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EFFECTIVENESS OF THE DENITE®CR
FOR BIOLOGICAL RECULTIVATION
OF HEAVY METALS CONTAMINATED SOIL

It is known that heavy metals have high biological activity, ability to bioaccumulate and move along
food chains. In this regard, plants that directly absorb heavy metals from the soil play an important role
in their accumulation and delivery to the human body, which poses a huge threat to human health.

At the Department of Genetics and Molecular Biology, Kazakh National University. Al-Farabi carried
out comprehensive studies to study the effect of cadmium chloride (CdCl,) and heavy metal immobiliser
Denite’CR on two varieties of soft wheat: Kazakhstanskaya-19 and Samgau. The studies were carried
out at the cellular, tissue and organism levels. The object was 14-day-old seedlings of two varieties. The
work used cytogenetic, botanical, histological methods, morphometry, biochemistry and biostatistics.

The paper shows that Denite’CR: (i) reduces the toxic effect of cadmium on cell division of the
root system, restores the values of the mitotic index, almost to control values; the binding of cadmium
ions contributed to the adaptation of wheat plants to growth in soil contaminated with cadmium at a
concentration five times higher than the Maximum allowed concentration; (ii) statistically significantly
increases the thickness of the primary root coat up to 31.89% with neutralization of Cd (Maximum al-
lowed concentration + Denite).

Key words: heavy metals, immobilisation, toxic effect, reclamation, disturbed lands.
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AybIp MeTaAAQpPMEH AaCTaHFaH TOMbIPAKTbl GMOAOTUSIABIK, Ta3apTy YLUiH
Denite’CR MMMO6MAM3ATOPbIHbIH, TMIMAAITIH 3epTTey

AybIp MeTaAAAPAbIH OMOAOTUSIABIK, GEACEHAIAIT >KOFapbl, BUOXKMHAKTAY >KOHE KOPEKTIK TisbekTep
6orbIMEH KO3FaAy KabiaeTi 6ap ekeHi GeAriai. OcbifaH 6aiAaHbICTbI ayblp METaAAAPAbI TOMbIPaKTaH
TiKeAeM CiHIpeTiH eCIMAIKTEP OAapAbIH >XMHAAbIM, aAaM ar3acblHA XXETKI3iAYiHAE MaHbI3Abl POA
aTkapaAbl, OYA aAamM AEHCayAbIFbIHA YAKEH Kayin TOHAIpeAi.

OA-PDapabm atbiHaarbl KasYVY reHetvka >koHe MOAEKYAaAblK, OMOAOTMS KadpeApacbiHAA >KYMCaK,
6mnpaanAbiH eki copTbiHa: KasaxcraHckas-19 xaHe Camray copTTapbiHa kKaamuin xaopumai Ty3bl (CACI2)
>K8He ayblp MeTaAA MMmobuamsatopbl Denite’CR acepiH 3epTTey OoibliHILA KelleHAl 3epTTeyAep
JKYPri3ai. 3epTTeyAep »acyLaAblK, TIHAIK XXOHE aF3aAblk, AEHIeMAe XXYprisiaai. HblcaH eki copTTbiH,
14 KyHAIK eckiHaepi 60AAbl. JKymbICTa UMTOreHeTUKaAblK, BOTaHMKaAAbIK, TMCTOAOIMSIABIK BAICTep,
MopdoMeTpus, BUOXMMMS >koHe BUOCTATUCTMKA KOAAAHBIAADI.

Denite’CR: (i) Tamblp >KyMecCiHiH >KacyllaAapbiHblH OGOAIHYIHE KAaAMUMAIH YbITTbl 8cepiH
TOMEHAETE OTbIPbIN, ©CIMAIK >KaCYLLIAAAPbIHbIH, >KaAMbl TiPLWIAITIHIH Herisri kepceTKilli — MUTO3ABIK,
MHAEKC MBHAEPIH KAAMbIHA KEATIPETiHI XXyMbICTa ABAEAAEHAI. AEPAIK MBHAEPAI Backapyfa; KaaMMIA
MOHAQPbIHbIH 6aAaHbICYbl OMAA BCIMAIKTEPIHIH MakCMMaAAbl PYKCaT eTIAreH KOHUEHTpaumsAaH 5
ece >Korapbl KOHUEHTPaUMaAA KAAMUIMMEH AACTaHFaH TorbipakTa ecyre 6eniMaeAyiHe biknaa eTTi; (i)
Cd (Makcumanabl pykcaT eTiareH koHueHTpaumus + Denite’CR) 6ertapantaHablpy KesiHae 6acTarkbl
TY6ip KabblFbIHbIH, KAAbIHABIFbIH CTAaTUCTMKAABIK, TYpAe 31,89%-Fa AeiliH apTTbipaAbl.

Tyiin ce3aep: ayblp MeTaAAap, MMMOOMAM3aLMS, TOKCUMKAAbIK, 8cep, MeAMopaums, Oy3bIAFaH
>KepAaep.
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UccaepoBanme adpchekTMBHOCTH MMMOOKMAM3aTopa Denite’CR
AASl BUOAOTMYECKOH PEKYAbTUBALLMM 3arPsA3HEHHOM TSHKEAbIMM METAAAAMM MOUBbI

M3BECTHO, UTO TsXKEAbIE METAAAbI MMEIOT BbICOKYIO GMOAOTMYECKYIO aKTUBHOCTb, CMOCOBHOCTb K
610aKKYMYASILIUM 1 NIePEMELLLEHMIO MO MULLEBbIM LIEeMNsiM. B CBS31 € 3T1M, Ba>KHYIO POAb B MX HAKOMAEHUM
M AOCTaBKe B OpPraHvM3M YeAOBeKa WMrpaloT pacTeHus, HEerMmoOCPEACTBEHHO MOrAOLLAloLIMe TIKeAble
METaAAbI U3 MOYBbI, UTO NMPEACTABASIET OFPOMHYIO YIrPO3y AAS 3A0POBbS YeAOBeKa.

HaKadeapereneTtukmnmmonekyaspHoi rororum KasHY nm. aab-Dapabu npoBeseHbl KOMMIAEKCHbIE
MCCAEAOBAHMS MO M3YUEHMIO BAMSIHMSI COAM xAopucToro kaammst (CACL) 1 mmobramsaTopa TsxKeAbIX
meTaaroB Denite®CR Ha aBa coprta markon nuenHuubl: KasaxcraHckas-19 u Camray. MccaepoBarms
MPOBEAEHbI HA KAETOUHOM, TKAHEBOM M OPraHU3MEHHOM YypOBHSIX. OBbEKTOM CAYXMAM 14-AHEBHbIE
MPOPOCTKM ABYX COPTOB. B paboTe MpuUMeEHsIAM LMTOreHeTUYeckme, 60TaHnUYeckue, rMCTOAOrMYeCcKme
METOAbI, MOP(POMETPUM 1 BUOCTATUCTUKM.

B pabote ycrtaHoBaeHo, uto Denite’CR: (i) cHMXKas TOKCMUYECKOE BAMSIHME KaAMMs Ha AeAeHue
KAETOK KOPHEBOW CMCTEeMbl, BOCCTAaHAaBAMBAET 3HAUEHWS MUTOTMYECKOTO MHAEKCA, MPaKTUUYeckn A0
KOHTPOAbHbIX 3HAuYeHWii; CBSI3blIBaHME MOHOB KaAMMSI CMOCOBCTBOBAAO MPUCMOCOBAEHMIO PACTEHMI
MweHnUbl K POCTYy B MOYBE, 3arpsi3HEHHOM KaAMMEM B KOHLIEHTpaLMM, B MSTb pa3 MnpeBbllaloLLen
NPeAEAbHO AOMYCTUMYIO KOHUeHTpaumio; (ii) CcTaTUCTMUeCKM AOCTOBEPHO YBEAMUMBAET TOALLMHY
nepeuuHor 060A0UKM KopHer A0 31,89% npu Hentpaamsaumm Cd (MpeAeAbHO  AOMYCTUMYIO

KoHueHTpaumio + Denite’CR).

KAtoueBble CAOBa: TIXKEAbIE METAAAbI, IMMOOMAM3ALIMS, TOKCUUYECKOE AENCTBUE, PEKYAbTUBALIMS,

HapyLLIEHHble 3eMAU.

Introduction

Heavy metals have a negative impact on human
life and health. Which is aggravated by their ability
to accumulate in body tissues due to the cumulative
effect [1,2]. One of these metals is cadmium and its
salts, which have no physiological functions in the
human body. The toxicity of cadmium is manifest-
ed, among other things, in promoting the develop-
ment of cancer, osteoporosis, liver disease, kidney
disease, etc [3-5].

This is especially important for some areas of
Kazakhstan, where high levels of cadmium are not-
ed, usually around industrial cities, metallurgical,
chemical and other enterprises [6].

As a result, the legislation of different countries
has taken measures to monitor, regulate, and reduce
emissions of cadmium and its salts into the environ-
ment [7]. Despite the fact that there is positive expe-
rience in reducing the concentration of heavy metals
as a result of the introduction of such regulations
as, for example, the maximum permissible content
of cadmium in food products [8], more and more of
these chemical compounds continue are emitted by
various industrial enterprises, cars and other sources
of emissions into the environment [9,10].

In this regard, there is a need to reduce the con-
centration of cadmium and its salts in the environ-
ment. The main methods for achieving this goal are,
firstly, the reduction of cadmium emissions, and
secondly, the neutralization of cadmium already ac-
cumulated in the environment. The latter includes
immobilization of cadmium in soil by means of spe-
cial chemicals, for example, Denite®CR [11].

The purpose of this study was to determine the
efficiency of binding of cadmium salt (CdCl,) by
Denite®CR through the use of indicators of plant
seedlings sensitive to pollution (bread wheat), which
are a clear indicator of environmental pollution [12],
provided that the level of pollution does not exceed
the maximum extreme points (according to the cor-
responding indicator of tolerance to cadmium).

Materials and Methods

Study design

In this study, cadmium chloride salt (CdCl))
was used as a cadmium compound simulating soil
cadmium contamination. This choice is justified by
the increased toxicity of this compound compared to
pure cadmium [13].
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To fulfill the purpose of the study, the experi-
ment was divided into one control (C) and four ex-
perimental variants:

(C) Control — blank soil (no treatment).

Adding of 0.5 mg/kg of CdCl, (equivalent of
one Maximum allowed concentration (MAC) to soil
[14].

Adding of 2.5 mg/kg CdCl, (equivalent of five
MAC) to soil.

Adding of 0.5 mg/kg of CdCl, and 30 g/kg of
Denite®CR to soil.

Adding of 2.5 mg/kg of CdCl, and 30 g/kg of
Denite®CR to soil.

This division into five variants of three repli-
cates is necessary to establish the effect of CdCl, on
wheat seedlings (compared to the control), and to
determine whether Denite®CR is able to immobilize
CdCl, by binding it.

The objects of study of the effects of these
chemical treatments were seedlings of two Kazakh
wheat varieties (7riticum aestivum L.) — Samgau
and Kazakhstanskaya-19. Adding of CdCl, into soil
was carried out prior to sowing wheat seeds. The
study of the influence of the treatments was carried
out on the 14th day after seed germination.

Mitotic index

To study the effect of CdCl, on wheat seedlings,
their indicators were used. The first indicator of the
condition of the seedlings was cell division of the
root meristem. It was studied by determining the
mitotic index (MI). The MI is determined by the
number of dividing cells at all stages of mitosis — in
prophase, metaphase, anaphase and telophase:

M= P+M+A+T =100%
[+ P+ M+A+T
where:
M — mitotic index
P — prophase

M — metaphase
A — anaphase
T — telophase
1 — interphase

Anatomical structure of plants

In addition to MI, morphometric indicators
of the internal anatomical structure of wheat
seedlings leaves and roots served as indicators in
this study. The study of morphometric indicators
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of leaves was carried out according to the
following indicators:

- the thickness of the lower and upper epidermis
of the leaves

- the thickness of the leaf blade itself

- general area of conductive vessels

- area of conducting xylem vessels.

When studying the effect of cadmium ions on
the anatomical structure of the roots the following
indicators were considered:

- the thickness of the primary root membrane

- thickness of the endoderm (inner cortex)

- diameter of the central cylinder

- area of xylem.

Results and Discussion

Effect of CdCl, and CdCl, + Denite®CR on cell
division activity (MI) of plant root meristem

In the Control of Samgau variety, the MI index
was 73.54% (Table 1). Introduction of CdCl, at a
concentration of one MAC reduced MI to 58.34%,
and at five MAC — to 55.24%. Therefore, CdCl,
reduces the cell division activity of the wheat root
system by 20.67% at concentration of one MAC and
by 24.89% at concentration of five MAC.

Introduction of CdCl, caused severe decrease of
MI in wheat seedlings cells. However, the applica-
tion of Denite®CR neutralized this negative effect.
Denite®CR increased MI to 71.26% at a soil cadmi-
um concentration of one MAC and to 70.85% at a
cadmium concentration of five MAC.

Mitotic index of control seedlings of wheat va-
riety Kazakhstanskaya-19 was 80.12% (Table 2),
being slightly higher than that of Samgau variety.
Mitotic index of control seedlings of wheat variety
Kazakhstanskaya-19 was 80.12% (Table 2), being
slightly higher than that of Samgau variety. The
concentration of CdCl, at one MAC reduced MI to
65.32%, and the concentration of CdCl, at five MAC
to 56.94%.

The introduction of CdCl, into the soil had a
negative effect on the MI of plant roots, cell division
decreased by 18.48% at a cadmium concentration of
one MAC and to 28.94% at five MAC of cadmium.

Similar to the Samgau variety the treatment of
cadmium-contaminated soil with the Denite®CR im-
mobilizer led to an increase in MI almost to the con-
trol values: at one MAC mitotic index was 79.10%,
at five MAC — 77.46%.
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Table 1 — Effect of Cadmium Chloride and immobiliser Denite®CR on the Mitotic Index of Samgau wheat

The number of cells in the stages of division (mitosis) Mitotic Index
Experiment Interphase N ’
prophase metaphase anaphase telophase %o
Blank (Control) 370 375 369 372 534 73.54
Cd 1 MAC 255 249 256 255 724 58.34
Cd 5 MAC 165 145 164 163 516 55.24
Cd 1 MAC +
Denite*CR 285 279 283 284 456 71.26
Cd 5 MAC +
Denite*CR 261 275 269 267 441 70.85

Table 2 — Effect of Cadmium Chloride and immobiliser Denite®CR on the Mitotic Index of Kazakhstanskaya-19 wheat

The number of cells in the stages of division (mitosis) Mitotic Index
Experiment Interphase N ’
prophase metaphase anaphase telophase Yo
Blank (Control) 361 365 363 362 360 80.12
Cd 1 MAC 224 211 212 218 459 65.32
Cd 5 MAC 158 127 157 155 451 56.94
Cd 1 MAC +
Denite®CR 260 265 269 268 280 79.10
Cd S MAC +
Denite®CR 276 268 271 269 315 77.46

Effect of CdCl,and CdCl,+ Denite®CR on the
anatomical structure of leaves and roots of wheat
Samgau

Cadmium Chloride at a concentration of one
MAC and five MAC had a statistically significant
effect on the thickness of the lower and upper ep-

idermis, and are of xylem vessels of Samgau vari-
ety (Table 3). Thus, the experimental variants with
CdCl, at one MAC + Denite®CR and at five MAC
+ Denite®CR statistically significantly increased the
area of xylem vessels by 25.0% and 10.0%, relative
to the Control.

Table 3 — Effect of Cadmium Chloride and Denite®*CR on the Morphometric Indices of the Internal Anatomical Structure of Samgau

wheat leaves

. Leaf epidermis thickness, pm The thickness of Area of conductive Area of xylem
Experiment vessels, g
the leaf blade, pm PO vessels, x10~*mm?
upper lower x10°mm

Blank (Control) 24.19+0.37 21.52+0.06 217.22+4.36 44.02+2.59 2.25+0.11
Cd 1 MAC 26.214+1.28%** 22.59+0.14 211.6+5.39 44.36+1.32 2.65+0.08
Cd 5 MAC 25.22+40,29%*** 22.53+0.14 214.85+21.69 43.57+8.67 2.70+0.065
Clgielnitl\/é?CCRJr 22.85+0.67 20.87+0.18*** 187.52+4.52 46.48+4.40 2.82+0.04*
Clgeiitl\/e[Q(SR+ 24.29+0.31 20.08+£0.48*** 221.71+4.97 45.20+4.69 2.48+0.07

* — P<0.05; ** — P<0.01; *** — P<0.001 vs. blank

39



Effectiveness of the Denite®CR for biological recultivation of heavy metals contaminated soil

Variants of the experiment with the introduction
of Denite®CR into the soil statistically significantly
reduced the thickness of the lower epidermis. Thus,
cadmium at a concentration of one MAC reduced
the thickness of the lower epidermis to 20.87+0.18
pm, a concentration of five MAC to 20.08+0.48 pm.

Introducing of cadmium slightly affected the
thickness of the leaf blade. However, the variant
with CdCl, at one MAC + Denite®CR significantly
thinned it, i.e., 187.52+4.52 uym vs 217.22+4.36 um
in Control.

The thickness of the primary root coat and en-
doderm significantly increases by 31.89% and 6%
under the treatment of one MAC (Table 4). The

effect of different concentrations of cadmium on
Samgau variety, in general, manifested in an in-
crease in the diameter of the central cylinder, and
decrease of xylem vessels’ area. However, for at
one MAC + Denite®CR the xylem vessels’ area sta-
tistically significantly increased to 2.42+0.01x10-
Smm?,
Besides the xylem vessels, this experimental
variant resulted with increase of all parameters,
especially the primary root coat (to 134.81+18.58
um). While CdCl, at five MAC + Denite®CR variant
resulted with significant decrease of all parameters.
For example, the thickness of the endoderm is
statistically significantly reduced by 22.85%.

Table 4 — Effect of Cadmium Chloride and Denite®CR on the Morphometric Indices of the Internal Anatomical Structure of Samgau

wheat root
Thickness of the Thickness of the Thickness of the
. . . Area of xylem vessels,
Experiment primary root coat, endoderm, central cylinder, <10°mm?
pm pm pm
Blank (Control) 102.21£3.46 18.29+0.11 182.16+9.77 2.17+0.02
Cd 1 MAC 118.714+4.35* 19.44+0.35%* 194.28+2.01 1.88+0.01
Cd S MAC 102.82+2.93 18.67+0.18 186.87+1.12 1.70+£0.01*
Cd 1 MAC + enite®CR 134.81+18.58* 19.97+0.22 192.46+7.39 2.42+0.01*
Cd 5 MAC + enite®CR 80.81£5.14* 14.11£5.01%* 128.10+8.65* 1.01+0.11
* — P<0.05; ** — P<0.01; *** — P<(0.001 vs. blank

Kazakhstanskaya-19

Just like Samgau variety, with an increase in
MAC, Kazakhstanskaya-19 variety observed a
gradual thickening of the lower and upper leaves
epidermis (Table 5). For example, 22.314+0.15 pm

for upper epidermis in control and 30.82+0.61 pm
at five MAC. However, both variants of Cadmium
Chloride + Denite®CR demonstrated a statistically
reliable reduction in the upper epidermis of the leaf,
bringing it to Control parameters.

Table 5 — Effect of Cadmium Chloride and Denite®CR on the Morphometric Indices of the Internal Anatomical Structure of Kazakh-

stanskaya-19 wheat leaves

) Leaf epidermis thickness, pm The thickness of Area of conductive Area of xylem
Experiment vessels, SR
upper lower the leaf blade, pm <10°mm? vessels, x10”°mm
Blank (Control) 22.31£0.15 19.14+0.23 164.58+0.94 48.22+1.26 2.29+0.06
Cd 1 MAC 22.1+1.02 20.2340.26** 147.3446.82 44.70+1.22 2.25+0.07
Cd 5 MAC 30.82+0.61 29.134+0.28 217.3243.80 62.64+10.06** 3.56+0.13*
cdl MAC u 21.44+0.91%* 19.99+0.31** 193.31£1.74 45.33+1.91 2.58+0.06*
Denite®CR
Cds MAC " 22.36+0.04 20.98+0.27 196.43+1.52 53.39+4.03* 2.42+0.12
Denite®CR
* —P<0.05; ** —P<0.01; *** — P<0.001 vs. blank
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It should be noted that the area of conductive
vessels increases, at both five MAC variants were
significantly higher than control, i.e., 62.64+10.06
pum at five MAC and 53.39+4.03 pm at five MAC
+ Denite®CR versus 48.22+1.26 um in Control.
While, at both one MAC variants these parameters
were lower than the in Control.

In Kazakhstanskaya-19 experimental vari-
ants, as the cadmium content in the soil increased,
an increase in the thickness of the primary root
coat was observed, e.g., CdCIl, at one MAC

—144.73£10.54 pm versus 135.31£9.7 pum for
Control (Table 6).

As for the Samgau variety, CdCl, at five MAC +
Denite®CR variant led to a significant decrease of all
parameters, except xylem vessels’ area which resulted
in increased to 1.99+0.09 versus 1.59+0.04x10*mm?
in Control. While variant of one MAC + Denite®CR
resulted in increase of all parameters, especially
the primary root coat (151.42+3.74 um), central
cylinder (213.64+7.72 um) and area of xylem vessels
(1.88+0.03x10*mm?).

Table 6 — Effect of Cadmium Chloride and Denite®CR on the morphometric indices of the internal anatomical structure of Kazakh-

stanskaya-19 wheat root

Experiment fil:ll;l:‘ne:;ootfct;l:t Thickness of the Thickness of the Area of xylem vessels,
p P );lm ’ endoderm, pm central cylinder, pm x10*mm?
Blank (Control) 135.3149.7 19.09+0.22 174.21£5.91 1.59+0.04
Cd 1 MAC 144.73+10.54 18.7440.13 194.84+3.24 1.77+0.01
Cd 5 MAC 146.45+1.72 18.65+0.81 196.02+2.06* 1.79+0.02
Cd 1 MAC +
Denite®CR 151.42+3.74 19.714+0.47 213.64+7.72 1.88+0.03
€ds MéC u 134.97+5.18 17.73+0.44%* 162.18+5.67 1.99+0.09
Denite®CR
* — P<0.05; ** — P<0.01; *** —P<0.001 vs. blank

Contamination of soil with cadmium and its salts
negatively affects the growth and development of
plants. Thus, since the mitotic index is an important
predictive indicator of the overall survival of liv-
ing organisms and the activity of their cell division
under the influence of negative environmental fac-
tors [15,16], its decrease in wheat seedlings of both
varieties in experimental variants with the introduc-
tion of cadmium compared to the control (Table 1
and 2) allows us to conclude that soil contamination
with cadmium inhibits the growth and development
of plants at the cellular level. The most likely ex-
planation for the increase in MI of plant seedlings
growing in soil with CdCl, and Denite*CR is that
CdCl, was immobilized by Denite®CR as stated by
the manufacturer [11,17].

It is also figured out that Kazakhstanskaya-19
variety is more resistant to the cadmium contamina-
tion, compared with the Samgau variety, e.g., Ml =
65.32% versus M1 = 58.34% at one MAC (Tables 1
and 2). However, it might be explained by the gen-
erously higher MI of Kazakhstanskaya-19 variety
in control, i.e., MI = 80.12% versus MI = 73.54%
(ibid.).

Another proof of the negative impact of cadmi-
um and its salts was the reaction of plants, expressed
in changes in several of their anatomical and mor-
phological parameters in variants of the experiment
with soil contaminated with CdCl,. Thus, thicken-
ing of the lower and upper epidermis of the leaves
of both varieties was observed (Table 3 and 5). The
increase in the thickness of plant integumentary tis-
sues apparently is a protective reaction of plants to
the abiotic stress caused by the toxic effect of cad-
mium CdCI?, since these organs perform a protec-
tive function for plants [18]. This protective reaction
is a typical response of plants to soil contamination
with heavy metals. [19]. However, in all of the
above variants of the experiment with the addition
of cadmium CdCl, + Denite®CR, these parameters
returned to the Control values. This, as well as the
increase in MI, can be explained by the immobiliza-
tion of CdCl, by Denite®CR.

It is also interesting to see some parameters of
the anatomical structure of leaves and roots. Thus,
with the Kazakhstanskaya-19 variety, both variants
of the experiment with and without a concentration
of at five MAC + Denite®CR reliably increased the
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area of conductive vessels in the leaves (Table 5).
And also, there was an increase in the thickness of
primary root coat of Kazakhstanskaya-19 variety
(Table 6), and an increase in xylem vessels’ area of
Samgau roots’ variety at one MAC + Denite®CR.
As a consequence, the immobilizing abilities of
Denite®CR may be questioned, or the immobilized
CdCl, may still have toxic properties. Moreover,
the decrease in all root parameters at one MAC +
Denite®CR (ibid.) in both wheat varieties can be
explained be the combined inhibitory effect of both
Cadmium and Denite®CR, in which both varieties in
the variant at low Cadmium concentration can still
resist to the toxic effect of CdCl, and Denite®CR.
With its increase they approach the upper limit of
endurance and enter the pessimum zone. The mech-
anism of such a combined inhibitory effect remains
unclear and requires further investigations.

Samgau and Kazakhstanskaya-19 varieties also
demonstrated differences in anatomical structures.
Thus, the differences between the area of conduc-
tive vessels in leaves in various variants of experi-
ment at Samgau were insignificant (Table 3), while
at Kazakhstanskaya-19, at five MAC and five MAC
+ Denite®CR variants conductive vessels were sig-
nificantly higher than in Control (Table 5). This can
be explained by the greater resistance of the Samgau
variety, since an increase in the area of xylem ves-
sels increases the plants’ resilience to stress [20—22].

Cadmium and its compounds are easily absorbed
by plants, and as a result, at their high concentra-
tions on cultivated agricultural lands, they pose a
particular danger to human health and well-being
[23]. Determining the ability of Denite®CR to im-
mobilize cadmium compounds in soils where one of
the key crops that meet the energy needs of mankind
grows [24, 25] is relevant.

In the future, the use of Denite®CR is possible
for the immobilization of other heavy metals (for
example, lead), given that the spread of cadmium
pollution is associated with pollution by other heavy
metals in Kazakhstan [6], which negatively affects
the health of the population of these areas [26, 27].

Conclusion
Introduction of Denite®CR into the soil resulted

in decrease of the toxic effect of cadmium on cell
division of the root system.
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Heavy metal immobilizer Denite*CR led to an
increase in the synthesis of the antioxidant enzyme
catalase and thus neutralized the toxic effect of
CdCl, during the growth of wheat seedlings.

The obtained data on the study of the effect of
cadmium chloride and Denite®CR immobilizer on
Samgau and Kazakhstanskaya-19 varieties wheat
seedlings led to the following conclusions:

It was found that Denite®CR, reducing the toxic
effect of cadmium on cell division of the root meris-
tem, restored the values of the main indicator of the
overall survival of plant cells — the mitotic index,
almost to Control values; the binding of cadmium
ions contributed to the adaptation of wheat plants
to growth in soil contaminated with CdCl, at a con-
centration up to five times higher than the maximum
allowed concentration;

Introduction of Denite®CR into the Cadmium-
contaminated soil statistically reliably increased the
thickness of the upper and lower leaves epidermis of
wheat sprouts of both varieties; showed a significant
increase in the area of the conductive vessels and the
diameter of the central cylinder of the roots of both
varieties;

Introduction of Denite®CR into the soil contami-
nated by Cadmium salt at a concentration five times
higher than the maximum allowed, resulted the inhi-
bition of the development of seedling roots, without
suppressing the anatomical and morphological char-
acteristics of leaves and the mitotic index of both
wheat varieties compared to the option without add-
ing Denite®CR.

Thereby, despite the last conclusion the data ob-
tained give grounds to believe that Denite®CR effec-
tively immobilises cadmium ions, thereby neutralis-
ing its toxic effect on the growth and development
of plants and can be recommended for use for land
rehabilitation on lands contaminated with cadmi-
um. However, the inhibitory effect of simultaneous
introduction of cadmium chloride and Denite® CR
into the soil requires further study.

We believe that studies of the effect of De-
nite®CR immobilizer on the growth and develop-
ment of plants in the presence of other heavy metals,
including mercury and lead, need to be continued.
At the same time, the emphasis of research should
be directed to the effect of the immobilizing ability
of Denite®CR, on metabolism, elements of agricul-
tural plant productivity.
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