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UTILIZING INDUCED MUTAGENESIS
IN KAZAKHSTANI WHEAT BREEDING

Abstract. Mutagenic effect of physical factors and chemical substances (aziridine or ethylene imine, nitro-
socthylurea, nitrosocthylencurea) leads to increase of the spectrum of hereditary variability for breeding purposes,
which however is not studied in full extent. Ecological study of anthropogenic factors action leading to disruption of
certain links between chemical elements and their combinations, raise of heavy metals concentration in soil,
facilitate examination of mutagenic and toxic properties of heavy metals. Increase in wheat yields by improving its
genotype is one of the most urgent problems of agriculture and economy. Atpresent, using traditional methods of
selection and genetic studies, such as backcross selection, distant hybridization, and experimental mutagenesis,
increased efficiency of obtaining genetically modified and improved forms of wheat [1-5]. Heavy metals are defined
as metals having a density higher than 5 g/cm’. Of the total 90 naturally occurring elements divided into three clas-
ses by the degree of their threat, 53 are considered heavy metals and few are of biological importance. Accumulation
of heavy metals such as cadmium (Cd) in the environment is now becoming a major cause of environmental
pollution. Toxic metals can inactivate proteins, shifting metal cofactors, blocking active centers or causing allosteric
changes. Besides, large number of those possesses ability of inducing mutagenic changes, tumors and causing
macroscopic changes. Molecular mechanism of heavy metals toxicity is not completely understood. Cd is non-
essential element that negatively affects plant growth and development, released into the environment by power
stations, heating systems, metal working industries or urban traffic, which has high cumulative effect with almost no
biodegradation. In plants it affects such processes as stomata opening, transpiration and photosynthesis, conse-
quently chlorosis, leaf rolls and stunting are the main symptoms of Cd toxicity in plants accompanied by root
browning, leaf red-brownish discoloration. It can also reduce the absorption of nitrate from root to shoot by
inhibiting the nitrate reductase activity in shoots. The negative effect of Cd on plant growth was accompanied by an
increase in dry to fresh mass ratio in all organs. Several researches have suggested that an oxidative stress could be
involved in cadmium toxicity, by either inducing oxygen free radical production, or by decreasing enzymatic and
non-enzymatic antioxidants [6-9]. On the other hand, the use of induced mutagenesis showed high efficiency in the
production of forms with high yield, quality bakery, lodging resistance, modified plant height and resistance.
Moreover, this paper is an attempt of summarizing results performed by our group in this direction.
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Introduction. Plant breeding requires genetic variation of useful traits for crop improvements.
Chemical (base analogs, alkylators, ICR-compounds), physical (gamma rays, X-rays, ion beam) or
biological (viruses, bacteria) agents can induce sudden heritable changes occurring in the genetic
information of an organism not caused by genctic segregation or genetic recombination. Mutation bree-
ding involves the development of new varieties by generating and utilizing genetic variability through
chemical and physical mutagenesis [4]. Qualitatively new forms, such as dwarf mutants in wheat and
barley, ultra-fast mutants in barley, resistant to fungal diseases of forms of plants, high-leasing and highly
productive mutants serving as progenitors of new high-yielding varicties are obtained by chemical
mutagenesis [3, 5]. However, obtaining mutants and their study — is only the first stage of selection work.
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It is possible to use hybridization in selection of mutations. More important is the use of mutants in
hybridization to obtain positive transgressions. Preparation of mutants and their use for hybridization
requires the study of genetic nature of emerging changes, which is crucial for the selection of effective
mutagens with specific action, and to broaden and deepen understanding of the nature of wheat evolution.
Mutants having complex morphological, physiological and biochemical changes affecting economically
valuable properties can be further used to locate genes that determine the trait followed Intervarietal
replacement of chromosomes [11]. Isogenic lines are convenient objects for many biological and
agricultural experiments. Main advantage of these lines is high genetic similarity among themselves and
with the control line, which allows estimating the contribution to the formation of crop marking
characteristics and applying them as effective donor marker signs. One of the possibilities to create new
varieties with economically valuable traits, and primarily in the direction of selection on productivity and
disease resistance to wheat rust, and their improvement in economically valuable attributes is the method
of hybridization. Interspecific hybridization in wheat breeding to leaf rust resistance requires use of 7. #i-
mopheevii. In order to overcome hybrids sterility methods facilitating the gene transfer from distant wheat
species have been recently developed [10]. Some of them are based on the methods of chromosome
engineering, others on methods of genetic control of meiotic recombination, third on the methods of
genetic engineering. However, to obtain mutants and study them - this is only the first stage of the
selection work. More important is the using mutants in the hybridization to obtain positive transgressions.
Hybridization gives possibility to better use of mutations in wheat breeding. Obtaining of mutants and
using them for hybridization require the study of the genetic nature of appearing changes, which have
great importance for the selection of effective and specific action of mutagens, and for extension and
deepening of understanding the nature of wheat evolution. The aim of our work is the obtainment of
mutants with agriculturally valuable traits, distant and interspecific wheat hybrids and their breeding
analysis. We have found that the treatment of seeds with CdCl; induces changes in wheat, which are
expressed in the appearance of the first generation (M1) of powerful plant with productive breeding and
valuable traits - elongated ears, larger grains, grain weight with the main spike, 1000 grain weight, etc.
These plants have the characteristics of the initial variety, but on a number of quantitative traits superior
control options. Signs of altered forms stably transferred to the M2 generation - M4. In this regard, it was
of interest to study the effect of 0.01% aqueous solution CdCl, the variability of quantitative indicators of
internal anatomical structures of wheat.

Materials and methods. Spring soft wheat Kazakhstanskaya 126 variety (Triticumaestivum L. var.
ferrugineum Al.), a series of its monosomic lines and such varieties as Nadezhda, Kazakhstanskaya 4 and
Shagala served the objects of the current research. Kazakhstanskaya 126 variety was developed at Kazakh
SRI of Agriculture and crop production by crossing soft wheat Lutescence 47 with the local variety
Kozhebiday and subsequent two-time selection. Isogenic lines of Avocet variety by Yr genes, 7'
timopheevii species. Wheat grains of Nadezhda and Kazakhstanskaya 126 varieties were processed by
phosphoric acid (H;PQO.) in 5-10% aqueous solutions. For that different concentrations of phosphoric acid:
0.01; 0.1 and 0.5% were tested. Wheat grains were then incubated in a solution of appropriate con-
centration.

M1 and M3 mutants obtained in the process of CdCl, 4 varieties of soft wheat of local selection —
Shagala, Kazakhstanskaya 3, Zhenis, Lutescens 32 served the objects of the study. The modified plants
subsequently laid in the form of lines (A-1, A-2). During the experiment, we used following methods:
cytogenetic, hybridological, statistical and morphological.

Cytological studies were carried out at press time preparations using a microscope LOMO Mikmed-1.
Genetic analysis of F; hybrids and F, conducted qualitative and quantitative traits of wheat. Statistical
analysis was limited to the determination of the arithmetic mean and its error of the analyzed quantitative
traits and to determine the reliability of the difference between the arithmetic means using the Student's t
test (t), a genetic — finding a significant value ¥2 [12]. Accounting of chromosomal abnormalities in MI,
Al and AIl of meiosis was performed on temporary acetocarmine preparations under the microscope
MBI-3. The representativeness of research result was provided an adequate sample size - 60-100 plants.

Results and their discussion. Genetic analysis of mutant wheat. Chemical mutagenesis in plant
selection is used as an effective method to enhance the variability of the starting material. In the world
literature there is sufficient information about the creation of commercial varicties, which derived from
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experimental mutagenesis. To use the selected mutants in selection process is necessary to examine their
genetic nature. For this, in genetic research are using two methods: analyzes and reciprocal crosses.

Analyzing cross. In order to establish the nature of any mutational change by variables usually used
carrying reciprocal crosses between the original form and receiving on the basis of its mutant subsequent
analysis of the hybrids F;. In our studies in M2 generation plants modified in a number of quantitative and
qualitative characteristics was preserved the properties displayed in M1. To establish the homo and
heterozygous genotype of mutant plants was carried out analyzing cross with an initial variety. Mutant
forms with signs of anthocyanin coloration of the stem, pubescent leaf surface, lengthening with spike
crossed with an initial variety of Kazakhstanskaya 3 [13]. In BC1 splitting signs to change and corres-
ponds to the normal ratio of 1:1, and in F; is 3:1 (32 = 1.89). Similar results were obtained with the mutant
varieties of Shagala with coloration of the stem and leaf axils by anthocyanin. Hybrids BC1 and F, were
observed splitting on the grounds of lengthening the stem and normal nodes in the ratio of 1:1 and 3:1,
respectively, which indicates that the heterozygous nature of the mutant and monogenic inheritance of this
trait. In contrast, cleavage by productive tillering, length and density of the spike in BC1 corresponded to
3:1, and a F; population of 15:1, 13:9 and 3:7, respectively. This shows that symptoms of mutant lines are
inherited by a polymer, and complementary mechanisms of epistatic interactions non-allelic genes. This
shows that the reaction of plants for the chemical compounds depends on the genotype of wheat

Table 1 — Genetic analysis of F, and BC, hybrids by crossing mutants with variety Kaz. 3

The ratio of altered (modified) and normal plants
Characteristicsofmutants
BC, F,

LINE 1
The length of the spike 27:25 1:1 0.06 188:57 3:1 0.40
Beardlessspike 32:29 1:1 0.04 168:48 3:1 0.89
Anthocyaninsstem 10:13 1:1 0.20 126:32 3:1 1.89
Pubescencesheet 8:10 1:1 0.20 112:28 3:1 1.87

LINE 3
Crankedstem 22:20 1:1 0.90 118:31 31 1.38
Tilleringofplants 45:13 3:1 0.20 120:5 15:1 1.14
The length of the spike 45:18 3:1 0.42 223:51 13:3 0.003
Anthocyanin color of sheet leaves 19:23 1:1 0.38 99:29 3:1 0.26
The thickness of the spike 33:31 1:1 0.06 85:54 9:7 1.38

Further studies had shown that the arising changes in M1 by the elements of productivity of the
varieties Kazakhstanskaya 3, Shagala appeared in subsequent generations M2 — M6. It was proved to
conduct reciprocal crossing, where the modified attributes are inherited independently from direction of
the crossing. Phenotypic variation of plants was accompanied by a violation of the process of meiosis.

Cytological analysis of mutant plants M2. Chemical mutagens because of its ability to induce a
higher frequency of mutations are used in many countries around the world to create a breeding material.
Chromosomal aberrations and violation of cell division during meiosis is one of the major test for
mutagenicity of various influences. The most notable in this regard is a meiotic cell division, especially in
subjects such as wheat, having a large number of hard identifiable chromosomes. Moreover, violations,
reaching the meiotic division, are more likely to be transmitted to the next generation. Mutant plants
generation M2 percentage of damaged cells into MI meiosis was 35, and at anaphase Al and All -
20,which indicates a significant reduction in percent disorders cells compared with mutant plants M1
(64% Al and 68% - A II) [14]. Violation of phenomenon is cytomixis — the transition of contents to
neighboring cells, M1 amounted 20-30% of all the studied cells, while M2 the percentage of such cells
decreased to 7-9%. So, the percentage of abnormalities in mutant forms of Kazakhstanskaya 3 variety in
M2 was 55%, in contrast, violation that noted in generation M1 - 90-95%.
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The same decrease in the percentage of violations observed by mutants of varieties Zhenis, Lutescens
32 and Shagala. In Al and AIl, as well as observed in exercise book some minor violations as a lagging
chromosome fragments on the pole, bridge, asynchronous division. Bare cells were occasionally observed
[14].

Cytological analysis of mutant plants M3. To characterize meiosis in mutant lines M3 and iden-
tification monosomic, disomic plant in F1 hybrids with the mutant P1, seen 1080 cells. The results of
cytological analysis of mutant plants M3 are shown on Figure 1. As seen in Figure 2 the proportion of
cells with pyknosis mutants M3 line L1of Kazakhstanskaya 3 variety was 0.29; mutant of variety Zhenis -
0.10; Lutescens 32 - 0.23; line - L3 variety Shagala - 0.21 compared with impaired cell M1 (respectively).
The proportion of cells with univalents was respectively: 0.19; 0.009; 0.16. So, in the older generation of
mutants (M3) the variety Kazakhstanskaya 3 and Shagala, selected for practical selection, the proportion
of cells with impaired in M1 meiosis is much reduced with mutants like M1 and M2.Violations in meiosis
M2 plant from the above varieties have the same character as the M1 plants in meiosis. Typical violations
of mutant progeny plants M1-M3 were pyknosis; offset spindle metaphase I; availability univalents,
polyvalent of micronuclei in exercise books; asynchronous cell division in Al [14-15].

Comparative study of the effect of different concentrations of phosphoric acid has shown that 5% is
set as the optimum concentration of the substance to study the ontogeny and cell division activity of root
meristem of wheat germ. Effect of chemical compounds has been considered previously in studies of
different directions. However, the genetic basis of variations in plant re-action to the action of these
compounds has not been studied. Below is the data for the study of reactions of treated grains under
laboratory conditions (Table 2).

Table 2 — Study of cell division and aberrations in anaphase of mitosis

Mutagenandits concentration, Total number Aberrations The average percentage
% of analyzed cells of affected cells
Kazakhstanskaya 126
Control 750 5 0.66+0.01
H;P0O, 0.1% 750 8 1.00+0.01
Hs5PO, 0.01% 750 11 1.40+0.01
H5P0,0.5% 750 29 3.80+0.40
Nadezhda
Control 750 3 0.40+0.01
H5PO, 0.1% 750 14 1.86+0.02
HsPO, 0.01% 750 17 2.26+0.01
H5P0,0.5% 750 37 4.9+0.04

The treated grains were sown in test sites. Pheno-logical observations showed that high level of mono
phosphorus (5%) leads to a weak mutagenic effect, while its 0.1% concentration contributes to the devel-
opment of the biomass. Weak mutagenic effect of 5% concentration is apparently linked to a strong acidi-
fication of pH. This is proven by some aberrations of chromosomes in mitosis and meiosis disturbances in
plants treated with H;PO,. Mitosis in mutant plants was accompanied by a massive stick-ing of
chromosomes (pyknosis) and offset spindle of metaphase plate (Figure 1).

Mutagenic effect and its importance in the breeding are determined by the results of the mitotic
activity and the nature of the aberrations in cell division. They allow us to determine the degree of varia-
bility in plants obtained by the action of chemical and physical factors.

The inducing activity of a specific phosphoric acid concentration (5%) on grain germination, cell
division and aberrations in mitosis of meristematic cells of test options compared with control obtained by
the action of H;PO, was studied. The action of the different concentrations of the chemical compound
(H;PO,) was observed within the plant ontogeny. Thus, 0.1% H;PO, concentration has a minor deviation
(1.00 £ 0.01) on the normal course of mitosis compared to control (0.66 =0.01) [17].




ISSN 2224-5308 Cepus buonoeuvecxas u meouyurexas. Ne 1. 2018

. - ’ [ . a™ ——
% . ‘J“l‘ i . v g Y}

A TR “hndc V. =

Figure 1 — Mitosis of mutant plants, Figure 2 — Sticking of chromosomes in plants,
ditelocentrics are indicated by arrow (x40) treated with phosphoric acid (x40)

Structural analysis of elements of productivity isogenic lines revealed three lines — IL-Hg, IL-BgHg
and IL-Pc, differing significantly by increase of productivity indicators of the spike and 1000 grain weight
in comparison with control. Isogenic line IL-Hg with hairy spike can be morphologically well tested
during the heading stage and has more saturated color of glume compared to the control. Indicators of
spike productivity and weight of 1000 grains of the line IL-Hg was significantly higher than such in
control (Table 3).

The length of the spike averaged 13.0 £ 0.2 cm. with the number of spikelets counting 20.0 = 0.4,
The number of grains in the main spike counts 63.2 = 1.0 with a weight of 2.9 + 0.1 g. Grain is medium
size, oval with shallow groove. The average value of the weight of 1000 grains was 48.1 £ 14 g, in
comparison with control —44.7+ 0.7 g.

Isogenic line IL-BgHg has a hairy, black ear. The median length of the spike in IL-BgHg line was
13.1£0.1 cm. The number of spikelets on average counts 20.0 + 0.1. the number of grains 65.4 + 0.2,
which was significantly higher than control. Grain size is medium, the groove is not deep. The weight of
1000 grains in line IL-BgHg significantly exceeds such in control counting 49.7 + 0.3 g (P<0.001).
Observed increase in spike productivity indices in lines IL-BgHg and IL-Hg can possibly be associated
with the presence of a dominant allele of glume pubescence Hg in these lines. Isogenic line IL-Pc is cha-
racterized by the purple color of straw. The length of the spike in line IL-Pc in average is 12.5 + 0.5 cm.
Number of spikelets 19.6 = 0.2, number of grains 63.2 + 1.0. Weight of grain from the main spike in
average is 2.7 £ 0.1. Major grain has articulate groove. The weight of 1000 grains in line IL-Pc is 48.4 +
0.6 g, deviation from control is significant under at P<0.001. The in-crease in the average weight of grain
from isogenic line IL-P¢ is confirmed by the improved grain filling. This can possibly be associated with
the increase in productivity of photosynthesis, due to the intensification of this process in anthocyanin
containing plants.

Table 3 — Elements of productivity of spike of morphologically marked isogenic lines

Productivity of the main spike
Variety/line Length of spike, | Number of spikelets, | Number of grains, | Weight of grain, Weight of
cm pe. pe. g 1000 grains, g
Kaz. 126 12.2+0.1 19.0+0.3 51.7+1.6 2.4+0.1 44.7+0.7
IL-Hg 13.04£0.2%** 20.04+0.4%* 63.2+1.0%** 2.9+40.1%** 48. 141 4%*
IL-Pc 12.5+0.5 19.6+0.2 63.241.0%%* 2.740.1% 48.4+0 6***
IL-BgHg 13.140.1%** 20.0+0.1%** 65.4+0.2%** 3.040. 1% 49.74+() 3%**
Deviation from control is significant under * P<0.05 ** P<(.01 *** P<0.001.
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Earlier upon action with 0.01% aqueous solution of cadmium chloride as a mutagen on the variety
Kazakhstanskaya 3 and Shagala mutant lines: L1, L2 and L3 were selected. Mutant forms have long
spikes, elongated glumes, glassy large grain, anthocyanin coloration of the stem and leaf axils evelets, as
well as the high weight of 1000 grains. Several lines were higher and thicker culm, thickening and
lengthening of the stem nodes, increased productive tillering. These selection and mutant forms of the
important features, firmly inherited from generation to generation (M1-M6). In this regard, one of the
objectives of this study is to localize genes respon-sible for economic-valuable signs of mutant forms. It is
known that the e¢longation glumes spike was positively correlated with elongated grains. This fact is a
direct proof of the high productivity of the ear mutant form Al. Under natural conditions, when
intraspecific hybridization to obtain such form is rarely possible. Therefore, before using a mutant in order
to hybridization it was necessary to genetically examine this property of wheat using the method of
chromosome engineering. To carry out this work obtained F; hybrids seeds using a variety of monosomic
lines Kazakhstanskaya 126 in the amount of 22 crossing combinations. Comparative monosomic analysis
of the hybrids on the basis of extension glume will be held study of F; offspring based on harvest of 2013.
Identification of mono- and disomics of Kazakhstanskaya 126 variety served as pre-requisite for this work [17].

Interspecific hybridization. Tetraploid endemicspecies 7riticumtimopheeviiZhuk. (genetic formula
AtAtGQG) is characterized by a unique gene pool controlling resistance to many diseases of wheat.
Creating and intensive involvement in the selection process of wheat donors with effective Lr-resistance
genes transmitted from wild relatives could significantly expand its genetic basis for one or the other
economically valuable traits. High performance pollinating (up to 90 spikes per hour) by native pollen
permitted analysis of the actual compatibility of the initial parental forms. Table 4 shows the results of

cross-species hybridization.

Table 4 — Fertility of reciprocal hybrids of distant hybridization

Number of
# Combination of breeding i ) Pe_rcentage
pollinated flowers folded grains of grain folding, %
Soft wheat xT.timopheevi
1 Fo (T .timopheevixNadezhda) 190 119 62.63
2 Fy (NadezhdaxT. timopheevi) 72 11 15.28
3 Fo (T timopheevi x x-2780) 150 61 40.67
4 Fo (®-2780 x T.timopheevi) 56 6 10
5 Fy (32 shortst. x7T.timopheevi) 56 0 0
Soft wheat xT.dicoccum
1 Fo (T. dicoccumxNadezhda) 282 181 64.18
2 Fy (NadezhdaxT.dicoccum) 156 41 26.28
3 Fo (T.dicoccum x x-2780) 150 71 4733
4 Fo (x-2780 x t.dicoccum) 130 14 10.77
5 Fo (T'dicoccumx 32 shortst.) 32 17 53.12
6 Fy (32 shortst. xT"kiharae) 33 0 0
Soft wheat xT.kiharae

1 Fo (T kiharaex Immune1498) 84 34 40.47
2 Fo (Immunel498 xT kiharae) 108 12 11.11
3 Fo (T kiharae x xk-2780) 32 17 53.12
4 Fo (x-2780 x T kiharae) 102 17 16.66
5 Fo (T kiharae x 15/20977) 18 8 44.44
6 Fo (15/20977 x T.kihara) 118 14 11.86
7 Fy (T.kiharae x Nadezhda) 50 29 58
8 Fy (NadezhdaxT. kiharae) 52 10 19.23
9 Fo (USA18 xT kiharae) 48 4 8.33
10 Fy (T.kiharaex USA18) 22 12 54.54
11 Fo (T.kiharaex USA19) 24 12 50
12 Fo (USA19 xT kiharae) 82 23 28.05

— ) ——
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Hybrids with T. timopheevii. Experimental datashown in Table 4 suggests that the hybridization with
different wild cultures of wheat species is successful. However, tying of grains in various combinations
ranges from 0 to 64.18%. Apparently, the percentage depends on the genotype of variety from which
samples were taken for cross-breeding, as well as from the crossing direction. Thus, the percentage of
successful crosses of T. timopheevii with soft wheat is relatively high in the case, when the wild form is
taken as the parent form. Depending on the number of successfully pollinated spikes the number of hybrid
progeny grains varies. Compatibility level of 7. timopheevii with soft wheat variety Nadezhda is relatively
high, and the average is about 62.63%, k-2780- 40.67%, and the percentage of backcrossing luck in
hybrid progeny plummets 15.28% and 10%, respectively. F; hybrids (7. timopheevii to x-2780) of 150 —
61%, and 56 from the reciprocal mating pollinated flowers ensued only 10% of the grain.

Hybrids with T. dicoccum. F, hybrid offspring with wild species 7. dicoccum with soft wheat was
similar to the results of previous combinations produced with 7. timopheevii. It is interesting to note that
in this case the percentage of luck is much higher than, those combinations where variety Nadezhda
served as a father. Thus, from 282 pollinated flowers luck percentage was 64.18%, and in the reciprocal
crosses from 156 pollinated flowers tie a percentage of grains appeared 26.28%. Percentage of luck in
direct (7" dicoccum x k-2780) crossed with the sample to 2780, amounted to 47.33% and -10.77% in
reverse [17].

Hybrids with T. kiharae. Hybrids of wheat with 7. kiharae, less productive than the hybrids with the
previous combinations. However, in this case, there is a sharp drop in interest luck compared with those
combinations where the parent form is taken 7. kiharae. For example, the percentage of good luck in the
forward mating ranged from 54.54% to 40.47% and 28.05% from reverse to 8.33%. This variety of
indicators can be explained by the genotype — by environmental conditions for growing plants.

Thus, the study of reciprocal hybrids F;, obtained by crossing wheat with wild species — 7. fimo-
pheevi, T. dicoccum, revealed clear differences in the percentage of grain formation. In plants, a hybrid
combination with 7. timopheevi, T. dicoccum and T. kiharae cytoplasm wheat, under which the mother
plants as soft wheat has been used, the percentage of luck somewhat lower compared to the hybrids,
which served as the parent form of wild species. Hence, one can adopt clearly that the use of the wild-type
form as maternal genomes increases compatibility than in the opposite mating. For hybrids derived from
crosses with 7. fimopheevi soft wheat characteristic heteroplasmic condition: simultancously present
copies of the wild (the parent) and wheat (paternal) types [17]. Moreover, interspecific hybrids showed
high resistance to fungal diseases. However, the instability of the genome of interspecific hybrids requires
backcrossing, continuous monitoring of the number of chromosomes in the hybrid offspring and
identifying of stable irtrogressive lines with 42 chromosomes.
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KACAH/JbI MYTATEHE3 /I
KA3AKCTAHJBIK BUJAW CETEKIUACEIHAA KOJTJIAHY

AnHotamust. Ou3ukanslk (aKTOpIAPIBIH MYTATCHAIK 9CEPl XKOHE XMMUSUIBIK 3aTTHIH IUBIFY TErl (MBICANBL,
A3WPUINH, STHICHUMHAH, HUTPO3OMETHIMOYCBHHA, HUTPO303THICHMOUCBHHA) CEICKIMSIIBIK MAKCATTa TYKBIM Kya-
JAyIIBUTBIK ©3TCPTIITIKTIH 6CYIHE ANBIN KEJICl »KOHE OJAPIBIH TOJIBIFBIPAK 3EPTTENYiH Tamam eredi. AHTOpoIo-
TeHAIK (PaKTOPIAPABIH SKOJIOTHUIBIK SCEPIHIH 3ePTTeyl, Oeurimi Oip XUMISLIBIK 3JEMEHTTECP apachlHAArbl Oaiina-
HBICTApbl MCH KOMOMHAIHATIAP OY3bIIBICHIHA AIBII KEJIC ANIaThIH, TOMBIPAKTAFHI 4y BIP METANAAP KOHICTPALHSICHIHBIH
JKOFApIIaybIHA, ayBIP METAIBIH MYyTATCHIIK JKOHE TOKCHHIIK KyPaMbIH TAHBII OLIyTe BIKNAT €T

Il'eHOoTHIITI XaKcapTy apKpUIbl OMIAH OHIMAIIITIH apTTHIPY AybUI INAPYANIBUIBIFBIHAA KOHE SKOHOMMKAIA
MaHBI3IBI Moceneepaiy Oipi Oomsmm TaObuiamer. Kasipri ke3me CENCKIMSUIBIK JKOHC TCHOTHKAJBIK 3CPTTCYICPIiH
JOCTYPIIL OMICTEPiH KOJIJAHY, MBICANBI, KAHBIKTBHIPY B IMAFBUIBICTRIPY KYPTI3y, ANMaK Oy TaHAACTBIPY KOHC IKCIC-
PUMCHTANbAl MyTAarcHE3, TCHETHKANBIK TYPJICHIIPIIICH >KOHC OMTAMIBIH >KAKCAPTBUFAH TYPIH ANy THIMALIITIH
apTTeIpamsl [ 1-5]. AysIp METAIIap 5 T/CM’ JKOFAPHI THIFBI3IBIKTAFE METAIAP PETIHAC AHBIKTATAIBL

Bapmeirel TaburarTa TadburaH 90 37EMEHT, OJIAPABIH KAyill JopeskeciHe Kapal yII CHIHBINKA OOiHTEH, 53-i
aybIp MCTAIAAP, Al ONMAPABIH KeHOIpeyaepi OMOMIOTHAIBIK MAHBI3FA HE. AYBIP MCTAIIAPABIH KHHAKTATY bI, MBICATBL,
xaamuii (Cd) KopImaraH OPTAaHBI JTACTAYABIH HETI3ri ce0e0i OOITBIT TAOBLIATIBL.

ToxcuHAI MeTaMAAp AKYBI3AAPIbI OCICCHOIPS amambl, OCICCHAI OPTAIBIKTApABl OJOKTAyFa HEMECE AJLIOCTC-
pHsUIBIK e3repictepre cedenm Oomaasl. COHBIMEH KaTap, OJAPIBIH KOIIILTrT MyTareHAl e3repicTepii TyIbIpyFa
KabineTTi, icikTep MEH MaKPOCKOIMSIIBIK ©3repicTepre oKeneai. Ayblp METAIIAPAbIH TOKCHH/II MOJICKY TAJBIK MeXa-
HU3MI TOJBIFBIMCH aHBIKTaIMaFaH. Cd — SKiHIm ACHTCHOCTI 37CMCHT, 6CIMIIKTCPIIH 6CYIHC JKOHC JaMYBIHA TCPIC
acep erexi. Koprmaran oprara 01 3MCKTP CTAHIHAIAPHI apKBUTBHI OOJICHEI, KBUTY KYHCIICPi, METALT 6HICY HEMECE
TPAHCTIOPT KOBFAJBICTAPHI APKBLIBL, iC JKY31HAE OMOAETPAdaLIsIChI3 JKOFAphl KYMYJLITHBTIK acepre ue. OciMaikrepre
OJI THIHBIC ANy JKOHC (DOTOCHHTC3 CHAKTHI MPOLICCTEPIC 9CCp CTeal, KypaMbIHAA YKOFAPHI MOIIICPICTI KAaMHUH Oap
OCIMIIKTE YKAIBIPAKTBIH XJIOpO3bl OAHKanambl, OJAPABIH INECTTEPl KBI3BUI-KOHBIP TYCTi, JKOHE 6CY KAPKBIHBIHBIH
TOMCHICY1 MCH TaMBIP KyHecine 3msaH kenripeai. Cd-ain Tepic ocepi OapibIK OpraHgapaa Kyprak >KOHC JKaHA Mac-
CaHbIH apTybIMEH Oipre 'kypeai. bipHeme 3epTreyaep TOTBIFY CTpecTi KaaMui TOKCHHALMITIHE OaiiiIaHBICTHI HEMECE
HHIYKIWSA apKBLTBI OTTETIHIH €PKiH PaIUKAIIAPBIHBIH IMai1a 00IybIMEH, ()ePMECHTATHUBTI skoHE (DepPMCHTATHBTI EMEC
AHTHOKCHIAHTTAPIBI A3aHTy apKBLIBIOOIYBI MYMKIH CKCHAIITIH KepceTTi [6-9]. EKiHIm sKaFbIHAH, CATIANBIK ACTHIKTHI
TYP ajly1a MHAYLMPICHICH My TarcHE31 TaiAaIaHy >KOFapFbl THIMAUTIKTI KepceTTi. by Makana ocel OareiTTa 01311H
TOTIICH ATBIHFAH HOTHYKCIICPAiH KUBIHTHIFEI OOJIBI TAOBLIATBL.

Tyiiin ce3aep: ceneKkuus, XUMISUIBIK My TaTcHe3, OMJaiIbIH H30TCHAl A IMACTHIPBLUIFAH JIMHHUSCHL
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Kadeapa MoKy TApHOH OHOIOTHH U TCHCTHKH,
Kazaxckuii HannOHATBHBIM YHUBEPCHTET UM. anb-Dapadbu, Amvarsl, Kazaxcran

NPUMEHEHUE HCKYCTBEHHOT'O MYTAI'EHE3A
B CEJIEKIIUA KASAXCTAHCKOMU NINEHUIIBI

MyTarennoe AcHcTBHE (DH3MUCCKUX (PAKTOPOB M BEHMIECTB XUMHYCCKOTO IIPOUCXOMKACHHS (K YHCIY MOCICTHUX
OTHOCSITCSI, HANIPHMED, A3MPHAMH, STHICHHMHH, HUTPO30OMCTHIMOYCBHHA, HUTPO303THICHMOYCBHHA) MPUBOIUT K
VBEIMYCHHIO CIIEKTPA HACICACTBEHHON M3MECHUMBOCTH /IS CENCKIMOHHBIX IIeTCH U TpeOyeT ux Oojee JeTaabHOTO
n3yueHus. VMccaenoBaHue 3KOJOTHYESCKOTO BIIMSHHSA AHTPOIIOTCHHBIX (DJAKTOPOB, CIMOCOOHBIX NMPHBOIWTH K HApPY-
[ICHUIO OIPEJCJICHHBIX CBA3CH MEXIY XMMHYCCKMMH 3JICMEHTAMH W X KOMOWHAIMSAMHE, MOBBHIIICHHIO KOHIICH-
TPALUH TSHKEJIBIX METAJUIOB B IOYBE, CMIOCOOCTBYIOT MOHMMAHHMIO MYTATCHHBIX H TOKCHYCCKHX CBOHCTB TSKEIBIX
METAJIOB.

[ToBbImeHEE YPOKANHOCTH MIICHAUIBI MyTEM YIIYUIICHHUS €€ TCHOTHIIA SIBJICTCSA OJHON M3 HAMOOJIee aKTyallb-
HBIX MPOOJIEM CEIBCKOTO XO3MHCTBA M SKOHOMHKH. B Hacrosimee BpeMs1 HCIONB30BAHHE TPAJUIHOHHBIX METOIOB
CCJICKIMA W TCHETHYCCKMX HCCICAOBAHWH, TAKMX KAK IPOBEICHHE HACHIMAIOIMX CKPEIIMBAHUM, OTAANCHHAS
THOPUIN3AIMS W SKCICPUMCHTANBHBIM MyTarcHe3, HOBBIIACT 3(D(HEKTHBHOCTD IOJYUCHHS TCHETHUYECKH MOAU(H-
IUPOBAHHBIX W VIAyYIICHHBIX ()OPM mIICHUIH [ 1-5]. Tsokempie METa Bl ONPEACIAFOTCA KAK MCTAJLTBI C TNIOTHOCTHIO
BBIIIE 5 T/CM’.

W3 o0mero uncna 90 BCTPCHAIOMIMXCH B MPHPOAC SICMCHTOB, PA3ACIICHHBIX HA TPH KIACCA MO CTCIICHH WX
VIPO3bL, 53 CUMTAFOTCS TSDKEIBIME METAIIAMH, 3 HEKOTOPBIC M3 HUX HMCIOT OMOIOTHYECKOE 3HaUeHHe. HakornieHne
THKCITBIX MCTAJUIOB, TakuX Kak kaamuil (Cd) B HAcTOAIMEE BPEMsA CTAHOBHTCSH OCHOBHOM NMPHYHHON 3arpsA3HCHHA
OKPY KAIOLICH CpeabL

TOKCHYHBIC METAIBI MOTYT HHAKTHBHUPOBATH OCIKH, 3aMEINAs METALTMYECKHE KO(aKTOphI, OIOKHPOBATH
AKTHBHBIC IICHTPBI WIH BBI3bIBAThH AIUIOCTEPHUCCKHEC M3MECHEHH. KpoMe Toro, MHOTHE M3 HHX OONAmaroT Ccriocod-
HOCTBIO MHAYLMPOBATh MYyTATCHHBIC W3MCHCHHS, OIYXOJH W BBI3BIBATH MAKPOCKOIMYECKHE M3MEHECHUS. MOJEKy-
JSIPHBIM MEXaHH3M TOKCHYHOCTH TSDKCIIBIX METAIUIOB B MOJIHOH Mepe He packpsIT. Cd — BTOPOCTEIIEHHBIH 37IEMCHT,
OTPHUIATEIPHO BIMIOIIMH HA POCT W Pa3BUTHE PACTCHHH. B OKpY)Karomyr0 cpeay OH BBIJCISIETCS 3IEKTPO-
CTAHIMSAMH, CHCTEMAMH OTOIUICHHS, HPH METAIUIO00PAOdOTKE WM ABIKCHHH TPAHCIIOPTA, OONANACT BHICOKUM
KyMyJSITHBHBIM 3()(eKToM, nmpakTHiuecku 0e3 Omonerpasaruu. B pacTeHHMIX OH BIMSIET HA TaKWE MPOLECCHI, KaK
OTKPBITHE YCTBHI[, JBIXaHHC M (DOTOCHHTE3, MPH IOBBILNCHHOM COACPKAHMU KAIMIS Y PACTCHWH HAOIMIOmaeTCA
XJIOPO3 JMCThEB, KPACHO-OYPHIH IIBET UX KPACB M MPOXKUIOK, 3a/ICPKKA POCTA M MOBPESKACHUS KOPHEBOW CHCTEMBI.
OH TarKe MOKET NMPHBECTH K YMCHBIICHHIO aOCOPOIMM HUTPATa OT KOPHS A0 MoOera ImyTeM HHTHOMPOBAHMS aK-
THBHOCTH HHUTpATpeAykTa3bl B moOerax. OrpumarensHoe siausaue Cd Ha poOCT pacTeHWH CONPOBOMKIACTCS
YBEJIMYCHUEM COOTHOILICHMS CYXOHM U CBEKEH MacChl BO BCEX OpraHax. HeCkoJIbKO HCCIEAOBAHUN MOKA3AIH, YTO
OKHCIIMTEIbHBIH CTPECC MOKET OBITH CBS3aH C TOKCHYHOCTBIO KAAMHS JHOO IyTeM HHAYKIMH OOPa30BAaHUS CBO-
OOMHBIX pPAAMKANIOB KHCIIOPOAA, AMOO0 IyTEM YMCHBHICHUS ()CPMCHTATHUBHBIX M HE()CPMCHTATHBHBIX AHTHOK-
cunautos [6-9]. C apyroit CTOPOHBI, HCIOJIb30BAHIE HH/Y IHPOBAHHOTO MYyTareHe3a MoKasaxo BBICOKYIO 3(P(PEKTUB-
HOCTb IIPH CO31aHUH (POPM C HMOBBINICHHOH YPOXKAWHOCTHIO, YIIyUIICHHEM XJICOOTICKAPHBIX CBOMCTB, H3MCHECHHBIM
POCTOM H COIIPOTHBIIEMOCTBEO pacTeHHH. JIaHHAS CTAThsI MPEICTABISIET COOO0 MOMBITKY 000OMICHHUS PE3YIbTATOB,
MOJTYYCHHBIX HAIIECH MPYNIONA B 3TOM HATIPABICHUU.

KimoueBsbie ¢/10BA: CENECKII, XHMIUCCKAN MyTarcHe3, H30TCHHbBIC 3aMCIICHHBIC THHUH MIICHAIBI.




