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ABSTRACT

To increase soil fertility and reduce their pollution by various harmful substances, including heavy metals, to replace
chemical fertilizers, which are a source of these toxicants the main task for nowdays. The content of nitrogen,
macro- and microelements in the vegetative mass grown from lost (from 5% to 8%) grain during the harvest of
winter wheat, winter barley, winter rape and winter peas was studied. It was found that the yield of vegetative mass
grown from grain lost during harvesting is 4500 kg ha* — winter wheat, 3700 kg ha! — winter barley, 11500 kg ha*
— winter rape and 6200 kg ha — winter peas. The concentration of phosphorus, potassium, calcium, magnesium and
sodium in the vegetative mass of these greens was respectively in the range of 0.65 g kg — 1.25 g kg*; 3.1 g kg —
48gkg?’; 1.01 g kgt -3.1gkg?; 0.21 g kg?—-0.75 g kg'*; and 0.18 g kg — 0.52 g kg'*. While the concentration of
lead, cadmium, copper, zinc, manganese and cobalt in the vegetative mass of green manures grown from grain
harvested during the harvest of winter wheat, winter barley, winter rape and winter peas was 0.02 mg kg™ — 0.024
mg kg?, 0.0015 mg kg* — 0.0024 mg kg, 44 mg kg — 48 mg kgt, 0.45 mg kg* — 0.8 mg kg%, 3.2 mg kg™ - 7.8
mg kg, 4.3 mg kg — 7.3 mg kg and 0.017 mg kg — 0.22 mg kg*. The nitrogen content in the vegetative mass of
green manures obtained from 1 ha ranged from 21600 to 52100 g. The use of these green manures in crop
production has a higher environmental efficiency of fertilizers due to low concentrations of lead, cadmium, zinc and
copper compared to mineral fertilizers. The coefficient of accumulation in the vegetative mass of green manures was
from 0.016 to 0.019 for lead, from 0.0053 to 0.0085 for cadmium, from 0.2 to 0.27 for zinc and from 0.59 to 0.78 for
manganese.

Key words: Green manure, Winter wheat, Winter barley, Winter rape, Winter peas, Yield, Nitrogen,
Macronutrients, Microelements, Grain.

INTRODUCTION

The growing intensity of the natural resources use, in particular, agricultural soils in some areas of Ukraine leads to
their degradation, which threatens their natural recovery. The consequence of degradation of agricultural soils is a
decrease in their fertility and the accumulation of various toxicants, including heavy metals, which has a negative
impact on the quality of crop products (Falcone et al., 2019).
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Climate change also had a significant impact on the condition of soils and the efficiency of their use in agricultural
production over the last few decades (El-Sadek et al., 2020). In particular, due to a significant increase of air
temperature, uneven rainfall and long dry periods, the total soil moisture decreased, which negatively affects the
efficiency of their use.

The agrosphere of Ukraine is characterized in some regions by the rapid development of agriculture due to the
intensification of the industry. Characteristic of this region is the cultivation of cereals such as wheat, corn, barley
and others cultures (Mazur et al., 2018; Razanov et al., 2020; Tkachuk et al., 2020; Honcharuk, 2021).

Intensive farming on these soils leads to increased yields of nutrients, which sometimes negatively affects their
fertility. Under such conditions, there is a need for constant replenishment of soil nutrients, which occurs mainly
through the use of mineral fertilizers (Mazur et al., 2020). In the conditions of intensive agriculture of Ukraine there
is a tendency to increasing use of mineral fertilizers in crop production. One of the negative consequences of
fertilizing soils with mineral fertilizers is their contamination with various toxicants, in particular, heavy metals
(Hazrat et al., 2019). It is known that with each kg of ammonium nitrate 0.5 mg of lead and 0.05 mg of cadmium
enters the soil, with double superphosphate 4.4 mg of lead and 0.05 mg of cadmium and with potassium chloride 3.0
mg of lead and 3.0 mg of cadmium, with organic fertilizers (manure) up to 25 mg zinc, 4.5 mg of copper, 4.4 mg of
lead and 0.25 mg of cadmium. Only in the cultivation of winter rape with ammonium nitrate, double superphosphate
and potassium chloride in the soil per 1 hectare gets from 495 mg to 2199 mg of lead, from 412 mg to 701 mg of
cadmium, and in the cultivation of sunflower — up to 1881 mg of lead and 411 mg of cadmium.

From the soil heavy metals along the trophic chain migrate into the vegetation, adversely affecting its quality and
safety. It has been established that plants are able to accumulate large amounts of heavy metals through the root
system, and the concentration of heavy metals in plants can exceed their amount in the soil several times.
Contamination of soils with a toxicant such as cadmium is one of the main problems today due to the high level of
its transition to vegetation, even in cases of minimal concentration in the soil (Lambert et al., 2007; Chorna et al.,
2018; Makarenko et al., 2020). Intensive accumulation of zinc by plants is also known, comparatively less — of
copper and lead.

It was found that the intensity of heavy metals migration into plants depends on their botanical origin, mechanical
composition of the soil, the amount of organic matter, acidity, phosphorus content, etc., as well as climatic and soil
conditions, soil properties, varietal and biological characteristics of plants, the level of soil contamination by
toxicants (Bondar et al., 2019; AL-Robai et al., 2020; Dursun et al., 2020).

The danger of soil contamination with heavy metals is the entry of these toxicants into plant material and food
produced from them. Analyzing food safety in recent years in Ukraine revealed that they exceeded the hygienic
standards for the content of heavy metals. It has been found that about 10% of food samples may contain heavy
metal salts, half of which exceed the MPC. The use of foods that contain heavy metals leads to various disorders at
all levels of the human body, accompanied by a number of diseases of the population. It is proved that 80% of
cadmium enters the human body with food and 20% — with air through the lungs. The intensity of cadmium
accumulation in food is different and can range from 9 pg kg to 500 pg kg in crop products and from 6 ug kg™ to
250 pg kgt in livestock products. Cadmium has teratogenic, mutagenic and carcinogenic effects, blocks the work of
some enzymes. Cadmium compounds are known to damage internal organs, in particular the lungs, kidneys, liver,
pancreas, and cardiovascular system. This element damages and destroys red blood cells and can cause anemia,
hereditary disorders (Rafati Rahimzadeh et al., 2017).

At present, it is found that almost all foods contain lead, which annually with atmospheric air is deposited on the
earth's surface about 400 thousand tons. It is known that foods, in particular fruits, contain (mg kg*) from 0.01 to
0.6; vegetables — from 0.02 to 1.6; cereals — from 0.03 to 3.0; bakery products — from 0.03 to 0.82; meat and fish —
from 0.02 to 0.78; milk — from 0.01 to 0.1. Lead adversely affects metabolism and damages the hematopoietic,
nervous, urinary, cardiovascular and endocrine systems (Brown et al., 2016). Therefore, one of the priority areas to
reduce the load on these aspects is to prevent the migration of heavy metals in the soil-plant system.

An alternative to increasing soil fertility, reducing their degradation and improving the quality and safety of crop
production is organic farming, which has recently been introduced in Ukraine (VVdovenko et al., 2018; Yezerkovskyi
et al., 2018). Its essence is to unite agro-industrial producers who support the organic production of high quality
agricultural products by replacing synthesized chemical fertilizers with safe environmental products (Reganold et
al., 2016; Watson et al., 2017; Méller, 2018; Ostapenko et al., 2020). The introduction of sustainable crop rotations,
the use of crop residues, vegetative mass, manure, compost, perennial legumes, green manure as a source of organic
matter, mechanical and biological means of weed control, pests and plant diseases (Razanov et al., 2018; R&06s et al.,
2018; Tkachuk, 2020).
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Particular attention in organic farming is paid to preserving soil fertility. One of the reserves to increase soil fertility
is the use of vegetative mass of plants, which are included in the common name — green manure (Liebman et al.,
2012). By general definition, green manures are plants that are grown before sowing the main crop in order to
increase the fertility of the topsoil and improve its structure. The most common greens used for green manure are:
white mustard, rye, barley, buckwheat, oats, lupine, phacelia, vetch, canola, radish and others (Madsen et al., 2016;
Terzi¢ et al., 2019).

It is known that phacelia is undemanding to the type of soil, it can grow even on stony and sandy soils, is
undemanding to moisture, tolerates prolonged drought and shading, as well as frost to minus 9° C. White mustard
refers to cold-resistant greens, characteristic of this culture is a rapid period of formation of vegetative mass. The
minimum period from sowing of this culture to mowing under green manures lasts 5 weeks. Vetch belongs to
precocious crops, has a relatively short growing season. Sowing for growing under green manure is carried out
throughout the growing season, most often used for melons. Oats as a green manure is cold-resistant. It is a good
precursor to crops that are picky about potassium, particularly for tomatoes and peppers (Jabbar et al., 2021; Al-
dulaimi et al., 2021). Barley as a green manure is characterized by drought resistance (Danicic et al., 2019), so it is
used in areas with insufficient moisture, it also has high frost resistance.

MATERIALS AND METHODS

The research was carried out in the conditions of FE "Zorya Vasylivka" of Tyvriv district, Vinnytsia region on light
gray forest soils. The soils of the studied territory of Tivriv district of Vinnytsia region belong to the Central agro-
soil district, which occupies a significant area within the region. This is the highest area of the right-bank Forest-
Steppe and the most ruined. The peculiarity of this area is gray podzolic and typical light gray soils (76%). The
approximate area of dark gray soils is 18%, podzolic chernozems — 3%. The soils of the district are less fertile in
comparison with the soils of other districts of the region, humus reserves are quite low — from 1.4% to 2.7%.
Relatively mild winters, moderately humid and warm summers, fertile soils create the most favorable conditions for
high and stable yields of various crops, including winter and spring wheat, rye, oats, barley, potatoes, sugar beets,
vegetables and fodder crops, fruit trees.

The material of the study was the vegetative mass of winter wheat, winter barley, winter rape and winter peas,
obtained as a result of germination of seeds lost during threshing. To form organic fertilizer, the vegetative mass of
winter wheat, winter barley, winter rape and winter peas was mowed no later than two weeks before sowing the
main spring crops. Selection of vegetative mass was performed by the method of spot tests.

The content of total nitrogen in plants was determined by the Kjeldahl method, crude ash by the dry ashing method,
and the concentration of heavy metals by the atomic absorption method. Accum (accumulation factor) was
determined by the formula:

Metal content in the vegetative mass
Metal content in the soil

Kaccum. =

RESULTS AND DISCUSSION

In the vegetative mass of plants, the maximum permissible concentrations of metals (MPC) are: lead — 5.0 mg kg,
cadmium — 1.0 mg kg%, zinc — 10 mg kg*, copper — 5.0 mg kg*. Analysis of the results of the study shown in table.
1 showed that the cultivation of green manure for spring crops from grain lost as a result of threshing yields from
3700 kg ha* to 11,500 kg ha of green manure, in particular, from winter wheat — 4500 kg ha', winter barley —
3700 kg hal, winter rape — 11500 kg ha* and winter peas — 6200 kg ha™™.

The highest amount of vegetative mass from 1 ha of area was obtained when growing it from grain lost during the

harvest of winter rape. Thus, the vegetative mass of winter rape was 2.5 times higher compared to winter wheat, 3.1
times higher than to winter barley and 1.8 times higher than to winter peas.
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Table 1. The content of macronutrients in the vegetative mass, g kg™ (n =4, M £ m)

Green manure The content of macronutrients in the vegetative mass per 1 kg Yield of
. . . . vegetative
Phosphorus Potassium Calcium Magnesium Sodium mass kg ha'l
Vegetative mass | 21,005 | 414007 | 1.0120.06 | 0.21+0.03 | 0.5240.01 4500
of winter wheat
Vegetative mass | eeig 04 | 314003 | 1144002 | 0.34+0.09 | 0.18+0.04 3700
of winter barley
Vegetative mass | ) 14,4 g3 4.4%0.08 2.8+0.05 0.62£0.04 | 0.23+0.07 11500
of winter rape
Vegetative mass | o104 | 4.8+0.08 3.1+0.07 | 0.75+0.08 | 0.27+0.08 6200
of winter peas

It was found that the vegetative mass of winter wheat obtained from a hectare of area during its mowing before
preparing the soil for sowing spring crops (two weeks before sowing) contained 3195 g of phosphorus, 18450 g —
potassium, 1.01 g — calcium, 0.21 g of magnesium and 0.52 g — sodium. The content of phosphorus, potassium,
calcium, magnesium and sodium in 1 kg of vegetative mass of winter barley was 0.65 g, 3.1 g, 1.14 g, 0.34 g and
0.18 g, winter rape —0.11 g, 4.4 g, 2.8 g, 0.62 g and 0.23 g and winter peas — 1.25 9, 4.8 g, 3.1 g, 0.75 g and 0.27 g.
The gross content of phosphorus, potassium, calcium, magnesium and sodium in the vegetative mass of green
manures obtained from one hectare, in particular, winter wheat was 3195 g, 18450 g, 4545 g, 945 g and 2340 g;
winter barley — 2405 g, 11470 g, 4218 g, 1258 g, 666 g; winter rape — 12765 g, 50600 g, 32200 g, 7130 g, 2645 g;
winter peas — 7750 g, 29760 g, 19220 g, 4650 g, 1674 g, respectively. At the same time, it should be noted that the
highest amount of phosphorus, potassium, calcium and magnesium was observed in the vegetative mass harvested
from 1 ha of winter peas, and sodium — winter wheat.

Thus, in the vegetative mass of winter peas grown from grain lost during harvesting there was a higher concentration
of phosphorus, potassium, calcium and magnesium compared to the vegetative mass of winter rape, respectively
1.12 times, 1.09 times, 1.1 times and 1.2 times, winter barley — 1.92 times. times, 1.54 times, 2.7 times and 2.2
times, winter wheat — 1.76 times, 3.06 times and 3.06 times and 3.5 times. The concentration of sodium in the
vegetative mass of green manure grown from winter wheat was higher compared to the vegetative mass grown from
grain lost during harvesting winter barley 2.3 times, winter rape — 2.2 times and winter peas — 1.9 times.

Table 2. The content of trace elements in the vegetative mass, mg kg™ (n =4, M+ m)

The content of macronutrients in the vegetative mass per 1 kg
Yield of
Green manure Iron Copper Zinc Manganese Cobalt vegetative mass
kg ha!
Vegetative mass | 46, 43 | 840,031 | 7.8+0.14 7.240.12 0.2240.01 4500
of winter wheat
Vegetative mass | 40,411 | 045+0.041 | 3.2¢017 | 4.3+027 | 0.06+0.007 3700
of winter barley
Vegetative mass | 45,17 | 0,6840.021 | 4.4+0.51 514031 | 0.017+0.002 11500
of winter rape
Vegetative mass | 93 | 0740034 | 4.3+043 | 55+0.28 | 0.018+0.004 6200
of winter peas

Analysis of trace elements in the vegetative mass grown from grain lost during harvest showed that the iron content
ranged from 44 mg kg™ to 48 mg kg, copper — from 0.45 mg kg™ to 0.8 mg kg, zinc — from 3.2 mg kg™ up to 7.8
mg kg, manganese — from 4.3 mg kg? to 7.2 mg kg?, cobalt — from 0.017 mg kg™ to 0.22 mg kg™. In the
vegetative mass of winter wheat obtained from one hectare, the gross content of iron, copper, zinc, manganese and
cobalt was 207000 mg, 3600 mg, 35100 mg, 32400 mg, 990 mg, respectively; winter barley — 177600 mg, 1665 mg,
11840 mg, 15910 mg and 222 mg, winter rape — 517500 mg, 7820 mg, 50600 mg, 58650 mg, 195 mg; winter peas —
272800 mg, 4340 mg, 26660 mg, 34100 mg, 111 mg.
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In addition, it should be noted that the highest amount of iron in the vegetative mass of greens per 1 kg was found in
winter barley, copper, zinc, manganese and cobalt — in winter wheat. In particular, the concentration of iron in the
vegetative mass of winter barley grown from grain lost during harvesting was 1.04 times, 1.06 times and 1.09 times
higher compared to the vegetative mass of winter wheat, winter rape and winter peas.

Table 3. The content in the vegetative mass of nitrogen, g kg (n =4, M+ m)

Gross nitrogen content in
Nitrogen content Yield of vegetative | grams (g) in vegetative
Green manure 1 1 .
g kg mass kg ha mass obtained from one
ha

Vegetative mass of winter wheat 4.8+0.12 4500 21600+43.7
Vegetative mass of winter barley 4.5+0.41 3700 16650+21.5
Vegetative mass of winter rape 5.4+0.33 11500 62100+17.6
Vegetative mass of winter peas 6.1+0.31 6200 37820+22.7

The obtained research results showed that the vegetative mass grown from winter peas, grown from grain lost during
threshing, had the highest amount of nitrogen, which was 6.1 g kg™*. Compared with the vegetative mass of winter
wheat, winter barley and winter rape, the nitrogen content in the vegetative mass grown from winter peas was 1.27
times, 1.35 times and 1.13 times higher, respectively. The gross nitrogen content in the vegetative mass of green
wheat green manure, winter barley, winter rape and winter peas grown from lost grain during the harvest per 1 ha
was 21600 g, 16650 g, 62100 g and 37820 g, respectively.

The highest nitrogen content obtained from one hectare of area was in the vegetative mass grown from grain of
winter rape lost during harvesting. Thus, the nitrogen content in the vegetative mass of winter rape harvested from
one hectare was 2.8 times higher than the vegetative mass of winter wheat, 3.7 times higher than winter barley and
1.6 times higher than winter peas.

Table 4. The coefficient of of heavy metals accumulation in the vegetative mass of different greens
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The coefficient of accumulation of heavy metals in the vegetative mass of green manures (Table 4) ranged from
0.016 to 0.019 for lead, from 0.0053 to 0.0085 for cadmium, from 0.20 to 0.27 for zinc and from 0.59 to 0.76 for
copper. The lowest coefficient of accumulation of lead and zinc was observed in the vegetative mass of green
manure from winter barley, cadmium and copper — from winter wheat. Thus, the coefficient of accumulation of lead
in the vegetative mass of green barley green manure was 1.06 times, 1.18 times and 1.18 times lower compared to
the vegetative mass of winter wheat, rapeseed and peas, respectively. The coefficient of cadmium accumulation in
the vegetative mass of winter wheat green manure was 1.13 times, 1.4 times and 1.6 times lower compared to the
vegetative mass of barley, rape and winter peas, respectively. The zinc accumulation coefficient in the vegetative
mass of winter barley was 1.15 times, 1.25 times and 1.35 times lower in comparison with the vegetative mass of
winter wheat, winter rape and winter peas. In the vegetative mass of winter wheat, the coefficient of copper
accumulation was 1.2 times and 1.28 times lower than the vegetative mass of barley, rape and winter peas,
respectively.

Table 5. Comparative assessment of the content of heavy metals in the vegetative mass of green manures and
mineral fertilizers, mg kg

Green manure Heavy metals
Lead Cadmium Zinc Copper
Vegetative mass of winter wheat 0.021+0.007 0.0015%0.0004 2.1+0.1 0.31+0.04
Vegetative mass of winter barley 0.02+0.004 0.0017+0.002 1.8+0.14 0.37+0.032
Vegetative mass of winter rape 0.024+0.002 0.0021+0.002 2.3£0.12 0.41+0.041
Vegetative mass of winter peas 0.024+0.0025 0.0024+0.003 2.5+0.12 0.40£0.022
Mineral fertilizer mixture (NPK) 3.1+0.16 1.3+0.12 15.3+0.7 6.8+0.21

N - ammonium nitrate
P - double superphosphate
K - potassium chloride

The results of the research shown (Table 5) that green manures grown from winter grain lost during harvesting
contain lower concentrations of lead, cadmium, zinc and copper compared to mineral fertilizers, which indicates its
higher environmental safety compared to mineral fertilizers. In particular, the vegetative mass grown from the grain
of winter wheat, winter barley, winter rape and winter peas lost during harvesting contains a lower concentration of
lead 147.6 times, 155, 129, and 129 times; cadmium — 866 times, 764, 619 and 541 times; zinc — 7.2 times, 8.5, 6.6
and 6.1 times; copper — 2.2 times, 18.3, 16.5 and 17 times, respectively, compared with mineral fertilizers (NPK).

CONCLUSION

v' Growing in the Forest-Steppe of the right-bank Ukraine of green manure from grain lost during harvesting
makes it possible to obtain green fertilizer from winter wheat 4500 kg ha, winter barley 3700 kg ha*,
winter rape 1100 kg ha' and winter peas 6200 kg ha, in which the nitrogen content is 21,600 kg ha’,
16,650 kg hat, 62,100 kg ha* and 37,820 kg ha.

v' The concentration of phosphorus, potassium, calcium, magnesium and sodium in the vegetative mass of
green manures was, respectively, winter wheat — 0.71 g kg, 4.1 g kg%, 1.01 g kg, 0.21 g kg™ and 0.52 g
kgt; winter barley — 0.65 g kg%, 1.14 g kg%, 0.34 g kg*and 0.18 g kg*; winter rape — 1.11 g kg%, 4.4 g kg
12.8gkg?, 0.62 gkg*and 0.23 g kg; winter peas — 1.25 g kg%, 4.8 g kg%, 3.1 g kg?, 0.75 g kg'* and 0.27
g kg, respectively.

v The concentration of iron, copper, zinc, manganese, cobalt, lead and cadmium in the vegetative mass of
green manure was, respectively, winter wheat — 46 mg kg, 0.8 mg kg, 7.8 mg kg?, 7.2 mg kg, 0.22 mg
kg, 0.021 mg kg* and 0.0015 mg kg*; winter barley — 48 mg kg%, 0.45 mg kg?, 3.2 mg kg, 4.3 mg kg™,
0.06 mg kg, 0.02 mg kg*and 0.0017 mg kg™*; winter rape — 1.5 mg kg%, 0.68 mg kg*, 4.4 mg kg, 5.1 mg
kg, 0.017 mg kg?, 0.024 mg kg*and 0.021 mg kg and winter peas — 4.4 mg kg, 0.7 mg kg%, 4.3 mg kg
1 5.5 mg kg?, 0.018 mg kg™ and 0.024 mg kg, respectively.
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In the vegetative mass of green manures grown from grain lost during the harvest of winter wheat, winter
barley, winter rape and winter peas per 1 kg, the concentration of lead was lower from 129 to 147.6 times,
cadmium — from 541 to 866 times, zinc from 6.1 to 7.2 times and copper from 2.2 to 18.3 times compared
to the same mass of a mixture of mineral fertilizers (ammonium nitrate, simple superphosphate, potassium
chloride).

The coefficient of accumulation in the vegetative mass of greens from winter wheat, barley, rape and peas
was in the range from 0.016 to 0.019 for lead; from 0.0053 to 0.0015 — for cadmium; from 0.20 to 0.27 —
for zinc and from 0.59 to 0.76 — for copper. The lowest coefficient of accumulation of lead and zinc was
observed in the vegetative mass of green manures grown from winter barley, and cadmium and copper —
from winter wheat.
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