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INFLUENCE OF HEAVY METALS
ON THE DEVELOPMENT OF CORN VARIETIES

Abstract. Heavy metals are some of the most harmful chemicals in the environment today.

Today, many scientists believe that the main factor that negatively affects the plant in saline conditions is the
osmotic effect of salts. In conditions of soil salinity, the lack of plants causes dehydration of proteins, which
negatively affects the physiological and biochemical processes of plants.

Plants absorb heavy metals in different ways. It absorbs heavy metals from the soil through the roots and from
the air through the stomata of the leaves, mainly through dust.

The aim of the research is to study the influence of heavy metals on the physiological and biochemical
processes of growth and development of maize varieties.

The article presents the research results of the heavy metals influence on the elongation of seedlings and the
synthesis of photosynthetic pigments during the germination of maize varieties. It is obvious that heavy metals affect
the growth and plant development from the initial germination stage of corn kernels. The results of monitoring
various effects of heavy metals on photosynthetic pigments are also presented. In addition, the length of the above-
water and underground parts of the biomass, the ratio of dry weight to actual weight is the heavy metals effect on
plants. For example, the leaves turned dark green, the stems twisted, did not fully open and turned pink. Under the
influence of heavy metals, plant development, metabolism and photosynthesis are disrupted, as well as the normal
course of respiration and photosynthesis.

According to the results obtained, the impact of heavy metals on maize varieties significantly inhibits the
accumulation and growth of biomass. In particular, the processes of plant root growth are suppressed. Differences
in the tolerance of different varieties of heavy metals can be explained by their varietal characteristics and genetic
basis. Currently, there is a theoretical and practical interest in the identification of ion-resistant forms of heavy
metals, their ability to detect and reveal their nature, the development of ways to increase the impact and resistance
of heavy metals on plants. Formulating the results of the study, it was found that different heavy metals
concentrations (CuSO4 and CdSO4) negatively affect the growth of corn varieties. This can be seen from the tables
below (tables 1, 2, 3, 4).

Key words: maize varieties, heavy metals, CdSO4, CuSO4, germination, growth, biomass.

Introduction.The ecological situation in many regions of Kazakhstan is not critical. Scientific and
technological progress is accompanied by large-scale environmental pollution in violation of the existing
natural balance. Many regions of the country are polluted with gaseous, liquid and solid industrial wastes,
sulfates and heavy metals.

Today, the propagation of heavy metals in the environment is not only natural, but also
anthropogenic. These include mining, industrial waste, transportation, production of non-ferrous and
ferrous metals, indiscriminate use of fertilizers containing heavy metals and general urbanization.
Therefore, cleaning and preserving the environment from heavy metal ions is an urgent task. The physical,
chemical and biological methods for the restoration of a polluted environment are known [1,8].

Water deficiency and soil and air salinization in our republic is one of the most common abiotic
stresses that threaten the life of plants, suppress their growth and reduce productivity. Therefore, scientific
research on the creation of new varieties of anti-stress crops that increase their resistance is relevant [2].
Today, many scientists believe that the main factor that negatively affects the plant in saline conditions is
the osmotic effect of salts. In conditions of soil salinity, the lack of plants causes dehydration of proteins,
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which negatively affects the physiological and biochemical processes of plants [7.9]. Among cultivated
plants relating to different groups of systems, there are differences in the degree of salt tolerance.
Therefore, today, in addition to genetic and breeding methods, biotechnological methods are widely used
in the field of new scientific technologies to improve the production of corn [3].

Plants absorb heavy metals in different ways. They absorb heavy metals from the soil through the
roots and from the air through the stomata of the leaves, mainly through dust. Heavy metals come from
aqueous solutions by passive diffusion through the stomata and cuticle and active transport. The first signs
of the effect of heavy metals on plants are a growth rate reduction, a decrease in biomass [4].

A factor that affects the environment is called a stress factor. Plants are characterized by three phases
of stress: 1) initial response to stress, 2) adaptation, 3) exhaustion.

Determination of plant resistance to heavy metals depends on the amount of heavy metal, its duration
and resistance. Stress resistance of plants also depends on the phase of ontogenesis [5].

According to many researchers, the disintegration of heavy metals in plants decreases, especially in
general physiological processes, as well as the absorption of trace elements and nutrients, and enzyme
systems are disrupted. That is, plant growth rate reduces [6].

The aim of the research is to study the influence of heavy metals on the physiological and
biochemical processes of growth and development of corn varieties.

Object and research methods.The object of the study was corn varieties Turan-170, Turan-480,
Kazakhstan-435, Tauelsizdik-20 (ZeaMais). The solutions of copper - CuSO4 (CuSO4 + 5H20) and
CdS0O4 - (CdSO4 + 8H20) cadmium were obtained as heavy metals at different concentrations (3 mg/L,
Smg/L, 10 mg/L and 175 ml of distilled water H20 per 1 ml / container).

Cereals containing heavy metals in water, including corn, were grown and monitored to determine the
effect of CuSO4-copper and CdSO4-cadmium. The required number of grains from 4 varieties was
removed and purified by shaking it several times with distilled water. In addition, to clean the grain from
harmful microorganisms, corn seeds were soaked in a weak solution of potassium permanganate
(KMnO4) for 10 minutes and washed again with distilled water. Grains of corn varieties were placed in
containers with 50 concentrations of physiological solution of different concentrations and placed in three
replicates (D.V. Vaseleva, Z.M. Koloshina (1970).

The germination rate of the corn varieties was observed for 3, 5 and 7 days from the day of sowing.
Growth rate: germination is determined by the unit of growth, length and number of roots (D.V. Vaseleva,
ZM. Koloshina (1970). Distilled water was poured in the required amount daily for 14 days. After
14 days, the bioparametric parameters of corn varieties were determined in dependence on the elongation
of the underground and surface organs of the varieties and the accumulation of dry matter biomass
(G.V. Udovenko, L.A. Semushina, V.N. Sinelkinova (1976), chlorophyll-a, horophyll-b and carotenoids
involved in the process of photosynthesis (according to Holm - Wetstein's Formula) for each heavy metal.

Obtained data and their analysis.During the experiment, it was observed that heavy metals have
different effects on the germination rate of corn varieties, and the results of the study were presented (table 1,
figure 1). Looking at the quantitative data presented in the table, you can see some differences in the
germination rate of corn varieties.

Table 1 - Influence of heavy metals on the germination rate of corn varieties

Tauelsizdik — 20 Kazakhstan — 435 Turan — 170 Turan — 480
No. 3 day germination rate
CuSOy4 CdSOy CuSOy CdSO, CuSOy4 CdSOy CuSOy CdSOy
Observation 48+4,5 47+4,7 48+4,8 47+4,7 50+4.,9 49+4.8 49+4.8 50+4,8
3 mg/l 48+4.5 45+4.4 47+4.6 48+4,7 48+4.,4 49+4.8 48+4,7 48+4.5
5 mg/l 35+3.4 32432 31+£3,0 31+3,1 37+3,5 35+3,4 37+£3,5 30+2,9
10 mg/1 26+2,5 25+2.0 26+2,5 25425 27+£2,5 26+2.5 25423 26+2,5
5-day germination rate
Observation CuSO, CdSO, CuSO, CdSO, CuSO, CdSOy CuSOy4 CdSOy
48+4,6 48+4.7 50+4.,9 49+4.8 50+4,8 49+4.8 49+4.8 50+4,8
3 mg/l 48+4,7 49+4.8 47+4,7 48+4,7 47+4.5 48+4,5 48+4,7 49+4.5
5 mg/l 3645 35435 32432 3143 35431 33+3,2 37436 33+3,1
10 mg/l 26+2.5 26+2.5 27+£2.6 26+2,3 28+2.6 28+2.8 28427 27+2.5

—— 4) ——
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7-day germination rate
Observation CuSO, CdSO, CuSO, CdSO, CuSO, CdSO, CuSOy4 CdSO,
48441 48+4,5 48+4,6 49447 5044,7 49445 49+4,8 5044,8
3 mg/l 48+4,5 48+4,3 47445 48+4.6 47445 48+4.,6 49+4,8 49447
5 mg/l 36+3,2 3643,2 3243,1 3343,1 35434 34+3,1 37436 33433
10 mg/1 26+2,1 26+2,2 29+2.3 28+2.5 30+2,5 30+2,5 30+2,9 29+2.8

The analysis of the germination rate of corn varieties Turan-480, Turan-170, Kazakhstan-435,
Tauelsizdik-20 in solutions with different concentrations of CuSO4 and CdSO4 showed that the growth
rate of grains in a concentrated solution is 3 mg/l. CdSO4 was 3% higher in 3 days. Increased production
of Turan-170, Turan-480 in a concentrated solution of CuSO4 5 mg/l. In a concentrated solution of
CuS0O4 and CdSO4 10 mg/l, the germination rate after 7 days was lower than after 5 days, and the
influence of heavy metals began to appear. For example, on the 7th day, the growth of roots and stems
slowed down in seeds germinated on the 3rd day. We have seen that heavy metals have a significant effect
on the germination rate of corn varieties.

Figure-1 Conditions for growing varieties of corn under the influence of heavy metals.

In the table, the lowest seed germination rate was noted for the variety Tauelsizdik-20, and the highest -
100 and 97% - for the variety Turan-480. The first young crops in all studied varieties after 2 days,
germination increases after 3 days, and after 4 days the normal bark of the seedling begins to develop.
After 4 days, seed germination is 64.0-100%, depending on the variety. Since the seed yield depends on
the genotype, the yield does not change.

Table 2 - Influence of heavy metals on the growth of vegetative organs
of corn varieties (bioparametric indicators of 14-day seedlings)

Turan — 170 Kazakhstan — 435 Turan — 480 Tauelsizdik — 20
CuSO, Stem Root Stem Root Stem Root Stem Root
length length length length length length length length
(medium, (medium, (medium, (medium, (medium, (medium, (medium, (medium,
cm) cm)/pc.) cm) cm)/pc.) cm) cm)/pc.) cm) cm)/pc.)
Observation 18+1,7 19+1,8 17£1,6 20+1,5 21£2,0 23423 16£1,6 18+1,8
3 mg/l 15+1,5 10+1,0 12+1,2 5+0,5 16+1,5 17+1,6 12+1,2 11+1,0
5 mg/l 13+1,2 5+0,5 10+0,9 3+0,3 12+1,2 6+0,5 10£1,0 3+0,3
10 mg/1 8+0,7 1+0,8 6+0,5 0,3+0,03 7+0,7 3+0,3 6+0,5 0,8+0,09
CdSOy4 Turan — 170 Kazakhstan - 435 Turan — 480 Tauelsizdik — 20
Observation 18+1,0 15,5+1,5 14,4+1,4 17,9+1,6 20,4+1,9 233422 17,3£1,6 16,5+1,5
3 mg/l 16,5+1,5 10,95+1,0 12,8+1,2 11£1,0 16,8+1,5 17,7+1,7 11,3+1,1 5,9£0,5
5 mg/l 10,2+0,9 3,4+0,3 8,5+0,7 2,5+0,2 12,6+1,1 4,8+0,4 8,7+0,8 2,5+0,2
10 mg/1 7,4+0,7 0,4+0,004 7,6+0,6 0,3+0,01 7,6+0,7 0,440,004 5,9+0,5 0,2+0,02

—— 4] ——
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Comparative analysis of indices of vegetative organs of corn varieties CuSO4 and CdSO4 in solutions
of different concentrations showed that Turan - 170, Turan - 480 are resistant varieties. According to the
results of experiments by hydroponic screening in the laboratory, resistance of these varieties to heavy
metals was found.

Figure — 2 Influence of heavy metals on the growth of vegetative organs
of corn varieties (bioparametric indicators of 14-day seedlings)

Table 3 — Indicators of the resource intensity
of grain of 14-day seedlings of corn varieties

Turan— 170 Turan — 480 Kazakhstan - 435 Tauelsizdik — 20
CuSO4 Weight of Weight of Weight of Weight of
1 grain Dry/g 1 grain Dry/g 1 grain Dry/g 1 grain Dry/g
Observation 0,965+0,1 0,973+0,18 1,210+0,1 1,249+0,1
3 mg/l 1,298+0,1 1,125+0,2 1,423+0,2 1,533+0,3
5 mg/l 2,789+0,5 1,501+0,1 2,645+0,5 1,491+0,2 2,458+0,7 1,843+0,1 2,71240,4 1,897+0,2
10 mg/1 1,954+0,2 1,969+0,2 2,31540,1 2,389+0,1
Turan — 170 Turan — 480 Kazakhstan - 435 Tauelsizdik — 20
CdSO, Weight of Weight of Weight of Weight of
1 grain Dry/g 1 grain Dry/g 1 grain Dry/g 1 grain Dry/g
Observation 1,097+0,14 0,985+0,11 1,064+0,1 1,185+0,08
3 mg/l 1,202+0,16 1,17940,15 1,497+0,1 1,24340,9
5 mg/l 2,765+0,5 | 1,864+0,16 | 2,454+0,5 1,754+0,18 | 2,57440,7 | 1,821+0,2 | 2,589+0,4 | 1,750+0,1
10 mg/l 2,001+0,15 1,943+0,16 2,226+0,4 2,245+0,3

The indicators in the table above had a significant impact on the
grains of corn varieties under the influence of various concentrations.
According to the results of the study, initially 1 grain of the variety Turan-170 weighed 2.712 g, and
after 14 days the stock consumption was 2.389 g, that is, only 10% of the reserves were used up. This is
due to the fact that the action of heavy metals passes through the veins, which significantly slows down
the growth of roots.
In general, the influence of CuSO4 and CdSO4 on corn varieties was determined in the course of
experimental work. Experiments with CdSO4 also showed that corn varieties grew and germinated much
faster, but after 12 days of growth, the plant's stems and leaves began to fold on their own. In CuSO4,
plant growth was slow, but no changes were observed in plant stems and leaves.
Exposure to heavy metals has been found to negatively impact the growth of corn varieties. It is
noticed that these values increase with increasing concentration of heavy metals. Such indicators can be
seen in the table above (table 3).

—— 4) ——

consumption of raw materials in




ISSN 2224-5227 2.2021

Table 4 - Effect of different concentrations of copper sulfate
on photosynthetic pigments in 14-day-old seedlings of corn varieties

. Leaf pattern, Carotenoid Chlorophyll-a Chlorophyll-b
Corn varieties me. (on average) ug / ml (average) (average)
& ge)ne pg / ml pg / ml

CdSO,
Turan -170
Observation 20 3,3+0,3 14,85+1.4 15,12+1,4
3 mg/l 20 2,63%0,2 14,91+1,3 12,5+1,1
5 mg/l 20 1,81+0,1 13,7+1,3 7,4+0,7
10 mg/1 20 1,41+0,1 13,48+1,3 9,59+0,9
Turan -480
Observation 20 4,78+0,4 15,78+1,3 21,71£2,1
3 mg/l 20 3,89+0,3 14,79+1,3 17,33+1,6
5 mg/l 20 3,48+0,3 14,84+1,3 16,08+1,5
10 mg/1 20 2,92+0,2 14,05+1,3 14,18+1,4
Kazakhstan-435
Observation 20 3,41+0,3 14,98+1.4 15,97+1,5
3 mg/l 20 4,74+0,4 14,21+1,4 20,74+2,0
5 mg/l 20 4,75+0,4 14,5+1,4 20,89+2,0
10 mg/1 20 4,47+0,4 14,9+1,4 19,72+1,9
Tauelsizdik-20
Observation 20 4,87+0,4 14,56x1 .4 21,2421
3 mg/l 20 3,57+0,3 14,8+1,4 18,99+1,8
5 mg/l 20 3,54+0,3 14,03+1,3 15,87+1,5
10 mg/1 20 3,24+0,33 14,09+1,3 14,75+1,4
CuSO,
Turan -170
Observation 20 3,2+0,3 15,1+1,5 17,54+1,7
3 mg/l 20 2,52+0,2 14,21+1,4 12,89,5+1,2
5 mg/l 20 1,02+0,1 12,9+1,1 8,1+0,8
10 mg/1 20 1,1+0,1 13,01+1,2 10,01+0,9
Turan -480
Observation 20 4,56+0,4 14,0114 22.23+2,1
3 mg/l 20 3,12+0,3 15,21+1,3 17,017
5 mg/l 20 3,98+0,3 14,0+1,4 16,85+1,6
10 mg/1 20 2,02+0,2 13,12+1,3 14,01+1,4
Kazakhstan-435
Observation 20 3,89+0,3 15,1014 16,07+1,6
3 mg/l 20 4,81+0,4 14,5614 21,45£2,0
5 mg/l 20 4,65+0,4 14,0+1,4 21,01+2,0
10 mg/1 20 4,01+0,4 13,9+1,4 19,98+1,8
Tauelsizdik-20
Observation 20 5,0+0,4 15,16+1,5 22,0+2,0
3 mg/l 20 4,23+0,4 14,89+1,4 19,16£1,9
5 mg/l 20 3,89+0,3 14,52+1,4 16,05+1,6
10 mg/1 20 3,45+0,3 14,20+1,4 15,36+1,5

According to the data of the 14-day experiment, the amount of pigment in the concentrations of
CuS0O4 and CdSO4 is clearly traced during the synthesis of chlorophylls -a and -b, quinoids, compared
with the control variant in varieties Turan-170, Turan-480, Tauelsizdik-20. For example, the control
variant Turan-170 is 3.3 pg/ml, 3 mg/l -2.63 pg/ml, 5 mg/l-1, 81 pg/ml, 10 ml/l -1.41 pg/ml, carotenoids
and the synthesis of chlorophylls -a and -b decreases depending on the concentration. Kazakhstan-435,
varieties of the control variant increase the synthesis of chlorophylls -a and -b, carotenoids of various
concentrations (3.89 pg/l -4.01 pg/l).

At the maximum concentration of the experiment, it was observed that the leaves of the varieties of
corn turned dark green, the stems curled, they did not fully open and turned pink.The data obtained show

—— 43 ——



Reports of the National Academy of sciences of the Republic of Kazakhstan

that the effect of heavy metals is enhanced by an increase in their concentration in the aquatic
environment. Moreover, the sensitivity of plants to heavy metals is closely related to the amount of
biomass they accumulate in the growing medium.

Conclusion. In conclusion, the study showed that the growth of corn varieties was inhibited by
different concentrations of heavy metals (CuSO4 and CdSO4). As the concentration of heavy metals
increased, the growth rate of plants slowed down and the relations between plant organs changed. They
led to a gradual decrease in biomass and negatively affected the consumption of stocks. Under the
influence of heavy metals, plant development, metabolism and photosynthesis, as well as the normal
course of respiration and photosynthesis are disrupted. Summarizing the results of the study, we can
recommend the use of corn varieties such as Turan-170, Turan-480, characterized by a high accumulation
of biomass for the selection of corn for resistance to heavy metals.

A. M. Turap6aeBa ! A. H. Kaanesa', E. A. Kipmi6ae32, M. P. Baxtbi6aeBa’

1Ka3au< YITTHIK KBI3J[ap TEearoTUKaNbIK YHUBEPCUTETI, ATIMaTh Kanackl, Kazakcran;
28n—<Dapa6H aTBHIHAFBI Ka3aK YITTHIK YHUBEPCUTETI, ATIMaThl Kanackl, KasakcraH;

AYBIP METAJIJAPJIABIH )KYT'EPI COPTTAPBIHBIH JTAMYBIHA 9CEPI

AnHoTanus. byrinri Tanga ayelp Metangap KopluaraH OpTalarbl €H 3UAHIBI XUMHSUIBIK 3aTTaplIblH KaTapblHa
JKaTazpbl.

Kasipri yakpITTa FaspIMaapIsiH Kebici copTaHmaHy JKarJaiibIHIa eCIMIIIKKE Kepi ocep eTeTiH HeTisri (akrop
0O0JIBIN TY3AaPAbIH OCMOTHKAJIBIK dCepi e caHaiiibl. TOmBIpaKThIH COPTaHIAHY JKaFaaiiblHAa ©CIMIIKTepAe naiiaa
OoJIFaH TaNIBLUIBIK OCIMIIKTEPAIH (H3HOIOTHSIBIK-OMOXUMHSIIBIK TPOLECTEpiHE Kepi ocep eTeTiH OeNOoKTapIbIH
AcruapatanusaCbiH TyFbI3a/bl.

OciMIIKTep ayblp MeTalAapIbl SPTYPJIi JKOJIapMeH KaOwbuimainpl. TomblpakTaH ayblp MeTajJapAbl TaMblp
apKbUIBI CIHIpIIl, ayaJaH >Karblpak yCThHLANAPhl apKbUIbI, HETI31HEH IaH-TO3aH apKbUIbl KaObLIIai b1

3epTTey JKYMBICTBIH MaKCaThl ayblp METaJIAApJIbIH JKYrepi COPTTApbIHBIH OCiN-IaMybIHIaFbl (PU3HOJIOTHSIIBIK-
OMOXMMUSITBIK TIPOLIECTEPIHE dCEPiH 3EPTTEY.

Maxkamaga >Xyrepi COPTTapbIHBIH OHIM-eCcyiHe OCKIHAEPHiH Y3aphIl ocyi MeH (POTOCHHTE3MIK IMHTMETTepPIiH
CHHTE3IENyiHEe ayblp MeTaJIapIblH ocepi JKalIbl 3epTTey HOTIDKENEpl KeNTipiireH. Ayblp Meranmap XKyrepi
JIOHNIEPiHIH 6Hy Ke3eHiHeH OacTan eciMIIKTepAiH ecil-JaMyblHa Ja ocep eTeTiHAIri aikpiH Oaiikanran. COHBIMEH
KaTtap, ayblp MeTajuapAblH (OTOCHHTE3/IK MUTMEHTTEpre OpTYpJi ocepiH Oakbulay HOTHIXKENEpl YCHIHBUIFAH.
CoHpaii-ak 6uomacca >kep YCTi )KOHE Kep acThl MYIIENEpiHiH Y3bIHABIKTAPHI, KYPFaK CaJIMaKThIH HAKThl CaJIMaKKa
KaThIHACBI OCIMIIKTEPAET] aybIp METALAAP/IBIH dcepi OOJIBIN TaObUIaAbl. MbICANbI KaIbIpaKTapbl KOO )KaChLT TYCKE
Oosutklll, cabarbl IIMPATHUIBIN, TOJIBIK allbUIMaybl, KbI3FBUIT TYCKE alHaIFaHbl OalKangbl. AybIp MeTalaplblH
ocepiHeH OCIMJIKTIH Jamybl, MeTaboIu3Mi MeH ()OTOCHUHTE3/iH OEJICeHALIrl, COHPIMEH KaTap, THIHBIC aly MEH
(hoTocuHTE3 IPOLECIHIH KAJIBINTHI KYPYl Oy3bUIa/IbI.

AJBIHFaH HOTHKeNep OOMBIHINIA XKYTepi COPTTapblHIa ayblp METAJJIBIH 9CEpiHEH OnomMacca KMHAybl MEH OCyiH
alTapNBIKTall TeXeini. Ocipece OCIMIIK TaMBIPIAPHIHBIH ©CYy TPOLECTepl TeXenmi. Op TYpii COPTTapAblH
TO3IMAUTITIHACTI alfBIPMAIIBUTBIKTApP, ayBIp METAapFa OJAapIbIH COPTTHIK €pPEKIIeTIKTepi MEH JKOHE TeHETHKAIBIK
HeTi3iHe OalaHBICTBUIBIFBIH aHFapyra Oomampl. Kasipri ke3me ayplp MeTanmap HOHBIHA Te3IMIi TYpIIEpiH,
TO3IM/IUIITIH aHBIKTAY )KOHE OHBIH TaOMFATHIH aiia Oily, eCIMIIKTEpPre ayblp METALAAP/bIH dCEPIH JKOHE TOIIMIIITH
apTTBIPy JKOJIAPBIH JKacay TEOPHSUIBIK XKOHE IMPAKTHKAIBIK KbI3BIFYIIBUIBIK TYFBI3albl. 3epTTeY HOTHXKENEpiH
TY)KBIPBIMJIAl KeJle )Kyrepi COpTTapbIHbIH ocyine aybip MetangapabiH (CuSOy4xone CdSOy4) opTypiil KOHIEHTpaLus-
JIapbIHBIH Kepi acep eTeTiHir aHbIKTam sl Tomenne kepeetinren kecrenepe (1, 2 , 3, 4-kecrenep) kepyre 00J1a/1bl.

Tyiiin ce3mep: xxyrepi coprrapsl, aybip Metangap, CdSO,4, CuSO,, eHy, ecy, bromacca.

A.M. JTurap6aesa ', A.H. Kanunena', E.A. KnpumﬁaeBz, M.P. BaxTbi6aeBa’

'Kasaxckuii HAlMOHATBHBIH JKEHCKHH Ie1arornueckuii yuusepenter, AnMarsl, Kasaxcran;
*Kasaxckuil HalMOHAIbHBI yHHBepeuTeT MMeHn Anb-Dapabu, Anmarsl, Kazaxcras;

BJIMAHUE TSAKEJBIX METAJIVIOB HA PASBBUTHE COPTOB KYKYPY3bI

Annoranusi. CeroHs TSDKEIBIC METAJUIBl SBISIOTCS ONHAMH U3 CaMBIX BPCIHBIX XMMUYECKHUX BEIICCTB B
OKpY>Karouieit cpeze.
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CeromHs MHOTHE YUCHBIE CUHTAIOT, YTO OCHOBHBIM (DaKTOPOM, HETATHBHO BIIHSIONINM Ha PACTECHHE B YCIIOBHSIX
3aCOJIEHMS, SIBISIETCS OCMOTHMYECKOE JeiicTBHE conel. B ycinoBusIX 3aconeHMsl HOYBBl HENOCTATOK PacTeHUU
BbI3bIBA€T 00E3BOXKHMBaHHE OEJIKOB, YTO OTPUIATENILHO CKa3blBaeTCs Ha (DU3UOJIOTHUYECKHX U OMOXMMHYECKHX
MpoIieccax pacTeHUuM.

Pacrenus IMO-pa3sHOMY IMOTJIOIAOT TAXKEIIbIC MCTaJlJIbI. OH MOTJIOACT TAXKEIIbIE MCTAJlJIbl U3 IMOYBBI 4YE€pPE3
KOPHHU 1 M3 BO3JyXa 4€peE3 YCThUlla JIUCTHLEB, B OCHOBHOM Y€PE3 MbLIIb.

LIGJ'H) HCCICAOBAaHUA - HW3YYUTH BJIMAHHUC TSKCIBIX METAJUIOB Ha (1)1431/10n0r14qe01<ne u 61/10ngqu01<14€
MIPOLIECCHI POCTA U PA3BUTHSI COPTOB KYKYPY3bl.

B craTbe mpeacTaBiIeHBI pe3ybTaThl HCCIICIOBAHUS BIMSHUS TSHKEIBIX METALIOB HA YIUIMHCHUE TIPOPOCTKOB U
cuHTe3 (POTOCHHTETHYECKHX NMUTMEHTOB TPHU MPOPACTAHHU COPTOB KYyKypy3bl. O4EeBHIHO, YTO TSDKEIBIE METALIBI
BIIHSIFOT HA POCT U PAa3BUTHE PACTCHUH C HAYABHON CTAaIUH MPOPACTaHUA KyKypy3HBIX 3epeH. Taroke mpeacTaBIeHb
pe3yIbTaThl MOHUTOPHHTA PAa3IHIHBIX YPPEKTOB THKEIBIX METAUIOB HAa (POTOCHHTETHYECKHE NMUTMEHTHL. Kpome
TOTO, JAJMHA HAJBOJAHOM W TOA3EMHOM 4acTeil OMOMAcCHl, OTHOIIEHHE CYXOro Beca K (DaKTHYEeCKOMY BECY - 3TO
BJIMSIHHE TSDKEJIbIX METaJUIOB Ha pacteHusi. Hampumep, JUCThsl CTall TEMHO-3€JICHBIMHU, CTEOIM 3aKPYTHIIUCh, HE
PaCKpBUTUCH ITONHOCTBIO WM CTall PO30BBIMH. [log BO3ZEHCTBHEM TSDKENBIX METAUIOB HApyIIaeTcs pPa3BUTHE
pacTeHuil, MeTaboM3M U (POTOCHHTE3, a TAKKE HOPMAJIbHOE TEUCHUE JBIXaHUs U (POTOCHHTE3A.

CornacHO MOJYYeHHBIM pe3yJbTaTaM, BO3JCUCTBHE TSKENbIX METAUIOB HAa COpPTa KYKYpy3bl 3HAUUTEIBHO
TOPMO3UT HAKOIUIEHHE U POCT OHOMacchl. B 4acTHOCTH, IO/aBIIAIOTCS IPOLIECCHI POCTa KOpHEH pacteHnid. Pazmnyms
B MEPEHOCHMOCTH PAa3IIMYHBIX COPTOB TSKEIBIX METAUIOB MOXKHO OOBSCHHUTH UX COPTOBBIMH OCOOCHHOCTSMHU U
TeHEeTUYeCKOW OCHOBOW. B Hacrosimiee BpeMsl CyIIECTBYET TEOPETHUUECKHM U MPAKTUYECKUl HHTEpec K
UACHTU(DUKAIIMA UOHO-YCTOHYMBBIX ()OPM TSDKENBIX METAIUIOB, UX CIOCOOHOCTH OOHAPYKUBATh M PACKPHIBATH HX
MpHUPOLY, pa3paboTKe cIIOCOOOB MOBBIMICHHUS BO3IACHCTBUS M YCTOHYMBOCTH TSDKEJIBIX METAJUIOB HAa PACTECHUS.
DopmyHpyst pe3yabTaThl UCCIEIOBaHUSA, OBUIO 0OHAPYKEHO, YTO PA3NYHBIC KOHIEHTPAINH TKEIBIX METAaJUIOB
(CuSO4 m CdSO,) oTpHnATeNBHO BIHAIOT Ha POCT COPTOB KYKYpy3bl. DTO MOXHO YBHICTH W3 TaONHIl HIDKE
(Tabmumer 1, 2, 3, 4).

KuaroueBble ciioBa: copra KyKypy3sl, Tshkenbie Metaiuibl, CdSO4, CuSO4, BcxoxkecTs, poct, Ornomacca.
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