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Industrial pollution of soil exerts a  great negative influence on 
plant organisms. In particular, plants that grow in soil polluted 
with high-density metals, sulfur compounds (SO4

2–), chlorine 
(Cl–), etc., are characterized by growth inhibition and reduced 
metabolic activity. Additionally, plants play a  significant role in 
optimizing the environment.

The objects of the investigation were sprouts of five woody plant 
species – Gleditcia triacantos L., Quercus robur L., Lonicera tatari-
cum  L., Eleagnus angustifolia  L., Robinia pseudoacacia  L., which 
were cultivated in the soil contaminated with fluoride and sulfite

The content of chlorophyll a in the stable plants (Eleagnus an-
gustifolia L. and Robinia pseudoacacia L.) decreases by 6.2‒190.0%, 
and chlorophyll b decreases by 3.1‒124.6% in comparison to con-
trol plants. All variations of pollutants inserted into soil cause 
a significant decrease in the  level of chlorophyll a (14.7‒55.4%) 
for not-stable Lonicera tataricum L. The amount of chlorophyll b 
decreases 1.45‒1.88 times for this species.

For stable species Eleagnus angustifolia L. and Robinia pseudoa-
cacia L., the changes in the the content of carotenoids are charac-
terized by their 4.5–5.5-times decrease in comparison to the con-
trol plants. For unstable species (Gleditcia triacantos L., Lonicera 
tataricum L.), the content of carotenoids decreases by 36.5‒86.3%.
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INTRODUCTION

The existing state of rising demand requires sig-
nificant manufacturing development that is ac-
companied by considerable pervasion of sub-
stances extrinsic to nature (Varshney, Garg, 1980; 
Ilkun, 1978; El-Shazly  et  al., 1990). The  largest 

part of pollutants comes into the  atmosphere as 
gaseous substances and aerosols. Under the influ-
ence of ultraviolet radiation, oxygen, and other 
factors, gases transform into aerosols of acids and 
salt aerosols (Ilkun, 1978; Agrawal  et  al., 1985). 
Liquid and solid aerosols accumulate in the  soil 
and cause its contamination.

Industrial pollution of soil has a great negative 
impact on plants. In particular, plants that grow 
in soil polluted with high-density metals, sulfur 
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compounds (SO4
2–), chlorine (Cl–), etc., are 

characterized by growth inhibition and reduced 
metabolic activity (Negrutskaja  et  al., 2005; 
Domingos  et  al., 2003; Bobrova  et  al., 2010). 
As a  rule, these plants are characterized by 
depressed photosynthesis (Ebregt  et  al., 1977; 
Lykholat  et  al., 2016; Prysedskyj, 2014), a  re-
duced content of photosynthetic pigments, and 
damaged chlorophyll fluorescence (Pukacki, 
2000; Matysiak, 2001). Furthermore, plants are 
significantly important for environment op-
timizing when it concerns anthropogenically 
transformed medium. Consequently, the  aim 
of our research was to investigate the changes 
in the  content of photosynthetic pigments in 
woody plants when soil is contaminated with 
fluorides and sulphites.

MATERIALS AND METHODS

Plant material
The objects for the  investigation were 30-day-
old sprouts of five woody plant species such 
as Gleditcia triacantos  L., Quercus robur  L., 
Lonicera tataricum L., Eleagnus angustifolia L., 
Robinia pseudoacacia L., which were grown in 
soil contaminated with fluorides and sodium 
sulfite.

Efflux experiments
Research was conducted according to the plan 
for a complete two-coefficient three-tier experi-
ment (Table 1).

The spectrophotometric method was ap-
plied in the investigation to define the content of 
photosynthetic pigments in the acetone extract. 
The amount of pigments was calculated accord-
ing to Vetshtein’s formulas (Prysedsky, 2016).

Statistical analysis
All experiments were conducted iterative-
ly  –  six times (sample size). The  results were 
statistically processed according to the scheme 
of two-factors dispersion nalysis. The  Dun-
nett’s method was leading in comparison of 
the  mean values (Prysedsky, 1999; Prysedsky, 
2005). The influence of factors was believed to 
be valid if the calculated value of the Fisher cri-
teria exceeded the standard α = 0.05. The differ-

ence between the average values was considered 
valid if the absolute value of the difference be-
tween the control and experimental values (D) 
exceeded the Dannet deviation (DD) (the least 
meaningful difference) α = 0.05.

RESULTS AND DISCUSSION

The results of previous researches show that 
the species used for pigment group study could 
be ranged by the degree of growth depression in 
the following way: Eleagnus angustifolia L., Rob-
inia pseudoacacia L., Quercus robur L., Gleditcia 
triacantos  L., Lonicera tataricum  L. Moreover, 
it was determined that Quercus robur  L. was 
greatly susceptible to the pollution with sulfites.

Chlorophylls are the  main photosynthetic 
pigments involved in the absorbtion of light en-
ergy in plants. The  results of the  investigation 
show the  variability of the  reaction of experi-
mental species to the  content of chlorophylls a 
and b in polluted soil (Table 2). So, depending on 
the composition and on the content of the pol-
lutants in the soil the content of chlorophyll a de-
creases by 6.2–190.0%, and that of chlorophyll b 
by 3.1‒124.6 % for stable species Eleagnus angus-
tifolia L. and Robinia pseudoacacia L. in compari-
son to the plants which grow in unpolluted soil.

For Quercus robur L., the content of chloro-
phyll did not change significantly for the most 
variants used in the  research, although sulfite 
and complex pollution tended to decrease 
the  amount of pigments. For not stable Loni-
cera tataricum  L., all the  variants of insert-
ing the  pollutants into soil caused consider-
able (14.7–55.4 %) reduction of chlorophyll a. 
The  amount of chlorophyll b also decreased 
1.45‒1.88 times for the sprouts of these species 
in comparison to the control plants.

The analogous outcome was observed in 
the changes in the total amount of green pigments; 
nevertheless, these changes are feebly marked.

Carotenoids played a significant role both in 
the processes of photosynthesis and in the elim-
ination of oxidative stress of plants.

Analysis of the  data in Table  3 shows that 
the  content of carotenoids greatly increased 
under the  influence of all combinations of 
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Table  2 .  Influence of soil pollution on the chlorophylls content of woody and bushy plants

Va
ri

an
t Chlorophyll content, mg/g

Chlorophyll a Chlorophyll b

M ± m D DD % for control M ± m D DD % for control

Gleditchia triacantos L.

1 0.25 ± 0.05 100.0 0.69 ± 0.13 100.0
2 0.34 ± 0.05 0.09 0.80 136.0 0.92 ± 0.14 0.22 4.07 133.3
3 0.91 ± 0.61 0.66 0.80 364.0 0.71 ± 0.19 0.02 4.07 102.9
4 0.53 ± 0.16 0.28 0.80 112.0 1.26 ± 0.30 0.57 4.07 182.6
5 0.68 ± 0.26 0.42 0.80 272.0 0.67 ± 0.11 –0.03 4.07 97.1
6 0.35 ± 0.18 0.10 0.80 140.0 5.11 ± 3.33 4.41 4.07 740.5
7 0.33 ± 0.05 0.08 0.80 132.0 1.21 ± 0.30 0.52 4.07 175.3
8 0.50 ± 0.10 0.24 0.80 200.0 0.93 ± 0.18 0.23 4.07 134.8
9 0.70 ± 0.22 0.45 0.80 280.0 1.55 ± 0.54 0.85 4.07 224.6

Quercus robur L.
1 0.08 ± 0.03 100.0 0.26 ± 0.03 100.0
2 0.06 ± 0.01 0.03 0.25 67.1 0.23 ± 0.05 0.03 0.36 88.5
3 0.05 ± 0.01 0.03 0.25 63.4 0.21 ± 0.04 0.05 0.36 80.8
4 0.24 ± 0.14 0.16 0.25 295.1 0.25 ± 0.05 0.01 0.36 95.0
5 0.08 ± 0.02 0.01 0.25 91.5 0.12 ± 0.03 0.14 0.36 49.1
6 0.07 ± 0.03 0.01 0.25 83.4 0.11 ± 0.04 0.15 0.36 43.5
7 0.09 ± 0.03 0.01 0.25 110.9 0.37 ± 0.15 0.11 0.36 141.1
8 0.08 ± 0.02 0.00 0.25 97.6 0.15 ± 0.02 0.11 0.36 58.8
9 0.32 ± 0.14 0.24 0.25 390.2 0.54 ± 0.24 0.28 0.36 208.8

Lonicera tatarica L.
1 0.54 ± 0.10 100.0 3.05 ± 1.74 100.0
2 0.41 ± 0.04 0.13 0.67 76.1 1.62 ± 0.14 0.43 2.27 53.1
3 0.91 ± 0.53 0.36 0.67 166.7 1.84 ± 0.63 1.21 2.27 60.3
4 0.40 ± 0.04 0.15 0.67 72.7 1.64 ± 0.15 1.41 2.27 53.8
5 0.24 ± 0.06 0.30 0.67 44.6 1.99 ± 0.48 1.06 2.27 65.2
6 0.30 ± 0.07 0.25 0.67 54.7 1.95 ± 0.50 1.10 2.27 63.9
7 0.25 ± 0.07 0.30 0.67 45.5 1.95 ± 0.56 1.10 2.27 63.9
8 0.46 ± 0.04 0.08 0.67 85.3 1.96 ± 0.26 0.09 2.27 64.3
9 0.34 ± 0.07 0.20 0.67 62.9 2.11 ± 0.49 0.94 2.27 69.2

Table  1 .  Plan of the experiment
Va

ri
an

t Content of pollutants

Va
ri

an
t Content of pollutants

Va
ri

an
t Content of pollutants

F–, mg/kg S2–, g/kg F–, mg/kg S2–, g/kg F–, mg/kg S2–, g/kg

1 0 0 4 0 1 7 0 2
2 100 0 5 100 1 8 100 2
3 200 0 6 200 1 9 200 2
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Va
ri

an
t Chlorophyll content, mg/g

Chlorophyll a Chlorophyll b

M ± m D DD % for control M ± m D DD % for control

Elesgnus angustifolia L.
1 0.31 ± 0.02 100.0 0.15 ± 0.01 100.0
2 0.71 ± 0.15 0.41 0.73 229.0 2.35 ± 2.40 2.20 3.18 1566.7
3 0.58 ± 0.22 0.28 0.73 187.1 2.0 ± 1.3 1.95 3.18 1400.0
4 0.39 ± 0.08 0.09 0.73 125.8 0.27 ± 0.04 0.12 3.18 180.0
5 0.67 ± 0.28 0.36 0.73 216.1 0.34 ± 0.10 0.19 3.18 226.7
6 0.22 ± 0.02 0.09 0.73 70.9 0.70 ± 0.1 0.55 3.18 466.7
7 0.14 ± 0.03 0.17 0.73 45.2 0.22 ± 0.15 0.07 3.18 146.7
8 0.40 ± 0.05 0.09 0.73 129.0 0.89 ± 0.12 0.74 3.18 593.3
9 0.21 ± 0.04 0.21 0.73 67.7 0.08 ± 0.01 –0.07 3.18 53.3

Robinia pseudoacacia L.

1 0.48 ± 0.05 100.0 0.32 ± 0.02 100.0
2 0.57 ± 0.05 0.09 0.23 118.7 0.39 ± 0.04 0.06 0.14 121.9
3 0.51 ± 0.11 0.03 0.23 106.2 0.33 ± 0.05 0.01 0.14 103.1
4 0.52 ± 0.04 0.04 0.23 108.3 0.39 ± 0.05 0.07 0.14 121.9
5 0.64 ± 0.09 0.16 0.23 133.3 0.36 ± 0.03 0.04 0.14 112.5
6 0.39 ± 0.05 0.09 0.23 81.2 0.22 ± 0.03 0.10 0.14 68.7
7 0.44 ± 0.06 0.05 0.23 91.7 0.33 ± 0.06 0.01 0.14 103.1
8 0.55 ± 0.0б 0.07 0.23 114.6 0.31 ± 0.04 0.01 0.14 96.9
9 0.42 ± 0.05 0.06 0.23 87.5 0.25 ± 0.02 0.07 0.14 72.0

the  pollutants for stable species Eleagnus an-
gustifolia L. and Robinia pseudoacacia L. In par-
ticular, a considerable increase of this indicator 
became apparent for Robinia pseudoacacia  L. 
Thus the  number of the  pigments increased 
4.5‒5.5 times for variants that involved fluoride 
and complex contamination in comparison to 
the plants that grew in unpolluted soil. 

Depending on the  composition and dos-
age of pollutants, the  content of carotenoids 
decreased by 36.5–86.3% for unstable species 
(Gleditcia triacantos L., Lonicera tataricum L.). 
For Quercus robur L. fluoride pollution causes 
decrease of carotenoid content by 66.7–577.8%, 
and sulfide contamination causes reduction of 
the amount of these pigments.

The results of the investigation conform with 
other research on the impact of environment pol-
lution on the pigment content in plants. Also they 

Table  3 .  Influence of soil pollution on the con-
tent of carotenoids in woody and bushy plants

Vari-
ant

Carotenoids content, mg/g

M±m D DD % for con-
trol

Gleditchia triacantos L.
1 0.36 ± 0.24 100.0
2 0.10 ± 0.03 –0.26 1.14 27.6
3 0.21 ± 0.0 –0.15 1.14 58.0
4 0.22 ± 0.02 –0.15 1.14 59.9
5 0.12 ± 0.05 –0.25 1.14 32.3
6 1.12 ± 0.91 0.76 1.14 310.2
7 0.14 ± 0.04 –0.22 1.14 39.2
8 0.19 ± 0.04 –0.17 1.14 51.9
9 0.16 ± 0.03 –0.20 1.14 43.7

Quercus robur L.
1 0.02 ± 0.01 100.0
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allow using the analysis of the pigment complex 
of the plants for the diagnosis of the state of plants 
under the conditions of soil contamination.

CONCLUSIONS

Research on the influence of soil polluted with 
fluorides and sulphides on the content of pho-
tosynthetic pigments in the woody sprouts and 
shrubs shows that stable species Eleagnus an-
gustifolia  L. and Robinia pseudoacacia  L. are 
characterized by an increased content of green 
pigments and carotenoids under the conditions 
of soil contamination. Such a  reaction might 
play a significant role in the adaptation of stable 
plants to pollutants impact.

Unstable Lonicera tataricum L. is susceptible 
to contamination soil pigment complex that re-
duces the adaptive capacity of such plant species.
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DIRVOŽEMIO TARŠOS SULFITU IR FLUO-
RIDU ĮTAKA KAI KURIŲ ARBOREALINIŲ 
AUGALŲ RŪŠIŲ PIGMENTŲ KIEKIUI

Santrauka
Augalai vaidina svarbų vaidmenį optimizuojant 
aplinką. Pramoninė dirvožemio tarša daro didelę nei-
giamą įtaką augalams. Visų pirma slopinamas augalų, 
augančių metalais, sieros junginiais (SO4

2–), chloru 
(Cl–) ir kitais junginiais užterštame dirvožemyje, au-
gimas, sumažėja jų metabolinis aktyvumas. Šio tyri-
mo metu buvo tirtos penkios medžių rūšys: Gleditcia 
triacantos L., Quercus robur L., Lonicera tataricum L., 
Eleagnus angustifolia  L., Robinia pseudoacacia  L., 
augintos fluoridu ir sulfitu užterštame dirvožemyje. 
Palyginti su kontroliniais augalais, E.  angustifolia ir 
R. pseudoacacia rūšies augaluose a chlorofilo kiekis 
sumažėja 6,2–190,0 %, o b chlorofilo – 3,1–124,6 %. 
Stabilių rūšių (E. angustifolia ir R. pseudoacacia) ka-
rotinoidų kiekis mažėja 4,5–5,5 karto, palyginti su 
kontroliniais augalais, nestabilių rūšių (G. triacantos 
ir L. tataricum) sumažėja 36,5–86,3 %.

Raktažodžiai: fluoridas, sulfitas, dirvožemio 
tarša, medžiai, krūmai, fotosintetiniai pigmentai


