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Abstract

Our research was carried out on landfill soil after mining and processing the unique mineral ozokerite 
(earthwax) in Borysław, Ukraine, where natural sodding has not appeared for many years. The strict 
micro-plot experiment in the split-plot design was set using four organic additives (manure OB, substrate 
after champignon cultivation PP, municipal sewage sludge OK, and sawdust T), each in the amount of 
4, 8, and 12% as compared to the control, as well as the third factor of test plants (white lupine, Italian 
ryegrass, cocksfoot, and pink clover). Our paper presents the course of plant vegetation and weight of fresh 
aboveground parts in the year of organic components application for the preliminary experiment and during 
the consequent experiment. The use of manure on the landfill ground accelerated vegetation of seedlings 
[phase 12] in relation to the control by seven days and substrate after champignon cultivation and municipal 
sludge by three days (in proportion to the introduced dose). Furthermore, the additives increased plant 
density. The use of sawdust did not affect the plant growth rate in this phase, and even caused a slight setback 
in the number of plants per plot. Plants from the preliminary experiment showed higher growth dynamics 
and a longer growing season under the influence of the components used: OB>PP>OK. The consequent 
effect of the applied components (OB, PP, and OK) on plant vegetation was weaker. The use of sawdust 
resulted in the forfeiture of all plant species during winter. In the consequent experiment, the yield of green 
mass of the aboveground parts of plants depended on the type and dose of organic additives, and it was a 
good indicator of the phyto-remediation features of used species. The largest weight of the aboveground 
parts of plants (1,233 and 1,168 g/m2, from cocksfoot and pink clover, respectively) was achieved on the 
landfill soil with 12% manure addition.
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Introduction

The surface of a landfill, inactive for more than 20 years 
after mining and purifying the unique mineral ozokerite 
(earthwax) in the center of Borysław, Ukraine, is not 
covered with any vegetation. That affected area interrupts 
the functional continuity of the city and is a source of 
annoying dust. The ground of the landfill contains solid 
waxes, polycyclic aromatic hydrocarbons (PAHs), and 
other petroleum substances that do not constitute a serious 
threat to the environment [1]. The literature suggests that 
such a mixture of different PAHs and their derivatives 
are characterized by highly hydrophobic and lipophilic 
features [2-3], as well as an ability to adsorb non-polar 
particles, which affects the water-air properties of the soil 
[4]. Moreover, hydrocarbons make the increased total 
carbon content along with enhancement in the C:N ratio 
[5], destabilize the colloids, and worsen the soil structure, 
therefore resulting in higher soil compactness [6-8].

On the landfill surface, the process of spontaneous soil 
cleansing is currently negligible. According to Gao and Zhu 
[9], the self-cleansing of a landfill surface contaminated 
with PAHs runs very slowly and is predominantly associated 
with the presence of autochthonic microorganisms with 
specific enzymatic activity. Applying the in situ bio-
remediation in a form of plant cultivation on polluted 
ground using particular organic-mineral additives [10-11] 
can enhance the contents of available forms of nutrients 
and improve water-air conditions, structure, and other 
functional properties of the soil. 

The field experiments on soils poor in nutrients and 
contaminated with PAHs carried out by Olson et al. 
[12] revealed that the cultivation of perennial ryegrass 
in the 14-month cycle with the use of an entire set of  
pre-sowing and nursing treatments reduces up to 80% of 
PAH pollutants. They attribute a major role to loosening 
the soil by mechanical cultivation, and improved 
aeration promotes stimulation of native microflora. In 
addition, oxygen is incorporated into the hydrocarbon 
structure, and thus they become more susceptible to 
further transformation [13]. Under field conditions, the 
soil penetration by the root system improves the water-
air relations, and root exudates are a nutrient for soil 
microorganisms [14].

Numerous pot experiments using plants have 
shown a beneficial effect of several percent additives 
of sewage sludge and bovine manure on the reduction 
of PAHs in contaminated soils as well as production of 
plant biomass [15-17]. After 60 days of incubation, the 
reduction of PAHs in pots with alfalfa Medicago sativa 
(L.) amounted to 25.8% versus 5.6% for the control [15]. 
The 2% addition of sludge into the PAH-contaminated soil 
affected the increased biomass of lettuce leaves Lactuca 
sativa (L.) and PAH bioaccumulation reduction by 60.3% 
as compared to the control, while a 10% addition reduced 
PAH content in the soil by 44% [16]. Studies performed 
on soil contaminated with anthracene and elevated salinity  
7 dS∙m-1, the 60% reduction in contamination occurred 

due to a 112-day incubation period under aerobic 
conditions and municipal sewage sludge. It was found that 
sterilization of the sludge prior to its use eliminates the 
future effects to the control level [17]. The rate of changes 
depends on the intensity of applied treatments and the 
topsoil layer of the landfill gets the characteristics of soil 
in time.

The aim of our study was to determine the impact of 
selected organic additives and their dosages on the growth 
and development of selected plant species in the year of 
their application and in consequent experiments.

Material and Methods

Field Study

The three-factorial two-year field experiment was 
established on the ground of the landfill after ozokerite 
processing by means of sub-blocks (split-plot) in triplicate. 
The investigated factors were: 
1.	 	 Type of additive: bovine manure (OB), subsoil after 

champignon cultivation (PP), sewage sludge from 
municipal treatment plant (OK), sawdust of deciduous 
trees (T)

2.	 	 Level of additive used: 4, 8, and 12% v/v (in relation 
to the volume of the 10 cm thickness topsoil layer) 
against control without any additive 

3.	 	 Test plant species: white lupine – Lupinus albus (L.) 
var. Libid, Italian ryegrass – Lolium multiflorum var. 
Drohobycki-2, cocksfoot – Dactylis glomerata (L.) 
var. Drohobyczanka, and pink clover – Trifolium 
hybridum  ver. Przedkarpacki-33

The study used relatively easily available and cheap 
organic additives. They were introduced before the 
experiment foundation in the first days of April 2013 
onto the ground surface and manually dug. Supplemental 
fertilization was not applied, which allowed for assessment 
of the fertilization value of used additives. Experimental 
objects consisted of square-shape micro-plots of 2.25 m2, 
and the observations and measurements were performed 
in the central parts of their area of 1 m2.

Applied certified seeding material of a local origin 
met the quality standards of the 1st class. The sowing 
amount was adopted in accordance with the agricultural 
recommendations and applied per hectare: 160 kg of white 
lupine, 15 kg of cocksfoot, 12 kg Italian ryegrass, and  
6 kg of pink clover. The row sowing of all species seeds 
was carried out manually on 9 May 2013 and white lupine 
was sown on 15 April 2014.

In 2013 (preliminary experiment) and 2014 
(consequent experiment), observations of growth and 
development were carried out during vegetation on a base 
of decimal BBCH scale [18]. Fresh weight of plants from 
particular objects was determined during the harvest.

The course of weather conditions was characterized 
according to the meteorological station in Drohobycz, 
about 10 km from the experimental site.
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Laboratory Tests

The ground samples were collected from a 0-10 cm 
layer of randomly selected surface of the landfill where 
the experiment was set. Samples were then subject to anal-
yses for determining granulometric composition, pH, sa-
linity, and total carbon content, plus contents of available 
forms of phosphorus, potassium, and magnesium [19, 20], 
as well as C, H, N, and S contents using a Vario EL Cube 
elemental analyzer. Samples of organic additives applied 
for phyto-remediation were subject to determinations of 
total forms of nitrogen, phosphorus, potassium, calcium, 
and magnesium by means of methods commonly used in 
chemical-agricultural laboratories [19]. Contents of chlo-
rophyll A and B in fresh leaves of plants harvested in 2014 
were determined on a base of optical density of pigments 
extract in 80% acetone involving the photometric tech-
nique at λ = 663 and λ = 646 nm [21, 22]. 

The topsoil layer of the experimental landfill revealed 
10-15% v/v not decaying fine wooden fragments from 
the case of mining corridors, while mineral part con-
tained 21% of sand fraction (Ø from 2.0 to 0.05mm), 65%  
of dust fraction (Ø from 0.05 to 0.002mm), and 14% 
of clay fraction (Ø < 0.002mm). In the 1-10 cm layer,  
reaction was alkaline (pH about 7.8), moderate salinity of 
3.2 dS ∙ m-1 (in water suspension 1:2.5), and determined 
content of total carbon 4.1%. Carbon was present in differ-
ent organic and mineral compounds – surely not belong-
ing to the soil humus. Contents of available forms of po-
tassium and magnesium were high and ranged to 340 and 
195 mg Mg ∙ kg-1, whereas that of phosphorus was low at 
50 mg P ∙ kg-1 of ground. Elemental analysis has shown 
0.08% N, 3.67% C, 0.916% H, and 0.050% S.

The content of petroleum substances in the surface 
soil layer of the landfill was not a serious threat to the 
environment [1].

Organic additives used in the field experiment  
differed markedly with the content of basic nutrients 
(Table 1). Manure and sewage sludge were the most 
abundant in nitrogen, while subsoil after champignon 
cultivation included phosphorus and calcium. Sawdust 
from deciduous trees was the poorest in terms of  
nutritional value for plants. Compared with manure, it 
contained less nitrogen by 69.4%, phosphorus by 98.7%, 

potassium by 99.8%, calcium by 38.3%, and a total lack 
of magnesium.

The results were statistically processed using Statsoft 
software. 

Results and Discussion

The analysis of weather from April to September  
(Figs 1 and 2) shows that in terms of the rainfall amount and 
the average 10-day temperatures, there were significant 
differences between years. More rainfall during this period 
was recorded in 2014 and they were particularly abundant 
in the second decade of May. Moreover, apart from a short 
period of drought in June, in the remaining months up to 
August, the rainfall sum was clearly higher than in 2013. 
However, in the growing season in 2013 there were more 
decades with a higher average temperature than in 2014.

The state of the surface layer of landfill soil contaminated 
with hydrocarbons did not allow for the emergence of any 
natural vegetation. Applied organic additives improved 
the soil enough to allow for the growth and development 
of plants on some experimental combinations (although 
their vegetation differed from growing on agricultural 

Fig. 1. Decade sums of rainfall during plant vegetation in 2013 
and 2014 [mm].

Fig. 2. Average decade air temperatures in April-September of 
2013 and 2014 [ºC].

Table 1. Amounts of nutrients introduced with 4% (4 dm3 ∙ m-2 ) 
of particular components.

Organic additives
N P K Ca Mg

g · m-2

Manure (OB) 8.88 2.16 9.66 5.80 1.79

Substrate after the 
champignon cultivation 

(PP)
5.56 3.12 4.55 15.16 0.62

Municipal sewage 
sludge (OK) 8.23 2.90 0.71 5.25 1.01

Sawdust (T) 2.72 0.03 0.02 2.42 0.0
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soils). In the preliminary experiment on objects containing 
manure, young plants showed more intensive growth, and 
in the second leaf phase Italian ryegrass and cocksfoot 
reached about 1-4 days earlier as compared to the control 
(Table 2), clover by 3-6 days, and white lupine by 4-7 days 
(in the second year, white lupine reached this phase about 
2-3 days sooner). Increased rate of seedlings growth was 
always associated with higher doses of introduced manure. 
The addition of the substrate after champignon cultivation 
and municipal sewage sludge, like the addition of manure, 
accelerated plant growth, but to a lesser extent, by 1-3 
days as compared to the control. In contrast, the latest two-
leaves phase was reached by plants in the control object 
and after using the sawdust, the dose of which had no 
apparent effect on their growth.

The harmful (toxic) impact of PAHs in landfill soil 
on young plants revealed in the form of fading and leaf 
discoloration, which led in consequence to dying seedlings. 
Loss of young plants depended on the type of introduced 
additives and its dose as well as the plant species (Table 
2). The strongest positive reaction of the plant population 
size, proportional to the introduced dose, was recorded on 
objects with the addition of manure, municipal sludge, and 
subsoil after champignon cultivation acted less, while the 
addition of sawdust was neutral and even caused a few 
percentage points regression of clover and lupine sown in 
2013.

Emergence of the test plant species after the use of 
additives varied. White lupine with the highest weight 
of a single kernel at this stage best tolerated the adverse 

Table 2. The number of days from sowing to the second-leaf phase (A), and plant density (%) at emergence phase in particular 
combinations (B).

Plant species Dose
in % v/v

Organic additive
OB PP OK T

A B A B A B A B

Lolium
multiflorum

0 20 71 20 72 20 72 20 74
4 19 84 20 74 20 78 20 72
8 18 90 20 79 19 83 21 72
12 16 96 19 85 18 85 21 75

A,  LSD for: a – 3, b – 2, a x b – 3
B, LSD for: a – 4, b – 4, a x b – 6 

Dactylis
glomerata

0 20 73 20 67 20 70 20 74
4 19 81 20 70 20 78 20 70
8 18 88 20 74 19 85 21 68
12 16 97 19 77 18 85 21 75

A, LSD for: a – 3, b – 2, a x b – 3
B, LSD for: a – 5, b – 4, a x b – 5.

Trifolium
hybridum

0 18 70 18 68 18 75 18 72
4 15 78 17 74 17 80 18 68
8 14 91 17 72 15 78 19 65
12 12 95 16 75 14 83 19 66

A, LSD for: a – 3, b – 3, a x b – 4
B, LSD for: a – 6, b – 4, a x b – 5

Lupinus
albus *

0 18 92 17 94 18 95 18 93
4 14 95 17 94 16 93 18 92
8 13 97 17 96 15 95 17 90
12 11 97 16 95 15 95 17 88

Lupinus
albus **

0 20 90 20 91 21 91 21 90
4 18 94 19 95 19 94 20 91
8 18 93 19 96 18 93 19 92
12 17 95 18 97 18 95 19 91

A,  LSD for: C – n.s., a – 3, b – 2,
C x a – n.s., C x b – n.s., a x b – 2, C x a x b – n.s.

B, LSD for: C – n.s., a – 4, b – n.s.,
 C x a – 5, C x b – 5, a x b – 6, C x a x b – n.s. 
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conditions. Plant density above 90% in the control object 
under the influence of additives was increased to 94-96%. 
At fine-seed cultures (ryegrass, cocksfoot, and clover) on 
the control object from 67 to 75% of plants entered the 
second-leaf phase, and the addition of municipal sludge 
and subsoil after champignon cultivation increased the 
density population to 75-85%.

The course of further growth and development of 
plants grown in the landfill soil containing PAHs is shown 
in Tables 3-6. Plant vegetation in the year of organic ad-
ditives application depended to some extent on the im-
provement in environmental conditions, in particular the 
abundance of nutrients and weather conditions. In addi-
tion, the accumulation of PAHs by plants over a long pe-
riod of time impairs their water management as well as 
respiration and transport of components through the cell 
membranes, which affects plant conditions [23]. Plant uni-
formity within particular plots during the tillering stage, 
the development of rosettes, and stem elongation was 
poor; many of them inhibited their growth and then faded, 
while the others did not reach the standard size. In the case 
of perennial crops, it made more favorable conditions – 
at the same time masking the losses. The vegetation of 
young perennial ryegrass plants did not depend clearly 

on the type and dose of organic additives used (Table 3). 
Acceleration of heading [phase 21] was stimulated only 
by higher doses of manure, proportionally to the dose, by 
eight days at the 12% dose. After the aboveground plant 
mass harvest (I cut) carried out at a single date, 46 days 
after sowing, further plant growth and development pro-
ceeded regardless of the type and dose of additives until 
the earing phase [phase 51]. There was, however, heading 
acceleration on objects with 12% addition of bovine ma-
nure and sewage sludge as compared to the control, by six 
and five days, respectively. The substrate after mushroom 
harvesting did not affect the vegetation rate during this 
phase, and the addition of sawdust delayed the heading of 
perennial ryegrass. Such distribution indicates the level of 
a plant’s nutrition associated with the chemical composi-
tion of applied organic additives and the rate of nutrients 
released into the ground. Clear differences within the end 
of the perennial ryegrass growing season referred to the 
type and dose of organic additives. Bovine manure, mu-
nicipal sludge, and the substrate after the mushroom har-
vest lengthened the growing season, respectively, to 113, 
110, and 110 days against 101 days for the control, while 
sawdust shortened the perennial ryegrass growing season 
to 80 days.

Table 3. Influence of particular components and their doses on the development of Italian ryegrass.

Year Growth phases code

The number of days from sowing (beginning vegetation in the second year of cultivation)  
to achieve a given phase

Average
K

OB PP OK T
4 8 12 Śr. 4 8 12 Śr. 4 8 12 Śr. 4 8 12 Śr.

2013

[phase 21] 28 25 23 20 23 28 27 27 27 27 25 24 25 29 28 28 28 26
LSD for: a – n.s., b – n.s., axb – 6

I cut – harvested in 46 day after sowing
[phase 37] 71 68 63 60 64 70 66 65 67 66 64 63 64 71 74 76 74
[phase 51] 81 79 78 75 77 81 80 80 80 79 78 76 78 81 82 85 83 80

LSD for: a – n.s., b – n.s., axb – 5 
II cut- harvested in 85 day after sowing

The end of the 
growing season 101 106 112 120 113 105 108 116 110 106 109 114 110 96 92 83 90 105

LSD for: a – 7, b – 6, axb – 8

2014

[phase 37] 40 37 37 33 36 39 37 37 38 40 39 36 38 * * * *
[phase 51] 58 56 51 44 50 56 55 53 55 57 53 50 53 54

LSD for: a – 5, b – 5, axb - 7
I cut – harvested in 79 day from the beginning of vegetation

[phase 37] 90 98 97 91 95 94 98 100 97 97 96 93 95

[phase 51] 95 100 109 112 107 99 110 115 111 104 110 115 110 106

LSD for: a – 6, b – 5, axb – 7

 II cut – harvested in 118 day from the beginning of vegetation

The end of the 
growing season 165 177 189 200 189 170 172 175 172 170 175 181 175 175

LSD for: a – 13, b – 11, axb – 16
* - lack of plants                  LSD for:  a – type of additive, b – dose of additive, n.s. – non-significant
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In the subsequent experiment, in a year with 
unfavorable distribution of rainfall, the type and dose of 
organic additives clearly influenced the course of perennial 
ryegrass growth, referring to the weather conditions  
(Table 3). Acceleration of spring (before the first cut) plant 
heading [phase 51] occurring in the second half of May 
(at optimal soil moisture conditions) was observed on 
objects, where municipal sludge and manure were used, 
respectively, by eight and five days relative to the control. 
The use of the substrate after the mushroom harvest did 
not give significant results, while plants did not resume 
the spring vegetation on objects with sawdust. Doses of 
additives at 8% and 12% levels influenced the acceleration 
of ryegrass spring heading, respectively, by five and nine 
days as compared to the control, whereas a dose of 4% 
additives had an insignificant impact.

The summer ryegrass heading (before the second cut) 
was observed in the second half of June, when there was 
a soil and atmospheric drought. The dry period and high 
temperatures have lasted since significant rainfall in the 
first decade of May until mid-July, which determined the 
insufficient supply of plants in water and nutrients. The 
organic additives delayed the heading of plants relative 
to the control from 12 days on manure-treated objects to 
16 days with the addition of substrate after the mushroom 

harvest. Levels of additives also delayed the plant’s 
heading from six days at a 4% dose up to 19 days at a dose 
of 12% relative to the control. Further plant vegetation, 
until the first half of September, took place under more 
favorable weather conditions. The ryegrass plants ended 
vegetation the earliest on the control object, after 165 
days of vegetation, and the use of manure prolonged 
plant growth to 189 days. Higher doses (8% and 12%) of 
additives significantly prolonged the ryegrass vegetation 
by 14 and 20 days as compared to the control.

Young plants of another grass species involved in the 
experiment, cocksfoot, entered the tillering phase [phase 
21] about 29 days after sowing (Table 4) and 10 days after 
the second leaf stage [phase 12]. A significant acceleration 
in propagation under the influence of experimental factors 
occurred only on objects with 12% addition of manure – 
by seven days as compared to the control. For harvesting 
vegetative plant mass, the first cut was made 46 days after 
sowing, while the second was 85 days after sowing. The 
yield of the second cut contained a few generative shoots. 
The habitat conditions caused further summer growth of 
plants to be heavily restricted and soon they have completed 
their vegetation. It lasted an average of 92 days from the 
sowing date and depended on the type of additive used. 
The length of a plant’s vegetation period on the control 

Table 4. Influence of organic additives and their doses on the development of cocksfoot.

Year Growth phases 
code 

The number of days from sowing (beginning vegetation in the second year of cultivation)  
to achieve a given phase

Average
K

OB PP OK T
4 8 12 Avg. 4 8 12 Avg. 4 8 12 Avg. 4 8 12 Avg.

2013

[phase 21] 30 26 25 23 25 30 30 32 31 30 29 29 29 30 30 31 30 29

LSD for: a – n.s., b – n.s., axb - 6

I cut- harvested in 46 day after sowing

II cut- harvested in 85 day after sowing

The end of 
growing season 90 94 98 100 97 93 96 97 95 92 94 98 95 88 84 82 85 92

LSD for: a – 5, b – n.s., axb - 7

2014

[phase 37] 50 48 45 41 45 50 48 47 48 49 47 46 47 * * * *

[phase 51] 70 65 63 59 62 68 65 61 65 67 65 64 65 65

LSD for: a – 5, b – 4, axb - 6

 I cut – harvested in 79 day from the beginning of vegetation

phase 37] 100 97 95 90 94 98 98 97 98 100 101 100 100

[phase 51] 115 115 112 112 113 115 114 115 115 115 115 115 115 114

LSD for: a – n.s., b – n.s., axb – n.s.

II cut – harvested in 118 day from the beginning of vegetation

The end of 
growing season 200 205 209 218 211 202 204 208 205 202 204 208 205 205

LSD for: a – 11, b – 8, axb - 13

* - lack of plants            LSD for:  a – type of additive, b – dose of additive, n.s. – non-significant 
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object was 90 days and the addition of sawdust shortened 
this time by five days, while manure, substrate after the 
champignons harvest, and municipal sludge prolonged 
it by seven, five, and five days, respectively. On objects 
with manure, 8% and 12% doses had a positive impact 
on extending the growing season, municipal sludge, and 
substrate after the mushroom harvest at a 12% dose, while 
objects with sawdust addition revealed a negative effect of 
the 12% addition, which shortened plant growth by eight 
days.

In the second year of the experiment, the cocksfoot 
plants on objects with the addition of sawdust did not 

resume vegetation, whereas the other ones entered the 
spring phase of heading (before the first cut) about 65 
days after the beginning of vegetation; the earliest on 
objects with manure addition after 62 days as compared 
to the control, where heading occurred after 70 days of 
vegetation. Larger quantities of additives (8% and 12%) 
significantly accelerated heading of cocksfoot plants by 
six and nine days, respectively. The addition of manure 
had particularly positive effects on heading acceleration: 
12% by 11 days, and 8% by seven days. Further plant 
vegetation after harvest of the first cut occurred during 
the soil dry period, which affected the status of plants. 

Table 5. Influence of organic additives and their doses on the development of pink clover.

Year Growth 
phases code

The number of days from sowing (beginning vegetation in the second year of cultivation) to achieve 
 a given phase

Average
K

OB PP OK T
4 8 12 Avg. 4 8 12 Avg. 4 8 12 Avg. 4 8 12 Avg.

2013

[phase 30] 46 43 39 37 40 46 44 44 45 45 43 42 43 46 47 47 47 44

LSD for: a – 5, b – n.s., axb – 7

[phase 55] 62 58 54 48 53 59 56 55 57 59 57 53 56 56 52 49 52 56

LSD for: a – 5, b – 5, axb – 8

I cut- harvested in 62 day after sowing

[phase 55] 77 73 69 67 70 73 70 64 69 72 71 68 70 75 75 74 75 72

LSD for: a – 4, b – 5, axb – 7

[phase 65] 92 89 88 85 87 89 85 82 85 90 86 80 85 91 90 87 89

[phase 89] 108 106 105 103 105 106 102 100 103 105 103 102 103 107 105 104 105

II cut- harvested in 109 day after sowing

The end of 
growing 
season

124 130 136 140 135 127 129 133 130 127 130 132 130 122 119 119 120 128

LSD for: a – 6, b – 6, axb – 9

2014

[phase 30] 26 26 27 25 26 25 26 26 26 26 27 26 26 * * * *

[phase 55] 65 65 65 68 66 63 60 58 60 64 64 66 65 64

LSD for: a – n.s., b – n.s., axb – 7

– I cut  harvested in 70 day from the beginning of vegetation

[phase 55] 73 75 76 79 77 74 73 73 73 73 76 77 75 74

LSD for: a – n.s, b – n.s, axb – n.s.

[phase 65] 85 88 91 92 90 85 86 88 87 87 89 93 90

[phase 89] 103 107 111 111 110 104 104 108 105 106 107 110 108 108

LSD for: a – 6, b – 7, axb – n.s.

– II cut  harvested in 111 day from the beginning of vegetation

The end of 
growing 
season

151 166 178 181 175 159 162 171 164 163 172 176 170 165

LSD for: a – 6, b – 7, axb – 11

* - lack of plants            LSD for:  a – type of additive, b – dose of additive, n.s. – non-significant 
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However, cocksfoot belonging to the tufted grass producing 
a very dense root system, and bore the adverse conditions 
relatively well without showing a clearer response to the 
experimental factors. Summer heading was observed after 
114 days of vegetation, and harvest of the aboveground 
parts of plants was performed a few days later (July 
11). Favorable weather conditions in the second half of 
summer and early autumn allowed for a long vegetation 
of cocksfoot plants until the first days of October. Plants 
on the control object ended their vegetation the earliest – 
after 200 days. Among the organic additives used, only 
manure prolonged plant growth by 11 days. Doses of 4% 
and 8% of the additives had no impact on the length of the 
cocksfoot plants growing season. Particularly noticeable 
was the impact of manure on extending the growing 
season as observed on objects with the addition of 12% –
at 18 days as compared to the control.

Under experimental conditions, the young plants 
of pink clover after producing (44 days after sowing, 
on average) about 4-6 true leaves per rosette (Table 5), 
entered the phase of stem elongation [phase 30]. Only a 
positive action of manure to this phase acceleration was 
recorded. Generally, the doses of additives did not affect 
the plant growth rate at this stage, but in the case of manure 
application at doses of 8% and 12% of additive, they 
accelerated the start of stem elongation phase, respectively 
by seven and nine days as compared to the control. The first 
single flowers in the heads of clover [phase 55] appeared 
56 days after sowing. Applied additives accelerated this 
phase: by five days for substrate after champignon harvest, 
to 10 days for sawdust (in reference to control). Higher 
doses of additives accelerated the appearance of the flowers 
in clover heads, as compared to the control, in proportion 
to the applied doses. After quite a late harvest of the first 
cut, plants were relatively quickly regrown and after 16 

days they re-entered into the phase of flower appearance 
in the heads [phase 55]. With the exception of sawdust, the 
remaining additives that period had a beneficial effect on 
plant growth. Acceleration of this phase (from four to nine 
days as compared to the control) occurred also under the 
influence of increasing doses (4 to 12%). On objects with 
the addition of municipal sludge, significant acceleration 
of this phase occurred at a 12% dose, while the manure 
and substrate after mushroom harvest were effective at 8% 
and 12% doses. After harvesting the second cut, conditions 
allowed for a further 2-3 week vegetation of clover plants, 
which ended the earliest on objects with the addition of 
sawdust and control after 120 and 124 days, respectively, 
while the latest was on an object with manure after 135 
days. The dose amount also affected the duration of the 
clover vegetation period, which was the longest on objects 
with 12% dose of additives by seven days as compared 
to the control. Prolonging the clover growing season 
was associated with interaction of the type with doses of 
additives. The most beneficial results were recorded for 
manure at 8% and 12% doses, which prolonged plant 
vegetation, respectively, to 136 and 140 days, as well as 
substrate after champignon to 133 days against 124 days 
for the control.

In the second year of research, tested clover plants on 
objects with the addition of sawdust did not resume spring 
vegetation. On other subsequent experimental objects, 
the first flowers in clover inflorescences [phase 55] 
appeared about May 18, or 64 days since the rise of spring 
vegetation, regardless of the research factors. Significant 
acceleration of this phase by seven days, as a result of 
interaction, was found on objects with 12% addition of the 
substrate after the champignon harvest. After harvesting 
the first cut, further vegetation of test plants proceeded 
similarly and fairly quickly till the appearance of the first 

Table 6. Influence of particular components and their doses on the development of white lupine.

Year Growth 
phases code

The number of days from sowing to achieve given phase
Average

K
OB PP OK T

4 8 12 Avg. 4 8 12 Avg. 4 8 12 Avg. 4 8 12 Avg.

2013

 [phase 31] 32 30 26 25 27 30 30 29 30 31 30 30 30 32 32 34 33 30

 [phase 53] 52 49 45 45 46 52 49 48 50 51 49 45 48 53 53 55 54 50

 [phase 63] 63 63 61 60 62 62 60 61 60 62 60 60 61 63 64 64 64 62

 [phase 83] 73 74 78 79 77 73 74 74 74 73 74 73 73 73 74 73 73 74

– harvested 80 days after sowing

2014

[phase 31] 32 31 30 30 30 32 31 31 31 32 31 28 30 32 31 29 31 31

 [phase 53] 54 54 52 49 52 53 52 52 52 54 52 51 52 54 54 55 54 53

 [phase 63] 70 68 67 64 66 69 69 70 69 68 66 66 67 69 70 72 70 68

 [phase 83] 72 76 81 81 79 73 76 77 75 73 75 76 75 72 72 71 72 75

– harvested 81 days after sowing

LSD0,05 for [phase 63] : C – 5, a – n.s., b – n.s., Cxa – 5, Cxb – n.s., axb – n.s. 

LSD for: C – year of research, a – type of additive, b – dose of additive, n.s. – non significant
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flowers in inflorescences (in late May-June). The period 
of the June drought adversely affected the condition of 
plants, their development, and uniformity. The July rain 
improved the conditions of plants that reached their full 
maturity associated with pods browning [phase 89] after 
about 108 days of vegetation, on average. Among the 
organic additives, only manure significantly delayed this 
phase by seven days in comparison to the control. The 
dose of additives was less affected by the date of pod 
maturity, when a 12% dose acted around the significance 
limit. After harvest of the second experimental cut, clover 
vegetation still took place. De-colorization and drying of 

plant leaves on particular experimental objects was clearly 
differentiated and on average they ended their vegetation 
after 165 days. The use of additives on the soil surface 
(mostly manure) definitely prolonged clover plant growth 
by about 24 days and sewage sludge by 19 days, and 
less the substrate after harvesting of mushrooms by 13 
days as compared to the control. Also, doses of additives 
significantly affected the growing completion date in 
proportion to their size. Plant vegetation was prolonged 
respectively by 12, 20, and 25 days as compared to the 
control, which was 151 days, along with the increase of 
the dose.

Fig. 3. Influence of particular components and their dose on content of chlorophyll (A+B) and A/B ratio in grown plants.
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The white lupine plants (annual species) from the leaf 
rosette formation phase, which involves intensive uptake 
of components from the substrate, showed the highest 
sensitivity among the test plants toward soil pollution 
with hydrocarbons. It was manifested in both years of 
research as a substantial reduction of growth, rapid rate 
of plant development, and seed maturation, at the absence 
of reaction to the type and dose of additives (Table 6). 
Stem elongation [phase 31], when plants produced 4-6 
leaves per rosette, occurred from 25 to 34 days after 
sowing, regardless of the sowing date (09.05.2013 and 
15.04.2014). The first flower buds at the top of very 
poorly developed main shoots [phase 53] appeared after 
45-55 days of vegetation. White lupine flowering [phase 
63] during the study years was more differentiated, which 
should be attributed to the sowing date. In the subsequent 
experiment, keeping the optimum sowing date and in very 
humid May, lupine plants reached the full flowering stage 
in the third decade of June, about 69 days after sowing, 
while later sowing (by about 3 weeks) in a preliminary 
experiment, shifted the flowering to the turn of the first 
and second decade of July. However, it shortened the 
period from sowing until flowering to about 62 days. Pod 
browning [phase 83] associated with wax maturity of 
plant seeds was observed 71-81 days after sowing, which 
did not depend on the experimental factors.

In objects with white lupine, around 30% of the plants 
remained by the wax maturity phase, and they were 
sparsely branched, with 1-2 pods and 1-2 seeds developed. 
Lupine plants prematurely dried up after about 70-80 
days of vegetation (Table 6), while under agricultural 
cultivation their growing period reached 120-140 days 
[24]. The sensitivity of lupine results from  its root system 
construction, which is a pile type with a small number of 
short side branches.

The rate of crop growth as a function of photosynthesis 
intensity depended, among others, on the content of 
photosynthetic pigments in leaves – in particular chloro-
phyll A and B. The results of chlorophyll A and B contents 
determination in leaves of the second cut during the 
consequent experiment are shown in diagrams (Fig. 3) as 
their sum and A/B ratio. The content of chlorophyll A and 
B, as a genetic trait, was strongly modified not by the type, 
but the dose of applied organic components. The use of a 
12% addition of municipal sewage sludge into the subsoil 
increased the chlorophyll A and B sum in plants by 40%, 
manure by 35%, and subsoil after champignon cultivation 
by 22% in relation to the control object, where this 
parameter amounted to 1.47-1.49 mg∙g-1 (Fig. 3). Contents 
of chlorophyll A and B sum in leaves of grasses and white 
lupine were similar in control objects (1.06-1.28 mg∙g-1), 
while in leaves of clover it was twice as high. Organic 
additives contributed to the increase of the sum by 11% in 
ryegrass, by 18% in lupine, and by 39% in clover leaves.

Plant response to the dose of additives, measured as 
a chlorophyll content, is related to the level of available 
nitrogen in the landfill soil in the second year of the ap-
plication. Italian ryegrass, under experimental conditions, 
responded less to the level of additives as compared to 

cocksfoot, while other reports indicate a stronger increase 
in chlorophyll content under the influence of nitrogen ap-
plication as compared to cocksfoot [24]. This indicates 
specific interactions between plants and polluted soil of 
the landfill. 

The chlorophyll A/B ratio in plant leaves was the re-
sult of genetic traits of the varieties, while type and dose of 
organic components slightly affected their inter-relations. 
Leaves of legume lupine and clover revealed a narrow 
proportion that amounted to 2.09 and 2.35, respectively, 
while those of ryegrass and cocksfoot broaden to 3.35 and 
4.37, respectively, although under the influence of increas-
ing doses of these components, a tendency to narrow at 
cocksfoot and broaden at ryegrass appeared (Fig. 3). The 
considerable surplus of chlorophyll A over chlorophyll B 
in leaves of cocksfoot were confirmed by the field obser-
vations upon the plant appearance that showed a specific 
bluish-green color.

Fresh weight of plants (calculated as the sum of two 
cuts for grasses and clover, as well as lupine harvested at 
the wax maturity stage) from the preliminary and conse-
quent experiments were similar despite the strong object 
differentiation (Tables 7-8). In the first year after the ap-
plication of organic additives into the PAH-contaminat-
ed ground, the plants produced an average of 426 g/m2 
fresh weight of aboveground parts, and plant weight in-
creased in proportion to the introduced dose (Table 7).  
In objects where 12% of manure was added, weight of 
the aboveground parts of plants was two-fold higher, mu-
nicipal sludge by about 54%, substrate after champignon 
cultivation by 35%, and sawdust by 13%, as compared to 

Table 7. Average yield of fresh weight of plants depending on the 
type and dose of organic additives (g/m2).

Dose
w % v/v

Organic additive
OB PP OK T Average

2013

0 333 334 330 335 333

4 491 386 401 360 409

8 584 417 473 366 460

12 667 452 510 379 502

Average 519 397 428 360 426

2014

0 215 210 216 121 190

4 627 294 269 lack of plants 397*

8 754 320 302 „ 459*

12 861 339 337 „ 512*

Average 614 291 281 - 395

NIR 0,05 in 2013 : I (organic additive) – 30,  
II (dose of additives) – 26, I x II – 51
NIR 0,05 in 2014: I (organic additive) – 28,  II 
(dose of additives) – 25, I x II – 48
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the control. The reaction of plant species to used additives 
and their doses was unequal. Clover was the most tolerant 
toward landfill ground conditions, which produced 495 g  
of fresh weight in the control object, cocksfoot and rye-
grass 390 and 312 g, respectively, while lupine was only 
134 g/m2 (Table 8). The reaction of clover is associated 
with the production of a relatively highly branched and 
shallow-spread root system. On the other hand, lupine in 
the environment even with low PAH contamination re-
acts with a drastic reduction in the yield of fresh weight 
of aboveground parts by 80% and underground by about 
60%, and the high nitrogen availability intensifies the neg-
ative effects of PAHs on plants [26]. A beneficial conse-
quent effect of legume crop cultivation on soil properties, 
including content of organic carbon and nitrogen, and im-
proving the functional properties due to additives applied 
is worth noting [27-28]. 

Using the highest dose of additives enhanced the fresh 
weight of ryegrass yield by 71%, cocksfoot by 63%, clover 
by 35%, and lupine by 27% (Table 8). Particular attention 
should be paid to clover and ryegrass objects treated with 
12% manure, where the highest amounts of fresh weight 
were achieved: 920 and 797 g/m2, respectively, which 
makes up the gains by 88% and 102% in reference to the 
control. 

In the consequent experiment, average yield of fresh 
weight of plants was slightly lower, while in the control 
without organic additives application it was reduced to 190 
g/m2, making 57% of the yield for control in the preliminary 
experiment (Table 7). This indicates the presence of the 
yield-forming potential of the ground, where studies were 
carried out, and which was remarkably diminished in the 
consequent experiment. It should be emphasized that 2014 
was characterized by a higher quantity of rainfall and their 
good distribution during vegetation season, which no 

doubt affected the level of achieved yields of aboveground 
parts of plants.

The fresh weight yield harvested in 2014 depended 
on the type and dose of organic additives used for the 
reduction of PAH contamination. On plots with 12% 
manure addition, it increased up to 861 g/m2 against 
215 g/m2 in control object, with the addition of subsoil 
after champignon cultivation to 339 g/m2 and municipal 
sludge to 337 g/m2 (Table 7). Applied additives did not 
uniformly affect plant vegetation in proportion to the 
introduced dose. The most efficient appeared to be bovine 
manure, the action of which consisted in improving the 
physical and biological properties of the ground, as well 
as introducing particular amounts of readily available 
nutrients. In objects with 12% manure, the quantity of 
introduced nitrogen and phosphorus amounted to 266.4 kg 
N and 64.8 kg P per hectare. They provided an intensive 
growth of plants and produced relatively high yields of 
fresh weight of plants during the year of use and even 
more in consequent experiments.

Perennial plants in a control object produced similar 
weight of aboveground parts from 219 for clover, through 
251 g/m2 for ryegrass, to a slightly lower 143 g/m2 for 
lupine (Table 8). Applying the highest rate of organic 
additives into ground polluted with PAHs increased 
the yield of fresh weight of cocksfoot by 226%, clover 
by 170%, ryegrass by 90%, and lupine by only 31%. 
Cocksfoot and clover yielded particularly abundantly on 
plots with 12% manure addition; these plants produced 
1,233 and 1,168 g/m2 of fresh weight of aboveground 
parts, respectively. 

The yield-forming effect due to the use of organic 
additives depended on their type, level, and plant species 
(Tables 9-10). In this respect manure was outstanding, 
municipal sludge and subsoil after champignon cultivation 

Table 8. Average yield of fresh weight of plant species depending on the dose of organic additives (g/m2).

Dose
w % v/v

Plant species
Lupinus Albus Trifolium hybridum Lolium multiflorum Dactylis glomerata Average

2013

K 134 495 312 390 333

4 150 570 432 486 409

8 156 620 494 571 460

12 170 668 533 636 502

Average 152 588 443 512 426

2014

K 143 219 251 239 190

4 157 453* 400* 569* 397

8 174 529* 452* 672* 459

12 188 592* 476* 779* 512

Average 165 448 395 565 395

NIR 0,05 in 2013: III (plant species) – 26, II x III – 51            NIR 0,05 in 2014: III (plant species) – 28, II x III – 48
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were characterized by lower efficiencies, and sawdust was 
very low. The most effective additives occurred at the 
lowest doses. In the case of manure at 4%, the average 
efficiency of the use of 1% caused the increase in fresh 
plant weight in a preliminary experiment by 39.5 g/m2 
and by 103 g/m2 in the consequent experiment (Table 9). 
Among tested plants, the highest efficiency of 1% additives 
was recorded in the consequent experiment within 0-4%, 
and gain of the fresh weight of cocksfoot was 82.5 g/m2, 
clover 58.5 g/m2, ryegrass 37.2 g/m2, and lupine 3.5 g/m2 

(Table 10).
In pot experiments involving alfalfa and manure 

addition to reduce the PAH contents, Zhang et al. (2012) 
reported the highest efficiency within the range of 0-1%, 
while in an experiment with sewage sludge within 0-2% 
[15-16]. Growing perennial plants in an environment 
polluted with PAHs in combination with cutting their 
aboveground parts, according to Olson et al., stimulates 
the development of root systems and accelerates PAH 
reduction [12,]. Test plants (clover and perennial grasses) 
remaining in the ground of the landfill polluted with PAHs, 
show the ability to phyto-remediation, probably due to 
arbuscular mycorrhiza. They confirm the reaction of 

endophytic fungus infected with tall and meadow fescue, 
as well as alfalfa plants infected with arbuscular fungi used 
for phyto-remediation of soils contaminated with PAHs. 
Such infected plants had accelerated growth, increased the 
amount of produced biomass, and strongly reduced PAH 
content  [29-31]. Also, the addition of microbiological 
preparations reduces the toxic action of PAHs, which was 
proved in the pot studies using pea, in which PAH content 
was reduced by 60% in two months [32].  

Conclusions

1.	 	 Use of manure on the landfill ground after ozokerite 
mining and processing accelerated the vegetation 
of plant seedlings relative to the control by seven 
days, and subsoil after champignon cultivation and 
municipal sewage sludge by three days (in proportion 
to the introduced dose). Moreover, the additives 
increased plant density. The application of sawdust 
had no impact on plant growth rate at that phase and 
invoked a slight regress in the number of plants per 
plot.

2.	 	 Young plants in the preliminary experiment due to 
applied components (OB > PP > OK) showed higher 
growth dynamics and a longer vegetation period. The 
consequent effect of these additives (OB, PP, and OK) 
on plant vegetation was weaker. The use of sawdust 
caused losses in all plant species during winter.

3.	 	 In the consequent experiment, the yield of green matter 
of aboveground parts of test plants corresponded to 
the type and dose of organic additives and is a good 
indicator of their phyto-remediation abilities. The 
largest weight of aboveground parts was achieved on 
the landfill ground treated with 12% of manure for 
growing the cocksfoot and pink clover.
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