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THE EFFECT OF A HUMIC PREPARATION ON THE ACCUMULATION OF
CADMIUM AND LEAD BY AMARANTH FROM SOD —-CARBONATE SOIL

Research article

Abstract

The current study conducts a vegetation experiment in order to study the effectiveness of foliar application for amaranth
with a solution of humic substances on the accumulation of cadmium and lead in plants from calcareous soil. The experiment
utilizes a humic preparation (HP) made from vermicompost. In the experiment, the calcareous soil had a neutral reaction of the
medium, it is rich in organic matter with a high content of mobile phosphorus and medium content of mobile potassium. The
variants of the experiment differed in the concentration of the humic preparation (0.002 and 0.0002 mg/I) and the number of
plant treatments with the drug. The humic preparation was applied against the background of mineral fertilizers and separately.
The treatment of amaranth with a humic preparation was carried out on 17th, 27th, 37th days after sowing. The foliar
fertilization of amaranth with the solution of humic substances contributed to an increase in plant biomass when using mineral
fertilizer and without it. This significantly reduced the lead content in plants when mineral fertilizers were not used; this effect
was not observed when using mineral fertilizers When treating amaranth with a solution of humic substances, a decrease in the
content of cadmium and its accumulation coefficients in plants was observed both against the background of the use of mineral
fertilizers and in their absence. The cadmium content in amaranth plants on calcareous soil, in which mineral fertilizers were
applied, was on average 2.8 times less than in the variants without fertilizers. The use of mineral fertilizers contributed to an
increase in the removal of lead and cadmium by amaranth from calcareous soil.
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BJIUAHUE I'YMHUHOBOI'O ITPEINIIAPATA HA HAKOIIVIEHUE KA/IMUSA 1
CBUHIIA AMAPAHTOM M3 JIEPHOBO -KAPEOHATHON IMOYBBI

Hayunas cratbs

AHHOTAIIUA

C menmpro uccienoBaHus 3(P(OEKTHBHOCTH HEKOPHEBOM ITOJKOPMKH amapaHTa pacTBOPOM T'YMHHOBBIX BEIIECTB Ha
HaKOIUICHHE KaJMHs U CBHHIA B PACTEHHSAX M3 JIEPHOBO-TIOI30JMCTON MOYBBI OB NPOBEJCH BEreTallMOHHBII ONBIT. B onbite
WCIIONB30BAIM TYMHUHOBBIA Tperapar, IPHTOTOBICHHBIN M3 BepMHKOMIOCTa . J[epHOBO-kapOOHaTHas MOYBa OINBITA HMeNa
HEUTPAJbHYI0 PEaKIHI0 Cpeabl, Oorata OpPraHMYECKHMM BELIECTBOM, C BBICOKUM COJICPXKAaHHEM MOABWKHOrO (ocdopa u
CpeIHUM — TIOBM)KHOTO Kanws. BapHaHTBHI ONBITa OTIMYAIMCH KOHIIEHTpAIeH pacTBopa rymmHOBOro mpemnapara (0,002 u
0,0002 mr/n) u KonMYeCTBOM OOpa0OTOK pacTeHWil TmpemaparoM. [ yMHUHOBBIA mpermapar Obul THpuMeHeH Ha (oHe
MUHEpaNbHBIX yIoOpeHuit u otaenbHO. OO0paboTKa aMapaHTa TYMHHOBBIM IIpermapaToM ObDia mpoBeneHa yepe3 17, 27, 37
CYTOK Tocje moceBa. HexkopHeBas MOIKOpPMKa aMapaHTa PacTBOPOM T'YMHHOBBIX BELIECTB CIIOCOOCTBOBAJA YBEITHYCHHIO
OGromMacchl pacTeHUH NP NPUMEHEHWH MHHEpAIBFHOro ynoOpeHus u 6e3 Hero. HexopHeBbIe TOAKOPMKH ITOCEBOB aMapaHTa
pacTBOPOM T'YMHHOBBIX BEILIECTB 3HAYMTEIBHO CHIDKAJIH COICP)KAHUs CBHHIIA B PACTCHUSX, KOTJa MHHEPAIbHbBIC YIOOpSHUS
HEe NpHUMEHsUIHCh. [lpy NpUMEHEHHHM MUHEpalbHBIX yHOOpeHHH 3TOT 3dekT He ormedeH. [Ilpu oOpaboTke amapaHTa
pacTBOPOM TYMHHOBBIX BEIIECTB HAOJIOJATIOCh CHIDKCHHE COACPXKaHHsA KaaAMHA M ero Kod(pQUIHMEHTOB HaKOIUICHUS B
pacTeHHsAX, KaKk Ha (OHE MPUMEHEHHsS MHHEPaIbHBIX YHIOOpEHWid, Tak M Mpu HX oTcyTcTBHH. ConepaHHe KaaMmus B
pacTeHHsAX aMapaHTa Ha JEPHOBO —KapOOHATHOW IMOYBE, B KOTOPYIO OBLIM BHECEHBl MHHEpajbHBbIC yHTOOpeHWs, ObUIM B
cpeaHeM B 2,8 pa3za MeEHbIIe, 4YeM B BapHaHTax 0e3 ynoOpenuid. [IpuMeHeHHe MUHEpabHBIX YNOOPESHHH CIOCOOCTBOBAIO
YBEJIMYCHHUIO BHIHOCA CBHHIIA U KaJIMHSI aMapaHTOM U3 JIEPHOBO-KapOOHATHOM MOYBHI.
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YCTOWYUBOCTbH, TAHUHBI.

1. Introduction

Today, the world's global task is to meet the needs of the population with clean food products. Fertilizing plants with
humic preparations helps increase productivity, plant resistance, and improve the quality of crop production.

Humic substances (HS) are dark brown natural organic formations that are widespread in various natural objects such as
soils and peat, coal, shale, marine and lake sediments, as well as the waters of rivers and lakes. Humic substances are the most
natural and thermodynamically stable form of preservation of organic substances in the biosphere. They significantly
accelerate the growth and development of plants, positively affect all phases of the mitotic cycle of cells and cause an increase
in the values of the mitotic index by 1.5 times [1].

Humic acid contains molecules of polyphenolic and quinoid grouping, which are used by plants to enhance the phenolase
oxidative system, resulting in the general activation of respiration and metabolism. [2]

2. Material and methods

For the purposes of the research, the authors used a humic preparation made from humus manure (vermicompost) at the St.
Petersburg State University.

In order to study the effectiveness of foliar fertilization of amaranth with a solution of humic substances on the
accumulation of cadmium and lead in plants from calcareous soil, the authors conducted a greenhouse experiment [3]. The
experiment was conducted in 2018 in the greenhouse of an agrarian university.

For the experiment, calcareous soils were used, in which humus was determined by the Tyurin method, PH by the Ph were
determined via the metric method, while mobile phosphorus and potassium were determined via the Kirsanov method, and the
sum of absorbed bases — by the Kappen-Gilkovitz method [3]. To determine the content of heavy metals in the soil (by acid-
soluble forms) and in plants (by wet digestion), the authors used the atomic absorption spectrometer AA-7000 [4], [5].

The soil under study showed a neutral reaction of the medium, while also being rich in organic matter with a high content
of mobile phosphorus and medium content of mobile potassium. According to agrochemical indicators, the soil can be
classified as well-cultivated (Table 1).

The background gross content of cadmium and lead in the soil is comparable to the values typical for this region [6].

Table 1 — Agrochemical characteristics of calcareous medium loam soil

© Mobile and exchange Nitrogen Gross content of
sEg g| M S forms, mg/100g of Soi heavy metals,
E Sg| £ V,% mg/100 g of soil 9/-ovg mg/kg of soil
= = a,
°8 mmol/100 g P,Os K0 NH/ | NOs Pb cd
9,72 6,76 0,53 49,2 98,94 455 9,5 36,25 7,40 18,58 0,50

Amaranth, (Latin name Amaranthus) — dicotyledonous, annual a herbaceous plant with small flowers collected in dense
spike-like paniculate inflorescences [7].

Amaranth growth requires a relatively thick layer of well-drained fertile soil with a pH of 5.5-7 and medium or high
nitrogen content.

The scheme of the experiment consisted of two blocks (Table 2). The first block doesn't include applying mineral
fertilizers, while the second does include this process. Nutrients N 0,15 P 0,1 K 0,1 were introduced into the soil in the form of
salts NH 4 NO 3 and KH 2 PO 4.

Table 2 — Scheme of the experiment

Option Block 1 Block 2
1 Pb +Cd background Pb + Cd +NPK - background
2 Background + Humic Preparation (HP) 0.0002 Background + Humic Preparation (HP) 0.0002
3 Background + HP 0,002x1 Background + HP 0,002x1
4 Background + HP 0,002x2 Background + HP 0,002x2
5 Background + HP 0,002x3 Background + HP 0,002x3

The scheme of the experiment included 5 variants and 4 replicates. The experiment was carried out in plastic vessels, the
mass of soil in each vessel amounted to 5 kg. Soil contamination was created via the introduction of Pb(NO 3)2 and Na 2
HAsO 3 solutions. The gross content of lead and cadmium in the soil after contamination increased by 32 mg/kg (1 threshold
limit value) and 2 mg/kg (1 approximate permissible concentration), respectively.

Each vessel contained 12 seeds of amaranth. When 3 real leaves appeared 17 days after sowing, all variants were treated
with the humic preparation with the exception of the first control variants. The plants in the second variant were treated with
the humic preparation with a concentration of 0.0002 mg/l. All other variants were treated with the humic preparation with a
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concentration of 0.002 mg/l. According to the literature, this dose of humic preparation is optimal for such a vegetable crop as
amaranth [8], [9].

27 days after sowing, the second treatment of plants was carried out in the fourth and fifth variants of both blocks of the
experiment with the humic preparation with a concentration of 0.002 mg/ I. The remaining variants were treated with water.

37 days after sowing, the third treatment of plants with the humic preparation with a concentration of 0.002 mg /| in the
5th variant was carried out. All the other variants were treated with water.

During the growing season of plants in the experiment, the optimal soil moisture was maintained at the level of 70% of its
maximum field moisture capacity. Harvesting was carried out 48 days after sowing. After harvesting and evaluation of the
crops, a combined plant sample was compiled from each variant to determine the content of lead and cadmium. Measurements
of Cd and Pb concentrations in solutions after wet digestion of plants (in a mixture of nitric and perchloric acids) were carried
out on the atomic absorption spectrometer "Shimadzu AA-7000".

When processing the data obtained, calculated indicators were used: the coefficient of accumulation of heavy metals
(accumulation ratio) and their removal by plants.

The accumulation coefficient of heavy metals is the ratio of the concentration of an element in plants to its concentration in
the soil. The removal of the element by plants from the soil is calculated as the product of the mass of plants by the
concentration of the element in the plant.

3. Results and discussion

The foliar fertilization of amaranth with humic preparation in any concentration under study contributed to a significant
increase in the dry biomass of plants in all variants compared to the control variant both against the background of the use of
mineral fertilizers and without it (Fig. 1, Table 3). This is confirmed by the results of statistical data processing. The dry weight
of amaranth grown on calcareous soil with the introduction of mineral fertilizers, according to the variants, was on average
3.73 times greater than the results obtained without applying NPK to the soil.
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Fig. 1 — The effect of the humic preparation on the biomass of amaranth plants is the following:
H - humic preparation with a concentration of 0.002 mg /I; H/10 - humic preparation with a concentration of 0.0002 mg/I.

[lpuMeHeHne TYMHHOBOIO Mperapara CIOCOOCTBOBAJIO BO3pACTaHHIO CyXol Maccel amapaHta. OnHako Ha (oHe
MIPUMEHEHHsI MUHEPAJIBHBIX YI00peHui 0HO 06110 6oMee A heKTHBHBIM (pHc. 1).
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Table 3 — Parameters of Pb accumulation by amaranth

. . Available Pb
. Biomass, Pb Content, Accumulation Pb Removal,
Scneme of the experiment mg/vessel mg/kg ratio mg/vessel Sh(f/iore’
Experiment without the use of mineral fertilizers
1. Pb + Cd background 0,99 12,10 0,24 12,02 4,75
2. Background + HP 0.0002 1,56 8,58 0,17 13,38 5,29
3. Background + HP
0.002x1 1,83 8,35 0,16 15,28 6,04
4. Background + HP
0.002x2 1,96 6,19 0,12 12,12 4,79
5. Background + HP
0.002x3 2,49 6,92 0,14 17,24 6,82
LSD (Least Significant
Difference) 05 0.78 2,08 - - -
Average 1,77+0,55 8,43+2,28 0,17+0,05 14,01+2,23 5,54+0,89
Experiment with the use of mineral fertilizers
1. Pb+Cd+NPK background 5,21 6,62 0,13 34,47 13,63
2. Background + HP 0.0002 6,01 9,48 0,19 56,96 22,52
3. Background + HP
0.002x1. 7,11 6,24 0,12 44,30 17,52
4. Background + HP
0.002x2 7,15 7,47 0,15 53,44 21,13
5. Background + HP
0.002x3 7,53 6,41 0,13 48,24 19,07
LSD (Least Significant
Difference) 05 112 10,17 B B B
Average 6,60+0,96 7,24+1,34 0,14+0,03 47,42+8,74 18,77+£3,45

Foliar fertilizing of amaranth with the humic preparation contributed to a decrease in the accumulation of lead in all
variants without mineral fertilizers compared with the control variant; apparently, this is due to an increase in plant weight and
the manifestation of the effect of biological dilution. The lowest concentration of Pb and its minimum accumulation ratio in
plants were observed in the fourth variant, with a two-time humic top dressing of plants with a concentration of 0.002 mg/I,
although the indicators of this variant do not differ significantly from the results obtained in other variants with the use of the
humic preparation.

In the experiment with the use of mineral fertilizers, the concentration of Pb in plants and its accumulation ratio are
minimal in the third variant, with one-time HP top dressing of plants with with a concentration of 0.002 mg/l. These indicators
are significantly lower than in the variant with the use of amaranth feed with a lower concentration HP (0.0002%); however,
they do not significantly differ from the indicators of lead accumulation in the control variant.

Comparing the results of two experiments, with and without the introduction of mineral fertilizers, showed that the
coefficient of accumulation of lead by amaranth is slightly less in the experiment with the introduction of mineral fertilizers.
When introducing salts into the soil, it is possible to form slightly soluble lead salts (lead phosphate), i.e. chemical embedding
of heavy metal in the soil. The noted differences exist only at the level of trends and are not confirmed statistically.

The removal of lead by plants and its available share were significantly higher in the variants with the use of mineral
fertilizers.
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Table 4 — Parameters of Cd accumulation by amaranth

Scheme of the Biomass, CdContent, | Accumulation | Cd removal, Avf(;ﬁz:qet Cd
experiment mg/vessel mg/kg ratio mg/vessel % '
Experiment without the use of mineral fertilizers
1. Pb + Cd background 0,99 4,92 1,09 4,89 39,14
2. Background + HP
0.0002 1,56 3,63 0,81 5,66 45,32
3. Background + HP
0.002x1 1,83 3,06 0,68 5,61 44,85
4. Background + HP
0.002x2 1,96 2,76 0,61 5,41 43,30
5. Background + HP
0.002x3 2,49 4,39 0,98 10,95 87,58
LSD (Least Significant
Difference) 05 0.78 4,79 - - -
Average 1,77+0,55 3,75+0,90 0,83+0,20 6,51+2,50 52,04+20 01
Experiment with the use of mineral fertilizers
1. Pb+Cd+NPK 521 162 0.36 6.4 6738
background
2. Background + HP
0.0002 6,01 1,15 0,26 6,91 55,30
3. Background + HP
0.002x1 7,10 1,38 0,31 9,81 78,51
4. Background + HP
0.002x2 7,15 151 0,33 10,76 86,10
5. Background + HP
0.002x3 7,53 0,92 0,20 6,89 55,16
LSD (Least Significant
Difference) 05 112 1,95 - - -
Average 6,60+0,96 1,31+0,28 0,29+0,06 8,56+1,73 68,49+13,81

The cadmium content in plants and its accumulation ratio by amaranth from calcareous soil, to which mineral fertilizers
were applied, were on average 2.8 times less than in the first block of the experiment. At the same time, the indicators of metal
removal by plants were, on the contrary, slightly higher when fertilizing the soil with NPK than in the control variant without
fertilizers.

When processing crops with a humic preparation, a decrease in the content of cadmium and its accumulation ratio in plants
was observed. Minimal accumulation ratio of metal in plants were observed in the variants with multiple fertilization of plants
with the solution of humic substances, apparently due to the effect of biological dilution.

4. Conclusion

The foliar fertilization of amaranth with the solution of humic substances contributed to an increase in plant biomass when
using mineral fertilizer and without it. This significantly reduced the lead content in plants when mineral fertilizers were not
used; this effect was not observed when using mineral fertilizers When treating amaranth with the solution of humic
substances, a decrease in the content of cadmium and its accumulation ratio in plants was observed both against the
background of the use of mineral fertilizers and in their absence. The use of mineral fertilizers contributed to an increase in the
removal of lead and cadmium by amaranth from calcareous soil.

5. List of abbreviations

HS — Humic Substance

HP — Humic Preparation

AR — Accumulation Ratio

LDS - Least Significant Difference

APC — Approximate Permissible Concetration
MPC — Maximum Permissible Concentration

MFMC — Maximum Field Moisture Capacity

HM — Heavy Metal
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