spring Wheat Trial (KASIB) nursery was carried out at 4 sites in Russia (Chelyabinsk, Omsk, Tyumen, Novosibirsk)
and 2 sites in Kazakhstan (Karabalyk and Shortandy) in 2017-2018. The content of zinc in wheat grain was evaluated at the
lonomic Facility of University of Nottingham in the framework of the EU project European Plant Phenotyping Network-2020.
The analysis of variance showed that the main contribution into the general phenotypic variation of the studied trait,
38.7 %, was made by the factor ‘location’ due to different contents of zinc and moisture in the soil of trial sites; the effect of
the factor ‘year’ was 13.5 %, and the effect of the factor ‘genotype’was 8.0 %. The most favorable environmental conditions
for accumulation of zinc in wheat grain were observed in the Omsk region. In Omsk, the average zinc content in all studied
varieties was 50.4 mg/kg, with 63.7 mg/kg in the best variety ‘OmGAU 100" These values are higher than the target values
of the international program Harvest Plus.’Novosibirskaya 16'(49.4 mg/kg),Silach’ (48.4 mg/kg), Line 4-10-16"(47.2 mg/kg),
‘Element 22’ (46.3 mg/kg) and ‘Lutescens 248/01' (46.0 mg/kg) were identified as being the best varieties. Significant possi-
bilities for the production of wheat grain with high zinc content, which is in demand for the production of bread and pastry
products with functional properties, were identified in the Western Siberian region.
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Variability of zinc content in the grain
of wheat varieties of nursery KASIB

AHHOTauumA. ApoBas MArkas nieHnLa ABNAETCA OCHOBHON KynbTypol B 3anagHon Cnbupu n KasaxctaHe, rae 3Ha-
ynTenbHaA [ONA MPOMN3BOAMMOrO 3epHa UAeT Ha dKCnopT. Cenekuma NeHULbl Ha NOBbILEHHOE CoflepXKaHNe LiHKa
B 3epHe — Hambonee peHTabenbHbIN 1 SKOMOTUYHbIN CMOcob pelleHrs Npobnembl AedULmnTa LHKa B paLMoHe nu-
TaHuA. Llenb HacTosAwel paboTbl — YCTaHOBUTb BKJ1aZ GaKTOPOB «MYHKT» U «TeHOTUM» B U3MEHUYMBOCTb COAEPKaHNsA
LMHKa B 3epHe MLUEHNLbl 1 BbIAENNTb Jyyllne copTa B KauecTBe MCTOYHMKOB AAaHHOTO Mpu3Haka Ana cenexkumm. Uc-
cnefioBaHNA N0 CKPUHWHIY HAaKOM/IeHVA LMHKA B 3epHe MNiueHnLbl 49 COPTOB APOBOIN MArKON MLUEHNLbl U3 MUTOM-
Huka KACK/B-18 npoBeaeHbl B yeTbipex nyHKTax Poccnm (YensabrHck, Omck, TiomeHb, HOBOCMOUPCK) 1 ABYX NMYHKTaX
KazaxcTtaHa (Kapabanbik 1 WopTaHabl) B TeueHne 2017-2018 rr. CofepaHue LMHKa B 3epHe onpefensnm Ha ¢a-
KyfibTeTe MOHOMUKN YHBepcuTeTa r. HoTTuHrem B pamkax npoekta EPPN-2020. Pe3ynbtaTbhl ANCNEPCMOHHOrO aHa-
nn3a nokasanu, YTo OCHOBHOI BKNaf B obLlee GeHOTUMMYECKOe BapbrpOBaHe Npri3HaKa BHOCUIT GaKTOpP «MyHKT»
(38.7 %) BCneacTBUe Pa3HOTO CoAePKaHMA LMHKa B MOYBE 1 BNaroobecneyeHHOCTY B NMyHKTAX NCMbITaHUSA; BINAHWE
baKToOpOB «rof» 1 «reHoTUM» coctaBmno 13.5 n 8.0 % cooTBeTCcTBEHHO. Hanbonee 6naronpurATHble SKONOrMyeckme
YCNOBUs AN1A NOSTyYeHWs 3epHa MNWEHMULbI C MOBbILLEHHbIM COAePXKaHMEM LIMHKA CNOXMIMcb B OMcKol obnactu, rge
B CpPefjHEM MO BCEM COPTaM COflepKaHMe LiMHKa 6bino paBHO 50.4 Mr/Kr, a y nydwero copta OMIAY 100 - 63.7 Mr/Kr.
OTr nokasaTenu Bbllle LieNeBblX 3HaUYEeHU MeXXAyHapoAHOW nporpammbl Harvest Plus. BoigeneHbl nyywve copta -
HoBocunbupckas 16 (49.4 mr/kr), Crnay (48.4 mr/kr), lunua 4-10-16 (47.2 mr/kr), dnemeHT 22 (46.3 mr/kr) n Jliotec-
LeHc 248/01 (46.0 mr/kr). B 3anagHo-Cnbupckom pernoHe BbifBEHbI 3HaUMTeNIbHble NOTeHLMaNbHble BO3MOMXHOCTY
NPOU3BOACTBA 3ePHa MLUEHNLbI C MOBbILWEHHbIM COAEPKaHMEM LIMHKA, BOCTPEOOBAHHOTO /A NonyyeHus xneba u

KOHOUTEPCKNX MPOAYKTOB C d)yHKLl,VIOHaﬂbeIMVI CBOWICTBAMW.
KnioueBble cnosa: COpPT; 3€pPHO NweHnubl; UNHK; 6en0|<; 3Konorua.

Introduction

Wheat remains one of three crop commodities (along with
maize and rice) contributing to global food security. Global
wheat production has been increasing at a steady annual rate
of 1-2 % to meet the growing population demand. According
to FAO (http://www.fao.org/faostat/en), in Russian Federa-
tion, area under wheat has grown from 23.9 min ha in 2014
to 26.5 min ha in 2018 (+10.9 %), grain yield — from 2.50
to 2.72 t/ha (+8.8 %) and the total production — from 59.7
to 72.1 min t (+20.7 %). The grain exports have increased
more than two times and exceeded 35 min t in 2019 and over
38.5miIn tin 2020. At present, wheat production in the world
satisfies the demand and more attention shall be paid to wheat
grain quality.

One of the pioneering works on this subject is European
Union Project HEALTH GRAIN. The project was implement-
ed in 2005-2010 and laid out the foundation for the studies
for improving grain wheat nutritional value: protein content
and composition, carbohydrates, vitamins, micronutrients and
phytochemicals (Bjorck et al., 2012). Unfortunately, in Russia,
the work on functional properties of wheat grain is limited
to the study of purple wheat and its products in the Institute
of Cytology and Genetics (Khlestkina et al., 2019; Gordeeva
et al., 2020). The enhancement of functional properties and
nutritional value of wheat grain products will have beneficial
effect on human health and immune status, especially in con-
nection with threats similar to coronavirus pandemic.

Wheat biofortification was started in mid-2000s by Harvest
Plus consortium (https://www.harvestplus.org/what-we-do/
crops) and made tremendous progress. The grain zinc concen-
tration of new biofortified wheat varieties increased by 40 %
(+12 mg/kg) compared to commercial varieties (Velu et al.,
2011; Singh R., Velu, 2017).

Recent results obtained from Harvest Plus and Harvest Zinc
projects in China, India, Mexico, Pakistan, South Africa, and
Turkey indicate positive effects of foliar-applied Zn (zinc)
alone, and a micronutrient cocktail solution containing
I (iodine), Zn, Se (selenium), and Fe (iron) that significantly
improve grain accumulation of micronutrients, particularly

in new biofortified wheat varieties. Grain-Zn was increased
from 28.6 to 46.0 mg/kg with Zn-spray and 47.1 mg/kg with
micronutrient cocktail spray (Zou et al., 2019).

Grain Zn contents of wheat varied among different countries
from 25.10 mg/kg in Europe to 33.91 mg/kg in North America
depending on: (1) the amount of Zn available in the soil;
(2) genotypic characteristics of cultivated varieties; (3) cul-
tivation types, environments, climates (Wang et al., 2020).
Modern wheat varieties have limited grain Zn concentration:
on the average — 14-42 mg/kg (Bouis, 1995; Morgunov et
al., 2007; Velu et al., 2011; Guittieri et al., 2015). In this con-
nection a large-scale screening of wheat genetic resources at
the germplasm bank of the International Maize and Wheat
Improvement Center (CIMMYT) was initiated to explore
variation for Zn amongst the wheat wild relatives T. mono-
coccum, T. dicoccoides, Ae. tauschii, T. boeticum, T. spelta,
T. polonicum, landraces, and wheat hexaploid synthetics,
which detected the most promising sources for development
of varieties with high grain Zn concentration (Cakmak et al.,
2004; Velu etal., 2014; Verma et al., 2016; Savin et al., 2018;
Bhatta et al., 2019).

A field evaluation of a set of core-collection of landraces
of CIMMYT screened under Zn-enriched soil conditions at
Cd. Obregon (Mexico) showed that there was high variation
for grain Zn concentration — from 40 to 96 mg/kg. T. dicoc-
coides introgression lines with bread wheat background
showed up to 88 mg/kg grain Zn concentration. The first
high zinc wheat variety Zincol 2016, having T. spelta in its
pedigree, was released in Pakistan. Zn-enriched wheat varie-
ties such as Zinc Shakti, WB 02, and HPBW 01 were adapted
by more than 500,000 farmers in India. These varieties were
developed using synthetic hexaploid wheat with the genome
of Ae. tauschii (Velu et al., 2019).

V. Govindan et al. (2018) reported a moderate level of
broad-sense heritability for grain Zn concentration, and a sig-
nificant Genotype x Environment interaction effect on this
trait. The search and introgression of genes controlling high
zinc content into the initial material for grain quality breeding
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through marker assisted selection has been conducted. One
study identified QTLs associated with grain Zn concentration
in wheat. These were located on chromosomes 2A, 5A, 7A
(Peleg et al., 2009; Xu et al., 2012; Krishnappa et al., 2017).
According to the research results of Y. Genc et al. (2009),
the combination of four loci located on chromosomes 7A,
4B, 6B, and 3D increased the grain Zn by 23 %. The gene
GPC-B1 (NAM-B1) was transferred to bread wheat genome
from T. dicoccoides. Current tetraploid and hexaploid wheat
varieties have non-active allele GPC-B1, except for some
landraces and old varieties of T. dicoccum, T. durum, T. spelta,
and T. aestivum (Mitrofanova, Khakimova, 2016). The active
allele of this gene can be effective in improving high protein
content, and remobilization of micronutrients from flag leaf
to grains, which increases the concentration of Fe and Zn
by 18 and 12 %, respectively (Uauy et al., 2006; Waters et
al., 2009).

Grain Zn concentration is negatively correlated with yield
in spring wheat varieties in several studies (Welch, Graham,
2002; Morgunov et al., 2007; Murphy et al., 2008). Some
experiments, on the contrary, indicate that this correlation
does not necessarily occur, and illuminate the possibility of
combining high grain Zn with high grain yield and protein
content in new varieties (Chen et al., 2017; Krishnappa et al.,
2017; Abugalieva, Savin, 2018). The minerals’ bioavailability
to humans, including Zn, depends on the phytic acid, which
binds them. In this connection, the current wheat varieties
should combine high yield with low phytic acid/Zn ratio (<5)
(Qietal, 2013; Liu et al., 2014).

Omsk State Agrarian University (Omsk SAU) coordinates
Kazakhstan-Siberia network on spring wheat improvement
(KASIB), which combines 20 breeding and scientific research
institutions from Kazakhstan and Russia. In earlier studies,
more than 150 genotypes were evaluated at 4-8 sites of
KASIB network in Kazakhstan and Western Siberia in search
for genetic resources of high zinc content. The relationship
of Zn grain concentration with protein content and effects of
Genotype X Environment interaction for this trait were studied
(Morgounov et al., 2006; Gomez-Becerra et al., 2007).

In 2016, Kazakh Research Institute of Farming and Crop
Production won a grant of the project EPPN-2020 (European
Plant Phenotyping Network) to conduct ionomics analysis
of spring wheat grain from Kazakhstan and Russia using
ionomics phenotyping platform at the University of Notting-
ham (UK). This platform couples high throughput elemental
analysis based on automated data capture and their processing
with bioinformatic methods (https://www.ionomicshub.org/
home/PiiMS). lonomics analysis of 23 elements including
heavy and rare metals, micronutrients in 49 spring bread wheat
varieties at 6 sites in Kazakhstan and Russia was conducted
in 2017-2018. This study identified that the variability of
elemental analysis of grain wheat depends on the Genotype x
Environment factors, and their interaction. The highest Zn
and Fe concentrations in grain wheat were detected in Omsk
oblast. Some varieties and breeding lines with high Zn and Fe
content were identified (Abugalieva et al., 2020).

The objective of this research was to determine the contri-
bution of the ‘Location” and ‘Genotype’ factors on variability
of wheat grain Zn content, and to select the best varieties as
sources of this trait for breeding.
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M3MeHUnBOCTb copiepaHmnaA LMHKa B 3epHe
COpPTOB NiweHunLbl nuTomHrKa KACUB

Materials and methods

The study of 49 varieties of spring bread wheat of the nursery
KASIB-18 (Kazakh-Siberian nursery of spring bread wheat)
was carried out at four sites in Western Siberia, Southern
Urals, and in two sites in Kazakhstan (Fig. 1). Geographic
coordinates of Russian experimental sites are: Chelyabinsk
Research Institute of Agriculture (Chelyabinsk) — 54°93' N,
60°73' E; Omsk SAU (Omsk) —55°01'N, 73°18" E; Northern
Trans-Ural SAU (Tyumen) — 57°09" N, 65°25' E; Siberian
Research Institute of Plant Cultivation and Breeding (Novo-
sibirsk) —54°89'N, 82°97" E; Kazakhstan experimental sites:
Karabalyk Experimental Agricultural Research Station (Kara-
balyk) — 53°51'N, 62°06' E; Research and Production Center
for Grain and Farming (Shortandy) — 51°63' N, 71°04' E.

Variety trial of the nursery KASIB-18 was carried out in
2017-2018. The weather conditions differed significantly in
geographic experimental sites (Table 1).

At all experimental sites of the KASIB network, the sum
of active temperatures above 10 °C in 2017-2018 was higher
than the values necessary for normal growth and develop-
ment of wheat plants: the lowest at Tyumen — 2118-2124 °C
and the highest at Karabalyk — 2553-2637 °C. According to
the hydrothermic coefficient (HTC), calculated by G.T. Se-
lyaninov method (1958), the most favorable conditions for
moisture availability were in the sites Tyumen and Novosi-
birsk (HTC = 1.38-1.53) in both years of research, as well as
in Chelyabinsk in 2018 (HTC = 1.42), which had a positive
effect on the formation of higher grain yield in these sites. In
general, 2017 was characterized by drier conditions in Omsk
(HTC =0.72) and Shortandy (HTC = 0.46) compared to 2018
(HTC = 1.15 and 1.24, respectively). In Karabalyk, in both
years, dry conditions were observed during the plant growing
season (HTC = 0.80-0.83).

There are no significant differences in the soil morphologi-
cal characters of the experimental sites, with the exception of
higher humus content in Tyumen and Novosibirsk (7.0-7.5 %).
Based on the literature sources, zinc content in the humus
layer of meadow chernozem soils of the Omsk region is
20.1-69.4 mg/kg (Azarenko et al., 2019). According to the
data from JSC “Kazakhstan Agrarian Expertise” branch (www.
kazagrex.kz) in Akmolaregion, zinc content in low-humus soil
of Shortandy is 3.3 mg/kg. The data of zinc content in the soil
of the remaining sites are not available.

SIA

OTSk Novosibirsk e

Nur-Sultan

Fig. 1. Map of experimental sites of nursery KASIB-18 in the regions of
Russia and Kazakhstan in 2017 and 2018.
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Variability of zinc content in the grain
of wheat varieties of nursery KASIB

Table 1. Characteristics of soil and weather conditions at experimental sights

during the growing season (May-September), 2017-2018

Trait Chelyabinsk Omsk Tyumen Novosibirsk Karabalyk Shortandy
. Su m o f actwe tem pera tu re 5 oc ............................................................................................................................................................................................
...... 2017234923642”8229226372508
...... 2018230721692124215725532130
Ramfa”mm ...........................................................................................................................................................................................................................
...... 201727371710324031592185”46
...... 2018328124903220296920452645
Hydmthermlccoeﬁlc'ent .....................................................................................................................................................................................................
...... 2017116072153138083046
...... 2018142115152138080124
Solype Chernozem,  Meadow- chernozem, Chernozem,  Chernozem,  Chernozem,  Chernozem,
medium loamy heavy loamy medium loamy medium loamy heavyloamy  heavy loamy
SO”aCIdltyumtS ............................ 53 ......................... 68 .................................... 67 ......................... 67 ......................... 68 ....................... 77 ....................
Humus% ....................................... 52 ......................... 52 .................................... 70 ......................... 75 ......................... 47 ....................... 33 ....................

Sowing, selection assessments, and observations in the
nursery were carried out in accordance with the Methodolo-
gy of State Variety Trial of Agricultural Cultures (1989) and
the program of the Kazakhstan-Siberia network on spring
wheat improvement. The plot area was 3 m? with a sowing
rate of 500 seeds per 1 m2. The sowing date was May 20-30,
the sowing depth — 4-5 cm. Field trials utilized a systematic
complete block design with three replicates. The preceding
crop was black fallow.

Grain samples from each experimental site were analyzed in
the Kazakh Research Institute of Agriculture and Plant Grow-
ing (Almalybak), for protein content in grain and its fractions
determined by Kjeldahl method (State standard No. 10846-91)
using Infratec FOSS 1841 on the basis of previously created
calibration equations. Zinc content in grain was determined
at the lonomics Faculty of the University of Nottingham.
Zinc concentration was calculated in mg/kg of dry weight.
Statistical data processing was reconstructed by variational,
correlation, and ANOVA analysis using Microsoft Excel and
Statistica application software packages.

Results
Analysis of zinc accumulation in wheat grain of 49 varieties
of KASIB-18 indicates significant differences in the grain
zinc content, depending on the experimental site (Table 2).
In Omsk, the yield was low, but the grain Zn content, on
the contrary, was the highest (50.4 mg/kg). In Shortandy, the
average grain yield was almost at the level of the varieties
yield in Omsk, but the grain Zn content was 1.9 times lower,
which indicates a significant influence of soil and climatic
properties of the region on the accumulation of this microele-
ment in wheat grain. The highest grain Zn content was found
in Omsk and in other sites of Russia — Tyumen, Novaosibirsk,
Chelyabinsk (44.1-44.8 mg/kg), and significantly less in Ka-
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zakhstan — Karabalyk and Shortandy (37.3 and 26.8 mg/kg,
respectively).

No correlation was found between grain Zn content and
yield. One site was an exception — under dry conditions of
2017, an average negative relationship was observed in Kara-
balyk (r = —0.35) with the lowest yield (1786 kg/ha) compared
to the rest experimental sight.

On average, for two years of research, the highest grain yield
was in Novosibirsk — 3985 kg/ha, in Tyumen, and Chelya-
binsk — 3210 and 3780 kg/ha, respectively. The yield obtained
in Karabalyk, Omsk, and Shortandy was less than 3000 kg/ha.
Significant differences in the grain average protein content of
different experimental sites were found. The highest protein
content on average for two years of research was observed
in Omsk (14.9 %), in Shortandy (14.0 %), in Novosibirsk
(13.1 %), in Chelyabinsk (12.2 %), in Karabalyk (12.1 %), and
the lowest — in Tyumen (10.7 %). In Tyumen, in 2017-2018,
an average positive correlation was observed between grain
Zn and protein content — 0.3 and 0.4, respectively.

On the basis of the experiment results of 49 varieties for
two years in 6 ecological sites, a three-factor ANOVA analysis
was carried out, and the contribution of the main factors to
variability of wheat grain Zn was determined (Fig. 2). The
main contribution to the variability of the studied trait was
made by the ‘Location’ factor — 38.7 %. ANOVA analysis re-
vealed significant influence of the following factors: ‘Year’—
13.5 %, ‘Genotype — 8.0 %, ‘Genotype x Location’ — 14.3 %,
and ‘Location x Year’ — 7.8 %. The combined effect of three
factors interaction was significant — 15.1 %.

Figure 3 presents the limits of average indicators of grain
Zn content of the studied varieties for two years of research.
The maximum grain Zn content was observed in one varie-
ty — 49.4 mg/kg, in six varieties Zn content varied from 45.7
to 49 mg/kg, in 16 varieties — from 39.1 to 42.4 mg/kg, in
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Table 2. Grain yield, protein content (PC), Zn content,
and coefficients of correlation between (r) Zn content,
yield and PC in the varieties from experimental sights
of nursery KASIB-18 in 2017-2018

Year Grain PC,% Zn, (N Zn (N Zn
yield, mg/kg withyield  with protein
kg/ha

omSk ......................................................
2017 ............. 3032 ........ 163 ....... 476 ........... 008 ............... O 01 .................
2018 ............. 2019 ........ 136 ....... 532 ......... _005 ............... 0 26* ..............
Average ........ 2526 ........ 149 ....... 504 ........................................................
............................................... C he|yabm5k
2017 ............. 4098 ........ 107 ....... 364 ........... 014 ............... 0 23 ................
2018 ............. 3461 ......... 137 ....... 518 ........... 006 ............... 0 25 ................
Average ........ 3780 ........ 122 ....... 441 .........................................................
............................................... Novos|b"sk
2017 ............. 3”3 ........ 132 ....... 465 ......... _006 ............... O 14 ................
2018 ............. 4857 ........ 129 ....... 431 .......... _003 ............... 0 07 ................
Average ........ 3985 ........ 131 ........ 448 ........................................................
.................................................. Tyumen
2017 ............. 2382 ........ 111 ........ 408 ......... _009 ............... 0 30* ..............
2018 ............. 4037 ........ 103 ....... 489 ......... _002 ............... O 40* ..............
Average ........ 3210 ........ 107 ....... 448 ........................................................
................................................. K araba|yk
2017 ............. 1786 ........ 125 ....... 317 ......... _035* ............. O 03 ................
2018 ............. 4003 ........ ”7 ....... 429 ......... _001 ................ 0 12 ................
Average ........ 2894 ........ 121 ........ 373 ........................................................
................................................ Shortandy
2017 ............. 2580 ........ 148185 ......... _018 _004 ................
2018 ............. 2413 ........ 132 ....... 350 ........... 008 ............... 0 29* ..............
Average ........ 2496 ........ 140 ....... 268 ........................................................
LSDOS ............ 663 .......... H .......... 62 ..........................................................

* Significant at p < 0.05 probability level.

14 varieties — from 35.8 to 39.1 mg/kg, in 12 varieties — from
42.41t0 45.7 mg/kg. The varieties with a high grain Zn content
identified by the experiment results on average for all sites for
two years, and the variability limits of the trait, depending on
year and site, are presented in Table 3. The differences between
the presented varieties on the average zinc content in grain
correspond to error of the experiment.

Variety Novosibirskaya 16 on average had Zn content of
49.4 mg/kg, but this indicator was not stable, the trait value
varied from 12.9 to 74.0 mg/kg, the variation coefficient was
35.5 %. Varieties Silach, Line 4-10-16, and Element 22 were
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Factors

B Genotype
Location

M Year

M Genotype x Location
Location x Year

M Genotype x Year
Genotype x Year x Location

Fig. 2. Contribution of various factors for Zn grain content of wheat
varieties, %.

Significant at * p < 0.05 and ** p < 0.001 probability level.
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Fig. 3. Number of varieties by intervals of Zn grain content from experi-
mental sites, on average of 2017-2018.

more stable than Novosibirskaya 16. On average, the grain
Zn content of studied varieties was 41.5 mg/kg.

Figure 4, a presents the distribution of varieties in Omsk
by the grain Zn content. The highest content of this micro-
element for all varieties was noticed in this site in all years of
research. According to the ranging of varieties by the grain
Zn content three groups were distinguished: 21 varieties (51.6—
63.7 mg/kg) were assigned to the first, 18 varieties (44.7—
51.3 mg/kg) were assigned to the second, and 10 varieties with
a relatively low microelement content (39.4-44.4 mg/kg) were
assigned to the third. The significant differences on Zn content
were noticed for varieties of the first and third groups as the
contribution of the genotypic factor to expression of studied
trait was 8 %. The highest zinc content of 49 varieties was ob-
served in variety OmGAU 100 - 63.7 mg/kg on average for two
years, and the lowest — in variety Lutescens 30 — 39.4 mg/kg.

In Shortandy, there were no significant differences among
varieties on grain Zn content: the first group included 42 va-
rieties (21.9-39.7 mg/kg), the second and third — seven varie-
ties (18.2-21.5 mg/kg). Variety Lutescens 443 had the highest
grain Zn content — 39.7 mg/kg, which is almost at the level of
the lowest indicator of the trait in Omsk (see Fig. 4, b). Variety
Lutescens 857 was characterized by low grain Zn content (only
18.2 mg/kg) in Shortandy.

Thus, varieties OmMGAU 100 and Lutescens 443 selected
in two experimental sites should also be included in the
hybridization program for the improvement of wheat grain
Zn content.
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Variability of zinc content in the grain
of wheat varieties of nursery KASIB

Table 3. Varieties with the highest Zn grain content (mg/kg) from experimental sites, on average of 2017-2018

Variety

Discussion

According to the World Health Organization, two billions of
people worldwide are at risk of suffering from Zn deficiency
(WHO, 2017). The regions where zinc deficiency is most
common are Southeast Asia, southern Africa, and other de-
veloping countries. The main factors leading to Zn deficiency
should first of all be attributed to insufficient consumption of

Zn with food in the regions due to low content of food with
low Zn content in soil, drought climate and lack of moisture
(http://cgon.rospotrebnadzor.ru/content/62/2683).

The health benefits of wheat grain and products for con-
sumers are a strategic priority worldwide (Saleh et al., 2019).
Biofortified wheat with higher Zn concentration has proven
its positive effect on human health in India and Pakistan (List-
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Fig. 4. Ranging of varieties of nursery KASIB-18 depending on Zn grain content, on average for 2017-2018: a, Omsk; b, Shortandy.

Different letters indicate homogeneous groups.
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man et al., 2019). Russia is one of the world’s leading wheat
exporters, exporting mainly to the Middle East and Africa,
where there is a significant Zn shortage in the products of
poor population eating mainly bread. Breeding wheat with
enhanced levels of grain Zn provides a cost-effective, sustain-
able solution to the malnutrition problems in the developing
world (Bouis et al., 2011).

Corresponding to our research, wheat grain grown in the
experimental sites of Western Siberian and Ural regions has
an increased Zn content on average from 44.1 to 50.4 mg/kg
(see Table 2). In the sites Shortandy and Karabalyk, the grain
Zn content was on average 26.8-37.3 mg/kg for two years of
research. These data are consistent with the publication by
J. Wang et al. (2020), according to which the Zn content in
grain grown in Kazakhstan is on average 28.4 mg/kg. This is
probably explained by dry climate in Kazakhstan. The plants
need a mass flow of soil solution and ions for effective mineral
nutrition, which depends primarily on the presence of moisture
in the soil (Singh B. et al., 2005).

The ANOVA analysis revealed the influence of genotypic
factor, soil, climatic, and weather conditions on the grain
Zn accumulation in studied wheat varieties. The main contri-
bution to the trait phenotypic variation was made by the ‘Loca-
tion’ factor due to different Zn content in the soil and moisture
availability in the experimental sites — 38.7 %. The influence of
the “Year’ factor was 13.5 % and the ‘Genotype’ factor — 8.0 %.

In most sites of research, 2018 was more favorable on
the available moisture in the soil compared to dry 2017. In
2018, grain Zn content varied from 35.0 mg/kg (Shortandy)
to 53.2 mg/kg (Omsk). In 2017, under drought conditions,
lower grain Zn concentration was noticed in Karabalyk
(31.7 mg/kg), 18.5 mg/kg — in Shortandy, 36.4 mg/kg — in
Chelyabinsk, and 47.6 mg/kg — in Omsk (see Table 2).

According to the two years research results of the nurse-
ry KASIB-18 in all experimental sites, sources of high
Zn content were identified: Novosibirskaya 16 (49.4 mg/kg),
Silach (48.4 mg/kg), Line 4-10-16 (47.2 mg/kg), Element 22
(46.3 mg/kg), and Lutescens 248/01 (46.0 mg/kg). These
indicators are higher than the target ones of the international
Harvest Plus program. This program allowed to increase the
grain Zn content in the wheat varieties cultivated in India and
Pakistan from 25 mg/kg on average to 37 mg/kg, approxi-
mately by 30-40 % (Singh R., Velu, 2017).

There was high variability of the trait in selected varieties
(Cv = 23.4-35.5 %), which indicates a strong influence of
environmental conditions on this trait (see Table 3). The study
of the same varieties set under contrasting environmental
conditions revealed differences among varieties and lines in
grain Zn accumulation. Varieties OmGAU 100 (63.7 mg/kg)
and Lutescens 443 (39.4 mg/kg) were characterized by the
maximum grain Zn accumulation in Omsk and Shortandy,
while varieties Lutescens 30 (39.4 mg/kg) and Lutescens 857
(18.2 mg/kg) were characterized by the minimum, respectively
(see Fig. 4, a, b).

A.V. Volkov (2015) reported the positive effect of zinc
fertilizers onyield, protein content, gluten, technological, and
bread making qualities in agrochemical experiments on the
spring wheat variety Zlata. In our experiments, the average
positive correlation between the grain Zn and protein con-
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tent (0.3 and 0.4) was revealed in Tyumen for both years of
research, as protein content was low (on average 10.7 %).
In the other five sites, the correlation was not found. There
is no correlation between yield and grain Zn content (see
Table 2). Probably, the grain Zn content is not an indicator
of the necessity to use Zn-fertilizers. This issue requires ad-
ditional research under the conditions of a specific region and
different soil types.

Varieties Novosibirskaya 16, Silach, Element 22,
OmMGAU 100 included in the State Register of Breeding
Achievements and cultivated on large areas under conditions
of Western Siberian region, are able to form Zn content in
grain exceeding 60-70 mg/kg (see Table 3, Fig. 4, a). The
analysis of wheat grain from farmer’s crops in the Omsk
region also revealed a high grain Zn content. It is feasible
to use it both in the domestic market for the production of
bread and bakery products with functional properties, and
for the export of wheat grain (Abugalieva et al., 2020). Our
research confirms the high potential of Omsk, Novosibirsk,
Tyumen, and Chelyabinsk regions for the production of grain
with a high Zn content. It is advisable to use the grain of the
best varieties on the Zn content to form separate batches for
the production of “healthy” bread and for export. These are
unused reserves that will contribute to the improvement of
human health, especially for people with low incomes, as well
as increase the export potential of the country.

Conclusion

According to the research results, the most favorable soil and
climatic conditions to form grain wheat with a high Zn content
were in the Omsk region. On average, during two years of re-
search of the nursery KASIB-18 in Omsk, the grain Zn content
of the studied varieties was 50.4 mg/kg, which is more than
in other Russian experimental sites — Tyumen, Novosibirsk,
and Chelyabinsk (44.1-44.8 mg/kg). In Kazakhstan, the
average grain Zn content of wheat varieties was 37.3 mg/kg
in Karabalyk and 26.8 mg/kg in Shortandy. Significant dif-
ferences on the grain Zn content among the varieties indicate
the possibility of breeding improvement of wheat on this trait.
On average, for all sites, for two years of research, the highest
grain Zn content was revealed in varieties Novosibirskaya 16
(49.4 mg/kQg), Silach (48.4), Line 4-10-16 (47.2), Element 22
(46.3), and Lutescens 248/01 (46.0 mg/kg). In the conditions
of Omsk, variety OmGAU 100 (63.7 mg/kg), and in Shor-
tandy, under less favorable conditions, variety Lutescens 443
(39.7 mg/kg) were distinguished. These varieties should be
included in the hybridization program for the improvement
of wheat grain Zn content.

The main contribution (38.7 %) to the variability of the
grain Zn content was made by soil and climate conditions of
the region (the ‘Location’ factor). Significant influences of
the ‘Genotype’ factor — 8.0 %, and the “Year’ factor — 13.5 %
were revealed. There was no correlation between grain
Zn content and yield, the correlation between grain Zn and
protein content was revealed in Tyumen (-0.3 and -0.4). The
potential opportunities for production of wheat grain with
a high Zn content, which will be in demand for production of
bread and pastry with functional properties, were identified
in Western Siberian region.
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