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HEIGHT DYNAMICS OF PERENNIAL LEGUMINOUS HERBS IN THE CONTEXT OF SOIL 

CONTAMINATION WITH HEAVY METALS 

 

Tkachuk O. 

Doctor of Agricultural Sciences, Associate Professor of the  

Department of Ecology and Environmental Protection 

Vinnytsia National Agrarian University 

 

ABSTRACT 

The researches were envisaged the effect of increased concentration of mowing heavy metals in soil on the 

growth and development of leguminous perennial herbs 6 species of leguminous perennial herbs were grown: 

Medicago sativa I., Trifolium pratense L., Onobrychis arenaria Kit., Melilotus albus L., Littus corniculatus L. and 

Galega orientalis Lam. The field research where leguminous herbs were grown was characterized by moderate soil 

pollution with heavy metals. In particular, the content of mobile lead forms in the soil according to the maximum 

concentration was 1 MPC, cadmium – 0.9 MPC, copper – 2.3 MPC, zinc – 0.4 MPC. In conditions of moderate 

soil contamination with heavy metals (lead, cadmium, copper and zinc), all the studied herbs grow and develop 

without inhibition, which will contribute to the good accumulation of heavy metals in their tissues and removal 

from the soil. In the first year, Melilotus albus L. – 130 cm and Onobrychis arenaria Kit reach the highest heights 

– 95 cm. In the second and subsequent years, the highest herbs in the first generation were Melilotus albus L. – 

174 cm, Galega orientalis Lam. – 105 cm. In the second and following mowings – Onobrychis arenaria Kit. – 82 

cm, Galega orientalis Lam. – 79 cm. 

Keywords: Leguminous perennials, height, dynamics, heavy metals, soil, pollution. 

 

Formulation of the problem. Over recent dec-

ades, degradation of agricultural land has worsened and 

become critical. Primarily it concerns the soil cover, 

which has lost its ability for self-regulation. Prolonged 

use of land without sufficient nutrient supplementation 

has caused various types of deterioration: dehumidifi-

cation, reduction of nutrient, erosion, soil re-compac-

tion, water permeability reduction, soil acidification, 

toxicity etc. It is known, there is a certain degree of de-

humidification on 39 million hectares of the crop lands 

in Ukraine, in particular in Vinnitsia region because of 

the high level of plowing this type of degradation was 

spread over 90 per cent of arable lands [1]. 

The major task today is searching for ways to re-

store and maintain the optimal level of soil fertility. 

Cultivation of leguminous perennial herbs could be one 

of the major resources and perspective directions for 

solution of this problem [2]. 

Food production is one of the determining factors, 

which helps to stabilize the processes taking place in 

the systems “soil–plant-animal-human being”. Signifi-

cant phytomeliorative role of perennials on the 

cropland, optimal matching of the cultivated land, hay-

fields, pasture land will provide an opportunity to elim-

inate the destructive process on the agricultural land, 

lower the erosion and improve the soil fertility and crop 

productivity [3]. There might also be some deviations 

from normal development and growing within cultiva-

tion of leguminous perennial herbs on degraded soils. 

One of these harmful effects is soil pollution with heavy 

metals. Therefore, there is a need to study the intensity 

of leguminous perennial herbs growing on such soils, it 

determines the relevance of this research. 

Analysis of recent research and publications. 

Leguminous perennial herbs are able to form a power-

ful vegetative mass from the second and following 

years of vegetation. But in the year of sowing legumi-

nous perennial grasses develop extremely slowly, they 

often have stunted growth, are highly susceptible to the 

effects of drought, weeds, pests, diseases or soil toxi-

cants. Therefore, the characteristics of growth pro-

cesses in the year of sowing of leguminous perennial 

herbs depend on the capacity of their development in 

the following years of vegetation [4]. 

Leguminous perennial herbs are very whimsical 

plants to soil nutrition and other characteristics. So they 

need fertile soils that are neutral by the reaction of the 

soil solution, with no toxic substances in the soil (heavy 

metals, pesticides, radionuclides, petroleum products) 

[5]. 

At the same time, due to the regeneration abilities 

of perennial herbs to improve soil condition, they are 

often planted on contaminated soil. Such soils can in-

hibit the herb growing and development [6]. 

It is often recommended to cultivate leguminous 

perennial on soils contaminated with heavy metals. 

These toxicants can affect the living organisms as they 

have a powerful toxic effect. To limit the accumulation 

of heavy metals in the soil, a system of maximum per-

missible concentrations was introduced. But consider-

ing the capacity of the heavy metals to input into the 

soil with mineral fertilizers, pesticides, emissions from 

motor vehicles and industrial enterprises, which have a 

negative impact each year, there is a tendency of accu-

mulation of heavy metals in the soil [7]. 

Previous researches have examined the effective-

ness of cultivation of Trifolium pratense L. on soils pol-

luted with heavy metals without inhibiting its growth 

processes. Given the ability of Trifolium pratense L. to 

absorb, cleave and accumulate heavy metals in its tis-

sues, thus improving the agro-ecological state of the 

soil, its crops are planted on such lands [8]. 

Separation of previously unresolved parts of a 

common problem. As there are more than 6 species of 

leguminous perennial herbs that differ in intensity of 

growing and development, their influence on the 

change of agro-ecological indicators of soil can be 

changed, according to the reducing of its pollution by 
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heavy metals. However, with the exception of Trifo-

lium pratense L., the сultivation possibility of other le-

guminous perennial herbs on soils polluted with heavy 

metals has not been studied. 

Purpose of the article. Field researches was con-

ducted during 2013–2019 at Research farm “Ahro-

nomichne” of Vinnytsia National Agrarian University 

(Ukraine), where intensive technologies of agricultural 

chemistry are used for cultivation of crops. Laboratory 

researches were carried out in the laboratories of the 

department of radioecology in the agro sphere of the 

Institute of Agroecology and Environmental Manage-

ment of the National Academy of Agrarian Sciences of 

Ukraine and the Department of Ecology and Environ-

mental Protection of Vinnitsa National Agricultural 

University. 

Field of research of the Ahronomichne Research 

farm, where field researches were conducted, is located 

in the central part of Vinnitsa region in the Central For-

est-Steppe of Ukraine. The territory of the farm is flat 

with a slight elevation and a weak division of its aria. 

The absolute altitudes reach 298 m above sea level. The 

height difference between the highest part of the water-

sheds and the decrease of the beams is 25–30 m. 

Field experimental area has a wide undulating ter-

rain, flat land dominated by slopes. The surface of the 

watershed plateau is leveled, its slope does not exceed 

2–3 °, so the surface runoff of atmospheric and melt 

water is slow and soil washout is almost absent. Soil 

moisture is due to precipitation, the groundwater level 

is at a depth of 10–15 m. 

Soil on the experimental site is grey podzolic me-

dium-loam. The agrochemical composition of the soil 

of the study area is characterized by the following indi-

cators: content of humus – 2.0%, nitrogen of hydro-

lyzed (according to Cornfild) – 133 mg/kg of soil-low, 

mobile forms of phosphorus (according to Chirikov) – 

390 mg/kg of soil-very high, mobile forms of potas-

sium (according to Chirikov) – 64 mg/kg of soil-me-

dium, calcium – 130 mg/kg of soil-sufficient, acidity 

hydrolytic – 2.53 mg-eq/100 g of soil-increased, reac-

tion of soil solution of pHNol. 5.0 – medium acid. 

The researches were envisaged the effect of in-

creased concentration of mowing heavy metals in soil 

on the growth and development of leguminous peren-

nial herbs 6 species of leguminous perennial herbs were 

grown: Medicago sativa I., Trifolium pratense L., On-

obrychis arenaria Kit., Melilotus albus L., Littus cor-

niculatus L. and Galega orientalis Lam. There were 

studied the influence on the features of growth and de-

velopment of such heavy metals: lead (Pb), cadmium 

(Cd), zinc (Zn), copper (Cu). 

The researches were repeated four times. The ac-

counting area of field experience is 50 m2, the total area 

of the site is 70 m2. The variants in the research are sys-

tematically arranged in 6 blocks. 

There were conducted the following observations, 

records and measurements: 

- determination of soil pollution by moving forms 

of heavy metals was carried out in certified and accred-

ited laboratories: the Test Center of Vinnytsia Branch 

of the State Institution of the State Soil Protection De-

partment of the Ministry of Agrarian Policy and Food 

of Ukraine and the Scientific and Measuring Agro-

chemical Laboratory of the Department of Ecology and 

Environmental Protection of Vinnitsa National Agrar-

ian University; 

- soil samples were taken from the 0–20 cm layer 

according to DSTU ISO 10381-1: 2004; 

- determination of the content of the gross metals 

(after extraction of 1.0 n HCl) and moving forms (after 

removal of acetate-ammonium by buffer solution pH 

4.8) of heavy metals in soil: lead, cadmium, copper and 

zinc - by atomic absorption spectrophotometry accord-

ing to DSTU 4362: 2004, DSTU 4770 (2, 3, 9): 2007;  

- determination of plant height dynamics - in three 

replications by phases of plant development. 

Statement of the main material. The experi-

mental field where leguminous perennial herbs were 

grown was characterized by moderate soil pollution 

with heavy metals. In particular, the content of mobile 

lead forms in the soil relative to the maximum permis-

sible concentration was 1 MPC, cadmium – 0.9 MPC, 

copper – 2.3 MPC, zinc – 0.4 MPC (Table.1). 

Plant height plays an important role in the total 

agro-ecological stability of agroecosystem. The faster 

the plant height grows, the more competitive they are 

in such an ecosystem, the more they absorb from the 

soil of heavy metals, they needless anthropogenic en-

ergy and, accordingly, more enrich the soil with above-

ground abscission. 

Table 1. 

Content of moving forms of heavy metals in soil during intensive agriculture 

Heavy metals Actual content, mg/kg MPC, mg/kg Pollution assessment 

Pb 5.9 6.0 1.0 MPC 

Cd 0.6 0.7 0.9 MPC 

Cu 6.8 3.0 2.3 MPC 

Zn 9.1 23.0 0.4 MPC 

 

All leguminous perennial herbs in the year of sow-

ing with no cover cultivation have a very slow growth 

during the first 30 days. By this time they grow from 4 

cm – Galega orientalis Lam. up to 10 cm – Onobrychis 

arenaria Kit. Such slow growth of leguminous occurs 

before the formation of the 3rd compound leaf of the 

herbs (Table 2). 
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Table 2 

Dynamics of the height of legumes perennial grasses in the year of sowing, depending on the duration of growth 

Legumes perennial herbs Height, cm, per day after sowing 

20 30 40 50 60 70 80 90 100 110 120 130 140 

Medicago sativa I. 4 8 28 46 78 83/* 12 33 43 55 73/ 8 11 

Trifolium pratense L. 3 6 16 24 56 63 68/ 11 20 30 34/ 5 7 

Onobrychis arenaria Kit. 7 10 30 43 95/ 12 23 31 44 62/ 9 9 12 

Melilotus albus L. 3 5 26 42 95 118 130/ 20 20 27 62 69 69/ 

Lotus corniculatus L. 2 6 16 26 49/ 6 21 32/ 6 7 22 26/ 5 

Galega orientalis Lam. 3 4 16 19 23 51 61 64 64 64 64 62/ 20 

* Note: / - mowing grass. 

 

Starting from the 30th to the 60th day of the grow-

ing season the growth of Onobrychis arenaria Kit, 

Medicago sativa I., Melilotus albus L. significantly in-

creases. On the 60th day of vegetation, the highest are 

Onobrychis arenaria Kit and Melilotus albus L. – 95 

cm, and Medicago sativa I. – 78 cm. The average daily 

growth during the specified period ranged from 3.0 cm 

in Melilotus albus L. to 2.3 cm in Medicago sativa I. 

Trifolium pratense L., Lotus corniculatus L. and 

Galega orientalis Lam. have growing smaller during 

this time-from 1.7 cm/day in Trifolium pratense L. to 

1.0 cm/day in Galega orientalis Lam. During this time, 

the herbs undergo a branching phase, budding, and 

some – the beginning of flowering. In particular, On-

obrychis arenaria Kit. and Lotus corniculatus L. 

reached the beginning of flowering phase with a height 

of 95 cm and 49 cm, respectively. 

Over the next 60 to 80 days of the vegetation day, 

the intensity of linear growing of Medicago sativa I. 

and Trifolium pratense L. decreases to 0.5–0.6 cm/day. 

This coincides with the stages of the beginning of bud-

ding – beginning of flowering Medicago sativa I. and 

branching – beginning of budding – beginning of flow-

ering – Trifolium pratense L. Medicago sativa I. 

reached a height of 83 cm, and Trifolium pratense L. – 

68 cm. 

Melilotus albus L. continued to grow intensively 

in the next time period, from the 60s to the 90th, with 

daily growths of 1.2 cm, due to the absence of budding 

and flowering phases at this time. 

Galega orientalis Lam. plants grew intensively 

from the 30th to the 70th day with an average daily 

growth of 1.2 cm, and from the 70th day the growth rate 

decreased to 0.65 cm/day. 

The largest daily average annual growth of legu-

minous in the first mowing, with the exception of 

Galega orientalis Lam., was observed during the 50-

60th vegetation period, and in Galega orientalis Lam. – 

during the 60-70th day of vegetation. 

During the formation of the second mowing, the 

average daily growth of Lotus corniculatus L. was 1.52 

cm/day, Medicago sativa I. – 1.43 cm/day, Onobrychis 

arenaria Kit. – 1.35 cm/day. The growths of Trifolium 

pratense L. were in 2 times smaller and amounted to 

0.70 cm/day. The vegetative growth of these herbs was 

approximately equal throughout the period of for-

mation of the second mowing. 

In the second mowing of leguminous perennial 

herbs, there is no single trend in the predominance of 

any time interval in growth rate. This is due to the mow-

ing of herbs in different calendar times and different 

weather conditions. Medicago sativa I. and Onobrychis 

arenaria Kit. grew most intensively between 10 and 20 

and 40 to 50 days after mowing the first slop, Melilotus 

albus L. – since 30 till 40 days, and Lotus corniculatus 

L. – from 20th through 30th day. 

Herbs that form a single mowing during the grow-

ing season (Galega orientalis Lam. аnd partly Melilotus 

albus L.) have intense vegetative growth for the first 

90–100 days. Then the growth slows down and almost 

stops. Mowing Melilotus albus L. on the 80th day after 

the sowing, with its height of 130 cm, leads to the res-

toration of vegetative growth after 30 days in the form 

of blooming leaves from the buds on the not cut part of 

the stem but their linear growth is practically absent. 

Only 35–40 days after mowing, the growth of Melilotus 

albus L. significantly increases and reaches 69 cm after 

60 days after mowing. More intense growth of white 

bourbon was observed around the perimeter areas asso-

ciated with uneven lighting of plants in the first mow-

ing. 

The highest in the second mowing are Medicago 

sativa I. plants – 73 cm, Melilotus albus L. – 69 cm and 

Onobrychis arenaria Kit. – 62 cm. However, the aver-

age daily growth of Melilotus albus L. plants was 1.15 

cm. It was 0.2–0.3 cm/day less than Medicago sativa I. 

and Onobrychis arenaria Kit. 

The third mowing among leguminous perennial 

herbs was formed only by Lotus corniculatus L. with an 

average daily growth at 0.46 cm with a final height of 

plants 26 cm. 

Summarizing the results of research on the study 

of features increase in the height of leguminous in the 

year of sowing, it should be noted: 

- during the first 30 days of vegetation, before the 

phase of the 3rd compound leaf, all leguminous peren-

nial herbs have a very slow growth and development 

and most of the time they need protection from weeds; 

- the next 30 days when the herbs are in the stalk-

ing phases – branching, growth rate significantly in-

creases 5–6 times in plants Melilotus albus L., On-

obrychis arenaria Kit. and Medicago sativa I. Gains of 

3–4 times greater than in the first 30 days of vegetation 

are observed in Galega orientalis Lam., Trifolium 

pratense L. and Lotus corniculatus L.; 

- in the budding phase, the intensity of linear 

growth decreases in Medicago sativa I. and Trifolium 

pratense L. Most ripe grasses – Onobrychis arenaria 
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Kit. and Lotus corniculatus L., continue to grow inten-

sively even when the budding phase is reached; 

- from the 70th vegetation period of herbs that 

have not reached budding (Melilotus albus L. and 

Galega orientalis Lam.), the growth rate decreases by 

2.0– 2.5 times; 

- Melilotus albus L. reaches the highest height in 

the year of sowing, as a biennial crop, and the lowest – 

Galega orientalis Lam. and Lotus corniculatus L. as the 

most long-term herbs. 

In the second and following years of vegetation of 

leguminous perennial herbs also showed differences in 

the dynamics of their height in conditions of soil pollu-

tion with heavy metals. As the average daily tempera-

ture was 4.0–6.0 ºC at the time of the regeneration of 

leguminous perennial vegetation and did not rise above 

8.0 ºC over the next 30–40 days, the intensity of grass 

growth at this time was low. In particular, Trifolium 

pratense L. and Onobrychis arenaria Kit. plants, which 

started vegetation earlier among all legumes, and Lotus 

corniculatus L. – grew slowly during the first 40 days 

of vegetation, with an average daily growth of 0.1–0.2 

cm (Table 3). 

Medicago sativa I. and Melilotus albus L. herbs, 

starting vegetation 7 days later, grew slowly during the 

first 30 days of vegetation, with average daily growth 

of 0.20–0.25 cm, as the average daily temperature was 

slightly higher due to later in time growth. 

Galega orientalis Lam. begins growing at the end 

of March at average daily temperature of 9.0 ºС, which 

contributed to its intensive growth from the beginning 

of the reviving of vegetation. 

Table 3 

Height dynamics of the of leguminous perennials herbs depending on the duration of growing, the average for 

the second or fourth years of vegetation  
Legumes perennial 

herbs 

Height, cm, per day after the beginning of spring regrowth 

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 

Medicago sativa I. 6 7 11 20 33 45 63 82 94/* 11 26 60 69/ 6 26 35 

Trifolium pratense 

L. 
4 5 6 7 16 33 46 64 79/ 15 20 36 60/ 7 12 17 

Onobrychis arenaria 

Kit. 
8 9 10 12 42 53 71 94/ 7 12 18 26 36 82/ 7 13 

Melilotus albus L. 4 5 8 14 40 50 76 112 174/ - - - - - - - 

Lotus corniculatus 

L. 
3 4 6 9 14 26 48/ 5 10 22 27 33/ 7 20 35/ - 

Galega orientalis 

Lam. 
4 10 28 64 77 105/ 10 18 25 48 58 79/ 7 12 22 - 

* Note: / - mowing grass. 

 

In the following periods, starting with the till ring 

phase, the intensity growing processes of leguminous 

perennial herbs increases significantly. Medicago sa-

tiva I. and Trifolium pratense L. plants grew more 

evenly from the tillering phase to the beginning of flow-

ering (with average daily increments of 0.9 –1.9 cm). 

This is due to the long growing season in the first mow-

ing – 88–90 days before flowering. Medicago sativa I. 

plants had the largest growth on the 60–80th day from 

the beginning of the growing season – in the end of 

branching – budding, and the crops of Trifolium 

pratense L. – two periods of intensive growth – 50–60 

days vegetation – in the branching phase and 70–80 

days – in the same phase. 

Daily average plant growth of Onobrychis are-

naria Kit. and Galega orientalis Lam was 1.1–3.6 cm 

tall. The highest plants were Onobrychis arenaria Kit. 

on the 40–50th day of vegetation in the till ring phase – 

branching and on the 70–80th day – in the budding 

phase. The largest growth of Onobrychis arenaria Kit. 

plants was on the 30–40th day of the growing season – 

in the branching phase and on the 50–60th day – in the 

budding phase. Similarity to growth processes of On-

obrychis arenaria Kit. and Galega orientalis Lam. is de-

termined by the early maturity of both herbs. The 

growth processes of Lotus corniculatus L. were more 

equal and much smaller than Onobrychis arenaria Kit. 

and Galega orientalis Lam. – 0.5–2.2 cm/day, with a 

maximum of 60–70th day of vegetation in the budding 

phase. 

The average daily growth of Melilotus albus L. 

plants ranged from 0.6 to 6.2 cm. They were highest 

during the 80–90th day of vegetation in the budding 

phase, but they were also significant – 2.6–3.6 cm/day 

during 40–50s and 60–80s in the till ring phase – 

branching. 

According to the calendar, most legumes of peren-

nial herbs had the highest growth during May at an av-

erage daily temperature of 15.0 °C, with only On-

obrychis arenaria Kit. plants – in the third decade of 

April – May at an average daily temperature of 13.5 ºC, 

and Medicago sativa I. – in May – the first decade of 

June at an average daily temperature of 18.0 ºC. 

Among all perennial herbs, the tallest in the first 

mowing were Melilotus albus L. plants – 174 cm, then 

Galega orientalis Lam. – 69 cm smaller – 105 cm, On-

obrychis arenaria Kit. and Medicago sativa I. – 94 cm, 

Trifolium pratense L. – 79 cm and the lowest – Lotus 

corniculatus L. – 48 cm. – 1.87–1.81 cm, then On-

obrychis arenaria Kit. – 1.25 cm, Medicago sativa I. – 

1.04 cm, smallest in Trifolium pratense L. and Lotus 

corniculatus L. were 0.90 and 0.68 cm/day, respec-

tively. 

The intensity of growth of leguminous perennials 

in the second mowing is similar to the first. The height 

of Lotus corniculatus L. plants increased most evenly, 

with daily increment of 0.5–1.2 cm and a maximum of 

20–30 days after mowing the first mowing before the 

budding phase began. 

Plant height levels of Onobrychis arenaria Kit. 

plants were 0.5–1.0 cm/day, and they increased to 4.6 
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cm/day by 50–60 days after harvesting the first mow-

ing, in the budding phase. 

Growths of plant height of Trifolium pratense L. 

increased equally from 0.5 cm/day on the 10th to 20th 

day after mowing the first crop – up to 2.4 cm/day on 

the 30–40th day in the budding phase. 

The growth rate of Medicago sativa I. plants was 

0.9–3.4 cm/day with a maximum of 20–30 days after 

mowing the first crop in the end of branching phase – 

budding. 

Average daily growth of plants Galega orientalis 

Lam. was 0.7–2.3 cm with two maxima – on 30–40 and 

50–60 days after mowing in the branching and budding 

phase, respectively. 

The plants of Onobrychis arenaria Kit. – 82 cm 

and Galega orientalis Lam. – 79 cm were the highest at 

the time of mowing of the second crop with average 

daily growth of 1.37 and 1.32 cm, respectively, slightly 

lower – Medicago sativa I. – 69 cm and Trifolium 

pratense L. – 60 cm with average daily growth of 1.73 

and 1.4 cm, respectively. The lowest in the second 

mowing were the crops of Lotus corniculatus L., with a 

height of 33 cm and an average daily gain of 0.66 cm. 

The height of all legumes of perennial herbs in the 

second mowing was lower than in the first 1,15–1,45 

times. Onobrychis arenaria Kit. plants more closely 

correspond to the height of the first mowing, and the 

least – Lotus corniculatus L. 

During the formation of the third mowing, subse-

quent plant height growths of Trifolium pratense L. 

were similar to the second mowing and were 0.3–2.6 

cm/day, Medicago sativa I. – decreased to 0.9–2.0 

cm/day. Growth intensity of Onobrychis arenaria Kit. 

and Lotus corniculatus L. on the contrary, increased to 

0.5–1.5 and 1.4–1.5 cm/day, respectively. 

Medicago sativa I. herbs had the highest height in 

the third mowing – 62 cm with average daily incre-

ments of 1.24 cm, slightly lower than the ones of On-

obrychis arenaria Kit. and Trifolium pratense L. – 48–

46 cm with increments of 0.96–0.92 cm/day. The 

height of the plants of Lotus corniculatus L. was 35 cm 

with an average daily growth of 1.17 cm. Galega orien-

talis Lam. had a height of 22 cm with increments of 

0.73 cm/day, but the complete mowing of the econom-

ically valuable crop they were not formed. 

Comparing the dynamics of legumes perennial 

grasses hight, it was studied: 

- in the initial phase of vegetation, during the first 

30–40 days, all leguminous of perennial grasses grow 

very slowly, due to the influence of low temperatures; 

- the lower the temperature of the beginning of 

spring vegetation is – the longer the period of slow 

growth in them; 

- from the phase of tillering of leguminous, the in-

tensity of their growth significantly increases and 

reaches maximum in the branching and budding phase; 

- early ripe herbs – Onobrychis arenaria Kit. and 

Galega orientalis Lam. – have two periods of intensive 

growth – on the 30–40–50th day after the beginning of 

regrowth, and on the 50–70th day, it coincided with 

other leguminous perennials in the second term; 

- medium ripe herbs – Medicago sativa I., Meli-

lotus albus L., and Lotus corniculatus L., have mainly 

one period of intensive growth – for 60–80 days from 

the beginning of the restoration of vegetation; 

- during the formation of the second mowing of 

leguminous perennial herbs, their maximum growth 

was in the branching-budding phase; 

- the plant height of most leguminous perennial 

herbs in the second mowing decreased by 24–27 % 

compared to the first one in Onobrychis arenaria Kit. – 

by 12.8 %, Lotus corniculatus L. – by 31.1 %, but the 

average daily growth rate of Medicago sativa I. and Tri-

folium pratense L. plants increased by 40.0–35.7 %, 

Onobrychis arenaria Kit. – by 8.8 %; 

- the height of leguminous perennial herbs in the 

third mowing was 10.1 % lower than in the second 

mowing of Medicago sativa I., by 41.5 % – Onobrychis 

arenaria Kit., by 72.2 % – by Galega orientalis Lam. 

and only the height of Lotus corniculatus L. plants in-

creased by 5.7 % compared to the second mowing. 

Comparing the growing processes of leguminous 

perennial herbs in the year of sowing and in subsequent 

years of vegetation, it was studied: 

- similarity of growth processes in the initial 

phases of vegetation, within 30 –40 days with an in-

crease rate of 0.1–0.5 cm/day, both in the sowing year 

and in subsequent years of vegetation; 

- acceleration of growth processes in the second 

growing season, which fell in the first and subsequent 

years of vegetation of Onobrychis arenaria Kit., Medi-

cago sativa I., Trifolium pratense L., but increased sig-

nificantly in the second and subsequent years of vege-

tation of Galega orientalis Lam.; 

- the height of plants in the first mowing in the year 

of leguminous perennial grasses sowing was lower than 

in subsequent years of vegetation in Medicago sativa I. 

and Trifolium pratense L. – by 11.7–13.9 %, Melilotus 

albus L. – by 25.2 %, Galega orientalis Lam. – at 41.0 

%, at the same time the height of Onobrychis arenaria 

Kit. and Lotus corniculatus L. was the same both in the 

sowing year and in the following years of vegetation; 

- average daily growth of Melilotus albus L., Tri-

folium pratense L. in the first mowing of the sowing 

year and subsequent vegetation years was similar; av-

erage daily growth of Medicago sativa І. decreased in 

the second and subsequent vegetation years by 0.36 

cm/day, Onobrychis arenaria Kit. – by 0.55 cm/day, 

Lotus corniculatus L. – by 0.32 cm/day, but Galega ori-

entalis Lam. grew by 1.31 cm/day; 

- deceleration in average daily growth of legumi-

nous perennial grasses of the second and subsequent 

vegetation years in the first mowing is associated with 

early restoration of vegetation at low temperatures (4–

6 °C), which were unfavorable to intensive growth of 

herbs during the first 30–40 days of vegetation, at that 

time the average daily temperature was much higher 

during the sowing of leguminous; 

- average daily growth of Onobrychis arenaria Kit. 

of the second mowing in the sowing year and in the fol-

lowing years of vegetation was similar, greater than in 

the second and subsequent years of vegetation by 0.3 

cm/day – Medicago sativa I., by 0.7 cm/day – Trifolium 

pratense L., but Lotus corniculatus L. – smaller than the 

second and subsequent years – by 0.86 cm/day; 
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- the height of the plants of the second mowing in 

the year of sowing of leguminous perennial herbs and 

in the second and subsequent years of vegetation was 

similar in the crops of Medicago sativa I. and Lotus cor-

niculatus L. the Trifolium pratense L. herbage was two 

times higher in the second and subsequent years, but 

lower by 24,4% – Onobrychis arenaria Kit. 

Conclusions and offers. In conditions of moder-

ate soil pollution with heavy metals of lead, cadmium, 

copper and zinc, all the studied herbs grow and develop 

without inhibition. It will contribute to the good accu-

mulation of their tissues of heavy metals and their re-

moval from the soil. In the first year of life, Melilotus 

albus L. – 130 cm and Onobrychis arenaria Kit. reach 

the highest height. – 95 cm. Second and subsequent 

years of life – Melilotus albus L. – 174 cm, Galega ori-

entalis Lam. – 105 cm were the highest in mowing. In 

the second and following mowings – Onobrychis are-

naria Kit. – 82 cm and Galega orientalis Lam. – 79 cm. 
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