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Abstract

A microcosm experiment was carried out to investigate the role of enchytraeids in nitrogen and phosphorus mineralisation in
an organic grassland soil. Soil cores were taken from a cambic stagnohumic gley with associated vegetation in the Moor
House National Nature Reserve (UK), defaunated, separated into 3 cm layers and inoculated with Cognettia sphagnetorum
(Vejdovsky) in microcosms, maintained at 15°C in the laboratory. The leaching of dissolved organic nitrogen (DON),
ammonium and phosphorus (total, organic and soluble reactive phosphorus) was monitored over 8 weeks, and found to be
significantly greater in the presence of C. sphagnetorum; this effect varied with soil depth, highest increases being found in the
0-3 and 3-6 cm soil layers. The pH in the leachates was also increased in the presence of Cognettia. The impacts of seasonal
vertical distribution of enchytraeids on nutrient cycling are discussed, together with the implications of climate change in these

systems. © 1998 Elsevier Science B.V.
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1. Introduction

Enchytraeids are frequently the major soil faunal
component in moorland soils and their biomass can
exceed that of any other faunal component in moor-
lands and montane grasslands (Coulson and Whit-
taker, 1978), either above- or below-ground, but
biomass and energy flow data do little to inform us
of their role in facilitating nutrient cycling in such
ecosystems.
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Enchytraeids have been reported to influence both
respiration and nutrient leaching in coniferous forest
soils (Williams and Griffiths, 1989; Setilé et al., 1991;
Haimi and Boucelham, 1991) with important positive
effects on the mineralisation of inorganic N and P.
There is also a growing realisation of the importance
of the cycling of organic forms of N and P in nutrient
poor soils, with mycorrhizae being associated with
plant uptake of organic forms of major nutrients
(Michelsen et al., 1996). The consequences of enchy-
traeid activity for the release of both organic and
inorganic forms of these elements may be of consider-
able importance in these situations, and needs to be
quantified.
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Enchytraeids are frequently concentrated in the
upper horizons (Springett et al., 1970) where organic
matter accumulates and the majority of the absorptive
roots occur. Changes in the temperature and water
regimes, as forecast under future climate scenarios,
have been shown to influence the population sizes and
vertical distribution of enchytraeids in upland soils
(Briones et al., 1997), and the consequences for
nutrient turnover need to be assessed.

The aim of the current project was to investigate the
effects of enchytraeids on nutrient mobilisation in
these soils, in relation to soil depth, and to consider
the implications of potential climate change. The
organism chosen for study was Cognettia sphagne-
torum (Vejdovsky) 1877, because this species
dominates the faunal population at the study site,
and more than 80% of the population is found within
the top 3 cm of the soil (Coulson and Whittaker,
1978).

2. Materials and methods
2.1. Preparation and watering of microcosms

Eight intact soil cores with associated vegetation
(Juncus squarrosus L. with Festuca ovina L.,
Deschampsia flexuosa (L.)Trin. and Polytrichum com-
mune L.) were taken from a cambic stagnohumic gley
near to the summit of Great Dun Fell (within the Moor
House National Nature Reserve; NGR 710322), using
5 cm diam.x 10 cm deep acrylic cylinders. Each core
was placed in liquid nitrogen for 1 h, thawed and
sliced into three layers, each of 3 cm, to a total depth
of 9 cm. Individual layers were introduced into a
separate microcosm inner container (Anderson and
Ineson, 1982), resulting in a total of 24 experimental
units. Half of the microcosms were inoculated with
animals (see below) and designated as -animals
treatments (A) with the remaining twelve referred
as control treatments (C). The microcosms were incu-
bated at 15°C for 8 weeks using a randomised block
design.

Cognettia sphagnetorum organisms were extracted
from cores taken from the same site using a modified
wet funnel method (O’Connor, 1955) and introduced,
350 individuals per microcosm, into four replicates of
each of the soil layers. This produced a population

density similar to that seen under optimal conditions in
the field (Briones et al., 1997).

Leaching was performed by gentle immersion in
distilled water (200 cm?), draining under gravity, and
re-application of the leachate to the surface of the soil
twice to ensure thorough equilibration of mineralised
nutrients between the soil and the leachate (Anderson
and Ineson, 1982). In following samplings, the soil
was leached with 100 cm® of distilled water and
allowed to soak for 1 h before draining. This proce-
dure was repeated every two weeks over the experi-
mental period of 8 weeks.

2.2. Chemical analyses of leachates

Leachates were analysed for pH by using a Pye
Unicam pH meter and combination electrode. Sam-
ples were then stored at 2°C and analysed for phos-
phorus (soluble reactive P, total P and PO;”—P) and
NHZ(—N (for the last four weeks). For fractionation of
dissolved phosphorus, we followed Ron Vaz et al.
(1993) and Negrin et al. (1995). Dissolved inorganic
phosphorus (DIP) was determined colorimetrically by
the method of John (1970) after acidifying with 1 M
HCI to precipitate extracted organic matter. When
concentrations were less than 0.1 mg P17! we used
the more sensitive malachite green method (Fernandez
etal., 1985). Another aliquot of leachate was subjected
to a H;0,—H,SO,4 wet digestion (Parkinson and Allen,
1975) and dissolved total P (DTP) was determined by
the malachite green method. Dissolved organic P
(DOP) was defined as DOP=DTP—DIP.

Mineral NH; -N was analysed using a Technicon
continuous flow autoanalyser following the salicylate—
hypochlorite method (Gentry and Willis, 1988). Dis-
solved organic nitrogen (DON) was estimated as the
difference between NH; -N in digested aliquots and
mineral NHI—N contents in the original leachates;
NO; concentrations were consistently insignificant.
Phosphatase activity (incubation at pH 5.5) was
assayed using p-nitrophenyl phosphate (PNPp) as
substrate (Tabatabai and Bremer, 1969).

2.3. Statistical analysis
Leachate concentrations were converted to mgs

leached and mean values and standard errors calcu-
lated. pH values were not transformed prior to ana-
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lysis. Comparisons of mean leachate concentrations
across the treatments and for the whole experimental
period were made using analyses of variance
(ANOVA).

3. Results

3.1. Nitrogen

N release from all microcosms varied with depth,
being generally greater in the 0-3 cm layer. However,
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leaching of NH; from the 3-6 cm layer in the A
treatments increased during the course of the experi-
ment, reaching values close to those of the 0-3 cm
treatment by the 8th week (Fig. 1a). The soil fauna
significantly increased NH;-N leaching (p<0.01),
with greater release being observed in all three layers
when compared with the controls.

Leachates from refaunated microcosms showed
greater concentrations of DON than the controls
(p<0.01) (Fig. 1b), with the greatest values being
observed in the 3—6 cm layer at the end of the experi-
mental period.
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Fig. 1. Nitrogen release as ammonium (mg NH; 2 weeks™!) (a) and dissolved organic nitrogen (mg DON 2 weeks ') (b) from microcosms
containing soil from the 0-3 cm (), 3—-6 cm ([J]) and 6-9 cm (Q) layers. Animal treatments are shown as solid symbols and controls as open
symbols. Values are means with standard errors, n=4.
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Fig. 2. Phosphorus release as dissolved total (a), dissolved inorganic (b) and dissolved organic phosphorus (c) from microcosms containing
soil from the 0-3 cm (), 3-6 cm ([]) and 6-9 cm (Q) layers. Animal treatments are shown as solid symbols and controls as open symbols.

Values are means with standard errors, n=4.
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3.2. Phosphorus

Total and soluble reactive phosphorus (SRP)
releases increased in the upper soil layers (0-3 and
3-6 cm) in the presence of C. sphagnetorum, with
values becoming significantly greater after four weeks
(p<0.01) (Fig. 2a,b). The lowest release rates for the
entire experimental period were observed in the 6-
9 cm depths in the defaunated systems.

No significant differences were observed in the
organic phosphorus release at the beginning of the
experimental period, but after 4 weeks, leachates from
the refaunated microcosms had the greatest concen-
trations of DOP, which were consistent and signifi-
cantly different (p<0.01) from the controls at the end
of the experimental period (Fig. 2c).

No significant differences in soil acid phosphatase
activity between control (2.6 uMol PNP/gh) and
refaunated microcosms (2.0 uMol PNP/gh) were
detected.

3.3. pH

Leachate pH in the absence of Cognettia gradually
decreased during the course of the experiment, with
the lowest values being observed at week 6 for the 6—
9 cm layer (Fig. 3). However, in the presence of
enchytraeids a significant reduction of leachate acidity
(p<0.001) was observed after four weeks.

4. Discussion

The enchytraeids had a clear positive influence on
nutrient release which varied with soil depth. The most
dramatic increases in N and P release occurred in the
0-3 and 3-6 cm layers. Leachate concentrations of
both inorganic N and P were increased in the presence
of animals, which agrees well with the results of others
(for example, Anderson et al., 1983; Huhta et al.,
1988; Setild et al., 1990 and Forster et al., 1995).
However, the current work clearly demonstrated the
importance of C. sphagnetorum in increasing soluble
organic forms of N and P. Both DON and DOP
leaching was significantly enhanced, indicating that
organic matter turnover was accelerated by these
organisms.

The mechanisms by which enchytraeids may affect
nutrient cycling may be attributable to direct (e.g.
excretory products, such as NHy) or indirect effects
(e.g. improving the soil structure for microbial miner-
alisation) (Anderson and Ineson, 1984). As sapro-
vores, they ingest either pure organic substances
(litter and plant debris) or a mixture of organic and
mineral material. Because of their low assimilation
efficiency they have to ingest large amounts of mate-
rial and, as a result of this, large amounts of undigested
material characterized by specific microbial commu-
nities, high microbial activity and high organic and
nutrient availability is produced (Martin and Marinis-

Weeks

Fig. 3. pH values from microcosms containing soil from the 0-3 cm (<$»), 3-6 cm ([]) and 6-9 cm (Q) layers. Values are means with standard

errors, n=4.
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sen, 1993). On the other hand, indirect effects through
grazing activity may lead to the continuous renewal of
active microbial populations (Sparling et al., 1981).

The impacts of climate change on the soil biota have
received less attention than other components of eco-
systems, and there have been few studies on the
responses of soil fauna to climate change. However,
our knowledge of the responses of certain soil faunal
components to changes in temperature and moisture
conditions suggest that these organisms will respond
markedly to new climatic conditions. For example, the
seasonal vertical migrations of C. sphagnetorum at the
Moor House study site are clearly linked to air tem-
peratures (Springett et al., 1970; Briones et al., 1997),
with the animals going deeper into the soil during dry
periods. The work presented here has shown that
Cognettia increases the release of organic and inor-
ganic N and P, and that climatically-induced vertical
migrations of this species could have a marked influ-
ence on organic matter decomposition and nutrient
provision in these soils.
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