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ABSTRACT

An experimental platform of free-air CO, enrichment (FACE) was established in mid June of
2004 over a rice-wheat rotation ecosystem located at a suburb of Jiangdu, China. We
compared the abundance and diversity of soil nematodes from a wheat field with high
(225.0kgN ha ") and low (112.5kg N ha?) levels of N fertilisation exposed to the elevated
and ambient CO, during the wheat growing season in 2005. The results showed that elevated
CO, and N fertilisation had significant effects on the abundance and diversity of soil
nematodes. Elevated CO, increased the abundance of omnivores-predators, the values of
maturity index (MI) and structural index (SI) of nematode assemblage at the jointing stage of
wheat. Two levels of N fertilisation had significant effects on the abundance of fungivores at
the wheat jointing stage, while nematode channel ratio (NCR) showed responses to different
N fertilisation and the interaction effects of elevated CO, and N fertilisation at the wheat
ripening stage.
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1. Introduction

Human induced land use, land use change, and forestry
activities worldwide currently account for 20-25% of annual
global greenhouse gas emissions, or roughly 1-1.5 billion
tonnes of carbon per year (Watson et al., 2000). This trend is
driving climate change, and is likely to affect both above- and
below-ground processes in many ways (Wardle et al., 2004).
The interplay between the carbon cycle and other nutrient
cycles will be crucial in understanding the response of plant
communities and ecosystems to climatic change. The inter-
actions of C and nitrogen (N) are particularly important being
N the nutrient most commonly limiting plant and microbial
growth (Cardon et al., 2001).
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The soil food chain response to elevated CO, can indicate
the changes in soil ecological processes and nutrient
management in agricultural ecosystems. Soil nematodes
play important roles in the detritus food web; laboratory
experiments and field studies have suggested that soil
nematodes feeding on bacteria and fungi play an important
role in affecting the turnover of soil microbial biomass, and
thus, the availability of plant nutrients (Bardgett et al., 1999;
Yeates et al., 2003; Liang et al, 2005b,c). A variety of
statistical techniques or indices have been developed to
describe environmental disturbance using nematode spe-
cies, trophic structure or life strategy (Yeates et al., 1997,
2003; Bongers and Ferris, 1999; Ruess et al., 1999; Ferris et al.,
2001).
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While there is a variety of reports on the response of soil
biological populations to elevation of atmospheric CO,
concentration under various vegetation types, soil types and
experimental regimes (Runion et al., 1994; Yeates et al., 1997,
2003; Hoeksema et al., 2000; Hungate et al., 2000; Neher et al.,
2004), these studies generally focus on grassland and forest
ecosystems. So far, there is little information about the effect
of elevated CO, on soil nematodes in Chinese farmland
ecosystems (Li et al., 2005). Further how climate change will
influence the function of soil biota in farmlands under
different levels of N fertilisation is poorly understood.

The objectives of this study were to determine the effect of
elevated CO, and N fertilisation on soil nematode abundance
and diversity in a Chinese farmland ecosystem.

2. Materials and methods
2.1.  Experimental site and design

An experimental platform of free-air CO, enrichment (FACE)
was established in mid June of 2004 over a rice-wheat rotation
ecosystem located at a suburb (32°35'N, 119°42’E) of Jiangdu,
China. The crop rotation pattern in the region is dominated by
a single crop of rice in the summer followed by winter wheat,
and accounts for about 60% of the regional paddy area (Zheng
et al., 2000). The rice-wheat rotation ecosystem is also very
common in other rice production regions with a similar
climate, such as the eastern, central and southwestern China
(Zhengetal., 2000). This experiment was conducted during the
wheat growing season. This region is under the north
subtropical monsoon climate. The mean annual precipitation
is 918-978 mm, of which 60% occurs from June to September.
The annual mean temperature is 14-16 °C, and the annual
frost-free period is about 220 days. The soil at the study site is
Shajiang-Aquic Cambosols (CRGCST, 2001), with 184 gkg™*
total C, 1.5 gkg " total N, 57.8% sand, 28.5% silt and 13.7% clay
at 0-15 cm depth.

Arandomized complete block design was established with
two levels of target atmospheric CO, concentration. It
consisted of three replicate rings for the elevated CO,
(hereinafter referred to as FACE) and three for the ambient
(hereinafter referred to as ambient). The atmospheric CO, of
each FACE ring was enriched by 200 pmol CO, mol ! over the
ambient (370 pmol CO, mol~Y). To minimize CO, contamina-
tion, the ambient plots were situated at least 90 m from the
nearest FACE ring. A FACE ring consisted of eight CO,-
emitting tubesin an octagonal arrangement, from which pure
CO, was sprayed towards the center. All FACE rings were
12.5m in diameter, with a useful area of 80m?2 A full
description of the FACE apparatus and its operation is
reported elsewhere (Liu et al., 2002). In each FACE and
ambient plot, two levels of N fertilisation were applied.
Ammonium-based nitrogen fertiliser was applied in the
wheat season at the rates of 225.0kgNha™' (HN) and
112.5 kg N ha~* (LN), respectively, with 50% basally applied
on November 2nd in 2004 (sowing stage), 10% on March 3rd
and 40% on April 5th in 2005. The application rate of
phosphorus fertiliser was 75kgP,0s ha' and potassium
fertiliser was 75kgK,0 ha™. Crop residues from the last

growing season were all incorporated to the soil. No organic
manure was incorporated into the wheat field.

During the wheat growing season, soil samples were
collected from O to 15cm depth in each plot on 1st April
(jointing stage), 19th April (booting stage), and 2nd June
(ripening stage). Each soil sample pooled from five soil cores
(2.5 cm diameter) was stored in individual plastic bags, and
transferred to a 4 °C cold room.

A sub-sample (100 g) of each composite sample was taken
for nematode extraction by elutriation and sugar-centrifuga-
tion (Li et al.,, 2005), and nematode populations expressed as
number of nematodes per 100g dry soil. At least 100
nematodes from each sample were identified to genus level
using an inverted compound microscope. The classification of
trophic groups was assigned to: (1) bacterivores (BF); (2)
fungivores (FF); (3) plant-parasites (PP); (4) omnivores-pre-
dators (OP), based on known feeding habits or stoma and
esophageal morphology (Yeates et al., 1993; Liang et al., 2005a).

Several ecological indices of nematode communities were
calculated: (1) Shannon-Weaver diversity H = —Zpi(In ps); (2)
dominance » = 3 p?; where p; is the proportion of individuals
in the ith taxon and S is the number of taxa; (3) nematode
channel ratio NCR = BF/(BF + FF) (Neher et al., 1995; Yeates,
1999); (4) maturity index (MI) = 3v;-f;, where v; is the c-P value of
taxon i, f; is the frequency of taxon i in a sample; (5) plant
parasite index (PPI), which was determined in a similar
manner for plant parasitic genera (Bongers, 1990); (6) enrich-
ment index (EI)=100 x (e/(e + b)), and (7) structural index
(SI)=100 x (s/(b + s)), where e is the abundance of individuals
in guilds in the enrichment component weighted by their
respective k. values, b is the abundance of individuals in the
basal component weighted by their k, values, and s is the
abundance of individuals in the structural component
weighted by their ks values (Ferris et al., 2001).

2.2.  Statistical analysis

Nematode abundances were In(x + 1) transformed prior to
statistical analysis. Statistical analysis was performed for the
nematode data and genera representing a relative abundance
>5% of total nematodes under all treatments. Two-way
ANOVA was applied to test the effects of elevated atmospheric
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Fig. 1 - The effect of elevated CO, and N fertilisation on the
numbers of total nematodes across the wheat growth
stages.
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CO, and N fertilisation as main effects and their two-way
interaction on nematode across the wheat growth period.
Linear correlations between nematodes and selected soil
chemical properties were quantified using Pearson’s correla-
tion coefficients. Statistical analyses were performed using
SPSS statistical software (SPSS Inc., Chicago, IL). Differences
with P < 0.05 were considered significant.

3. Results
3.1. Total number of nematodes

Following the CO, enrichment, the total numbers of nema-
todes showed an increasing trend compared with the ambient

at two levels of N application at the wheat jointing and
ripening stages, with the highest number (912 individuals
100 g* soil) observed under FACE (LN) at the ripening stage
and the lowest number (117 individuals 100 g* soil) under
ambient (LN) at the jointing stage (Fig. 1). However, effects of
elevated CO, and N fertilisation effects were not significant
during the study period.

The mean populations of 35 nematode taxa were identified
under ambient and FACE conditions (Table 1). Among the
nematode taxa, Acrobeloides, Chronogaster, Filenchus, Hirsch-
manniella, Psilenchus and Tylenchus were dominant genera
(relative abundance > 5%) across all treatment combinations.
Other genera, including Thonus and Mesodorylaimus exceeded
5% of total abundance in some but not all treatment
combinations. Significant elevated CO, effects were only

Table 1 - Proportional contribution (%) of various nematodes to the nematode assemblage under ambient or FACE

condition at two levels of N application across the three sampling dates

Trophic group Family Genus LN HN
Ambient FACE Ambient FACE
Alaimidae Alaimus 0.4 0.0 0.0 0.0
Cephalobidae Acrobeloides 15.8 14.0 11.5 12.3
Cephalobus 1.7 0.3 0.4 0.2
Chiloplacus 2.1 1.6 2.9 1.6
Eucephalobus 0.5 0.1 1.7 0.3
Heterocephalobus 6.6 3.8 2.0 1.7
Leptolaimidae Chronogaster 13.8 7.2 9.0 9.0
Leptolaimus 0.2 0.0 0.4 0.0
Monhysteridae Eumonhystera 0.7 2.2 0.5 1.4
Monhystera 0 0.3 0.6 0.5
Panagrolaimidae Panagrolaimus 2.0 3.4 3.9 5.1
Plectidae Plectus 1.6 0.6 1.0 1.8
Rhabditidae Mesorhabiditis 0.3 0.0 0.3 0.7
Protorhabiditis 0 0.3 8.6 0.3
Rhabdolaimidae Rhabdolaimus 0.3 0.3 0.0 0.0
Bacterivores 46.0 34.1 42.8 34.9
Anguinidae Ditylenchus 0.5 24 0.4 0.0
Aphelenchoididae Aphelenchoides 3.2 33 4.2 4.5
Belondiridae Dorylaimellus 0.0 0.0 0.5 0.0
Fungivores 3.7 5.7 5.1 4.5
Belondiridae Oxydirus 0.0 11 1.6 1.4
Hemicycliophoridae Hemicycliophora 0.0 0.0 0.4 0.0
Nordiidae Pungenturs 1.6 1.2 1.3 2.0
Pratylenchidae Hirschmanniella 5.8 7.6 5.7 8.9
Psilenchidae Psilenchus 9.8 10.3 2.2 8.2
Tylenchidae Filenchus 12.5 14.3 14.0 17.9
Tylenchus 49 9.5 8.5 6.4
Plant-parasites 34.6 44.0 33.7 44.8
Aporcelaimidae Aporcelaimellus 1.7 1.4 1.4 1.2
Leptonchidae Dorylaimoides 0.5 1.1 0.0 0.0
Nygolaimidae Nygolaimus 0.6 1.3 1.6 0.8
Qudsianematidae Epidorylaimus 2.6 1.1 2.2 0.2
Eudorylaimus 0.0 1.0 0.0 0.0
Microdorylaimus 0.0 0.8 11 1.8
Thonus 5.2 2.2 1.6 29
Thornenematidae Laimydorus 0.0 0.4 0.0 0.5
Mesodorylaimus 3.3 3.0 6.1 3.9
Prodorylaimus 1.8 3.9 4.4 4.5
Omnivore-predators 15.7 16.2 18.4 15.8

Bold numbers are the total percentage of each trophic group.
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found in the numbers of Psilenchus at the booting stage, with
higher values observed in the FACE (HN) in comparison with
the ambient (HN) (P < 0.05), and no significant N fertilisation
effects were observed during the wheat growth stages.
Significant correlations were found between the numbers of
Acrobeloides and the contents of NH,*-N (r = —0.391, P < 0.05)
and NO; -N (r = —0.553, P < 0.01).

3.2.  Nematode trophic structure

During the study period, abundance of total nematodes
increased with crop maturity. This was true among all four
trophic groups (Fig. 2). Bacterivores and plant-parasites were
the most abundant trophic groups within the community,
followed by omnivore-predators and fungivores (Table 1). The
mean relative proportion of bacterivores was greater in ambient
than elevated CO, whereas the opposite pattern was observed
for plant-parasitic nematodes (Table 1). This trend was
observed regardless of N treatment. While neither elevated
CO, nor N fertilisation affected the abundance of bacterivores
and plant-parasites significantly at any wheat growth stage
(Fig. 2A and C). The abundance of omnivore-predators increased
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with elevated CO, at the jointing stage of wheat (P < 0.05) but
was not affected by N fertilisation (Fig. 2D). Fungivores were the
trophic group of least abundance (Fig. 2B). Abundance of
fungivores increased with increased levels of N fertilisation
(P < 0.05) at the jointing stage of wheat but was not affected by
concentration of CO,.

3.3.  Nematode ecological indices

Among the ecological indices of the nematode fauna assessed
in the study, neither significant elevated CO, nor N fertilisa-
tion effects were found in the values of A and EI. Significant
elevated CO, effects were found in the values of SI at the
jointing stage (P < 0.05), and the values of SI were higher under
FACE than under ambient regardless of N fertilisation.
Significant correlations were observed in the values of SI
and the contents of NO3 -N (r = 0.442, P < 0.01). Similar trend
was also found in the values of MI at the jointing stage, with
higher values found under FACE at two levels of N application
(P < 0.05). Significant N fertilisation effects were observed in
the values of NCR at the jointing and ripening stages (P < 0.05),
higher values of NCR were found in the HN treatment than in
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Fig. 2 - The effect of elevated CO, and N fertilisation on the numbers of nematode trophic groups across the wheat growth
stages: (A) bacterivores, (B) fungivores, (C) plant-parasites, and (D) omnivore-predators. (* Indicate significant CO, effects at
P <0.05 and + indicate significant N fertilisation effects at P < 0.05, at a sampling date).
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Table 2 - Ecological indices of the nematode assemblage under ambient or elevated CO, of two nitrogen levels at each

sampling date (mean *+ S.E.); significance of elevated CO, and N fertilisation effects, and their interaction are given

Sampling date  Indices LN HN CO, effects N effects Interaction
Ambient FACE Ambient FACE

April 1 (jointing) NCR 0.96 £ 0.02 0.95 +0.03 0.60 £ 0.28 0.88 £ 0.02 ns 0.013 ns
A 0.12 £ 0.02 0.16 £ 0.01 0.08 +0.04 0.14 £0.03 ns ns ns
H' 2.25+0.16 2.14 £ 0.06 1.54 +£0.74 2.30+0.11 ns ns ns
MI 2.28 £1.15 2.68 £0.11 1.43 £ 0.67 2.69 +0.17 0.018 ns ns
PPI 2.17 £0.10 2.20 £0.03 1.61 £ 0.80 2.34+0.10 ns ns ns
S 42.37 +14.82 73.51+2.18 41.20 +£13.21 74.85 +£7.88 0.031 ns ns
EI 23.68 + 14.49 39.72 £13.14 41.02 + 19.91 52.23 +14.77 ns ns ns

April 19 (booting) NCR 0.85 + 0.09 0.78 £ 0.12 0.83 +£0.07 0.75 +0.14 ns ns ns
A 0.12 £0.01 0.12 £ 0.02 0.17 £ 0.04 0.15+£0.01 ns ns ns
H 2.33 £0.07 231+0.11 2.10 £ 0.22 2.03 +0.07 ns ns ns
MI 2.54+0.18 2.40 £0.09 2.54 +0.62 2.44 +0.15 ns ns ns
PPI 2.17 £0.08 241+0.16 2.34 +0.05 2.53 +0.09 ns ns ns
SI 61.79 + 6.42 71.66 + 6.60 56.42 + 28.32 69.75 £ 17.45 ns ns ns
EI 23.57 £8.37 61.33 £ 13.22 61.71 £ 14.04 62.48 + 19.58 ns ns ns

June 2 (ripening) NCR 0.95 +£0.03 0.80 + 0.06 0.97 £ 0.02 0.99 £0.01 ns 0.025 0.042
A 0.13+0.02 0.13+0.02 0.12 +£0.01 0.13+0.01 ns ns ns
H 228 +0.21 2.35+0.14 2.35+0.04 2.33 + 002 ns ns ns
MI 2.85+0.10 2.77 £0.14 2.52 £0.43 2.72+£0.17 ns ns ns
PPI 2.42 £0.06 2.26 £0.07 2.85+0.41 2.19 + 0.03 ns ns ns
SI 7312 +£4.27 70.93 +£4.08 72.65 + 10.86 7043 £6.13 ns ns ns
EI 6.67 £+ 6.67 18.96 + 11.18 41.76 +£9.27 24.62 +12.32 ns ns ns

ns: non-significant.

the LN treatment under FACE at the ripening stage (Table 2).
Significant interaction effects of elevated CO, and N fertilisa-
tion were only found in the values of NCR at the ripening stage
(P < 0.05).

4, Discussion

Total abundance of nematodes was not affected by changes in
atmospheric CO, concentration and N fertilisation. However,
shifts in relative availability of N and C impacted community
structure, apparent at the resolution of trophic groups as
discussed below.

4.1. Effects of elevated CO, on nematode abundance and
diversity

Enhanced CO, can indirectly affect soil organisms through
shifts in the quantity and quality of plantlitter returned to soil,
the rate of root turnover, and the exudation of carbon and
other nutrients into the rhizosphere (Coliteaux and Thomas,
2000; Wardle et al., 2004). The data obtained in the present
study indicated that elevated CO, had significant effects on the
abundance of omnivores-predators at the wheat jointing
stage; the numbers of omnivores-predators were higher under
FACE than under ambient at two levels of N application. These
results were consistent with the findings of Yeates et al. (2003)
who observed the doubling of populations of omnivores-
predators in grazed pasture in response to elevated CO,. Since
the interactions among the various functional groups of
below-ground microfauna are complex, the effects of C
distribution on below-ground food webs may be soil, climate

and season specific (Wardle et al., 2001; Yeates et al., 2003). In
our study, plant-parasites were insensitive to the elevated
CO,, while Psilenchus belonging to the plant-parasites showed
response to the elevated CO,. At the booting stage, the
numbers of Psilenchus were higher under FACE (HN) than under
ambient (HN). Similar results were also found in our previous
study in the anthropogenic alluvial soil, the abundance of
Psilenchus increased significantly at the wheat booting stage
under the elevated CO, (Li et al., 2005). Since both studies were
carried on rice-wheat rotation system, Psilenchus could be
regarded as a potential ‘key’ genus in showing the effect of
elevated CO, on the nematode fauna. In addition, the relative
short period exposure to elevated CO, might help to explain
the unobvious responses of other nematode trophic groups
and nematode taxa in the present study.

During the study period, significant elevated CO, effects
were only observed in the values of MI and SI at the jointing
stage, with higher values found under FACE than under
ambient at two levels of N application. Greater MI and SI
values indicated a complex community structure with
relatively more linkages in the food web under elevated
CO, (Ferris et al., 2001), and a multitrophic response among
the soil biota to the elevated CO, in comparison with the
ambient. In the present study, significant elevated CO, effects
were only observed in the jointing stage of wheat, which
consistent with the results of Hungate et al. (2000) who
observed the responses of soil microbiota after 4 years of
exposure to elevated atmospheric CO, in two annual grass-
lands, that the elevated CO, effects were more pronounced
during the early part of the growing season and disappeared
later in the season as plants approached their maximum
biomass.
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4.2.  Effects of N fertilisation on nematode abundance and
diversity

The ecological roles of soil invertebrates include plant
herbivory and the mineralisation of nutrients in the detrital
food web, both of which may be affected by change in carbon-
flow patterns and, in turn, have important impacts on
ecosystem behaviour (Neher et al., 2004). In the present study,
significant N fertilisation effects were found, higher numbers
of fungivores being observed under FACE (HN) and ambient
(HN) at the jointing stage. In two soils of subarctic Sweden,
similar results were found by Ruess et al. (1999) that increasing
NPK fertilisation has been found to change the composition of
the nematode fauna, generally in favor of fungal- and plant-
feeding species. Ma et al. (2005) reported that the elevated CO,
could significantly increase the C/N ratio of root in the LN
treatment across the wheat growth stages, and at the ripening
stage, the C/N ratio of root was significantly higher under FACE
(LN), which may contribute to the increasing numbers of
fungivores under FACE (LN) at the booting and ripening stages
of wheat, since fungivores tend to predominate when the
organic material is of high C/N ratio (Ferris and Matute, 2003).

The nematode channel ratio (NCR) is known to be an
important indicator of the decomposition pathway in the
detritus food webs (Yeates et al., 2003). The values of NCR were
sensitive to the interaction effects of elevated CO, and N
fertilisation at the ripening stage. And no significant CO,
effects were observed in the values of NCR. The results
obtained in this study were partially consistent with Yeates
et al. (2003) that the relative contributions of basic functional
pathways were essentially unchanged under elevated CO,
condition, while the obtained results in the present study also
suggest that the decomposition pathway might be affected by
the interaction effects of elevated CO, and N fertilisation. The
values of NCR at the ripening stage under FACE indicated that
the bacterial decomposition pathway was relatively more
dominant under FACE (HN) and played a more important role
in nutrient cycling and nutrient supply to plants, while the
fungal decomposition pathway was relatively important
under FACE (LN). The relative importance of the bacterial
and fungal pathways of decomposition varies in space and
time within ecosystems, with dominance of the fungal
pathway often reflecting lower rates of decomposition
(Cadisch and Giller, 1997).

5. Conclusion

After the whole wheat growing season of observation, the
obtained data indicated that effects of elevated CO, and N
fertilisation on the nematode abundance and diversity might
be pronounced at the early part of the growing season, and the
interaction of elevated CO, and N fertilisation might influence
the decomposition pathway of detritus food web later in the
wheat growth season. In order to indicate the changes in soil
ecosystem processes and to implement nutrient management
in farmland ecosystems, it is important to know the soil food
web chain response to elevated CO, and N fertilisation, and
long-term studies are necessary to assess the impacts of
climate change on soil processes and biodiversity.

Acknowledgements

This research was supported by the Key Projects of National
Natural Science Foundation of China (grant nos. 40231003 and
40110817), the Knowledge Innovation Program of Chinese
Academy of Sciences (grant no. KZCX2-408), and the National
Key Project on Basic Sciences (grant nos. 2002CB714003). The
Chinese Rice/Wheat FACE Projectis a research program within
China-Japan Science and Technology Cooperation Agreement.
The main instruments and apparatus of the system were
supplied by Japan National Institute for Agro-Environmental
Sciences (NIAES) and Japan Agricultural Research Centre for
Tohoku Region (NARCT).

REFERENCES

Bardgett, R.D., Cook, R., Yeates, G.W., Denton, C.S., 1999. The
influence of nematodes on below-ground processes in
grassland ecosystem. Plant Soil 212, 23-33.

Bongers, T., 1990. The maturity index, an ecological measure of
environmental disturbance based on nematode species
composition. Oecologia 83, 14-19.

Bongers, T., Ferris, H., 1999. Nematode community structure as
a bioindicator in environmental monitoring. Trends Ecol.
Evol. 14, 224-228.

Cadisch, G., Giller, K.E. (Eds.), 1997. Driven by Nature - Plant
Litter Quality and Decomposition. CABI Publishing,
Wallingford.

Cardon, Z.G., Hungate, B.A., Cambardella, C.A., Chapin III, F.A.,
Field, C.B., Holland, E.A., Mooney, H.A., 2001. Contrasting
effects of elevated CO, on old and new soil carbon pools.
Soil Biol. Biochem. 33, 365-373.

Cooperative Research Group on Chinese Soil Taxonomy, 2001.
Chinese Soil Taxonomy. Science Press, Beijing and New
York, pp. 246-247.

Cotliteaux, M.M., Thomas, B., 2000. Interactions between
atmospheric CO, enrichment and soil fauna. Plant Soil 224,
123-134.

Ferris, H., Bongers, T., de Goede, R.G.M., 2001. A framework for
soil food web diagnostics: extension of the nematode faunal
analysis concept. Appl. Soil Ecol. 18, 13-29.

Ferris, H., Matute, M.M., 2003. Structural and functional
succession in the nematode fauna of a soil food web. Appl.
Soil Ecol. 23, 93-110.

Hoeksema, J.D., Lussenhop, J., Teeri, J.A., 2000. Soil nematodes
indicate food web responses to elevated atmospheric CO,.
Pedobiologia 44, 725-735.

Hungate, B.A., Jaeger, C.H., Gamara, G., Chapin, F.S,, Field, C.B.,
2000. Soil microbiota in two annual grasslands: responses to
elevated atmospheric CO,. Oecologia 124, 589-598.

Li, Q., Liang, W.J., Jiang, Y., Zhu, J.G., Kong, C.H., 2005. Effect of
free-air CO, enrichment on nematode communities in a
Chinese farmland ecosystem. J. Environ. Sci. — China 17,
72-75.

Liang, W J., Lavian, I., Pen-Mouratov, S., Steinberger, Y., 2005a.
Diversity and dynamics of soil free-living nematode
populations in a Mediterranean agroecosystem. Pedosphere
15, 204-215.

Liang, W.J., Li, Q., Jiang, Y., Neher, D.A., 2005b. Nematode faunal
analysis in an aquic brown soil fertilised with slow-release
urea, Northeast China. Appl. Soil Ecol. 29, 185-192.

Liang, WJ., Zhang, X.K., Li, Q., Jiang, Y., Neher, D.A., 2005c.
Distribution of bacterivorous nematodes under different
land uses. J. Nematol. 37, 361-365.



APPLIED SOIL ECOLOGY 36 (2007) 63-69 69

Liu, G, Han, Y., Zhu, J., Okada, M., Nakamura, H., Yoshimoto, M.,
2002. Rice-wheat rotational FACE platform. I. System
structure and control. Chin. J. Appl. Ecol. 13, 1253-1258 (in
Chinese with English abstract).

Ma, H.L., Zhu, J.G., Xie, Z.B,, Liu, G., Zhang, Y.L., Zeng, Q., 2005.
Effects of free-air carbon dioxide enrichment on growth and
uptake of nitrogen in winter wheat. Acta Agron. Sin. 31,
1634-1639 (in Chinese with English abstract).

Neher, D.A., Peck, S.L., Rawlings, J.O., Campbell, C.L., 1995.
Measures of nematode community structure and sources of
variability among and within agricultural fields. Plant Soil
170, 167-181.

Neher, D.A., Weicht, T.R., Moorhead, D.L., Sinsabaugh, R.L.,
2004. Elevated CO, alters functional attributes of nematode
communities in forest soils. Funct. Ecol. 18, 584-591.

Ruess, L., Michelsen, A., Jonasson, S., 1999. Simulated climate
change in subarctic soils: responses in nematode species
composition and dominance structure. Nematology 1,
513-526.

Runion, G.B., Curl, E.A,, Rogers, H.H., Backman, P.A.,
Rodriguezkabana, R., Helms, B.E., 1994. Effects of CO,
enrichment on microbial populations in the rhizosphere and
phyllosphere of cotton. Agric. For. Meteorol. 70, 117-130.

Wardle, D.A., Bardgett, R.D., Klironomos, J.N., Setala, H., van der
Putten, W.H., Wall, D.H., 2004. Ecological linkages between
aboveground and belowground biota. Science 304, 1629-
1633.

Wardle, D.A., Barker, G.M., Yeates, G.W., Bonner, K.I.,, Ghani, A.,
2001. Introduced browsing mammals in natural New
Zealand forests: aboveground and belowground
consequences. Ecol. Monogr. 71, 587-614.

Watson, R.T., Noble, I.R., Bolin, B., Ravindranath, N.H., Verardo,
DJ., Dokken, DJ. (Eds.), 2000. Intergovernmental Panel on
Climate Change (IPCC) Special Report on Land Use, Land
Use Change and Forestry. Cambridge University Press,
Cambridge.

Yeates, G.W, 1999. Effects of plants on nematode community
structure. Ann. Rev. Phytopathol. 37, 127-149.

Yeates, G.W., Bongers, T., de Goede, R.G.M., Freckman, D.W.,
Georgieva, S.S., 1993. Feeding habits in soil nematode
families and genera: an outline for ecologists. J. Nematol. 25,
315-331.

Yeates, G.W., Newton, P.C.D., Ross, D.J., 2003. Significant
changes in soil microfauna in grazed pasture under
elevated carbon dioxide. Biol. Fertil. Soils 37,

199-210.

Yeates, G.W., Tate, K.R., Newton, P.C.D., 1997. Response of the
fauna of a grassland soil to doubling of atmospheric carbon
dioxide level. Biol. Fertil. Soils 25, 305-317.

Zheng, X., Wang, M., Wang, Y., Shen, R,, Gou, J., Li, ], Jin, J., Li, L.,
2000. Impacts of soil moisture on nitrous oxide emission
from croplands: a case study on the rice-based agro-
ecosystem in Southeast China. Chemos. Global Change Sci.
2, 207-224.





