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Abstract

VELCHEVA, 1., S. PETROVA, I. MOLLOV, G. GECHEVA and D. GEORGIEYV, 2012. Herbicides influence the
community structure of the soil mezofauna. Bulg. J. Agric. Sci., 18: 742-748

A field bioassay was carried out to assess the impact of “NIRVANA” (active substances imazamox and pendimethalin) and
“STOMP 330 EC” (active substance pendimethalin) herbicides residues to the soil mezofauna. The investigated herbicides
caused changes in the community structure of the soil mezofauna. Highest negative impact (suppression of all studied ecological
parameters) was observed until the 100-th day after treatment, and on the experimental plots treated with high concentrations
of pendimethalin. The dynamic of the soil community structure was found to be related with those of the pesticides content.
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Introduction

Many pesticides used in the conventional agricul-
tural practice are toxic for non-target organisms and
may affect on beneficial for the agroecosystem inver-
tebrates (Lee, 1985). The toxicity of pesticides to soil
biota depends on the compound bioavailability, which
is affected by the soil natural characteristics, and by
the uptake routes of exposed organisms (Piola et al.,
2009). Therefore, ecological studies can benefit from
using experimental designs that improve data relevance
for local exposure conditions in the agricultural lands
(Rovira, 1994; Pankhurst, 1997; Yu et al., 2006). The
soil cenoses consists of microorganisms such as bacte-
ria, fungi, protozoans, yeasts and the autotrophic algae.
The mezofauna is comprised by a variety of inverte-
brate animals mainly nematodes, mites, springtails,
spiders, insects, and earthworms (Velcheva et al., 1997;
Velcheva et al., 1999). The functions of such commu-
nity, often referred as “soil food web”, are complex and

strongly depend on the residue of decomposition, the
nutrient storage and release, the soil structure, and the
degradation or immobilization of pesticides and other
pollutants (Zwieten, 2004). For example, atrazine de-
creases the abundance of earthworms, wireworms, and
springtails, whereas dalapon (2,2-dichloropropionic
acid) and TCA (trichloroacetic acid) appeared to in-
crease millipedes, springtails and mites (Freemark
and Boutin, 1995). Certain herbicides may diminish
or increase the numbers of both beneficial and harmful
soil animals. Under certain cultural conditions, herbi-
cides as well as insecticides could fit into an integrated
control program and help to counter the two threats of
insect resistance to insecticides and excessive insecti-
cide residues in soil (Fox, 1964).

»STOMP 330 EC“(active substance pendime-
thalin 330 g.I'') and ,NIRVANA“(active substances
imazamox 16.7 g.I'! + pendimethalin 250 g.I'") are se-
lective soil herbicides against annual broadleaf weeds
(BASF Chemical Company, 2009). Pendimethalin is
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a dinitroaniline herbicide used for selective control
of weeds in crops such as comn (Zea mays), soybeans
(Glycine max), peas (Pisum sativum), and several vege-
table crops (Wilson et al., 1995). In Europe it is also
approved for use in winter wheat (7riticum aestivum)
and sunflower (Helianthus annuus).

Comparatively little work has been done on pendi-
methalin loss from soil, although soil degradation of
dinitroaniline herbicides in general has been reviewed
(Carlsen et al., 2006a, b). Persistence of pendimethalin
is influenced by cultivation practices; soil temperature,
moisture conditions, and soil type (Triantafyllidis et al.,
2009). Degradation of the pendimethalin proceeds more
rapidly under flooded, anaerobic conditions than under
aerobic conditions, which is similar to other dinitroani-
lines (Walker and Welsh, 1991). Photodecomposition
of pendimethalin can occur, although the rate decreases
rapidly after the first 7 days of exposure on the soil
surface. As much as 17% of applied pendimethalin has
reportedly been lost by photodecomposition in 7 days
(Walker & Brown, 1983; Zimdahl et al., 1984).

The studied selective herbicides probably have ad-
ditional impact on non-target organisms, particularly
on invertebrates, which are strongly related to the soil
fertility. Since, there are no sufficient data on the im-
pact of these herbicides on the mezofauna, we aimed
to: 1) track the degradation of the herbicides in the soil,
and 2) study the impact of these herbicides on the com-
munity structure of the soil mezofauna.

Material and Methods

The study was conducted in 2006-2007 on the test-
fields of the Agricultural University, Plovdiv (Bulgaria).
Three sampling plots were chosen, as follows:

1 — plot treated with “NIRVANA” herbicide in con-
centration 400 ml.da’';

2 —plot treated with “NIRVANA” herbicide in con-
centration 700 ml.da’';

3 — plot treated with “STOMP 330 EC” herbicide in
concentration 400 ml.da™'.

All sampling plots were sown with sunflower plants
(Rhymes hybrid, Limagrain Company). Herbicides
were applied at the 3-5" leaf phase of the crops (BASF
Chemical Company, 2009).

A composite soil sample of each experimental plot,
prepared from 3 different sub-samples, was taken im-
mediately after treatment and the main soil characteris-
tics were examined.

Mechanical content and structure were determined
after Totev et al. (1991) in the Laboratory of Ecology,
University of Plovdiv “Paisii Hilendarski”. Based on
texture analysis the soil was classified according to
FAO system. Particle size of soil was determined by
aerometric method (ISO 11277), while the pH value of
the aqueous soil extracts (1:5, w/v) were measured in
triplicate with a pH-Electrode SenTix 41 by a pHoto-
Flex/Set (Germany) at 20°C (ISO 10390).

The chemical analyses were conducted in the Re-
search Laboratory of Agricultural University, Plovdiv.
The concentrations of K*, P3*, Na*, Ca?" ions were de-
termined using atomic absorption spectrometry (AAS).
Humus content was calculated after dichromate oxida-
tion in the presence of concentrated sulphuric acid (ISO
14235) and the total nitrogen content was measured by
Kjeldahl method (ISO 11261).

During the experiment, parallel soil samples for
quantifying herbicide residues into the soil and to as-
sessing the soil community structure were collected
seasonally, as follows: at the 4-th (Sample 1, end of
spring 2006), 22-th (Sample 2, summer 2006), 126-
th (Sample 3, autumn 2006) and 313-th (Sample 4,
spring 2007) day after treatment. At each experimental
plot were processed three sections with dimensions
0.5/0.5/0.3 m. Sampling was made according to the
field methodology of Guilyarov (1987).

The analyses of herbicides concentrations were
conducted in Research Laboratory of Agricultural Uni-
versity by capillary gas chromatography. The results
were compared with maximal permitted values in Bul-
garia for pesticide residues in soils (Regulation norm
3, 2008).

The collected soil invertebrates were preserved in
70% ethanol. Species determination to the lowest pos-
sible taxon (family) according Fauna Europea (2011)
and ecological evaluations were made in the Laboratory
of Ecology, University of Plovdiv “Paisii Hilendarski”,
using a reference collection.

To characterize the soil mezofauna the following
ecological characteristics were used (Magurran, 1988):
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* Density: the number of the individuals of one taxon
relative to 1 m? of soil;

» Abundance: the ratio between the number of individu-
als of one taxon and the total number of individuals
of all taxa.;

* Frequency: the number of individuals, which rep-
resent the percentage proportion of the taxon in the
community;

» Consistency: the percentage ratio between the number
of samples, containing certain taxon and total number
of samples;

* Reciprocal value of the Simpson’s diversity index;

* Simpson’s equitability index.

Ecological parameters were calculated using the
computer software “BioDiversityPro” (McAleece et al.,
1997). Data were statistically processed using y>-test,
correlation analysis (Pearson correlation index with
logarithmically transformed data) and cluster analysis
(Fowler et al., 1998). For all statistical analyses, the
STATISTICA 7.0 statistical package was used (StatSoft
Inc., 2004).

Results and Discussion

Soil characteristics and herbicide degradation dy-
namics

The soil in the investigated area was defined as Hu-
mo-Fluvisols, medium sandy-loam, so it can be defined
as moderate (Regulation norm 3, 2008). High humus

content (30.9-40.04 g .kg™!), light to medium alkaline pH
(7.65-7.75), and low salt content (0.5-0.8 g.kg') were
measured. Our results showed high content of total N,
K" and P3* (Table 1). Data obtained were similar in the
three experimental plots, so the subsequent analyses
were focused only on pesticides residues. It was ob-
served that under identical conditions of soil moisture
and temperature, effect of soil type on pendimethalin
persistence was rather small (Zimdahl et al., 1984).

Herbicide break down dynamics also were moni-
tored. A clear tendency to their decrease with time ex-
pired was established (Table 2). At the 126-th day after
treatment (Sample 3) the measured concentrations were
beyond the maximal permitted content (<0.1 mg.kg™)
according to the Regulation norm 3 (2008).

Ecological characteristics

The taxa composition as well as its density, seasonal
dynamics, abundance and frequency of the recorded
taxa is presented in Table 3.

It is notable that we observed a negative correlation
between the residual amounts of all herbicide test-vari-
ants in the soil and the abundance of the taxa recorded.
For “STOMP 330 EC” the Pearson’s index showed a
value of -0.912 (P<0.05) and index of determination
was 0.831, which means that the observed increase of
the abundance in the taxa is due to the reduction of the
herbicide in the soil and there is only 16.89% chance that
other factors may be responsible. For “NIRVANA”-400

Table 1
Main soil characteristics in the experimental plots
Humus Humus
Depth, m content, reserve, pH Total N, % P,mg.kg K, mg.kg
o k! t.da’!
Plot 1 0-0.3 39.6 14.26 7.75 0.24 845 610
Plot 2 0-0.3 39.2 14.11 7.75 0.23 853 603
Plot 3 0-0.3 404 14.30 7.65 0.25 867 646
Table 2
Herbicides concentrations in the soil, mg.kg
Sample 1, Sample 2, Sample 3, Sample 4,
mg.kg! mg.kg! mg.kg! mg.kg!
“STOMP 330 EC” — 400 ml.da’! 0.359 0.299 0.045 0.020
“NIRVANA” — 400 ml.da’! 0.321 0.292 0.031 0.010
“NIRVANA” — 700 ml.da"! 0.503 0.488 0.113 0.051
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Table 3

Composition, abundance, density, frequency and consistency of the registered taxa in the sample fields

treated with the studied herbicides during the four studied seasons

T Sample 1 Sample 2 Sample 3 Sample 4 C
axa
N D| P|F ND|P|F N D |P|] F N D|P]|F
“STOMP 330 EC” — 400 ml.da™!
Oligochaeta,
Lur%lbricidae 0 0.00 000 0.0% 4 17.78 0.57 57.1% 89 395.55 0.93 92.7% 11 48.89 0.579 57.9% 75%
Insecta,
golegpéera(l ) 0.00 0.00 0.0% 0 0.00 0.00 00% 0 0.00 0.00 0.0% 3 13.33 0.158 15.8% 25%
arabidae (larvae
Insecta,
]gl()leOpéera(l ) 17.78 0.50 50.0% 0 0.00 0.00 0.0% 1 444 0.01 1.0% O 0.00 0.000 0.0% 50%
ateridae (larvae
Insecta, Diptera,
mpididae . . D7 . . 0% . . 270 . . D7 (0}
%Elpd)d 1333 038 37.5% 0 0.00 0.00 0.0% 5 2222 0.05 52% 2 888 0.105 10.5% 75%
arvae
Myriapoda,
}ulggormla, 0.00 000 0.0% 1 444 0.14 143% 0 0.00 0.00 0.0% O 0.00 0.000 0.0% 25%
ulidae
Myriapoda,
8eoplﬁ1%pénorpha, 1 444 013 125% 2 889 029 28.6% 1 444 001 1.0% 3 1333 0.158 15.8% 100%
eophilidae
“NIRVANA” — 400 ml.da"!
Oligochaeta,
Lul%bricidae 1 444 0.14 143% 8 3555 0.38 38.1% 75 333.33 0.87 92.7% 16 71.11 0.356 35.6% 100%
Insecta,
Coleoptera 444  0.14 143% 0 0.00 0.00 0.0% O 0.00 0.00 0.0% 24 106.7 0.533 53.3% 50%
Carabidac (larvac)
arabidae (larvae
Insecta,
gl()leop('iera(1 ) 1333 043 429% 2 889 0.10 95% 0 0.00 0.00 1.0% 0 0.00 0.000 0.0% 50%
ateridae (larvae
Insecta, Diptera,
%Elmpldl)dae 8.88 029 28.6% 2 889 0.10 9.5% 10 4444 0.12 52% 0 0.00 0.000 0.0% 75%
arvae
M?{riapo.da,
}ul1£0rm1a, 0 0.00 000 00% 1 444 005 48% O 0.00 0.00 0.0% 0 0.00 0.000 0.0% 25%
ulidae
Myriapoda,
8eoplﬁ1%pén0rpha, 0 0.00 000 0.0% 8 889 038 38.1% 1 444 0.01 1.0% 5 2222 0.111 11.1% 75%
eophilidae
“NIRVANA” — 700 ml.da!
Oligochaeta,
Lur%bricidae 0 0.00 0.00 0.0% 5 2222 0.28 27.8% 98 43555 0.88 87.5% 9 40.0 0.529 52.9% 75%
Insecta,
8olegpéera<l ) 0.00 0.00 0.0% 2 889 0.11 11.1% 0 0.00 0.00 0.0% 4 17.8 0.235 23.5% 50%
arabidae (larvae
Insecta,
ICE:loleopéeral(1 ) 444  0.50 50.0% O 0.00 0.00 0.0% 0 0.00 0.00 0.0% 0 0.00 0.000 0.0% 25%
ateridae (larvae
Insecta, Diptera,
Flmpldl)dae 444  0.50 50.0% 4 17.78 022 222% 13 57.78 0.12 11.6% 0 0.00 0.000 0.0% 75%
arvac
Myriapoda,
}ullgormla, 0.00  0.00 0.0% 0 0.00 000 00% 0 444 0.00 00% 0 0.00 0.000 0.0% 0%
ulidae
Myriapoda,
8eopﬂl{§)§norpha, 0 0.00 0.00 0.0% 7 31.11 039 389% 1 0.00 0.01 09% 4 17.8 0.235 23.5% 75%
eophilidae

Legend: N — numbers; D — abundance, ind./m*; P — abundance; F — frequency; C — consistency.
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ml.da’! the values were: R=-0.806 (P<0.05); R>=0.65
and “NIRVANA”-700 ml.da' showed the lowest values:
R=-0.488 (P<0.05); R>=0.239. We observed an increase
in the density of the earthworms (Lumbricidae) and the
larvae of the Empididae flies during the four studied
seasons in the samples of “STOMP 330 EC” (y>=168.15,
df=3, P<0.05) treatment and these of “NIRVANA”-400
ml.da! (¥*=90.33, df=3, P<0.05). These results could
be related also and to the registered high humus content
and to the significant soil macro porosity respectively.
The samples treated with “NIRVANA”-700 ml.da’
showed also a slight increase in the density of Geo-
philidae (y*=204.32, df=3, P<0.05). The rest of the taxa
showed similar values in density in all seasons.

In the first sample (four days after the treatment) we
observed very low density or none for the earthworms.
Avoidance behavioris an ecologically relevant endpoint,
directly related to the energy budget of the worms, and
indirectly to the soil structure. Exposure to pesticides
that alters earthworm behavior can induce migratory
behavior, which can lead to modifications in popula-
tion abundance or biomass and to changes in species
diversity. Although avoidance tests with earthworms
have been considered as suitable screening tools for the
assessment of potentially contaminated soils (Da Luz
et al., 2004; Sousa et al., 2008), our results showed that
the avoidance behavior was not sufficiently sensitive
endpoint for assessment of the effects of pendimethalin
on the earthworms. It seems, however, that this taxon is
more sensitive to the presence of selected herbicides in
the soil, as Krogh et al. (2007) also show it, but it is also
influenced by the soil humidity. We observed the high-
est density in Lumbricidae in the autumn sample (126-
th day), due to the high rainfall in this month. Similar
to our results Velcheva et al. (1997) recorded the lowest
density of earthworms in the summer, due to the low
humidity and high temperatures and maximum in the
autumn and spring sample. According to Velcheva et al.
(1999) the Lumbricidae family is highly sensitive to the
presence of pesticides in the soil and this taxa could be
used in the ecological monitoring of contaminated with
pesticides soils.

The larvae of the Carabid beetles showed very low
density and slight increase at the end of the study period
— the spring sample. Since some of the species from this

family are herbivorous, perhaps this taxon is sensitive to
some herbicides. On the contrary — the other Coleoptera
family — Elateridae (larvae) showed highest density in
the beginning of the experiment (first sample) and de-
crease of density during the other seasons. It is known
that these beetles are pests feeding on decaying vegeta-
tion and the roots of plants, and often causing damage
to agricultural crops such as potato, strawberry, corn,
and wheat (William and Howard, 2001; Vernon et al.,
2008). Perhaps this family is more sensitive to the used
herbicides and was eradicated from all sample fields
almost immediately after the treatment. This is more
evident in the sample from experimental plot treated
with “NIRVANA”-700 ml.da™'.

The centipedes (Myriapoda) did not show any spe-
cific trends. The Julidae family is completely absent
from the “NIRVANA”-700 ml.da' sample and pre-
sented with only one specimen in the second sample in
the plots treated with the other two test-variants. With
some exceptions the Geophilidae family shows very
close values during all studied seasons.

According to the consistency index, there are three
constant taxa during whole study in all experimental
plots — Lumbricidae, Empididae (larvae) and Geophili-
dae. There is one additional taxon for “STOMP 330
EC” (Elateridae-larvae) and “NIRVANA”-700 ml.da’
(Carabidae-larvae) and both are additional taxa in the
samples treated with “NIRVANA”-400 ml.da'. The
Julidae family should be considered as accidental taxon
in all studied communities.

The cluster analysis showed very high similarity
in the structure of the edaphocenoses from all sample
fields treated with the three test-variants. The plot
treated with “NIRVANA”-400 ml.da’' differentiates
from the others with about 85% similarity. It seems that
“STOMP 330 EC” and “NIRVANA”-700 ml.da' have
an analogous effect on the mezobiontic fauna, since the
data from these plots groups in a cluster at about 90%
similarity. This is maybe due to the fact that the active
ingredient in both herbicides is pendimethalin. “NIR-
VANA” contains another chemical called imazamox.
It seems that the concentration of pendimethalin in ex-
perimental plots treated with “NIRVANA®“-700 ml.da’!
and “STOMP 330 EC”-400 ml.da™! are similar, thus the
similar effect they have on the mezobiontic fauna.
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Table 4
Diversity indices of the mezofauna
Sample Diversity Indéx (1/D) Equitabiity (E) Berger-Parker (d)
“STOMP 330 EC” — 400 ml.da’!
Sample 1 3.111 0.789 0.5
Sample 2 3 0.79 0.571
Sample 3 1.161 0.23 0.927
Sample 4 2.758 0.726 0.579
“NIRVANA” — 400 ml.da"!
Sample 1 5.25 0.921 0.429
Sample 2 3.033 0.778 0.381
Sample 3 1.054 0.126 0.872
Sample 4 2.071 0.702 0.533
“NIRVANA” — 700 ml.da"!
Sample 1 2 1 0.333
Sample 2 3.882 0.892 0.389
Sample 3 1.041 0.102 0.875
Sample 4 2.167 0.756 0.529

The Simpson’s diversity index shows a decreas-
ing trend with the advancing of the seasons (Table 4).
The lowest value of herbicides content is registered in
the autumn sample, due to the high abundance of the
earthworms. The Simpson’s equitability index and the
Berger-Parker index show that the edaphocenosis is
monodominant in this season and polydominant in the
rest of the seasons. Probably, it is due to both low her-
bicide content and high soil moisture as a result from
the high rainfall. Velcheva et al. (1997) also registered
a decrease of the Simpson’s diversity index for the me-
zofaunal communities in fields treated with pesticides.

Kartalska et al. (2009) studied the impact of the
same concentrations of “NIRVANA” and “STOMP 330
EC” herbicides on soil microorganisms. Significant
changes in the soil microflora were observed. Similar to
our results, these authors proved that for the complete
degradation of pesticides more than 100 days were nec-
essary. On the end of the experiment (105-th day after
treatment), the decrease of pesticides residues was lead
up to the restoration of the microbiologic equilibrium
in the soil.

Conclusions

The investigated herbicides (“NIRVANA” and
“STOMP 330 EC”) caused changes in the commu-

nity structure of the soil mesofauna. The influence
was specific for each taxon and was in relation with
some additional factors, affecting the soil mezofauna.
The determination coefficient showed the prevailing
negative effect of “NIRVANA” and “STOMP 330 EC”
to the other factors. The dynamic of the soil commu-
nity structure was found to be related with those of the
herbicides content. High negative impact (suppression
of all studied ecological parameters) was observed till
the 100-th day after treatment, and on the experimental
plots treated with high concentrations of pendimethalin.
At the end of the experiment (with decreasing the con-
tent of the herbicides), the stability of the communities
increased. Our results indicate that the degradation of
the investigated herbicides in the soil is relatively fast
and they do not have a sustained negative impact on
soil community structure, and hence on soil functions
themselves.
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