ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Ne2 (87). 2021 https://bb.kaznu.kz

IRSTI 68.35.31 https://doi.org/10.26577/eb.2021.v87.i2.05

A.M. Digarbaeva* , A.N. Kaliyeva , Nurmanbek Aidyn

Kazakh National Women’s Teacher Training University, Kazakhstan, Almaty
*e-mail: asema_1985 kz@mail.ru

STUDY OF THE HEAVY METALS EFFECT
ON THE PIGMENT SYSTEM OF CORN VARIETIES

Heavy metals are metals that are toxic to organisms when released into the environment in large
quantities. In recent years, this term refers only to the following elements: lead, zinc, cadmium, mercury,
molybdenum, manganese, nickel, tin, cobalt, titanium, copper, vanadium.

The article deals with the current pollution of the environment, as well as the use of measures to
combat plants that are resistant to this herd. In addition, the adaptation degree of plants to changes in
environmental factors, new environmental conditions depends on the composition of chlorophylls and
carotenoids, which are the main photoreceptors of photosynthetic cells. However, the exposure degree
of plants to the pigment complex depends on the type of plant, growth conditions, the composition and
concentration of toxicants and the duration of their action. An overview of the research presented in the
general article shows that heavy metals have a significant negative impact on plant growth. The study of
plants, especially those used for food purposes, is very important in the maximum prevention of these
processes. In this regard, the purpose of the study was to determine the effect of heavy metals on the pig-
ment system of corn varieties. We observed the effect of heavy metal ions on photosynthetic pigments,
resistant and intolerant varieties of 14-day-old corn varieties (Turan-170, Turan-480, Kazakhstan-435,
Tauelsizdik-20). During the experiment, we concluded that the varieties Turan-170, Turan-480, Tauel-
sizdik-20 are resistant to corn in terms of the content of carotenoids, chlorophyll-a, chlorophyll-b pig-
ments in corn varieties, and Kazakhstan-435 is intolerant. This is because Kazakhstan-435 may have
varietal characteristics.

In general, heavy metals have a negative effect on plants, reduce the content of chlorophyll and ca-
rotenoids, cause shifts in the structure of chloroplast membranes, which negatively affects the intensity
of photosynthesis.

Key words: chlorophyll, carotenoids, pigment, heavy metal, photosynthesis, cadmium, corn, plants.
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JXKyrepi copTTapbIHbIH, MMIMEHT XYieciHe
aybIp METaAAAPAbIH, dCEpiH 3epTTey

Ayblp MeTaApap — KOpLUaraH opTaFa Ker MeALlepAe TYCKEHAE OpPraHM3MAEpPAi YAaHAbIPATbIH
MeTaAAap. byA TepMMHMEH COHFbl XXbIAAAPbI TEK KaHa MblHAAAM SAEMEHTTep: KOPFaCbiH, MbIpbIL,
KaAMMM, CbiHar, MOAMOGAEH, MapraHel, HUKeAb, KaAaibl, KOGAAbT, TUTAH, MbIC, BaHaAMIM aTaAaAbl.

Makanaaa Kasipri TaHAQ KOpLlUaraH OpTaHblH, AaCTaHybl, COHbIMEH KaTap OCbl OpTasa TO3IMAIAIK
GepeTiH eCiMAIKTEPMEH ayblALLIAPYaLIbIAbIK AAKbIAAAPBI APK bIAbI KYPECY LapaAapbiH KoAsaHy. CoHbIMeH
KaTap ecCiMAIKTep KopllaFaH opTa (haKTOPAAPbIHbIH, ©3repyiHe, >KaHa 3KOAOTUSIAbIK, >KarAanAapra
GenimaeAy Aspeskeci (DOTOCUHTETMKAABIK, XacyLlaHbIH Heri3ri (hoTopeuentopAapbl GOAbIN TabbIAATbIH
XAOPOMUAAAEP MEH KApPOTUHOMATApPAbIH KypamblHa 6aiiAaHbICTbl. AAalAa ©CIMAIKTEPAIH MUIMEHT
KeLleHiHe acep eTy ABpeXKeci eCIMAIKTIH TypiHe, ecy >KaFAaAapbliHa, TOKCMKAHTTAPAbIH, Kypambl MeH
KOHLIEHTPALMSICbIHA YK8HE OAAPAbIH, 8Cep eTy y3aKTbiFbliHa 6aiAaHbICTbI. XKaArbl MaKaAasa KeATIpiAreH
3epTTey >KYMbICTapblHa LLOAY >Kacay 0apbiCbiHAQ, ayblp METAAAAPAbIH ©CIMAIKTEPAIH ecin-pamybiHa
anlTapAbIKTank Kepi acepi 6arkaraabl. Ocbl NpoLecTepAiH 6aprHUJa AAAbIH aAyAQ, acipece asblK-
TYAIKTIK MaKcaTTa namaasaHblAaTbiH 6CIMAIKTEPA 3epTTey eTe 3eKTi 60AbIN Tabbiraabl. OcCbl opaiaa
3epTTey XKYMbICbIHbIH MaKCaTbl — XKYrepi COPTTapbIHbIH, MUrMEHT XKYHeCiHe ayblp METAAAAPAbIH, 8CepiH
aHbiKTay. 14 KyHAIK >xyrepi coptTapbiHa (TypaH-170, TypaH-480, KasaxcraH-435, Tayeaci3aik-20)
ayblp MeTaA WMOHAAPbIHbIH, (POTOCMHTE3 MUIMEHTTEPiHEe BCepiH, TO3IMAI >XeHe Te3iMCi3 copTTapAbl
Garkaablk. Texipnbe >Kyprizy 6apbiCbiHAQ >KYyrepi CopTTapblHAQ KapaTMHOMA, XAOPOQMAA-a,
XAOPOOUAA-D  MUIrMEHTTepiHiH KepceTkiwTepiHi MeAwepi 6ombiHwa TypaH-170, TypaH-480,
ToyeAci3aik-20 copTTapbl Te3imai, KasaxcrtaH-435 copTbl Te3iMCi3 aAen TyXblpbiIMAaAbIK. Cebebi
KasaxctaH-435 copTTbIK, epekLieAiri Ae 6OAYbl MYMKIH.
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N3yyeHne BAUSIHUSA TSDKEAbIX METAAAOB
Ha NMUIrMEHTHYI0 CUCTEMY COPTOB KYKYpY3bl

TsKkeAble MeTaAAbl — 3TO METaAAbl, KOTOPblE€ TOKCMYHbl AAS OPraHWM3MOB MpW MOMaAaHMM B
OKPY>KaloLLylo cpeay B GOAbLUMX KOAMYECTBAX. B nocaeaHee Bpemsi 3TMM TEPMMHOM 0603HavatoTCs
TOABKO CAEAYIOLLME DAEMEHTbI: CBUHEL, UMHK, KAAMUIA, PTYTb, MOAMOAEH, MapraHel, HUKEAb, OAOBO,
KOBAAbT, TUTAH, MEAb, BaHaAWM.

B cTaTtbe paccmaTpurBaeTcs CoBpeMeHHOE 3arpsi3HeHWe OKpY KatoLLLer CpeAbl, a TakXKe NPUMeHeHne
Mep 60pbObI C paCTEHMUSIMU, YCTONUMBbBIMM K 3TON cpeae. Kpome Toro, cTeneHb aaanTaumm pacTeHni K
M3MeHeHNIM (DakTOPOB OKpPY>KatoLLLer CpeAbl, HOBbIM YCAOBMSIM CPEAbI 3aBUCUT OT COCTaBa XAOPOUAAOB
M KapOTMHOMAOB, KOTOPbIE SIBASIOTCS OCHOBHbIMW (hoTOopeLenTopamm (OTOCUHTETUYECKMX KAETOK.
OAHaKo CTerneHb BO3AEMCTBMS Ha PACTEHMS MUIMEHTHOIO KOMMAEKCA 3aBMCUT OT BMAQ pPacTeHus,
YCAOBMIA POCTA, COCTABA M KOHLEHTPALMM TOKCUKAHTOB U NMPOAOAKUTEABHOCTU UX AencTeus. O63op
WUCCAEAOBAHWI, MPEACTABAEHHbIX B OOLLEN CTaTbhe, MOKA3blBAET, UTO THAXKEAbIE METAAAbl OKa3blBAOT
3HAUUTEAbHOE HEraTMBHOE BAMSIHWE HA POCT pacTeHuit. M3yueHure pacteHunii, 0CO6EHHO UCMOAb3YEMbIX
B MULLEBBIX LEASIX, O4YE€Hb BaXXHO AAS MAaKCMMAAbHOM NPOMUAAKTUKM 3TUX NpoLeccoB. B cBg3u ¢ aTum
LIEABIO UCCAEAOBaHMS ObIAO OMPEAEAEHME BAUSIHUS TISKEABIX METAAAOB Ha MUTMEHTHYIO CUCTEMY COPTOB
KYKypy3bl. Mbl HaBAIOAAQAU BAMSIHUE MOHOB TSXKEAbIX METAAAOB HA (DOTOCUMHTETUYECKME MUTMEHTbI,
yCTOMUMBbIE W HerepeHOCKMMble copTa 14-AHeBHbIX copToB KyKypy3bl (Typan-170, TypaH-480,
Kazaxcrtan-435, Tayeacmsamk-20). B xoae akcnepuMmeHTa CaeAaH BbIBOA, 4TO copta Typan-170,
Typan-480, TayeAcn3amk-20 yCTOMYMBBI K KYKYpy3€e MO COAEP>KaHMIO KapOTMHOMAOB, XAOPO(DMAAA-],
MUrMeHToB XA0porAAa-b B copTax Kykypy3bl, a KasaxcraHn-435 — HeTeprnmmbl. ITO CBSA3aHO C TEM, UTO
KazaxcraH-435 MOXeT MMeTb COPTOBbIE XapaKTEPUCTUKM.

B ueAoM Ts>KeAble MeTaAAbl HEFaTMBHO AEMCTBYIOT HA PacTeHMSs, CHUXKAIOT COAEpyKaHWe XAOPO-
hMAAQ U KAPOTMHOMAOB, BbI3bIBAIOT CABUMM B CTPYKTYpe MeMOpaH XAOPOMNAACTOB, YTO OTPULLATEABHO

CKa3blBa€TCq Ha MHTEHCUBHOCTU CbOTOCl/IHTe?:a.

KAloueBble CAOBa: XAOPOMUAA, KAPOTUHOMA, MUIMEHT, TSXKEAbIM MEeTaAA, (POTOCUMHTE3, KaAMUHA,

KYKYpY3a, pacTeHusl.

Introduction

One of the main pollutants currently observed
in all natural environments is heavy metals. This
is partly due to the biological activity of metals. In
addition, they do not undergo transformation like
organic compounds, and are stored for a long time
when entering the biochemical cycle [1].

Contamination of the soil over the natural level
by Pb, Zn, Cr and Co could be one of the indica-
tors of anthropogenic environmental pollution. Fast
development of industry, continuously increasing
population, and intensification of road traffic are re-
garded as the foremost causes of ecosystem pollu-
tion in urban areas [2].

Heavy metals, such as cadmium, copper, lead,
chromium and mercury are major environmental
pollutants, particularly in areas with high anthropo-
genic pressure. Heavy metal accumulation in soils

is of great concern in agricultural production due to
the adverse effects on food safety and marketability,
crop growth due to phytotoxicity, and environmental
health of soil organisms. The influence of plants and
their metabolic activities affects the geological and
biological redistribution of heavy metals through
pollution of the air, water and soil. A common con-
sequence of heavy metal toxicity is the excessive
accumulation of reactive oxygen species (ROS) and
methylglyoxal (MG), both of which can cause per-
oxidation of lipids, oxidation of protein, inactivation
of enzymes, DNA damage and/or interact with other
vital constituents of plant cells. This review focuses
on effect of heavy metals on plant growth, yield and
their mode of toxic effects in plants[3].

In the case of certain eco groups of the environ-
ment, the highest concentration of heavy metals is
in the soil, which is primarily caused by the atmo-
sphere. Heavy metals often enter the atmosphere
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as dust that rises from the ground. Therefore, when
snow and rain fall from the atmosphere to the earth’s
surface, they often contain lead, cadmium, arsenic,
etc. elements. The main pollutants are power plants,
smelters, the oil industry, construction metals com-
panies and automobiles. Nitrogen, lead oxides, hy-
drocarbons, etc. are used during the operation of in-
ternal combustion engines. substances are released
and fall to the soil surface. In this case, after the
substances enter the soil, the substance enters the
circulation through the food chain.

Toxins accumulate in the soil, causing changes
in its chemical composition, which disrupts the uni-
ty of living organisms and the environment [4].

Common source of soil and plant contamination
with heavy metals is traffic [5].

Heavy metals are among the most serious en-
vironmental pollutants due to their high toxicity,
abundance and ease of accumulation by various
plant and animal organisms. Persistent increase of
heavy metals in harbour sediments can be attribut-
ed to the contribution of effluent from waste water
treatment plants, industries, mining, power stations,
agriculture [6]

Studied environmental risk assessment and re-
mediation of soils contaminated due to waste dis-
posal from tannery industries in Tamil Nadu and
Kanpur (India), [7].

The accumulation risk of heavy metals in soil
and vegetable crop irrigated with sewage water in a
specific area of Saudi Arabia [8]. The contaminated
soil effected by pollutants and toxic metals on ed-
ible plants irrigated by sewage water in their various
studies [9-10].

Heavy metals are metals that poison organisms
when released into the environment in large quan-
tities. In recent years, this term refers only to the
following elements: lead, zinc, cadmium, mercury,
molybdenum, manganese, nickel, tin, cobalt, tita-
nium, copper, vanadium. When these elements en-
ter the environment, they do not decompose in the
process of self-cleaning of ecosystems. They accu-
mulate in the soil, pass on to plants and then enter
the biological cycle. Biological chain: soil — plant
— man, soil — water — man and soil — atmospheric
air — are known to pass through the human body and
cause various diseases.

Many regions of the country are polluted with
gaseous, liquid and solid industrial wastes, sulfates
and heavy metals. Due to the high pollution level
of the environment with harmful substances, spe-
cial attention is paid to the study of their impact on
soil, water, air, damage and biological role. Large
amounts of various chemical compounds and heavy
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metals fall into the soil of the areas where the pro-
duction centers are located. Soil resources are one
of the most important prerequisites for life on earth.
However, we do not appreciate its true significance
and role. Soil is one of the components of the bio-
sphere, a biochemical environment for humans,
animals and plants, which is a very high energy re-
serve, a very important reserve of mechanisms of
self-cleaning processes that can balance the direct
and indirect effects of soil biota and humans. The
conditions necessary for the production of food for
humans and animal feed are created only through
the soil. Soil is a natural resource that cannot be ex-
changed for anything. To date, science has not yet
been able to find artificial material that can replace
soil. No method of growing plants without soil can
play the soilrole. Therefore, the most important is-
sue facing human society and still remains impor-
tant is to create the best conditions for the spontane-
ous regeneration and preservation of soil in the soil
formation process [11].

The accumulation of heavy metals in plants
depends on the specifics of each species. Studies
have shown that the amount of heavy metals in soils
and plants in the area close to copper smelting is
much higher than in the control area. The amount
of copper increases up to 12 times, and the amount
of other elements increase up to 2-5 times. In addi-
tion, the content of heavy metals other than zinc is
much higher in the soil than in plants. However, if
the amount of heavy metals in the soil increases by
2-3 times, their content in plants increases by 5-6
times. According to statistical analysis, there is a
direct correlation between soil and plants [12]. Mor-
phopatho genesis of leaves and all plants is observed
in the ventilated area of harmful residues. Damage
to the leaves is observed in the form of necrosis with
changes in shape and color, as well as chlorosis,
jaundice, loss of turgor, withering without discolor-
ation, falling without change or slight external dam-
age [13].

The presence of heavy metals in water degrades
their quality, which eventually affects human health
[14].

Industrial dust in heavily polluted areas also
has a significant negative impact on plants. Large
particles of dust (5-10 m / km) mechanically affect
the surface organs of plants. In addition to dam-
aging the buds, flowers, and leaves (cutting), the
dust can also damage the bark, causing it to crack
and peel. Peeled wood loses water in the body and
begins to dry out, the function of potassium is im-
paired, ie the viability of the whole plant organism
decreases [15].
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Heavy metals in the soil refers to some signifi-
cant heavy metals of biological toxicity, including
mercury (Hg), cadmium (Cd), lead (Pb), chromium
(Cr), and arsenic (As), etc. With the development of
the global economy, both type and content of heavy
metals in the soil caused by human activities have
gradually increased in recent years, which have re-
sulted in serious environment deterioration

The toxicity of heavy metals is manifested in
many ways when plant cells accumulate them at
high levels. Heavy metals can be divided into two
groups: redox active (Fe, Cu, Cr, Co) and redox in-
active (Cd, Zn, Ni, Al, etc.). The redox active heavy
metals are directly involved in the redox reaction in
cells and result in the formation of O2¢— and subse-
quently in H202 and *OH production via the Haber-
Weiss and Fenton reactions (Schutzendubel and
Polle, 2002). Exposure of plants to redox inactive
heavy metals also results in oxidative stress through
indirect mechanisms such as interaction with the
antioxidant defense system, disruption of the elec-
tron transport chain, or induction of lipid peroxida-
tion[16].

Recently, self-cleaning of ecosystems, even if
the influx of heavy metals into them has stopped,
is due to the excessive amount of metals that have
accumulated in the soil and are fixed in its stable
components.

Plants with weakened immunity due to natural
stresses are highly sensitive to anthropogenic pollu-
tion. When alfalfa is exposed to a solution contain-
ing zinc and cadmium, its growth slows down, caus-
ing symptoms of chlorosis and necrosis between the
nerves [17].

Metals cause a wide range of genetic changes.
One metal cell can damage several places. For ex-
ample, cadmium damages DNA molecules, destroys
lysosomes, inhibits DNA repair, disrupts the synthe-
sis of replication enzymes, changes the structure of
DNA. High levels of copper alter conformation and
stimulate DNA and RNA synthesis [18,19]. The re-
action of plant species to heavy metals is observed at
all levels of organization, i.e. at the cellular, organic
and population levels. At the cellular level, there is a
change in the activity of cell membrane damage as a
common stress associated with excess heavy metals.
At the organismal level, morphological and physio-
logical lesions are observed in individual parts of the
plant, i.e. necrosis of leaves, changes in shape, shoots
withering, plant growth slowing. In damaged leaves,
the covering tissue and mechanical tissue, the cell
layer of the epidermis is weakly developed and the
cuticle is thin, the full development cycle is disrupted
under the industrial pollution influence [20].

It can be concluded that, besides the anthropo-
genic pollution, which is reflected in the excessive
use of plant protection products and fertilizers, and
also the impact of air pollution from motor vehicles
in certain sections of the examined area, the domi-
nant influence on concentration of some examined
elements comes from geochemical composition of
parent material from which the soils were devel-
oped. [21].

Copper is a trace element necessary for plant
life. However, excessive accumulation of copper
in the plants body slows down the development
and growth of the root system, slow growth of
above-ground plants parts and pale leaf tips. As
a result of pathological changes caused by excess
copper, the yield of cultivated plants decreases
sharply [22].

Large amounts of cadmium have been found in
plants growing along highways. A similar situation
is observed in plants grown near industries that pol-
lute the environment with this toxicant. Accumula-
tion signs of excess cadmium are reddish-brown col-
or of the tips and tips of the plant leaves. The leaves
shrink or fall off, the plants growth slows down. If
the amount of cadmium in the soil exceeds 30 mg /
kg, it destroys plant life. Large amounts of cadmium
are released into the soil during the extraction and
processing of zinc ores [23,24]. Plant growth inhibi-
tion due to cadmium is due to the weakening of the
photosynthesis process. The presence of 96 mg of
cadmium in 1 kg of leaves reduces the growth rate
by 50% [26].

A review of the above research shows that heavy
metals have a significant negative impact on plant
growth. In the maximum prevention of these pro-
cesses, the study of plants, especially those used for
food purposes, is very important. In this regard, the
purpose of the study is to study the effect of heavy
metals on the pigment system of corn varieties.

Object and method of research

Object of research: varieties of corn (Zea mays):
Turan-170, Turan-480, Kazakhstan-435, Tauelsiz-
dik-20.

As heavy metals: copper — CuSO4 and CdSO4
— solutions of cadmium of different concentrations
(3mg/1,5mg/1, 10 mg /1) and 175 ml of distilled
water H20 were obtained in each container.

In order to determine the effect of heavy met-
als in water on the corn plant, copper -CuSO4 and
CdSO4-cadmium are grown, the required amount
of seeds from 4 varieties is taken for control and
cleaned several times with distilled water. In addi-
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tion, in order to clean the grain from harmful mi-
croorganisms, corn seeds are soaked in a solution
of potassium permanganate (KMnO4) for 10 min-
utes and shaken again with distilled water. Grains
of corn varieties are prepared in three versions in
50 pieces in containers filled with salt solution of
different concentrations. The germination ener-
gy was monitored for 3 days, 5 days and 7 days
from the date of sowing of corn varieties, and the
amount of pigment was determined for 14 days of
germination.

To obtain an alcoholic solution of pigments, 20
mg of leaf was crushed in a porcelain dish to obtain
a light and homogeneous mass. The precipitate was
poured into centrifuge tubes, shaken with 2 ml of
90% alcohol, and centrifuged for 7 minutes at 6-7
thousand revolutions. The liquid on the surface of
the centrifuge tubes was poured into a 10 ml test
tube and all the liquid in the test tube was made up to
the same volume, and the pigment content of this so-
lution was determined spectrophotometrically [26].
Chlorophyll concentration was determined by spec-
trophotometric analysis on a photometer-KFK-3,
chlorophyll “a” and chlorophyll “b” according to the
following Vernon formula.

C, ,=11,63*D,-2.39*D,,,
C_, 8=20.11%*D-5.18*D_

an A+xnB :6'45*D665+17'72*D649
where: C — a, b chlorophylls and carotenoid
concentrations mg / 1,

D-wavelengths 440.5; 649; 665 nm,

The amount of carotenoids was calculated
according to the Holm-Vetstein formula.

C,,,= 4.695D ,, -0.268C

440.5 (xi.atxib)

After determining the concentration of pigments
in the extract, taking into account the weight (mass)
of the test material and the volume of the extract, the
amount of pigments in the test material was deter-
mined by the following formula:

A=C*V/P*1000
where, the concentration of pigments obtained in

C-mg/1;
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Volume of V-pigment extract in ml;
A-mg / g weight of pigments in plant material,
P-weight of plant material / gram.

In the laboratory, the yield and growth energy
of corn varieties were determined 14 days after
planting.

Results and Discussion

In general, heavy metals have a negative effect
on plants, reduce the content of chlorophyll and ca-
rotenoids, cause shifts in the structure of chloroplast
membranes, which negatively affects the intensity
of photosynthesis [27].

Toxic effects of heavy metals on plants: disrup-
tion of growth processes, cell division, develop-
mental disorders and morphological structures; free
radical oxidation and lipid peroxidation, inhibition
of photosynthetic processes in plants and damage to
the photosynthetic apparatus [28].

Of great importance in the study of the state
of plants is the study of the amount of pigment
during photosynthesis and its ability to adapt to
changes in environmental conditions. Certain
indicators of the plant’s response to changes in
environmental conditions, the degree of their
adaptation to new environmental conditions, the
presence of the main photosynthetic photorecep-
tors in the cell, the amount of chlorophyll and
carotenoids [11].

The amount of pigment in the leaves obtained
from 14-day-old shoots of Turan-170 variety was
significantly lower than in the control variant (con-
trol 3.3>3 mg/g. 2.63>5mg/g. 1.81>10mg/g.
1.41). . It is obvious that the value of chlorophyll-a
depends on heavy metal ions, because the value of
chlorophyll-a began to decrease (control 14.85> 3
mg/g. 1491>5mg/g. 13.7> 10 mg / g. 13.48. >).
Chlorophyll-b was reduced compared to the control
version and at a concentration of 10 mg / g chloro-
phyll-b pigment 5 mg / g con. (control 15.12> 3 mg
/g 12.5>5mg /g 7.4> 10 mg/ g. 9.59). That is,
Turan-170 variety is resistant to heavy metal ions
(Figure 2).

The amount of pigment in the 14-day leaf
growth of Turan-480 was declining. Caratinoid,
chlorophyll a and b pigment levels decreased from
top to bottom with control values of 4.78> 3 mg /
> 3.89, 5 mg/ g>348, 10 mg/ g> 2.92. Due to
the action of heavy metal ions, Turan-480 is resis-
tant (Figure 3).
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Figure 1 — The course of experimental work to determine the effect
of heavy metals on the pigment system of corn varieties in the laboratory

Control. Turan- 170 3mg/g CdSO4 Smg/g CdSO4 10mg/g CdSO4

E carotenoid
E chlorophyll-a
O chlorophyll-b

Figure 2 — The effect of cadmium sulfate on photosynthetic pigments in 14-day-old seedlings of Turan-170.
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control Turan-480 3mg/g CdSO4

Smg/g CdSO4

10mg/g CdSO4

@ caratinoid

E chlorophyll-a
O chlorophyll-b

Figure 3 — The effect of cadmium sulfate on photosynthetic pigments
in 14-day seedlings of Turan-480.

251
20 % S
A \Y
f&” v \O)(w\
V )
15 a3
107
547
O_
Control 3mg/g CdSO4 Smg/g CdSO4 10mg/g CdSO4
Kazakhstan-435 B caratinoid
H chlorophyll-a
O chlorophyll-b

Figure 4 — The effect of cadmium sulfate on photosynthetic pigments
in 14-day seedlings of Kazakhstan-435 variety.

Pigment levels in the leaf samples of Kazakh-
stan-435 varied, the chlorophyll-b value increased
compared to the control version, because during the
experimental control, the leaves of Kazakhstan-435
variety began to turn yellow after 10 days, i.e. intol-
erance to heavy metal ions (Fig. 4).

The pigment in the leaves of the Tauelsizdik-20
corn variety decreased in the amount of carotenoids,
chlorophyll-a, chlorophyll-b (Figure 5).
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As can be seen from the data in the diagram, it
is clear that the photosynthetic pigments in the seed-
lings of corn varieties depend on the concentration
of heavy metals.

Compared to the control version, it is clear that
the synthesis of photosynthetic pigments in the seed-
lings of cadmium sulfate Turan-170, Turan-480,
Tauelsizdik-20 varieties decreased under the influ-
ence of heavy metals.
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25+

control. Tauelsizdik-
20

3mglg CdSO4

Smglg CdSO4

10mg/g CdSO4

[ carotenoid
M chlorophyll-a
O chlorophyll-b

Figure 5 — The effect of cadmium sulfate on photosynthetic pigments
in 14-day seedlings of Independence-20 variety.

Compared to the control version, the concentra-
tion of carotenoids decreased from 3.3 to 1.18-1.41
ug / g. However, as the concentration of the heavy
metal increased, the effect of the heavy metal be-
came more pronounced.

Such indicators are clearly reflected in the
varieties Turan-480, Tauelsizdik-20. Only, an
increase in the synthesis of FS (photosynthetic)
pigments of Kazakhstan -435 variety (caratinoid
control from 3.14 to 4.74-4.47 pg / g) and (HI-
v from 15.97 to 20.74-19.72 pg / g) may have
varietal characteristics of plants. In general, we
observed in experiments that the growth and
germination of corn varieties undergo 10mg / g
of cadmium sulfate is subject to physiological
changes. It can occur due to dehydration of the
leaf blade under the influence of salts of heavy
metals. Such physiological processes need to be
identified by individual studies. So, to summarize,
the corn varieties include Turan-170, Turan-480,
Tauelsizdik-20 heavy metal-resistant varieties.
Kazakhstan-435 variety exceeded the control ver-
sion, as mentioned above, the leaves were dark

green, pink-brown, ie did not show resistance to
heavy metal ions.

Conclusion

The effect of heavy metal (CdSO4) on the com-
position of photosynthetic pigments in corn variet-
ies. In general, heavy metals were obtained to de-
termine the composition of photosynthetic pigments
and resistant and non-resistant varieties of corn
(Turan-170, Turan-480, Tauelsizdik-20, Kazakh-
stan-435). Due to the increase in the concentration
of CdSO4, the concentration of chlorophyll a and
b, carotenoids decreased. We noticed that the pho-
tosynthetic pigments Turan-170, Turan-480, Tauel-
sizdik-20 had a higher content of resistant corn than
Kazakhstan-435, which is not resistant to heavy
metals. The composition of photosynthetic pigments
directly affects the rate of photosynthesis, ie deter-
mines the productivity of crops. The composition
of photosynthetic pigments is an indicator of plants
resistant to growing in an unfavorable environment
(control version 3 mg/g, 5mg/g, 10 mg/ g).
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