Effect of veterinary oxytetracycline on functional diversity
of soil microbial community
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ABSTRACT

Effects of oxytetracycline (OTC) on the functional diversity of soil microbial community with or without vegetation
were analyzed in a 7-week greenhouse pot experiment by use of Biolog-Eco plate. Results showed that along with
the increase of OTC, average well color development (AWCD) values increased with the peak at 200 ppm OTC, and
the utilization of sugar and its derivatives enhanced. The Shannon diversity and the evenness under different OTC
levels followed a general order of red amaranth treatments > white clover treatments > no vegetation. The OTC
treatments can be distinguished by two principle components. Our findings suggested that OTC addition stimu-

lated soil microbial activities and vegetation changed carbon source utilization pattern at a certain content.
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With the rapid development of intensive livestock
industry, the usage of veterinary antibiotics is in-
creasing continuously. About 100 000 to 200 000 t
of antibiotics is used annually in the world (Jeong
et al. 2010), and 60—90% antibiotic is released into
environment along with animal feces or other paths
(Halling-Sorensen et al. 1998). Oxytetracycline (OTC),
akind of tetracycline, is widely used in pig farming for
preventing disease or improving immunity. It could
persist at mg level in pig manure that is routinely
used for organic fertilizer (Migliore et al. 2010). Some
studies disclosed effects of OTC on soil enzyme and
soil microbial community (Kong et al. 2006, Liu et al.
2009), uptake by plant (Zhu et al. 2007), and distribu-
tion of antibiotic resistance gene related to OTC (Hu
etal. 2008). However, effects of OTC pollution under
different vegetation patterns are seldom studied.

Soil microorganisms, used as main driving factor
for transformation of soil materials, reflect healthy
states of soil ecosystem at certain content (Kong et
al. 2011). Maintenance of biological activity in soil
is generally regarded as a key feature of sustain-
able production to ensure ecosystem functions, and
soil microbial properties are often used as indica-
tors for evaluating soil quality (Gomez et al. 2006,

Janvier et al. 2007, Shen et al. 2010). Soil microbes
are used in studying the pollution effects of heavy
metal, pesticide, PAHs, etc., and were identified as
a sensitive factor to soil pollution (Megharaj et al.
2000, Andreoni et al. 2004). Biolog-Eco plate for
community-level physiological profiling (CLPP)
was widely applied in investigating the functional
diversity of soil microbial community in different
environments (Gomez et al. 2006, Elfstrand et al.
2007, Andersen et al. 2010, Zhang et al. 2010).

In this study, we evaluated the soil microbial com-
munity’s function change under four OTC concentra-
tions and three vegetation patterns in a greenhouse
plot experiment. By use of the Biolog-Eco plate,
community-level physiological profiling (CLPP) was
studied through investigation of average well color
development (AWCD), Shannon diversity index,
evenness index, metabolic fingerprint, and principle
component analysis (PCA).

MATERIAL AND METHODS

Soil spiking. Soil for the incubation experiment
was from a long-term agricultural experiment station
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in Beijing, China. The ploughed topsoil horizon
(0—20 cm) was sampled in April 2010. The soil is
loam soil with pH of 8.3, organic matter content
of 1.2%, clay content of 9.2%, silt content of 38.6%,
and sand content of 52.2%, and is typical in the
northern China. Swine manure was sampled from
the individual household with no antibiotic feed-
ing. The manure was air-dried, sieved (2 mm), and
stored at room temperature for use.

Soil was air-dried and sieved (2 mm). Manure was
firstly spiked with OTC (Merck, New Jersey, USA)
and then thoroughly mixed with soil (30 mg/g soil)
and the final OTC concentration in soil was at 0,
1,15, and 200 ppm, respectively. Fertilizers (urea,
KH,PO, and K,SO,) were added to soil to support
the growth of plant at concentration of 0.15 g N/kg,
0.12 g P/kg, and 0.15 g K/kg. Distilled water was
added to adjust the soil moisture content to 50-60%
of maximum field capacity for equilibration of
oxytetracycline. OTC-spiked soil was then packed
into polyvinylchloride (PVC) pots (15 cm high x
10 cm wide), with 1 kg air-dried soil per pot. The
pots were sealed and incubated at dark at room
temperature for 6 days.

Experimental designs. Red amaranth (Amarantus
mangestanus L.) was selected due to short growing
period and its large cultivation area in farms in the
north of China, and white clover (Trifolium repens L.)
was selected due to its wide application in for-
age and lawn, in which large amount of organic
fertilizer were applied in farms and lawns. OTC
concentration is up to 1 ppm in ordinary vegetable
soil, and is up to 119-307 ppm in agricultural soil
irrigated with domestic wastewater (Zhou et al.
2011). According to reported concentration in the
literature, four OTC levels, 0, 1, 15, and 200 ppm,
were set in greenhouse experiments, representing
the control, normal, high, and extreme high pol-
lution levels of OTC, respectively. A two-factor
(P-A) randomized block design was used, in which
‘P’ was denoted as the vegetation pattern (PO: no
vegetation, P1: red amaranth, and P2: white clover)
and ‘A’ was denoted as OTC concentration (AO:
0 ppm, Al: 1 ppm, A2: 15 ppm, and A3: 200 ppm).
Each treatment had five replicates and three of
them were sampled after 7 weeks for CLPP analy-
sis. Each PVC pot was sown with 15 red amaranth
seeds, or 20 white clover seeds. Seven days after
their emergence, plants were thinned to 6 and
15 plants. Soil moisture content was maintained
at 50% and 70% maximum water holding capacity
at early and middle-late stages, respectively. The
experiment was carried out in a glass greenhouse
(20-27°C during the day and 15-20°C at night).
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Community-level physiological profiling. The
CLPP of soil microbes was analyzed by the Biolog-
Eco plate with 31 carbon source substrates. A pre-
experiment of CLPP was carried out to determine
reasonable inoculum density. Fresh soil equivalent
to 10 g dried soil was dissolved in 95 mL 0.85%
NaCl solution, followed by sealing, shaking, stand-
ing, transferring 1 mL extraction solution into
in a tube containing 9 mL 0.85% NaCl solution,
and mixing. And then, 2 mL mixed solution was
transferred into another tube containing 18 mL
0.85% NaCl solution and mixed thoroughly. 150 uL
of dilution was inoculated into each well of a ster-
ile Biolog-Eco plate. The plates were incubated at
25°C for up to 180 h and measured with a Bio-Rad
1350 automatic Biolog-Eco plate reader at 590 nm,
with two measurements per day.

Data analysis. The amount of color development:
AWCD =%} _ | (C,-R)/n
Where: Ci — the color absorbance value of reaction well;

R - the color absorbance value of control well (water only);

n — the carbon source number ‘31’ Shannon diversity index:
n
H=-Y,_| P, xInP,

Where: P, — calculated by subtracting the absorbance value
of the control well each reaction well and then dividing
by the summed color absorbance value of 31 wells. Even-
ness index:

E = H/InS
Where: H — Shannon index; S — the carbon source number

of Biolog-Eco plate, 31.

Metabolic fingerprint was used for evaluating
the utilization of sole carbon source. The carbon
source substrates were divided into four categories,
including sugar and its derivatives (SD), amino
acid and its derivatives (AD), fatty acid and its
derivatives (FD), and secondary metabolites (SM).
AWCD, Shannon diversity index and evenness
index were compared by one-way ANOVA. PCA
was conducted with SPSS13 to evaluate the in-
fluence of OTC and vegetation on soil microbial
community.

RESULTS

Average well color development. According to
Figure 1, there was a trend to increased AWCD
with increased OTC concentrations, which was
significantly only for the highest concentration,
namely, the soil microbial activity was activated
by addition of OTC (Figure 1a). The AWCD values
maintained at low levels for 48 h and then increased
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rapidly, with the peak at 200 ppm. The changing
trends of AWCD under P1 and P2 treatments were
consistent (Figures 1b—c). Figure 2 illustrated the
differences of the AWCD values at 180 h incubation.
Under PO treatments, the AWCD value at OTC of
200 ppm was 42.1%, 26.9%, and 16.6% higher than
those at OTC of 0, 1, and 15 ppm, respectively.
Under P1 treatments, the AWCD values at OTC of
200 ppm was 29.0%, 16.4% and 13.9% higher than
those at OTC of 0, 1, and 15 ppm, respectively.
Under P2 treatments, the AWCD value at OTC of
200 ppm was 33.2%, 15.0%, and 3.5% higher than
those at OTC of 0, 1, and 15 ppm, respectively.
Metabolic fingerprint. As shown in Figures 3a—c,
the values of AWCD > 1 were chosen to analyse
changes of carbon source utilization. In Figure 3a,
the utilization of both SD and AD strongly in-

(b)
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Figure 1. Average well color development (AWCD) change
of 31 carbon sources during 180 h incubation, (a), (b),
and (c) representing the AWCD under oxytetracycline
(OTC)-treated soils with no vegetation, red amaranth,
and white clover, respectively

creased with high OTC concentration. SD was
the main carbon source for soil microorganisms.
Similarly, under P1 treatments, the utilization of
both SD and AD strongly increased under high OTC
concentration, and more secondary metabolites
were used as carbon sources (Figure 3b). Under P2
treatments (Figure 3c), the carbon source utiliza-
tion were very similar under the OTC of 1, 15, and
200 ppm; compared to no OTC treatments, much
more fatty acid and its derivatives were used with
addition of OTC. In general, utilization of SD and
AD increased with the increase of OTC concen-
tration. With vegetation present, the utilization
of FD and SM increased.

Shannon diversity index and evenness index.
According to Figure 4a, the Shannon diversity
followed a general order of P1 > P2 > PO, and

L5 o0 ppm 21 ppm 215 ppm =200 ppm

PO

P1
Treatment-180 h

P2

Figure 2. Average well color development (AWCD) of 31 carbon sources at 180 h incubation, (a) the influence of
vegetation on AWCD under four oxytetracycline (OTC) concentrations; (b) the influence of OTC on AWCD

under three vegetation patterns; *P < 0.05
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Figure 3. The metabolic fingerprint of sole carbon source at 180 h incubation, each carbon source substrate
belonging to sugar and its derivates (SD), amino acid and its derivates (AD), fatty acid and its derivates (FD), or

secondary metabolites (SM), and average well color development (AWCD) indicating the average value of three

replicated results of one Biolog-Eco plate

there was no significant difference among them
by ANOVA analysis. As shown in Figure 4b, under
PO treatments, the Shannon diversity with OTC
treatments under 200 ppm was significantly differ-
ent from that without OTC. Under P1 treatments,
the Shannon diversity at 15 and 200 ppm were
significantly different from that under no-OTC
treatments. Under P2 treatments, there were no
significant differences among the Shannon di-
versity index at four OTC levels. Similarly, the
evenness index followed a general order of P1 >
P2 > PO (Figure 4c), but there were no significant
differences among different treatments at P level
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of 0.05. Figure 4d further showed that while the
evenness index with OTC treatments were clearly
higher than those with no OTC treatments, effects
of OTC on soil microbal community were not sig}
nificant for three types of vegetation treatments.
In general, additon of OTC tended to increase
Shannon diversity and evenness of soil microbial
community, which was significant for the effect of
the highest OTC treatment on Shannon diversity,
while the impacts of vegetation were quite limited.

Principle component analysis. As shown in
Figure 5, the four OTC treatments formed distinct
groups under PO treatments and P1 treatments,
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Figure 4. Shannon diversity and evenness of soil microbial community following addition of oxytetracycline

(OTC); *P < 0.05

while under P2 treatments, no obvious groups
formed. In Figure 5a, under the OTC levels of 1
and 15 ppm, OTC treatment shifted communities
along the 2" axis while it shifted microbial com-
munities along both axes at 200 ppm OTC level.
In Figure 5b, shifts of communities were smaller
and restricted to the highest OTC treatment. In
Figure 5c, addition of 1 ppm OTC seemed to be
without an effect on the structure of community,
while both higher OCT concentrations (15 ppm and
200 ppm) shifted the communities along the first
axis. In general, the treatments at four OTC levels
could be seperated by two principle components.

DISCUSSION

In our experiment, the AWCDs at OTC-treated
soils were higher than those without OTC treat-
ments, and along with increase of OTC concentra-
tion, the AWCDs increased (Figure 1). The AWCD
values of 15 and 200 ppm OTC were significantly
higher than those with no OTC (Figure 2). And
the Shannon diversity at soils treated with highest
or higher OTC concentrations were significantly
different from that without OTC, further indicat-
ing OTC effects on the function of soil microbial
community (Figure 4b). Higher AWCD at high OTC
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Figure 5. Principle component analysis (PCA) results of carbon utilization potential of soil microbial community
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level may be related to changes in community com-
position at these OTC concentrations, which were
shown to occur for tetracyclines in soil (Schmitt
et al. 2004, Demoling et al. 2009). Thiele-Bruhn
and Beck (2005) indicated that basal respiration
and dehydrogenase activity were uninfluenced by
1000 ppm tetracycline, which may be contributed
to biostasis and dormant state of most soil mi-
crobes, and OTC can exert a temporary selective
pressure on soil microbes. Moreover, manure can
greatly change ecological toxicity effects in soil
(Boleas et al. 2005), and in our study addition of
manure used as fertilizer may be one factor for
high AWCD at high OTC concentration.
Vegetation can influence composition and bio-
mass of microbial community in natural soil or
treated soil (Yang et al. 2007, Ladygina and Hedlund
2010). Root exudates related to plant species are key
factors for reflecting soil microbial activites. Under
stress of pollutants, the activities of soil microbes
are inhibited, and some soil enzymes and amino
acid, sugars, and other secondary metabolites are
released by roots for relieving pollutant toxicity
(Muratova et al. 2009). In this study, compared
with non-vegetated treatments, the vegetation
treatments were different in the Shannon diversity
and evenness index (Figure 4). The AWCDs under
P1 treatments at 15 and 200 ppm were lower than
those of the other two treatments (Figure 2a). The
activities of soil microbes may be inhibited by
the exudates from red amaranth root, while the
activities of soil microbes of P2 treatments had
no obvious change due to slow growth of white
clover. Therefore, root exudates may contribute
to the function change of soil microbial com-
munity. Also, utilization of SD and AD increased
with increase of OTC concentration. With the
presence of vegetation, the utilization of FD and
SM increased, suggesting that root exudates of
vegetation accelerated the utilizaiton of FD and
SM (Figure 3). Previous studies also indicated
that utilization of carbon sources by soil microbes
was related to root exduation (Gao et al. 2010,
Toyama et al. 2011). The PCA results also showed
the compositions and community structures of
antibiotics exposed soil microbial communities
differred according to the vegetations (Figure 5).
It is difficult to clearly disclose effects of OTC
on soil microbes due to multiple properties of
soil and OTC itself. Here, high AWCD of soil
micrbial compostion indicated high microbial
activities, which could be partly due to stress effect
of OTC on soil microorganisms, or due to higher
energy demand for their survival, eventually for
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the change of microbial community structure.
However, considering the limitation of Biolog-Eco
plate, further investigation is needed to understand
effect of OTC on the structure of soil microbial
community, interactions of soil microbe and root
exudates induced by OTC, and OTC-induced PICT.

REFERENCES

Andersen R., Grasset L., Thormann M.N., Rochefort L., André-
Jean Francez A.J. (2010): Changes in microbial community
structure and function following Sphagnum peatland restora-
tion. Soil Biology and Biochemistry, 42: 291-301.

Andreoni V., Cavalca L., Rao M.A., Nocerino G., Bernasconi S.,
Dell’Amico E., Colombo M., Gianfreda L. (2004): Bacterial
communities and enzyme activities of PAHs polluted soils.
Chemosphere, 57: 401-412.

Boleas S., Alonso C., Pro J., Ferndndez C., Carbonell G., Tarazona
J.V. (2005): Toxicity of the antimicrobial oxytetracycline to soil
organisms in a multi-species-soil system (MS-3) and influence of
manure co-addition. Journal of Hazardous Materials, 122: 233-241.

Demoling L.A., Baath E., Greve G., Wouterse M., Schmitt H.
(2009): Effects of sulfamethoxazole on soil microbial commu-
nities after adding substrate. Soil Biology and Biochemistry,
41: 840-848.

Elfstrand S., Hedlund K., Martensson A. (2007): Soil enzyme
activities, microbial community composition and function
after 47 years of continuous green manuring. Applied Soil
Ecology, 35: 610-621.

Gao Y.Z., Ren L.L., Ling W.T., Gong S.S., Sun B.Q., Zhang Y.
(2010): Desorption of phenanthrene and pyrene in soils by root
exudates. Bioresource Technology, 101: 1159-1165.

Gomez E., Ferreras L., Toresani S. (2006): Soil bacterial functional
diversity as influenced by organic amendment application.
Bioresource Technology, 97: 1484—1489.

Halling-Sorensen B., Nielsen S.N., Lanzky P.F., Ingerslev F., Lutz-
hoft H.C.H., Jorgensen S.E. (1998): Occurrence, fate and effects
of pharmaceutical substances in the environment — A review.
Chemosphere, 36: 357-394.

Hu J.Y,, Shi].C., Chang H,, Li D., Yang M., Kamagata Y.C. (2008):
Phenotyping and genotyping of antibiotic-resistant Escherichia
coli isolated from a natural river basin. Environmental Science
and Technology, 42: 3415-3420.

Janvier C., Villeneuve F., Alabouvette C., Edel-Hermann V.,
Mateille T., Steinberg C. (2007): Soil health through soil disease
suppression: which strategy from descriptors to indicators?
Soil Biology and Biochemistry, 39: 1-23.

Jeong J., Song W., Cooper W.]J., Jung J., Greaves J. (2010): Deg-
radation of tetracycline antibiotics: Mechanisms and kinetic
studies for advanced oxidation/reduction processes. Chemo-
sphere, 78: 533-540.

Kong A.Y.Y., Scow K.M., Cordova-Kreylos A.L., Holmes W.E., Six

J. (2011): Microbial community composition and carbon cycling

PLANT SOIL ENVIRON,, 58, 2012 (7): 295-301



within soil microenvironments of conventional, low-input, and or-
ganic cropping systems. Soil Biology and Biochemistry, 43: 20-30.

Kong W.D., Zhu Y.G., Fu B.J., Marschner P., He J.Z. (2006): The
veterinary antibiotic oxytetracycline and Cu influence func-
tional diversity of the soil microbial community. Environmental
Pollution, 143: 129-137.

Ladygina N., Hedlund K. (2010): Plant species influence microbial
diversity and carbon allocation in the rhizosphere. Soil Biology
and Biochemistry, 42: 162-168.

Liu F, Ying G.G., Tao R., Zhao J.L., Yang J.F., Zhao L.F. (2009):
Effects of six selected antibiotics on plant growth and soil
microbial and enzymatic activities. Environmental Pollution,
157:1636—-1642.

Megharaj M., Kantachote D., Singleton I., Naidu R. (2000): Ef-
fects of long-term contamination of DDT on soil microflora
with special reference to soil algae and algal transformation
of DDT. Environmental Pollution, 109: 35-42.

Migliore L., Godeas F., De Filippis S.P., Mantovi P., Barchi D.,
Testa C., Rubattu N., Brambilla G. (2010): Hormetic effect(s)
of tetracyclines as environmental contaminant on Zea mays.
Environmental Pollution, 158: 129-134.

Muratova A., Golubev S., Wittenmayer L., Dmitrieva T., Bon-
darenkova A., Hirche F., Merbach W., Turkovskaya O. (2009):
Effect of the polycyclic aromatic hydrocarbon phenanthrene on
root exudation of Sorghum bicolor (L.) Moench. Environmental
and Experimental Botany, 66: 514-521.

Schmitt H., Van Beelen P., Tolls J., Van Leeuwen C.L. (2004):
Pollution-induced community tolerance of soil microbial com-
munities caused by the antibiotic sulfachloropyridazine. Envi-

ronmental Science and Technology, 38: 1148-1153.

Shen W.S., Lin X.G., Shi W.M., Min J., Gao N., Zhang H.Y., Yin
R., He X.H. (2010): Higher rates of nitrogen fertilization de-
crease soil enzyme activities, microbial functional diversity
and nitrification capacity in a Chinese polytunnel greenhouse
vegetable land. Plant and Soil, 337: 137-150.

Thiele-Bruhn S., Beck I.C. (2005): Effects of sulfonamide and
tetracycline antibiotics on soil microbial activity and microbial
biomass. Chemosphere, 59: 457-465.

Toyama T., Furukawa T., Maeda N., Inoue D., Sei K., Mori K.,
Kikuchi S., Ike M. (2011): Accelerated biodegradation of pyrene
and benzo[a]pyrene in the Phragmites australis rhizosphere
by bacteria-root exudate interactions. Water Research, 45:
1629-1638.

Yang H., Su Y.H., Zhu Y.G., Chen M.M., Chen B.D., Liu Y.X. (2007):
Influences of polycyclic aromatic hydrocarbons (PAHs) on soil
microbial community composition with or without vegetation.
Journal of Environmental Science and Health Part a-Toxic/Haz-
ardous Substances and Environmental Engineering, 42: 65-72.

Zhang C.B., Wang J., Liu W.L., Zhu S.X., Ge H.L., Chang S.X.,
ChangJ., Ge Y. (2010): Effects of plant diversity on microbial
biomass and community metabolic profiles in a full-scale con-
structed wetland. Ecological Engineering, 36: 62-68.

Zhou Q.X., Xie X.J., Lin D.S., Guo J.M., Bao Y.Y. (2011): Toxic
effect of tetracycline exposure on growth, antioxidative and
genetic indices of wheat (Triticum aestivum L.). Environmental
Science and Pollution Research, 18: 566-575.

Zhu Y.G., Kong W.D,, Liang Y.C., Zhang J., Smith F.A,, Yang A.
(2007): Uptake of oxytetracycline and its phytotoxicity to alfalfa
(Medicago sativa L.). Environmental Pollution, 147: 187-193.

Received on July 26, 2011

Corresponding author:

Dr. Weiping Chen, Chinese Academy of Sciences, Research Center for Eco-Environmental Sciences,
State Key Laboratory of Urban and Regional Ecology, Beijing, 100085, P.R. China

e-mail: wpchen@rcees.ac.cn

PLANT SOIL ENVIRON,, 58, 2012 (7): 295-301

301



