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Introduction
The high proportion of peat-based growing media used in
Ireland, the United Kingdom and Germany reflects the
presence of peat bogs that have large reserves of high-quality
peat. By contrast, France and The Netherlands, which have
minimal peat reserves, use a wider range of raw materials to
manufacture growing media (Anon., 2004). Currently, peat
is less expensive than most other substrates used in horti-
culture, which has hindered the uptake of alternative
products, as customers have been unwilling to pay more for
the plants or mushrooms that are produced using peat
substrate (Anon., 2004).

Casing soil is prepared by mixing peat with a neutralis-
ing agent, such as lime or sugar-beet lime, and is used to
cover a composted substrate colonised with Agaricus bisporus
mycelium. The casing layer (ca. 7 cm thick) has an
important function in promoting the development of
mushrooms and quality of the produce (Sharma et al.,
1996). Annually, the United Kingdom mushroom industry
uses approximately 90,000 tonnes m³ acc. to EN 12580 is
the prefered unit for expressing the quantity (volume) of
growing media throughout Europe and elsewhere. This
would be the preferred unit in this paper too. of peat for
casing production (Anon., 2004), with 89,686 and 28,267
tonnes used in the Republic of Ireland and Northern
Ireland, respectively (Kilpatrick, 2007). With pressure from
environmental groups and multiple retailers, allied with an
increasingly broad interpretation of ‘organic’ production,
the horticultural industry has investigated the potential of

using peat substitutes in mushroom casing (Noble &
Dobrovin-Pennington, 2001). In the United Kingdom,
peat substitution for mushroom casing accounts for ap-
proximately 10% of total casing production. The poor
commercial uptake of alternative casing materials is due to
the increased costs compared to peat casing and the
associated reduction in mushroom quality and yield (Pryce,
1999; Anon., 2004).

In Ireland, ca. 14% of the total peatland area has been
exploited for agriculture and forestry, with significant envi-
ronmental repercussions (Leinonen, et al., 1997;
McGovern, et al., 2000). Within the Republic of Ireland,
there has been a 92% loss of raised bogs and an 82% loss of
blanket bogs (Anon., 1996). Large areas of drained peat-
bogs in the Irish midlands are industrially exploited by Bord
na Mona (Irish Peat Board) for energy and horticultural use
(Leinonen, et al., 1997). In Northern Ireland, there have
also been extensive losses, with only 12% (167,580 ha) of
peatlands remaining, and of this, only a small proportion
remain intact (Anon., 2005). With the continuous
depletion of natural peat resources, peat will become more
expensive in the next decade and alternatives will become
more financially competitive.

Previous studies on peat were mostly focused on under-
standing environmental changes over thousands of years
(Tomlinson, 2005; Bindler 2006), but there is a need to
evaluate characteristics of peat from a casing-soil-quality
point of view. A comprehensive understanding of the
physical and chemical properties of peat found within a
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production site could assist in more effective and efficient
use of the raw material to create high quality casings, as well
as helping future developments of peat-substituted casings.

Three drained production sites that were used by casing
producers during 2006 and 2007 were selected on the basis
of size, casing-soil production volume and access to growers
in the Republic of Ireland and Northern Ireland. The aim
of this investigation was to evaluate physical and chemical
properties of peat harvested from these sites.

Materials and Methods
Sites
Peat profile samples were obtained from three production
sites (A, B and C). The site details including latitude,
longitude, geology, bog type, current status and
approximate area, are listed in Table 1. The locations of sites
are illustrated in Figure 1. The three producers, who operate
the sites, manufacture a range of blended peat casings using
surface-milled, dry peat and vertically excavated, dark, wet
peat. A large proportion of the blended casing product is
exported to growers in Europe and other countries
throughout the world.

Sampling period and methods
Site A was sampled once on 18th August 2006, and sites B
and C were samples three times (16-17th August 2006, 14th

August 2007 and 13th November 2007). Samples were
taken at 0.5 m intervals from a vertical strip of approxi-
mately 1m width that descended from the surface to an
accessible depth of up to 3 m. The protocols for sampling
and storage of samples have been reported by Baxter et al.,
(2008). In total, 46 samples were collected and stored under
refrigeration (5°C) in rigid, sealed boxes to preserve
structural integrity.

Physical and chemical analyses
Each sample was analysed in 3 replicates. The pH, (EN
13037 would be the recommended method) electrical con-
ductivity (EC or G) (EN 13038 would be the recommended
method) and water retention were determined using
recommended methods (BS 4516; Anon., 1990) (EN 13041
would be the recommended method). Laboratory compacted
bulk density and dry matter content measurements were
made using the recommended method (BS EN 13040;
Anon., 2000). Fresh representative sub-samples (approx. 2
litres) were dried to constant weight at 105°C for ash deter-
minations (EN 13039 would be the recommended method).

The dried material was then milled to be able to pass through
a 0.5 mm mesh screen. The samples were combusted at
500°C for 16 h or to constant weight. Water absorption
capacity was conducted according to I.S. 400 (Anon., 1989).
The protocols for measuring other parameters such as total
soluble polyphenol, carbon and minerals have been
previously reported (Sharma et al., 1996).

Results
Three peat production sites were surveyed during 2006 and
2007 – August 2006, August 2007 and November 2007.
Sites B and C were sampled on all three occasions whereas
sampling of Site A had to be abandoned in 2007 due to
poor drainage and hazardous site conditions. During the
sampling periods, dominant vegetation and relevant site
details were recorded (Table 1). Site A vegetation was
dominated by birch woodland, common heather, grasses,
sedges and mosses, sporadic rhododendron and pine, with
an underlying geology of Lough Neagh clays and limestone-
shale. Site B vegetation was dominated by birch, willow,
heathers, grasses, bog cotton, sedges and mosses, with an
underlying geology of marine limestone and shale. Site C
vegetation was dominated by birch, willow, heathers,
grasses, bog cotton, sedges and mosses, with an underlying
geology of limestone (Geological Survey of Ireland,
Dublin).

Table 1. Comparison of the three sites for latitude, longitude, geology, bog type, status, estimated area (ha) and dominant vegetation.

Figure 1. Map Showing the three sites.
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The measured values for pH, electrical conductivity (EC
or G), dry matter (DM), ash, total water soluble polyphenol
(TSP), carbon content, bulk density, water absorption and
water retention are listed in Table 2. Acidity of the samples
declined from surface to bottom layers for the three sites,
showing increased pH from 3.6-4.5 to 5.13-5.4 at the 3 m
layer (Table 2). EC or G, DM and ash content of the
samples were reduced from surface to 1.0 m layer consider-
ably and at lower layers the measured values of the
parameters increased indicating the influence of anaerobic
conditions (Goodwin and Zeikus, 1987). The changes in
the concentrations of polyphenol and carbon content were
variable and did not show trends (Table 2). The physical
parameters, such as sample bulk density, water absorption
and water retention, showed an increase in measured values
from surface level to 1.0 m of sampling depth, but at lower
depths the samples showed reductions in the three
properties (Table 2), indicating again influence of anaerobic
conditions (Goodwin and Zeikus, 1987).

The Ba, Mg and Mn concentrations differed consider-
ably between layers, showing a reduction from surface to
bottom layers (Table 3). Similarly, the concentrations of Al,
Fe, Ca, P, Pb and Zn showed a decreasing trend from the
surface to the deeper layers (2.5 or 3 m) for the three sites
but for Site C the concentration increased at the bottom
layer indicating possibility of soil contamination (Table 3).
Concentrations of other minerals, such as Cu and Na
appeared to remain unchanged during the sampling period.

Discussion
Many factors, including geochemical, hydrological and
physical processes, influence and contribute to the
variations in the properties of peat samples from the three

sites (Proctor and Maltby, 1998; Krackler et al., 2002;
Jauhiainen et al., 2004). The range of characteristics
reported in this study reflects this variation and the diversity
of material available to the mushroom casing industry in
the Republic of Ireland and Northern Ireland (Baxter et al.,
2008). Currently, casing producers blend different types of
peat removed from the acrotelm and catotelm with surface-
milled, dry peat to tailor a final product with specific
physical and chemical properties for a range of growing
systems. Furthermore the addition of limestone or sugar
beet lime, during the preparation of mushroom casing to
neutralise acidity, has a significant influence on the chemical
and physical properties of peat including the formation of
non-water soluble calcium carbonate-polyphenol complexes
(Sharma et al., 1996). The formation of this complex is
dependent on the length of time and concentration of
available calcium and carbonate ions formed to react with
humic and fulvic acids in the peat.

Due to the presence of a sphagnum-rich layer, mean
water retention and water absorption values recorded
maximum values at 1.0m depth, whilst parameters such as
EC (or G), dry matter and ash, recorded their lowest values
at the same depth. The presence of this layer was consistent
at all three sites. The physical properties of this layer would
appear to be of greatest benefit to casing producers who
strive to produce casings with high water absorption and
retention properties.

The Fe and Ca concentrations in sites B and C were
highest at 3 m level indicating a slow but significant
diffusion of the two cations from the underlying layer. This
observation is likely to be related to the underlying geology,
such as limestone deposits or rock structure at the bottom
of the peat bogs (Cruickshank, 1997). Site A showed a

Table 2. Comparison of pH, electrical conductivity (Ec, µS cm-1), dry matter (DM, %), ash (%), total water soluble polyphenol (TSP.
%), carbon (%), bulk density (g/litre), water absorption (%) and water retention (%) of peat samples taken from three sites at increasing
depths. Water absorption and retention figures are based on dried material. Measured parameters for sites B and C - mean values of
three sampling dates; site A - mean value of one sampling date only.
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much lower pH at surface compared to the other two sites
possibly due to differences in local micro-climate. Similar
observations on the changes in mineral content of peat in
Finland have been reported by Jauhiainen et al. (2004).

Malley et al., (2007) have been involved in the
application of Visible-Near Infrared Spectroscopy (Vis-
NIRS) as a tool for the evaluation of fresh peat to determine
moisture and carbon content of fresh peat from bogs in
Canada. Recently, Baxter et al., (2008) have reported that
certain properties i.e. dry matter, ash content, water
absorption, water retention and pH of peat and casing soil
can be predicted using Vis-NIRS technology. The accuracy
and reliability of the partial least squares regression models
for evaluating peat and casing soils have been reported
(Baxter et al., 2008). The technique described above will be
very helpful for rapid quality assessment of peat used by
casing soil producers, and in turn, will promote effective
and efficient use of peat reserves.

Acknowledgements
We wish to thank the commercial casing manufacturers in
Ireland who willingly assisted with site access and sample
collection, Mr. J. Archer and other staff members of the
APS & BD, AFBI, for providing technical support and
assistance. The project was funded by the Irish Government
under the National Development Plan 2000–2006
(STIMULUS Project Number RSF 99) and supported
under the Teagasc Walsh Fellowship Scheme. The financial
support by the Department of Agriculture and Rural
Development Northern Ireland from Project 0128 is
gratefully acknowledged.

References
Anon. (1989). Specification and test methods for moss peat for Use in Horti-

culture, I. S. 400. National Standards Authority of Ireland (NSAI),
Dublin.

Anon. (1990) Recommendations for peat for horticultural and landscape use
BS4156. British Standards Institute, London.

Anon. (1996) (Irish Peatland Conservation Council) Extent and
Utilisation of the Peatland Resource. www.ipcc.ie/bogsconserved.html.

Anon. (2000). Soil Improvers and growing media — sample preparation
for chemical and physical tests, determination of dry matter content,
moisture content and laboratory compacted bulk density. British
Standards Institute, London.

Anon. (2004). Peat and peat alternatives: their use in commercial horti-
culture in England and Wales in 2003. A report for the Horticulture
and Potatoes Division, Department for Environment, Food and Rural
Affairs, ADAS Horticulture, Boxworth, pp13.

Anon. 2005, (Environment & Heritage Service Northern Ireland) Natural
Heritage – Peat Bogs. www.ehsni.gov.uk/nh008.pdf

Baxter, S. P., Sharma, H.Shekhar.S. and Kilpatrick M. (2008). Quality
assessment of mushroom casing soil using visible and near infrared
spectroscopy. Journal of Near Infrared Spectroscopy 16, (in press).

Bindler, R. (2006). Mired in the past – looking to the future: geochemistry
of peat and the analysis of past environmental changes. Global and
Planetary Change 53, 209-221.

Cruickshank, J.G. (1997). Soil and environment: Northern Ireland.
Department of Agriculture for Northern Ireland, pp. 211.

Goodwin, S. and Zeikus, J.G. (1987). Ecophysiological adaptations of
anaerobic bacteria to low pH: Analysis of anaerobic digestion in acidic
bog sediments. Applied and Environmental Microbiology 53, 57-64.

Jauhianinen, S., Pitakanen, A. and Vanader, H. (2004). Chemostratigra-
phy and vegetation in two boreal mires during Holocene. The Holocene
14, 768-779.

Krachler, M., Mohl, C., Emons, H. and Shotyk, W. (2002). Analytical
procedures for the determination of selected trace elements in peat and
plant samples by inductively coupled plasma mass spectrometry. Spec-
trochimica Acta Part B, 57, 1277-1289.

Kilpatrick, M. (2007). Challenges for Mushroom Casing Production in 2007,
Mushroom Casing Workshop, Hillgrove Hotel, Monaghan, 28th June 2007.

Leinonen, A. McDonnell, K., and Larsson, L.E. (1997). Evaluation of fuel
peat industry in the enlarged EU, Vol 2. Report prepared by the
Commission of the European Communities, Directorate-General for
Energy, (DGXVII), Contract number 4.1040/E/96-001, pp. 234.

Table 3. Comparison of mineral content of peat samples obtained from the three sites (A, B and C). Measured parameters for sites
B and C - mean values of three sampling dates; site A - mean value of one sampling date only.



PEAT IN HORTICULTURE

141

Malley, D.F., Williams, P., McLaughlin, J. and Atkinson, T. (2007). Rapid
analysis of moisture, organic matter and carbonate in peat cores from
Northern Ontario by near-infrared spectroscopy. Proceedings 50th
Annual Meeting of the Manitoba Soil Science Society, Winnipeg, 8-9
February, pp. 10.

McGovern, E.A. Holden, N.M., Ward, S.M. and Collins, J.F. (2000).
Remotely sensed satellite imagery as an information source for
industrial peatlands management. Resources Conservation and Recycling
28, 67-83.

Noble, R. and Dobrovin-Pennington, A. (2001) A case for peat substitu-
tion – HDC Research Review (7). The Mushroom Journal 622, 24 - 26

Pryce, S. (1991) The Peat Alternatives Manual – A Guide for the Professional
Horticulturist and Landscaper. Friends of the Earth, London, pp. 122.

Rowlands, R.G. and Feehan, J. (2000). Maximising the natural ecological
potential of industrial cutaway peatlands in Ireland. Proceedings of the
11th International Peat Congress, Quebec, Canada, pp. 678-683.

Sharma, H.S.S., McCall, D. and Lyons, G. (1996).Chemical changes in peat
as a result of neutralising with lime during the preparation of mushroom
casing. Proceedings of the Mushroom Biology and Mushroom Products, Ed
by D. J. Royse, Penn State University, Pennsylvania, pp. 363,

Tomlinson, R.W. (2005). Soil carbon stocks and changes in the Republic
of Ireland. Journal of the Environmental Management 76, 77-93.


