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a  b  s  t  r  a  c  t

Microcosm  experiments  were  carried  out to  study  the  effects  of  bacterial-feeding  nematodes  and  indige-
nous microbes  and  their  interactions  on  the  degradation  of  prometryne  and  soil microbial  activity  in
contaminated  soil.  The  results  showed  that  soil indigenous  microbes  could  degrade  prometryne  up to
59.6–67.9%;  bacterial-feeding  nematodes  accelerated  the  degradation  of  prometryne  in contaminated
soil,  and  prometryne  degradation  was  raised  by  8.36–10.69%.  Soil  microbial  biomass  C  (Cmic), basal  soil
eywords:
acterial-feeding nematodes

ndigenous microbes
egradation
rometryne

respiration  (BSR),  and  respiratory  quotient  (qCO2) increased  in  the  beginning  of  the  experiment  and
decreased  in  the  later  stage  of the  experiment.  Nematodes  grew  and  reproduced  quite  fast,  and  did
increase  the  growth  of  soil microbes  and  enhance  soil  microbial  activity  in  prometryne  contaminated
soil  during  the  incubation  period.

© 2011 Elsevier B.V. All rights reserved.

oil microbial activity

. Introduction

Most agricultural soil in Asia and Europe are treated with her-
icides at least once a year [1].  There is increasing concern that
erbicides not only affect the target organisms (weeds) but also
he microbial community present in soil [2–5], and that these
on-target effects may  degrade the performance of important soil

unctions. It is generally accepted that xenobiotic chemicals in
atural environments are degraded by multiple microbial species
6–8], so bioaugmentation is an important process for the removal
f pesticides [9,10].

Prometryne [2,4-bis (isopropylamino)-6-(methylthio)-s-
riazine], a selective herbicide of the s-triazine chemical family,
as been extensively used as a pre- or post-emergence controller
f annual grasses and broadleaf weeds in modern agricul-
ure. Based on the classification scheme [11], the Koc value
f prometryne is within 311–614, which indicates that prom-
tryne is expected to have moderate to low mobility in soil
nd may  be adsorbed to solids and suspended sediments in
ater. Prometryne is a ubiquitous environmental pollutant
n water and soil, and it is frequently detected in groundwa-
er, surface water, and even breast milk [12,13]. It is banned
n Europe, but still widely used in China. Therefore, there is

∗ Corresponding author. Tel.: +86 25 84395374; fax: +86 25 84395210.
E-mail addresses: 2007203014@njau.edu.cn (J. Zhou), huixinli@njau.edu.cn

H. Li).

304-3894/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2011.06.035
an urgent need to remediate prometryne contaminated soil
and find out how greatly prometryne affects the microbial
community.

As is known, nematodes are the most abundant metazoans in
soil, with densities of 7.6 × 105 m−2 in a desert to 2.9 × 107 m−2

in a mixed deciduous forest [14]. Generally, 20–50% of nema-
todes present in soil are bacterial-feeders, and the percentage
reaches 90–99% at sites of high microbial activity [15,16].  Although
the number of soil nematodes is large, their direct contribu-
tion to organic matter mineralization has been estimated to be
negligible, probably less than 1% of the total soil respiration
[17]. However, nematodes have been found to play an impor-
tant role in the decomposition of soil organic matter and the
release of nutrients through their interaction with soil microbes
[18], because microbivorous nematodes have been shown to stim-
ulate microbial growth and turnover [18,19],  thus increasing the
turnover of soil organic matter [15,20]. Consequently, it was
recognized that these circumstances may  also be applicable to
agroecosystems [21].

Therefore, we hypothesized bacterial-feeding nematodes can
also stimulate the microbial growth and activity and change
the community of indigenous microbes in contaminated soil
so that the contaminants could be degraded much faster.
The objectives of this study were to investigate potential

effects of bacterial-feeding nematodes on the degradation
of prometryne in soil, as well as the responses of soil
microbial activity to bacterial-feeding nematodes and prome-
tryne.

dx.doi.org/10.1016/j.jhazmat.2011.06.035
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:2007203014@njau.edu.cn
mailto:huixinli@njau.edu.cn
dx.doi.org/10.1016/j.jhazmat.2011.06.035
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. Materials and methods

.1. Experiment design

The soil used in this experiment was a sandy-loam alluvial soil
ollected from Banqiao town, Nanjing City, China. The soil was
omposed of 56.5% sand, 26.1% silt, and 17.4% clay, and contained
0.87 g kg−1 of organic C, 0.89 g kg−1 of total N, 5.42 g kg−1 NH4

+-
, and 27.17 g kg−1 NO3

−-N and the pH (H2O) was 6.43. Prior to
sage, fresh soil was passed through a 2 mm mesh to remove stones,
acrofauna and discernible plant materials. Some portions of the

ieved soil were heated using 60Co ray (by Jiangsu Academy of Agri-
ultural Science, China) to kill microbes and nematodes. Soil dry
eight was measured by drying soil at 105 ◦C overnight. WHC  was
easured on soil samples water-saturated in a funnel and left to

tand overnight.
Ninety-six (96) sub-samples of equivalent to 110 g oven dry

oil were added to 250 mL  glass flasks. Twelve flasks each were
sed for the two controls (Control 1 and Control 2) and six treat-
ents (Table 1). The soil was first mixed and adjusted to 60% of the
aximum water holding capacity (WHC) by being added sterilized

istilled water, then contaminated by prometryne (purity: 97.3%;
nhui Huaxing Chemical Industry Co., Ltd., China) with different
oncentrations and inoculated nematodes under sterile conditions
according to the experimental design, Table 1). After the addition
f prometryne dissolved in acetone, the same amount of acetone
as also added into Control 2, and the soil was aired in a fume

upboard for 3 h to let acetone volatilize completely. The flasks
ere sealed and stored in the incubator in the dark for 30 days at

2 ± 2 ◦C. Twice a week, sterilized distilled water was  added to the
asks to keep the soil moisture at 60% of WHC. After 0, 8, 18 and 30
ays, three flasks were selected randomly from each treatment and
ontrol, and acted as triplicates. The soil was analyzed for the con-
entration of prometryne, the number of nematodes, soil microbial
iomass C and basal soil respiration.

.2. Bacterial-feeding nematode

The nematode was extracted from a contaminated soil sampled
rom Anhui Huaxing Chemical Industry Co., Ltd. (Anhui, China).
t was identified as Cephalobus Bastian [22], a bacterial-feeding
ematode. The nematodes were reared in the lab for 4 weeks on
ematode growth medium agar plates (NGM) seeded with prome-
ryne and E. coli strain OP50 as a food source [23]. The nematodes
ere transferred after 4 weeks from the NGM plates with 10 mg  L−1

rometryne to ones with 20 mg  L−1, 40 mg  L−1 or 80 mg  L−1 prom-
tryne.

Before the nematodes were inoculated into the soil, they were
reated by surface disinfection with a mixture of 1.0 g L−1 strepto-

ycin sulfate and 0.02 g L−1 cyclonheximide for 20 min  and then
entrifuged (3000 × g) for 3 min, after which the supernatant was
iscarded. The nematodes were then washed 5–6 times with ster-

le water to minimize the interference from bacteria during the
ransfer into the soil [24].

.3. Soil characteristics and preparation for nematode-free soil

Nematode-free soil was prepared with freeze-thawing cycles
ethod [25], in order to maintain soil microbial activity and micro-

ial community structure. The process is as follows: first, adjust soil
oisture to 60% of WHC, then incubate soil at 22 ◦C (the optimal

emperature for growth of nematodes) for 7 days, after that kill

ematodes by freezing the soil at −26 ◦C for 48 h. Next, incubate
oil at 22 ◦C for 7 days in order to incubate nematode eggs that
ave not been killed during the freezing period. Then, nematodes
ere extracted from 100 g soil when the incubation was over using
aterials 192 (2011) 1243– 1249

the sugar centrifugation method, as is described in Freckman and
Virginia [26]. Repeat this freeze-thawing cycle for several times,
until no nematodes were extracted from soil.

2.4. Measurements

2.4.1. Extraction and determination of prometryne in soil
Extraction and determination of prometryne in soil were done

using the method of cloud point extraction and HPLC developed
by Zhou et al. [27]. A 2.00 ± 0.02 g soil sample was sonicated in
the presence of 10 mL  of the mixture of 0.5% Triton X-114 solution
(Sigma, USA) at 20 ◦C for 30 min. The liquid phase was transferred
into a centrifugal vial through a paper filter. The residual was
re-extracted with another 10 mL  of the above mixture, and the
supernatant was  isolated and mixed with the fraction obtained
from the first extraction, and then incubated in the thermostatic
bath by adding 6.0 g of NaCl at 50 ◦C for 30 min. The phase separa-
tion was  then accelerated by centrifugation at 4000 rpm for 5 min.
After the water phase was removed, a surfactant-rich phase stuck
to the bottom of the tube was  obtained. Prometryne and most of the
surfactant were removed from the surfactant-rich phase by precip-
itation with 200 �L of methanol–water (90:10, v/v), vortex-mixed
and centrifuged at 16,000 rpm for 5 min. The upper layer solution
(20 �L) was injected into the HPLC system for analysis.

2.4.2. Nematode extraction
Nematodes were extracted from 30 g fresh soil with a modi-

fied Baermann method using trays instead of funnels [28]. That is,
mount trays with wire-mesh basket on basins, and then place about
30 g soil on top of a two-layered tissue paper (arranged in crisscross
manner) on top of the wire screen. Spread soil subsample evenly
on the tissue, and fill basins with water so that water level is about
1 mm above wire-mesh. Do not let water and soil lose contact dur-
ing extraction period (add water as needed). The nematodes move
through the tissue and the screen into the water in the basins, and
they get settled at the bottom of the basins by gravity. After 48 h
of extraction at room temperature (22–25 ◦C), the supernatant was
decanted onto a 30 �m sieve, from which the nematodes were col-
lected by backwashing into a counting dish, and the number of
nematodes was counted under a dissecting microscope.

2.4.3. Microbial biomass C
Soil microbial biomass is regarded as a sensitive indicator of

environmental changes [29]. Microbial biomass C was estimated
with the chloroform fumigation extraction method [30]. Two por-
tions equivalent to 25 g oven dry soil were taken from each soil
sample. One portion was  fumigated for 24 h at 25 ◦C with ethanol
free CHCl3. After fumigant removal, the soil was extracted with
100 mL  0.5 M K2SO4 by horizontal shaking for 1 h at 200 rpm
and then filtered. The other non-fumigated portion was extracted
simultaneously at the time when fumigation commenced. Organic
C in the extracts was  measured using the dichromate oxidation
method. Microbial biomass C was  calculated as follows: microbial
biomass C = EC/kEC, where EC = (organic C extracted from fumi-
gated soils) − (organic C extracted from non-fumigated soils) and
kEC = 0.38 [30].

2.4.4. Basal soil respiration (BSR) and the respiratory quotient
(qCO2)

Soil respiration is one of the most frequently used parameters for
quantifying microbial activities in soil [31] and has been used most
frequently for the assessment of the side effects of chemicals such

as pesticides and heavy metals [32–34].  Basal soil respiration (BSR)
was determined as the rate of evolution of CO2 from soil accord-
ing to Anderson [35]. In brief, 20 g of soil sub-samples were placed
into a sealed wide-mouth 750 mL  glass-jar and CO2 was trapped
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Table  1
The treatments of the experiment.

Codes of the treatments Soil Prometryne concentration (mg kg−1 dry soil) Nematode (individuals g−1 dry soil)

Control 1 Sterilized soil 10 0
Control 2 Unsterilized soil 0 0
P5 Unsterilized soil 5 0
P5N5  Unsterilized soil 5 5
P5N10 Unsterilized soil 5 10
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recovery of the activity of nematodes in soil. There were enough
food resources for supporting nematode growth and reproduction
due to an increase in microbes during Day 0 through Day  8 (Fig. 3).
The increase rate of nematodes at Day 18 was 8.99, 7.83, 4.96,

Fig. 1. The concentration of prometryne in soil for seven treatments contami-
nated with prometryne, Control 1, P5, P5N5, P5N10, P10, P10N5, and P10N10.
Treatment: Control 1 (sterilized soil + 10 mg prometryne kg−1 dry soil), Control
2  (unsterilized soil), P5 (unsterilized soil + 5 mg prometryne kg−1 dry soil), P5N5
(unsterilized soil + 5 mg  prometryne kg−1 dry soil + 5 individuals nematodes g−1 dry
soil), P5N10 (unsterilized soil + 5 mg  prometryne kg−1 dry soil + 10 individu-
als nematodes g−1 dry soil), P10 (unsterilized soil + 10 mg  prometryne kg−1 dry
P10  Unsterilized soil 10 

P10N5 Unsterilized soil 10 

P10N10 Unsterilized soil 10 

n 0.05 M NaOH. Jars were incubated for 24 h at room temperature
22 ◦C). The NaOH solution was treated with excess 1.5 M BaCl2 and
itrated with a 0.025 M HCl. Phenolphthalein was used as the indi-
ator of the titration end point. The quantity of CO2-C evolved was
eported as mg  CO2 g−1 dry soil d−1.

Respiratory quotient (qCO2) has been used as a bioindicator
f environmental stress on microbial communities [31], distur-
ance and ecosystem development [36]. The qCO2 was calculated
ccording to the basal soil respiration rate and the amount of
icrobial biomass C using the formula of Anderson and Domsch

31]. Additionally, the study of the relationship between microbial
iomass C (Cmic) and the respiratory quotient (qCO2) can provide
n understanding of the biological and chemical changes that occur
nder different agricultural practices [37]. The respiratory quotient
qCO2) indicates how efficiently the microbial biomass is utilizing
vailable C for biosynthesis and is considered as a sensitive indi-
ator for estimating biological activity and substrate quality [36].
he qCO2 is a measure of the specific metabolic activity that varies
ccording to the composition and physiological state of the micro-
ial biomass, the availability of nutrients and various abiotic factors.
he qCO2 results were expressed as �g CO2–C mg−1 Cmic h−1. It
xpresses the relation between the activity (basal respiration) and
he carbon content of the microbial biomass, and allows the evalu-
tion of the effects of external disturbances.

.5. Statistical analysis

All statistical analyses were performed using SAS 9.2 (SAS
nstitute Inc., Cary, NC, USA). Repeated measures analysis of vari-
nce (PROC GLM, SAS Release 9.1, SAS Institute, Cary, NC) was
erformed to obtain p values for the microcosm experimental
esign using the appropriate error terms in the model, to take

nto account treatments and treatment × time interaction (Table 2).
ulti-comparison of least significant difference (LSD) was  con-

ucted for all measured variables between treatments or sampling
imes. All significant differences were at 0.05 level. The data pre-
ented were the means of triplicates ± standard errors.

. Results and discussion

.1. Dynamic of prometryne and nematodes in soil

During the incubation period, the prometryne concentration
ecreased significantly over time in all treatments (LSD test,

 < 0.05) (Fig. 1). The prometryne concentration decreased from an
nitial level of ∼5 mg  kg−1 dry soil to a final level of 1.49, 1.53,
nd 2.02 mg  kg−1 dry soil (that is, decreased by ca. 70.2, 69.4,
nd 59.6%) for P5N5, P5N10, and P5, respectively, and an initial
evel of ∼10 mg  kg−1 dry soil to a final level of 2.37, 2.38, and
.21 mg  kg−1 dry soil (that is, decreased by ca. 76.3, 76.2, and 67.9%)

or P10N5, P10N10, and P10, respectively (Fig. 1). As is seen in
ig. 1, the degradation of prometryne continued until about Day
8, at which point there was a much slower rate of prometryne
isappearance. No significant degradation was  seen in Control 1
0
5

10

due to the lack of soil microbes. The rapid prometryne degradation
in the treatments without nematodes indicated that indigenous
microbes had huge potential for degrading prometryne. Compared
with the treatments without nematodes, the degradation of prome-
tryne in the treatments with nematodes increased by 8.36–10.69%,
which suggested nematode grazing on indigenous microbes could
enhance the degradation of prometryne (LSD test, p < 0.05). The
degradation of prometryne in the treatments with higher density
of nematodes was  not different from that in the treatments with
lower density of nematodes (LSD test, p > 0.05), which indicated the
density-dependent regulation effect of nematode grazing was  not
significant in this study.

Nematodes increased 1.13–1.66 times from Day 0 through Day
8 and increased 2.48–6.97 times from Day 8 through Day 18 (Fig. 2),
which was  probably determined by nematode’s adaptation and the
soil), P10N5 (unsterilized soil + 10 mg prometryne kg−1 dry soil + 5 individu-
als nematodes g−1 dry soil), P10N10 (unsterilized soil + 10 mg prometryne kg−1 dry
soil + 10 individuals nematodes g−1 dry soil). The data presented were the mean of
triplicates ± standard errors (LSD test, p < 0.05). Error bars represented the standard
error of the mean (n = 3). A few error bars were smaller than symbols.
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Table 2
Analysis of variance of prometryne concentration, the number of nematodes, basal soil respiration (BSR), microbial mass C (Cmic), and respiratory quotient (qCO2) with degree
of  freedom (df), F values and treatment significance levels.

Variable Prometryne concentration The number of nematodes SBR Cmic qCO2

df F-Value df F-Value df F-Value df F-Value df F-Value

Treatment 6 4194.21**** 3 230.65**** 6 68.80**** 6 20.95**** 6 31.98****

Replicate 2 1.51 2 0.10 2 0.59 2 1.28 2 0.95
Treatment × replicate 12 1.50 6 0.76 12 1.21 12 0.66 12 1.28
Day 3  5604.83**** 3 1003.78**** 3 213.45**** 3 308.02**** 3 113.28****

Treatment × day 18 258.46**** 9 71.35**** 18 19.34**** 18 7.97**** 18 11.88****

Data based on repeated measures analysis of variance.
*Significant level at p < 0.05.
*
*
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*Significant level at p < 0.01.
**Significant level at p < 0.001.

**** Significant level at p < 0.0001 (LSD test).

nd 4.15 times for P10N5, P10N10, P5N10, and P5N5, respectively.
t also indicated that prometryne did not inhibit the growth and
eproduction of nematodes in this study. From Day 18 through Day
0, nematodes in the treatments with 5 mg  kg−1 prometryne still

ncreased slowly up to 1.15 and 1.18 times, while it decreased up to
.67 and 0.75 times in the treatments with 10 mg  kg−1 prometryne.
ne potential explanation for this change was that the nematode
opulation had increased more rapidly in the treatments with
0 mg  kg−1 prometryne, and they consumed a lot of soil microbes
34]. The increase of microbial biomass in the treatments P10N5
nd P10N10 was  6.1% and 6.6%, while in the treatments P5N10 and
5N5 was 31.3% and 34.3% (Fig. 3), and the increased bacteria in the
reatments P10N5 and P10N10 were probably far less than those
onsumed by nematodes [38]. Therefore, there were not enough
ood sources to support the growth and reproduction of nematodes
n the treatments with 10 mg  kg−1 prometryne after Day 18.

The biological removal of prometryne was 59.20–76.30% in

his study, while Di et al. [39] found that prometryne degraded

ore slowly. Betancur-Galvis et al. [40] also found that activated
ndigenous microbial activity could enhance the pollutants degra-

ig. 2. Dynamic of the number of nematodes over time through the interaction
etween nematodes and indigenous microorganisms for four treatments with
ematodes, P5N5, P5N10, P10N5, and P10N10. The data presented were the mean of
riplicates ± standard errors (LSD test, p < 0.05). Error bars represented the standard
rror of the mean (n = 3). Abbreviations as in Fig. 1.
dation, so boosting the activity of indigenous microbes in physical,
chemical and biological ways will be an important means of remov-
ing contaminants from soil. Biostimulation of soil with organic
or inorganic fertilizers introduces additional nutrients, such as
glucose, sawdust, manure, sewage sludge, compost and vermicom-
post into the contaminated ecosystem, increases the population
of the indigenous microorganisms and consequently enhances the
removal of the contaminants [41,42]. The addition of nutrients into
soil also could stimulate the growth and reproduction of bacterial-
feeding nematodes [43], and thus enhance soil microbial activity
to remove contaminants from soil. In the future, we also can make
nematodes inoculum which can be applied to the soil to make some
contaminants decompose more rapidly.

3.2. Dynamic of microbial biomass C, basal soil respiration and
qCO2
The trends of the dynamic of soil microbial biomass C in all treat-
ments were almost the same during the incubation period except
in Control 2. That is, it increased by 7.6–28.7% from Day 0 through

Fig. 3. The temporal variation of basal soil respiration during the incubation period
for seven treatments with indigenous microorganisms, Control 2, P5, P5N5, P5N10,
P10, P10N5, and P10N10. The data presented were the mean of triplicates ± standard
errors (LSD test, p < 0.05). Error bars represented the standard error of the mean
(n  = 3). Abbreviations as in Fig. 1.
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Fig. 4. Dynamic of microbial biomass C over time for seven treatments with indige-
nous  microorganisms, Control 2, P5, P5N5, P5N10, P10, P10N5, and P10N10. The
data presented were the mean of triplicates ± standard errors (LSD test, p < 0.05).
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Fig. 5. The temporal changes in respiratory quotient (qCO2) during the incuba-
tion  period for seven treatments with indigenous microorganisms, Control 2, P5,
P5N5, P5N10, P10, P10N5, and P10N10. The data presented were the mean of tripli-
cates ± standard errors (LSD test, p < 0.05). Error bars represented the standard error
of  the mean (n = 3). Abbreviations as in Fig. 1.
rror bars represented the standard error of the mean (n = 3). Abbreviations as in
ig.  1.

ay 8 due to the activation on the growth and activity of certain
icrobes in the beginning of prometryne contamination and the

noculation of nematodes; it decreased by 34.5–51.3% from Day
 through Day 18, which indicated the activation by prometryne
o the growth of some microbes was weakened due to the fact
hat prometryne was degraded (Fig. 1) and also certain microbes
as consumed by increased nematodes (Fig. 2) [38]; it increased

y 6.1–34.3% in all treatments except the treatment USP10 which
ecreased by 3.9% after Day 18, probably because some other
oil microbes reproduced after prometryne was  degraded (Fig. 3).

e also found that microbial biomass C in the treatments with
ematodes was much more than that in the treatments without
ematodes (LSD test, p < 0.05) (Fig. 3), which indicated that nema-
ode grazing could boost the growth of certain soil microbes [44,45].

The results (Fig. 4) also showed that basal soil respiration was
nhanced by 21.7–189.7% in all treatments except in Control 2 from
ay 0 through Day 8, then gradually weakened to the level reached
t the beginning of the incubation period from Day 8 through
ay 30. That was probably because prometryne could activate the
ctivity of certain microbes in the beginning of prometryne con-
amination and the activation of prometryne to microbial growth
nd activity weakened in the later stage of prometryne contam-
nation. Basal soil respiration in the treatments with prometryne
oncentration at 10 mg  kg−1 was 3.4–68.3% stronger than that in
he treatments with prometryne concentration at 10 mg  kg−1 (LSD
est, p < 0.05). That was because prometryne of higher concentra-
ion could be easily utilized by certain microbes and produced
ome more CO2. Basal soil respiration in the treatments with nema-
odes was 11.5–32.7% stronger than that in the treatments without
ematodes, which suggested that nematode grazing enhanced the
icrobial activity (LSD test, p < 0.05).
What occurred most probably after the addition of prometryne

nd nematodes, was reflected by high values of the qCO (Fig. 5).
2
icrobes, in order to survive in a hostile environment, may  develop

efence mechanisms by increasing their respiration per unit of
iomass [31]. The qCO2 is often considered to be an index of micro-
bial stress in soil [31,36].  The qCO2 was 14.9–192.1% higher in the
treatments with nematodes and/or with prometryne than that in
Control 2. The qCO2 in those treatments with similar prometryne
concentrations were grouped together, regardless of initial nema-
tode population size. At Day 8, the qCO2 in those treatments with
prometryne concentration at 5 mg  kg−1, were 17–56.5% lower than
those with 10 mg  kg−1 (LSD test, p < 0.05). The qCO2 in the treat-
ments with nematodes was 0.8–13.8% higher than that in those
without nematodes at Day 8 (LSD test, p < 0.05) (Fig. 5). It suggested
that soil microbes were more metabolically active in the treatments
with nematodes and/or with prometryne than that in the natural
soil. It also probably indicated that soil microbial populations were
changing and shifting to younger and more active individuals due to
nematode grazing. The values of qCO2, however, tended to fall with
time (Fig. 5) and reached constant values, probably due to the pro-
tective and buffering capacity of the soil [46] and the degradation
of prometryne in soil.

Microbial biomass C, basal soil respiration and qCO2 in all
treatments changed obviously, that is, an increase in the begin-
ning and then a decrease during the incubation period (Figs. 3–5),
which indicated prometryne could affect the growth and activ-
ity of soil microbes. After nematodes were inoculated into soil,
microbial biomass C increased by 7.4–43% (Fig. 3), basal soil res-
piration was  enhanced by 11.3–32% (Fig. 4) and qCO2 increased by
1–17% (Fig. 5) compared with the treatments without nematodes.
This suggested that nematode grazing stimulated both microbial
growth and activity (LSD test, p < 0.05) [20,47–50].  The changes of
nematode densities in prometryne contaminated soil did not bring
any significant effects on microbial biomass C, basal soil respiration
and qCO2 (LSD test, p > 0.05), so the density-dependent regulation
effect of nematode grazing was not notable in our study. Further
research is needed to verify whether these results were caused

by small differences in prometryne concentrations and nematode
densities.
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. Conclusions

Our study demonstrated that bacterial-feeding nematodes and
rometryne could affect soil microbial growth and activity. Indige-
ous microbes can degrade prometryne in contaminated soil, so
oosting the activity of indigenous microbes in physical, chem-

cal and biological ways will actually be an important means of
emoving contaminants. Nematodes grazing on some microbes
ould boost and change soil microbial activity and growth, and
hus enhance the degradation of prometryne in contaminated
oil.
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