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A bstract: The paper presents the influence o f  two pesticides -  Dual Gold 960 EC and Pervicur Energy 
840 SL on three plants species (white mustard, maize and rape) and one o f them -  pesticide Dual Gold 960 
EC -  on the earthworm species Eisenia foetida . The studies indicate that physical and chemical properties 
o f  soils significantly influence the toxicity o f  the analyzed agent on organisms (earthworms and plants). 
Largely, the percentage content o f  the particle o f  <  0,02 mm in diameter may have crucial influence on the 
activity o f  a particular pesticide and its toxicity. Thus, procedures should be introduced when permitting 
the trade o f  particular biocides on various soil types with different physical and chemical properties, 
because the analysis o f  pesticides on artificial substrates with regard to their toxicity is not always 
reflected in the real influence on soil organisms when applied in natural conditions.
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INTRODUCTION

Pesticides are chemical agents used for pest control in plant protection and human and 
animal hygiene as well as in protection of technical materials [Byrdy et al. 1976]. The 
European population is subject to the influence of pesticides more than any other group of 
toxic chemical agents. Although these compounds represent a small percentage of total 
pollution in the natural environment, their negative influence on living organisms is obvio
us, because they mostly represent poisonous agents [Żelechowska, Makowski 1993]. 
Even when applied to control a specific plant pest, pesticides can cause significant chan
ges in the entire ecosystem. The complete removal of one organism from the ecosystem 
may entirely change its character and destabilize the equilibrium based on series of biolo
gical impacts that developed over a long time.
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METHODOLOGY

The paper presents the influence of two pesticides -  Dual Gold 960 EC and Pervicur 
Energy 840 SL on three plant species (white mustard, maize and rape) and one of them 
(pesticide Dual Gold 960 EC) on the earthworm species Eisenia foetida. Two soils with 
different grain-size composition collected from arable areas were applied in the study. 
The soils applied had the following parameters characterizing their physical and chemical 
properties (Table 1). Soil 1 is represented by sand and soil 2 is represented by sandy loam.

TABLE 1. Properties o f  the soils applied in the study

Soil Soil properties

pH in KC1 pH in L^O TOC [%] <0.02 mm [%]

soil 1 (sand) 4.35 4.82 1.5 10

soil 2 (sandy bam) 6.28 6.82 1.6 25

The phytotoxity test [Phytotoxkit 2004, ISO 11269-1, ISO 11269-2] was applied in the 
study to evaluate the influence of selected pesticides on the growth of plants with a determi
ned concentration of these compounds. Two soils (soil 1 and soil 2) and two pesticides 
(Dual Gold 960 EC and Pervicur Energy 840 SL) presently used in agriculture were applied 
in laboratory analyses. Dual Gold (Licence no. 699/2000, expiry date 2010-03-15) is a 
herbicide in form of a concentrate to prepare a water emulsion, determined to control 
monocotyledonous weeds (mainly millet) in sugar beet, folder beet, maize and vegetables. 
The concentration of the active constituent S-metachlor ((S)-2-chloro-A/'-(2-ethyl-6-methyl 
phenyl)-Af-[(lS)-2-methoxy-l-methylethyl] acetamide is 960 g in one litre of the agent. 
Pervicur Energy 840 SL is a fungicide in form of concentrate to prepare a water emulsion 
of systemic activity for preventive and intervention application in protection of vegetables 
(under coverage) and decorative plants (under coverage) against the complex of soil fungi 
(Phytophthora and Pythium). The agent is applied to the soil by disinfecting and watering. 
The content of the active constituent propamokarb in form of a complex with HCL, 3- 
(dimetyloamino)propylokarbaminianpropyl (compound from the group of carbamic acid 
derivatives) is 530 g in one litre of the agent, and phosetyl-Al, ethyl hydrophosphate-Al 
(compound from the phosphonic group) is 310 g in 1 litre of the agent. Three test plants 
(white mustard, maize and winter rape -  Galileo variety) were tested with the two agents. 
The effects linked with the toxic activity of the biocides were determined as measurements 
of the root and stem length using ImageTools software for image analysis and percentage 
inhibition of germination of the studied plants. The experiment was carried out in different 
combinations of the three plants, biocides in concentrations of 0.1; 0.15; 0.2 and 0.3% for 
Pervicur Energy 840 SL and in concentrations 0.01; 0.1; 0.15 and 0.2% for Dual Gold 960 
EC. Concentrations of the studied agents were selected in such mode that values recom
mended by the producer, as well as lower and higher values were applied. Each combina
tion was repeated three times on the two soils studied. The control batch was represented 
by seeds sown on each soil with distilled water. After the experiment, the plants were 
measured using image analysis with application of ImageTools software. The measure
ments were made on the 3. and 7. day of the experiment.

Dual Gold was also applied in experiments with mature earthworms (Eisenia fetida 
Sav.). The experiment was carried out on soils used in the Phytotoxkit 2004 test. Ten 
individuals each were introduced to vessels filled with 500 g of soil. Mature individuals (at



least 2-month old with develo
ped clitellum) were used, with 
average weight of humid body 
reaching 300-600 mg. Prior to 
inserting the earthworms in 
vessels with soil, the individu
als were measured and photo
graphed in order to measure 
the length using the ImageTo- 
ols software. The vessels with 
soil and earthworms were co
vered with perforated covers 
as prevention against drying 
up. The experiment was car
ried out on other soils than the 
artificial substrate typically ap
plied in such analyses consi
sting of: 10% sphagnum peat,
20% clayey and sandy silt, 70% sand, at pH=6.5 and humidity about 35% [OECD 1993], in 
order to compare the differences in the toxicity degree of the analyzed agent.

Seven concentrations of Dual Gold 960 EC were applied in the experiment: 0.1; 1; 10; 
100; 250; 500; and 1000 mg • kg-1 d.m. of the analyzed soil. The experiment was repeated 
3 times in each concentration. The soil humidity was 70%, being the optimal value applied 
in earthworm cultivation [Kalisz et al. 2000]. A parallel control cultivation of earthworms 
was conducted on the studied soils with distilled water. The experiment was carried out 
at 18-22°C at continuous illumination, which enabled retaining the earthworms in the 
substrate. The test was evaluated after 14 days, when live individuals were counted, 
observed and measured (length and weight estimated by making photographs and using 
ImageTools software). The lethal concentration LC 50 was calculated using the probite 
method of the active constituent S-metachlor((S)-2-chloro-iV-(2-ethyl-6-methyl phenyl)- 
N-[(1 iSr)-2-methoxy-1 -methylethyl] acetamide.

RESULTS AND DISCUSSION

The acute toxicity of the particular agents varied depending on the soil type. In the 
case of earthworms of soil 1 (slightly clayey sand), the LC50 value reached 97.38 mg • kg"1 
d.w., whereas in the case of soil 2 (sandy loam) the LC50 value was 512.86 mg • kg'1 
d.m. For artificial soil the lethal concentration for earthworms is 570 mg • kg"1 [FOOT
PRINT 2009]. Similarly, the earthworm weight loss shows higher toxicity of the studied 
agent in soil 2. The studies indicate that physical and chemical properties of soils signifi
cantly influence the toxicity of the analyzed agent on soil organisms, represented in this 
case by earthworms. Largely, the percentage content of the fine particles may have cru
cial influence on the activity of a particular pesticide and its toxicity. Thus, procedures 
should be introduced when permitting the trade of particular biocides on various soil 
types with different physical and chemical properties, because the analysis of pesticides 
on artificial substrates with regard to their toxicity is not always reflected in the real 
influence on soil organisms when applied in natural conditions. The studies indicate that 
the concentrations of the applied agents should also take into account the physical and
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TABLE 2. Mortality o f  earthworms after 14 days and influence 
o f  Dual Gold 960 EC on their weight

Agent
concentration 
[mg • kg’1 
d.m. substrate]

Number
o f
individuals

Dead individuals 
[%]

Weight loss o f  
earthworms after 
14 days [%]

Son l Sofl 2 Sofl 1 Soil 2

Control 30 0 0 10.02 10.75

0.1 30 0 0 8.33 19.35

1 30 6.7 13.3 11.5 25.27

10 30 33.3 13.3 45.1 26.40

100 30 53.3 13.3 65.98 30.35

250 30 53.3 23.3 70.03 46.24

500 30 70 63.3 76.84 61.86

1000 30 100 76.7 - 81.50



222 M. Kondras, D. Czępińska-Kamińska, J. Karczewska, K. Wojewoda

chemical soil properties, including the percentage content of the fine parts of soil (<0,02 mm). 
The results of the phytotest are presented in Tables 3-5.

The analyses conducted on plants with application of the Phytotoxit test on 3 plant 
species and two soil types showed that each application of chemical agents had direct 
influence on the development of plats and their underground organs, as well as their 
germination. Dual Gold was evidently more toxic than Pervicur Energy with regard to the 
degree of inhibited root and stem growth of the three analyzed plant species (maize, white 
mustard and winter rape). Application of Pervicur Energy on maize and white mustard 
resulted in increased length of stems and roots in comparison to the control batch. This 
agent positively influenced the growth of the overground organs of these plants. In turn, 
in the case of rape, inhibition of stem and root growth was observed in relation to the 
control batch. Application of Dual Gold on maize and white mustard (in soils 1 and 2) and 
rape (in soil 1) showed increasing phytotoxicity with the rise of the pesticide concentra
tion. Significant percentage inhibition of the growth of maize and white mustard in both 
time-periods has been noted for all applied concentrations in both soils. In turn, in the 
case of rape, an opposite effect was observed on the 3. day of the experiment on soil 2 , 
where significant percentage increase of the root and stem length was noted in compari
son to the control batch. This trend was reversed on the 7. day and the lengths of rape 
roots and stems showed similar growth inhibition in comparison to the control batch, as 
in the case of maize and white mustard.

Phytotoxicity is the result of disturbances of physiological processes caused by disor
ders in the absorption and transport of micro- and macroelements indispensable for the 
existence of living organisms, a fact that is unfavourable for the growth and development 
of most plant species. Thus, further studies on the influence of these agents on plants are 
required.

TABLE 3. Influence o f  the applied biocide and its concentration on the percentage inhibition or increasing 
(+) o f  root and stem growth o f  maize

Soil 1 (sand)

Biocide Dual Gold 960 EC Pervicur Energy 840 SL

Concentration[%‘ 0.01 0.1 0.15 0.2 0.1 0.15 0.2 0.3

roots 3 days 44 25 47 56 +102 28 +76 +153

7 days 23 49 66 72 +50 +40 16 +2

stems 3 days ag .* n.g.* ag .* ag.* n.g.* n-g.* ag.* ag.*

7 days 38 63 76 79 +131 +96 +31 +61

Soil 2 (sandy loam)

Biocide Dual Gold 960 EC Pervicur Energy 840 SL

Concentration[%' 0.01 0.1 0.15 0.2 0.1 0.15 0.2 0.3

roots 3 days 37 44 18 71 lack lack lack lack

7 days 9 52 40 76 69 15 +2% +6

stems 3 days ag .* ag.* ag .* ag.* ag .* ag .* ag.* a g .*

7 days 53 69 42 68 87 41 +2% +25

* no germination
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TABLE 4. Influence o f  the applied biocide and its concentration on the percentage inhibition or increasing 
(+) o f  roots and stems o f  white mustard

Soil 1 (sand)

Biocide Dual Gold 960 EC Pervicur Energy 840 SL

Concentration [%] 0.01 0.1 0.15 0.2 0.1 0.15 0.2 0.3

roots 3 days 66 81 86 92 +45 |+13 +54 +74

7 days 72 83 87 87 +22 |+10 +35 +59

stems 3 days 4 +6 48 77 +310 +251 +361 +423

7 days 9 26 39 47 +76 |+70 +70 +80

Soil 2 (sandy loam)

Biocide Dual Gold 960 EC Pervicur Energy 840 SL

Concentration [%] 0.01 0.1 0.15 0.2 0.1 10.15 0.2 0.3

roots 3 days 70 81 82 89 24 56 +62 +48

7 days 72 83 84 86 17 I4 16 27

stems 3 days 19 46 60 84 27 60 +90 +109

7 days 32 58 64 70 +3 jl +5 +13

TABLE 5. Influence o f  the applied biocide and its concentration on the percentage inhibition or increasing 
(+) o f  root and stem growth o f  rape (Galileo variety)

Soil l(sand)

Biocide Dual Gokl 960 EC Pervicur Energy 840 SL

Concentration [%] 0.01 0.1 0.15 0.2 0.1 0.15 0.2 0.3

roots 3 days 73 87 78 76 10 7 34 22

7 days 76 86 85 87 17 12 19 17

stems 3 days 50 85 58 54 3 4 38 20

7 days 44 85 76 82 6 0 16 14

Soil 2 (sandy bam)

Biocide Dual Gold 960 EC Pervicur Energy 840 SL

Concentration
[%]

0.01 0.1 0.15 0.2 0.1 0.15 0.2 0.3

roots 3 days 10 90 +27 +58 11 30 18 12

7 days 75 84 79 83 +2 17 5 4

stems 3 days +70 0 + 156 +294 17 28 11 11

7 days 54 85 62 69 +13 0,5 2 19

The largest restriction and inhibition of root growth was observed for Sinapsis alba 
(white mustard), thus it can be concluded that it is the best bioindicator of pollutants 
among the plants applied in the test. Typically, when the seeds are smaller, then the plant 
is more sensitive, because it benefits shorter from the nutrients stored in the seed. White 
mustard is commonly considered as a bioindicator. Filipek & Olek [2000] have evidenced 
that, although the plant is not a good bioindicator of the presence of nickel, it can be an
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excellent plant displaying large sensitivity on other pollutants in soil. On the contrary, 
Gajczyk [2006] showed that the highest sensitivity to pollution of soils by plant protection 
agents was observed in the case of cucumber and barley, and the lowest -  in the case of 
white mustard. These discrepancies may result from the fact that larger variability is 
reflected in arable plants, in which the level of elements in soils cannot be characterized in 
detail due to their different genetic characteristics and the state of agriculture [Sienkie
wicz 1998].

The presented data allow to conclude about the ecotoxic variability of the influence of 
biocides cumulated in soils depending on the plat species. Similar observations were 
made by Oleszczuk & Baran [2006] who applied the phytotoxicity test to soil with varia
ble grain size distribution from different parts of Poland. They checked the influence of 
soil pollution by cyclic aromatic hydrocarbons on plant organisms. After 3-day incuba
tion significant differences were observed in the root length between particular soils 
(particularly in the case of sorghum and mustard). The most significant growth inhibition 
was noted on very strongly polluted soils of Miasteczko Śląskie and Bytom in mustard 
and bittercress, as well as on polluted soils from Lublin (watercress) and Sokolniki (sor
ghum). After 6-day incubation, inhibition of root growth was observed in samples collec
ted from the Upper Silesian area or Miasteczko Śląskie (mustard) and Bytom (bitter
cress). Sinapsis alba (white mustard) has turned out to be the best bioindicator from 
among the applied plants. Numerous studies have shown high sensitivity of Lepidium 
sativum (garden cress) to soil pollution by cyclic aromatic hydrocarbons.

CONCLUSION

The acute toxicity of the particular agents varied depending on the soil type. In the 
case of earthworms of soil 1 (sand), the LC50 value reached 97.38 mg • kg'1 d.m., 
whereas in the case of soil 2 (sandy loam) the LC50 value was 512.86 mg • kg'1 d.m. For 
artificial soil the lethal concentration for earthworms is 570 mg • kg'1.

The studies indicate that the concentrations of the applied agents should also take into 
account the physical and chemical soil properties, including the percentage content of the 
fine (<0.02 mm) particles of soil.

The analyses conducted on plants with application of the Phytotoxkit test on 3 plant 
species and two soil types showed that each application of chemical agents had direct 
influence on the development of plats and their underground organs, as well as their 
germination.

Streszczenie: W pracy został zbadany wpływ dwóch pestycydów Dual Gold 960 EC i Pervicur Energy 
840 SL) na trzy gatunki roślin (gorczyca, kukurydza, rzepak) oraz jednego z nich -  (Dual Gold 960 EC) 
-  na gatunek dżdżownic Eisenia foe tida . Z przeprowadzonych badań można wnioskować, że w łaściw o
ści fizykochem iczne gleb w  dużym stopniu wpływają na stopień toksyczności badanego preparatu na 
organizmy (dżdżownice i rośliny). W dużej mierze procentowa zawartość frakcji o wymiarach <  0,02 mm 
może mieć istotny wpływ na działanie określonego środka ochrony roślin oraz stopień jego toksyczno
ści. Jest zatem wskazane włączenie do procedur, dopuszczających wprowadzenie do obrotu poszczegól
nych biocydów, badań na różnych gatunkach gleb o różnych właściwościach fizykochemicznych. Prze
badanie środków ochrony roślin w  glebach sztucznych, pod kątem ich stopnia toksyczności nie zawsze 
może m ieć odzwierciedlenie w  rzeczywistych skutkach wpływu na organizmy glebowe, w  przypadku 
stosowania pestycydów w glebach naturalnych.
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