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Based on the research of the maize agrocenosis state at the soil contamination with lead, cadmium, 
zinc, we established that maize is high resistant to the high concentrations of metals in the soil environment. 
Maize has a buffer barrier against pollutants and is able to partially accumulate and fix metals by the root 
system. As a result, only a small share of pollutants gets in the marketable part of the crops, and it does not 
exceed the maximum permissible levels. Also maize inhibits the further expansion of areas polluted with 
these ecotoxicants. In the variants of the field trial, we have obtained a maize grain yield of 7.36–9.32 t/ha 
(average level of variation was 10.24 %). In plots with 5–100-fold excess of heavy metals concentration, the 
grain yield tended to reduce by 1.16–1.96 t/ha (LSD05 = 1.88) compared to the control, i.e. the loss of maize 
yield was 12–21 %. 

It was found that soil contamination with pollutants decreased the yield and profit compared to the 

natural background (control). We obtained the maximum income (14,575 UAH/ha) in the variant with a 

natural background due to a high yield of maize grain. One of the indicators by which all factors can be 

assessed comprehensively is profitability. The analysis of research results showed that the profitability of 

maize grain production at the yield of 7.36–9.32 t/ha varied according to the level of ecotope contamination 

with pollutants and amounted to 31–63 %. The maize cultivation in soil contamination areas, when the heavy 

metals exceed by 5 and 10 times the natural background, provided a level of profitability of 39 and 44 %, 

respectively, and was economically feasible. This allows to use effectively lands with constantly renewed soil 

contamination in the agriculture both to obtain a profit from the crop cultivation and prevent the expansion 

of the contaminated area. 
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The basis of the modern national doc-

trine of Ukraine in the field of agro-industrial 

complex is to stabilize the grain production. In 

market conditions, we have to ensure the main 

indicators of profitable financial and economic 

activities of agricultural enterprises by means of 

increasing the competitiveness level of agricul-

tural production due to the rational technologi-

cal and optimal economic solutions [1–3].  

In Ukraine and around the world, the 

share of contaminated land with pollutants, in-

cluding heavy metals, which form around indi-

vidual sources of pollutants, is increased [4–6]. 

At the same time, the average term of formation 

of a permanent man-made anomaly is 20–50 

years, and the minimum – 5–10 years [7]. How-

ever, it is possible to grow crops and obtain 

safe, economically viable products on these 

lands [8]. The winter rye, winter wheat, oats and 

barley are the most tolerant to heavy metals. 

The environmentally safe yield of grain crops is 

formed when the pollutant content is 1–2 

clarkes in the soil. Winter rye, winter wheat, 

oats and  barley are  the most  tolerant  to heavy 
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metals. The environmentally safe yield of grain 

crops is formed when the pollutant content is 1–

2 clarkes in the soil. When level consists of 5–6 

clarkes, the plant growth is inhibited, the 

productivity and quality of products are re-

duced. Sunflower and maize can tolerate soil 

contamination with heavy metals up to 4 

clarkes, or 1–1.5 of the maximum allowable 

levels [9, 10]. Maize grain is an important 

source of raw materials for the food and phar-

maceutical processing industries, as well as the 

fuel and energy sector of the state, because it is 

used for the industrial production of bioethanol 

and other fuels [11, 12]. Maize as a grain crop 

has a high viability and buffer barrier against 

pollutants and is able to partially accumulate 

and fix metals by the root system. As a result, 

only a small share of pollutants gets in the edi-

ble part of the crops, and it does not exceed the 

maximum permissible limits (MPL). Also maize 

inhibits the further expansion of areas polluted 

with these ecotoxicants [13]. In recent years, the 

economic efficiency and yield of this crop has 

increased significantly from 6.0 to 12.0 t/ha, and 

the level of profitability depending on the culti-

vation technology and weather conditions 

reached 62–89 % [14]. But it should be borne in 

mind that the corn grain, in which the content of 

heavy metals at least one indicator exceeds the 

MPL, cannot be used for food purposes and 

belongs to the maize by-products. As a result, 

the purchase price is reduced by 1.5 times [15]. 

Aim. To rationally use of agricultural 

lands due to maize grain cultivation under the 

soil contamination by pollutants. To realize a 

profit from the sale of the final product. 

Materials and Methods. The research was 

carried out in a stationary small-plot experiment 

on topic "Influence of zinc, lead, cadmium on 

crop productivity and ecotoxicological charac-

teristics of gray forest soil", which was estab-

lished in 1999 at the Research Farm "Chabany" 

of NSC "Institute of Agriculture NAAS" (Right 

Bank Forest-Steppe, Kyiv region).  It was a gray 

forest loamy soil, arable layer (0–20 cm) with a 

low humus content (1.33–1.46 %), weakly acid-

ic reaction of the environment (pHsalt 5.2–5.5), 

very low content of hydrolyzed forms of nitro-

gen (77.7–81.6 mg/kg), high and very high - 

mobile phosphorus (170.6–218.2 mg/kg) and 

potassium (148.1–207.7 mg/kg). In the field 

trial, we have settled the artificially created 

backgrounds of lead, cadmium, zinc: 1 variant 

was the natural background of zinc, lead and 

cadmium (control); 2 – when the natural back-

ground of metals was exceeded by 10 times, 3 – 

by 100 times; 4 – in 5 times. At establishment of 

the trial, it was found that the natural back-

ground of the acid-soluble fraction of heavy 

metals in gray forest soil was following: lead – 

10.0 mg/kg, zinc – 5.0, cadmium – 0.2 mg/kg of 

soil. During 2016–2020, the agrocenosis was 

represented by maize (Zdvyzh MV three-way 

cross hybrid, mid-early ripening hybrid (FAO 

240), growing season was 118–126 days. Plant 

height was 230–250 cm). Planting density was 

80 thousand plants/ha. The granulometric com-

position of the soil was light, so fertilizers on all 

plots are applied in the spring under pre-sowing 

tillage at a rate of N120P90K120. The area of the 

accounting plot was 4 m
2
, the replication is four 

times. 

 We have determined the economic effi-

ciency of maize grain cultivation at different 

levels of heavy metals in the soil environment 

according to generally accepted methods. Cal-

culations were based on the actual costs provid-

ed by technological and technical factors. It was 

calculated the main indicators to assess econom-

ic efficiency, such as production costs, relative-

ly net profit from the yield, the profitability lev-

el. The cost of products and the expenses the 

agricultural resources for cultivation of grain 

products were calculated by 2020 prices. 

The structure of production expenses in-

cluded the cost of: seeds, mineral fertilizers, 

plant protection products, land fees, fuels and 

lubricants, electric energy, deductions for de-

preciation and overhaul, current repairs and 

maintenance of equipment, wages with accruals, 

as well as other material expenses. 

Results. Over the study of the maize ag-

rocenosis, under the soil contamination with 

lead, cadmium, zinc, it was established that 

grain crop is high resistant to the high concen-

tration of pollutants in the soil environment. The 

grain yield in variants of the field trial was 

7.36–9.32 t/ha (average level of variation 

10.24 %). In plots with 5–100-fold exceedance 

of heavy metal concentration, there was a ten-

dency to reduce the maize grain yield by 1.16–

1.96 t/ha (LSD05 = 1.88) compared to the con-

trol, i.e. yield losses were 12–21 % (Table 1). 

It is noted that  the MPL of  zinc and cad- 
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mium in maize grain did not exceeded limit on 

artificial backgrounds. In variants with a 5- and 

100-fold exceedance of pollutants in the soil, 

the lead content in the grain was 0.7–0.9 mg/kg. 

This did not correspond to the MPL for food 

grain of maize (0.5 mg/kg), but according to the 

standards for feed materials (MPC – 5.0 mg/kg) 

can be used for feed and technical purposes, for  

example, for the production of bioethanol. 

          According to our calculations, the average 

cost of the yield over the research years was 

37,578 UAH/ha on a natural background of 

heavy metals, and it was 21 % lower than the 

control when the natural background was ex-

ceeded 100 times. 

When there was  the 5 and 10-fold contamina- 
 

Table 1. Economic efficiency of maize grain cultivation under different levels of ecotope contamination 

with lead, cadmium and zinc (2016–2020) 
 

Variant 
Yield,  
t/ha 

Cost of pro-
duction, 
UAH/ha 

Total cost of 
production, 

UAH/ha 

Profit,  
UAH/ha 

The level of 
profitability, 

% 
Natural background of met-
als (control) 

9.32 37,578 23,003 14,575 63 

5-fold excess of natural met-
al background 

7.81 31,490 22,729 8,761 39 

10-fold excess of natural 
metal background 

8.16 32,901 22,792 10,109 44 

100-fold excess of natural 
metal background 

7.36 29,676 22,647 7,029 31 

X ± S x  8.16 ± 0.42     

                            V, % 10.24     

                             LSD05 1.88     

 

tion level of agroecotop, the indicators de-

creased by 6,088 and 4,677 UAH/ha, respective-

ly, compared to the control due to lower produc-

tivity of maize. 

When we have analysed the structure of 

expenses and noted that the total cost of produc-

tion tend to reduce when the level of agroecotop 

contamination with heavy metals increased (var-

iant with 100-fold excess of heavy metals – 

22,647 UAH/ha). With a 5 and 10-fold excess 

of heavy metals, the indicator decreased by 274 

and 211 UAH/ha compared to the natural back-

ground of heavy metals (23,003 UAH/ha). The 

expenses were decreased due to a decrease of 

fuels and lubricants volume (9.8 %) and electric 

energy consumption (0.19 %) for drying grain 

compared to the control, where these indicators 

were 10.6 and 0.24 %, respectively. 

The profit-cost ratio was reduced to 24 % 

for 100-fold contamination of agroecotop with 

pollutants compared to the natural background 

of heavy metals, where it reached 39 % due to 

reduced crop yields. The share of the crop yield 

cost increased when the level of soil contamina-

tion by pollutants increased from 61 to 76 %. 

This is confirmed by the calculation of the 

cost of 1 ton grown products. The lowest cost 

(2,468 UAH/t) was obtained in the control.  

When the natural background of heavy metals 

was exceeded by 10 times, the cost of cultiva-

tion of Zdvyzh MV hybrid was 2,793 UAH/t. 

The highest costs of 3,077 and 2,910 UAH/t 

were for 100 and 5-fold excess of heavy metals 

to the natural background, respectively. 

The maximum profit was obtained in the 

control, which is due to higher yields of maize, 

it equaled 14,575 UAH/ha. In a case when grain 

yield decreased and the soil contamination by 

pollutants increased, the profit tended to reduce 

compared to the natural background of heavy 

metals.  

Profitability allows to comprehensively 

assessment of all factors. Analysis of research 

results showed that the level of profitability was 

31–63 %, when the maize grain yield was 7.36–

9.32 t/ha. In the control, this indicator was the 

highest (63 %), at 5 and 10-fold exceedance of 

the natural background of heavy metals – 39 

and 44 %, respectively, and with 100-fold pollu-

tion, the level of profitability decreased to 31 %. 

The profitability decreased due to the loss of 

profits as result reduced yields of maize.  

Conclusions. The grain maize cultivation 

under the soil contamination by pollutants in-
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creases the efficiency of land use of agricultural 

landscapes. When a maize grain yield was 7.36–

9.32 t/ha, the cultivation profitability varied 

according to the contamination of ecotopes with 

lead, cadmium, zinc and amounted to 31–63 %. 

Despite the reduction in profitability to 39 and 

44 %, the maize cultivation on soils with a 5- 

and 10-fold excess of the natural background of 

heavy metals, respectively, is economically fea-

sible. This makes it possible to use effectively 

lands with constantly renewed soil contamina-

tion in the agriculture both to obtain agricultural 

products and prevent the expansion of the con-

taminated area 
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