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Abstract

In a field experiment to investigate potential impacts of climatic change, a small area of flush wetland in Wales was subjected
to three successive years of simulated summer drought/rewetting (autumn-spring) cycles (1992-94). Drought was simulated
achieved by diverting stream water around the experimental wetland during the summer, so that the wetland received only pre-
cipitation inputs during that time. The effects on peat-water chemistry in the rhizosphere were monitored at regular intervals
until spring 1996, and comparisons made with a control. Simulated summer drought decreased, significantly, the natural sum-
mer peaks in dissolved organic carbon (DOC) and iron, whilst subsequently increasing the natural autumn-winter peaks in sul-
phate concentrations and acidity in the peat water. The effects of simulated drought on SO4 concentrations in the peat water
compared favourably with subsequent events monitored following a natural summer drought in 1995. Autumn-winter peaks in
SO4 concentrations in the control wetland following the natural drought were of similar magnitude to those induced by the
drought simulated in the experimental wetland in the previous three years.

Introduction

Wetlands form an important component of many upland
catchments in Wales and elsewhere in western Britain.
The relatively wet and cool temperate climate in the
uplands provides ideal conditions for the formation and
establishment of wetlands of various types—including
blanket bogs, flushes, raised bogs and valley bottom mires.
Wetlands can act as ‘buffer zones’ improving the quality
of surface waters flowing through them; e.g. wetlands may
play an important role in mitigating the effects of anthro-
pogenic acid deposition by actively retaining some of the
SO, inputs within the wetland. Hemond (1980) reported
that SO4 uptake in Thoreau’s Bog in Massachusetts neu-
tralized about two thirds of atmospheric acid deposition,
despite this being an area of high atmospheric S deposi-
tion. In Swedish catchments containing from 8-33% bogs,
Calles (1983) found a range of 25-65% retention of SOy

whilst Bayley and co-workers (1987) reported that much of

the sulphuric acid experimentally applied to a bog in west-
ern Ontario was neutralized by SO4 uptake.

However, there have been concerns that disturbances to
wetlands, such as may occur during periods of drought,
. may reverse some of the previously beneficial effects of
SO; uptake (Gorham ez al., 1984). Indeed, various studies
have reported that during years with hot, dry summers,

SO4 may be produced from reoxidation of reduced S com-
pounds in the peat and subsequently released to surface
waters as an autumnal pulse (Wieder & Lang, 1982; Bayley

- et al., 1986; LaZerte, 1993). In base-poor wetland areas

recipient of high acid deposition loadings, proton export
accompanies SOy release (LaZerte, 1993), whilst in more
base-rich wetlands, or in areas which receive less acid
deposition, Ca and Mg are released along with SOy
(Bayley et al., 1986).

Growing concerns over the prospect of global climate
change, including climate models predicting an increased
frequency of summer drought over western Europe and
North America (Mitchell & Warrilow, 1987), have
increased the need to investigate the potential impacts of
summer drought on biogeochemical processes within
wetlands and the possible implications for surface water
quality. This paper reports some results of a study inves-
tigating the effects, on wetland biogeochemistry, of an
experimental manipulation of the hydrological conditions
in a flush wetland in Mid-Wales. Specifically, the effects
of three successive years of simulated summer
drought/rewetting (autumn-spring) cycles (1992/93-
94/95) on peat hydrochemistry are described. These
are compared to a control wetland and to subsequent

events monitored following a natural summer drought in
1995.
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Study Area and Experimental
Design

The catchment chosen for study, Cerrig-yr-Wyn in the
Upper Wye catchment on Plynlimon (UK National Grid
Ref. SN 820 866), is a small gully, typical of many in the
uplands of Wales in which flush wetlands have developed
as discontinuous serial cascade systems. The gully mire
(peat pH range 4.0—4.8) is characterised by Sphagnum and
Juncus communities. Water movement consists mainly of
flow in a meandering channel, alternately subterranean or
exposed, located at the interface between the peat and the
underlying bedrock (consisting of base-poor Ordovician
mudstones or shales). The individual patches of wetland
are well defined, making it relatively simple to control the
supply of stream water to individual areas of wetland to
manipulate the hydrological conditions in the gully mire.
Thus, a study of simulated drought and rewet effects on
peat water chemistry in the wetland.

This enabled water table within each patch of flush wet-
land is controlled naturally by a combination of recharge
and discharge of the peat in the vicinity of the soil pipes
and the surface balance between rainfall inputs, vertical
and lateral drainage and evapotranspiration. A flow manip-
ulation system was set up (Fig. 1) with a control wetland
at the head of the system fed by rainfall and streamflow.
Below the control wetland, a dam was constructed to allow
diversion of streamflow through 150mm diameter pipes
around an ‘experimental’ wetland in which summer
droughts were simulated. However, the artificial barrier
was not fully watertight and some seepage reached the
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experimental wetland during base flow conditions; this
permitted realistic rates of compensation flow and pre-
vented complete drying. Over a three-year period
(1992-94), the wetland was subjected to simulated drought
for lengths of time varying between 16 and 20 weeks
between late-spring and early-autumn. After simulation of
each drought, the rewetting of the experimental wetland
was achieved by distributing surface recharge through
150mm pipes across the head of the wetland. The areas of
the control and experimental patches of wetland were 348
m? and 336 m? respectively.

Methods
WETLAND FIELD SAMPLING

Peat-water samples were extracted, usually at fortnightly
intervals, at 10 cm depth in the peat profile using five soil
solution samplers placed in each wetland at 2.5 m intervals
along a transect down the two wetlands. The approximate
sampling time for each sample extracted was 2—3 minutes.
The soil solution samplers were designed to minimize the
extraction volume and any unnecessary dead volumes.
This ensured that excessive disturbance of the wetland was
avoided and that the integrity of the sample extracted (in
particular the redox potential) was unaffected. The samples
were constructed by removing the ends of ten 2.5 c¢m?
Plastipak® syringes 1-1.5 cm from the luer tip. The luer
end was retained and packed with glass wool and con-
nected by Tygon® autoanalyser transmission tubing to the
surface, where suction could be applied using a 30 cm3
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Fig. 1. The layout of the drought manipulation experiment at Cerrig-yr-Wyn.

662



Effects of summer drought on peat soil solution chemistry in an acid gully mire in Mid-Wales

Plastipak® syringe, in which the samples were collected
(Freeman ez al.,1993a).

Peat temperature was measured in the field using a
portable electrometric meter and probe. Likewise, pH was
determined potentiometrically on sub-samples of ‘peat
water immediately after sampling using a portable pH
meter. Some problems in measuring pH with the portable
pH meter during the first winter (1992/93), were traced
later to a faulty electrode which was replaced during the
spring of 1993; pH measurements during the winter of
1992-93, therefore, should be treated with caution. Water
table levels were measured using a variant of the dip-well
technique (comprising a wide, shallow 60cm depth, 15cm
diameter, PVC pipe) sited in the centre of the transect
through each wetland.

CHEMICAL ANALYSIS OF PEAT-WATER

Samples of peat water were collected, fortnightly, as
described above. On return to the laboratory, samples were
filtered through 0.2 um diameter membrane syringe filters
and analysed for Na, K, Ca, Mg, Fe, NH4~-N, NO3-N,
PO4-P, SO4, Cl and DOC. Sodium and K were measured
by flame atomic emission spectrophotometry, and Ca, Mg

and Fe by flame atomic absorption spectrophotometry,
respectively. Chloride, NO3-N, PO4-P and SO4 were mea-
sured by ion chromatography (Dionex 2000), using an
AS4A analytical column and conductivity detection with
auto self-regenerating suppression. Ammonium was mea-
sured by segmented-flow colorimetry (Na salicylate/Na
dichloroisocyanurate method) using a Skalar autoanalyser
(until 03/94), and thereafter by the (improved) method of
ion chromatography (CS12 analytical column). Dissolved
organic carbon was determined by autoanalyser following
a UV-digestion technique, and colorimetric detection. The
validity of the analytical data generated by the laboratory
was monitored by participation in a regular inter-
laboratory proficiency scheme (WRC AQUACHECK).

STATISTICAL ANALYSIS

Means for each of the five sampling points in the control
and experimental sites were calculated for four distinct
time periods i) over three simulated drought periods (max-
imum of 36 records) ii) over three approximately 30-week
periods after the simulated drought had ended (max 35
records) iii) over the natural drought period (max 7
records) and iv) after the natural drought period had ended

Table 1. Means of annual mean concentrations of selected determinands from the 5 sampling points (* s.e.) from both of the control

and experimental sites. All units (except pH) are in mg 1.

Determinand Control site Experimental site
Year Year

1992/93  1993/94 1994/95 1995/96 1992/93  1993/94 1994/95 1995/96

pH 4.65 497 5.02 4.90 4.48 4.69 4.68 4.63
(0.03) (0.04) (0.02) (0.06) (0.02) (0.03) (0.02) (0.03)

Na 2.85 2.76 3.03 293 2.95 2.88 2.98 3.17
(0.06) (0.04) (0.06) (0.09) (0.05) (0.05) (0.06) (0.06)

K 0.12 0.12 0.07 0.05 0.06 0.05 0.02 0.06
(0.01) 0.02) (0.00) (0.01) (0.01) (0.01) (0.00) (0.03)

Ca 0.41 0.55 0.65 0.74 0.65 0.59 0.44 0.55
(0.03) (0.02) (0.03) 0.02) (0.05) (0.03) (0.04) (0.04)

Mg 0.49 0.56 0.54 0.66 0.76 0.68 0.60 0.65
(0.01) 0.03) 0.02) (0.00) (0.02) (0.01) (0.01) (0.01)

Fe N/A 1.27 1.33 1.15 N/A 0.12 0.14 0.22
0.17) (0.14) (0.16) (0.01) (0.01) (0.01)

NH4-N 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

NO;-N 0.01 0.01 0.01 0.03 0.01 0.01 0.00 0.02
(0.00) (0.00) (0.00) (0.01) (0.00) (0.00) (0.00) (0.00)

Cl 491 4.47 4.63 4.90 5.42 5.01 4.75 5.26
(0.05) (0.08) (0.05) 0.07) (0.06) (0.06) (0.04) (0.09)

SO4 1.92 1.87 1.49 2.57 222 242 2.16 2.88
(0.15) 0.09) 0.17) 0.17) (0.12) (0.09) (0.11) (0.10)

DOC 5.95 6.91 6.01 5.75 3.98 3.94 3.89 4.83
(0.61) (0.31) (0.28) (0.18) (0.25) (0.26) (0.16) (0.18)

N/A = Not available
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