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ABSTRACT

A study of the manipulation of soil chemical properties for the recreation of areas of
conservation interest
Catherine S R Snow

Areas of high conservation interest tend to occur mainly on soils of low fertility, and high
soil nutrient status usually results in a low species diversity. Recreation of heathland or
grassland areas with a high conservation interest on fertile soils may, therefore, require
a reduction in soil nutrient status. The objectives of this study were to investigate
methods for manipulating soils to assist in the recreation of grassland and heathland on
(1) arable soils and (2) soils on nature reserves where attempts are being made to replace
late-successional communities with earlier ones. To achieve these aims various methods
of manipulating soil chemistry were tested in a range of conservation management
situations.

Minsmere Study: An initial baseline study of the soil chemistry of all the arable fields and
heaths within the RSPB Minsmere Reserve was carried out to identify factors which may
prevent heathland restoration on the arable fields. High soil pH, exchangeable Ca and
extractable P were identified as possible constraints. The following management
strategies to lower soil pH and soil Ca and P concentrations were investigated.

Cropping: Although cropping with linseed, winter and spring barley (+ N,K fertilisers) for
five seasons increased the removal of Ca, P and Mg, there was no detectable reduction
in the soil available concentrations of these elements or soil pH.

Surface soil manipulation: There was no significant difference in soil chemistry within the
surface 60 cm of arable soils, therefore, mechanical manipulation to dilute, bury or strip
top soil would not reduce surface soil nutrient concentrations.

Acidification: Bracken litter, pine chippings and elemental S were applied to arable soils
to lower soil pH. Application rates of 4 t S ha " and 10 cm in depth of bracken litter
successfully reduced soil pH to 4.5, a similar pH to adjacent heathland.

To complement these field studies a laboratory experiment, where N and K fertilisers were
applied to four crops, showed that addition of these fertilisers increased crop yield and net
removal of nutrients (especially P) in the crops. N and K concentrations were not high
enough in the arable soils to prevent heathland establishment.

Essex Grassland Study: A study of soil chemistry and vegetation development on arable
land, abandoned and sown to Lolium perenne/Trifolium repens in 1984, and then cut for
hay annually, showed that extractable P concentrations declined from 19.6 to 3.2 ug g’
and species diversity increased from the two sown species to 42 in 1993. In this
developing grassland P levels are now similar to older established meadows but species
diversity is still slightly lower.

Thurstaston Study: Invasion of heathlands/grasslands by aggressive dominant species (eg
bracken) may lead to an increase in soil nutrient status. At this site bracken litter and
surface soil was stripped and bracken control treatment applied (ploughing, cutting
once/twice yearly and applying asulam) before Calluna propagules were added. Litter
stripping removed a substantial amount of nutrients from the system. Ploughing
significantly reduced bracken frond density in the first two years only; cutting twice yearly
reduced bracken frond density more effectively than spraying asulam or cutting once
yearly. By 1994, Calluna seedlings had become established in some areas.

The results of all of these experiments were discussed in relation to the whole ecosystem
nutrient cycling model developed by Marrs (1993) for conservation management.
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NOMENCLATURE

Nomenclature follows Clapham, Tutin and Moore (1987) for higher plants and Corley and
Hill (1981) for bryophytes. Following common practice the following: Calluna vulgaris,
Pteridium aquilinum (L.) Kuhn, Lolium perenne, Secale cereale, Linum usitatissimum,
Hordeum vulgare and Hordeum distichum are referred to as Calluna, bracken, perennial

rye grass, rye, linseed, winter barley and spring barley respectively.
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1 Introduction

1.1 Introduction

The importance of soil and its ability to support crop growth has been realised for
thousands of years. The cultivation of soil to grow arable crops probably originated about
10,000 years B.P. in Iraq (Wild 1993) and since then there has been continuous
advancement in soil management for improving crop growth. As human populations
increased and the demand for food increased, greater areas of woods and forests have
been felled and upland, less-productive soils have been brought into agricultural

production.

In the last century, Lawes and Gilbert set up a range of famous experiments at
Rothamsted in Hertfordshire. Here they demonstrated the clear importance of plant
nutrition in improving and sustaining crop yields. Moreover, they identified that prolonged
applications of fertilisers could leave a residual value in the soil which could have an effect
for many years (Rothamsted Experimental Station 1978). During this century crop yields
have steadily improved (Gasser 1982) and much of this increased yield can be ascribed
to increased application levels of N fertiliser, and to a lesser extent improved soil nutrition
through addition of P, Ca and K fertilisers. Accompanying this increased fertiliser use has
been an increase in intensification with more efficient drainage systems, larger machinery
and the introduction of cheap inorganic fertilisers, pesticides, insecticides and improved
crop varieties. All of these together have led to ‘The Green Revolution’ and resulted in
a substantial increase in food production. However, in the mid 1980’s the European
Economic Community realised that it was producing more food than it was consuming and
the European Community introduced various measures, for example ‘Set-Aside’ and
‘Extensification’ Schemes (MAFF 1987,1988) designed to bring supply and demand into

balance (Clarke 1992). Whilst these schemes were primarily aimed at reducing



agricultural production they also offered an opportunity to improve the conservation value
of the land at the same time. Various derivations of these initiatives have since been
introduced in Britain eg. Environmentally Sensitive Areas and The Countryside Premium
Scheme, specifically aimed to improve environmental quality. These schemes offer
incentives to farmers to adopt management practices on their land for environmental and
other public benefits (Countryside Commission 1991). Moreover, as there is no longer
a need for intensive agricultural production, there are also areas of land on which the aim
is now to restore and recreate new ecosystems with a high conservation interest. At the
same time there is an increased need to implement conservation management treatments
so that desired communities can be maintained or restored on nature reserves and other

Sites of Special Scientific Interest (SSSI's).

1.2 Soil nutrient status and conservation

It is well known that high supplies of soil nutrients usually result in a low species diversity
(Rorison 1971, Williams 1978, Grime 1979, Marrs 1985, 1993, Marrs & Gough 1989,
Mountford e/ al. 1993). Conversely, habitats with a high conservation value tend to occur
on low fertility soils (Harper 1971, Rorison 1971, Grime 1979, Marrs 1985,1993,
Gimingham 1992) and if the soil nutrient status is increased, eg. by fertiliser applications
(Williams 1978, Tilman 1982, Digby & Kempton 1987, Green 1980, 1989, Green &
Burnham 1989, Mountford et a/. 1993), by natural inputs through succession (Odum
1971, Gorham et a/. 1979, Tilman 1985) or by pollutant loadings (Jenkinson 1971,
Warren Springs Laboratory 1987, Schneider & Bresser 1987, Pitcairn et a/. 1991), then

species diversity is likely to be reduced (Marrs 1993).

Soils which have been under continuous agricultural use usually retain some residual
fertility (Cooke 1967, Marrs 1985, Jenkinson 1988) which can be particularly problematic

for the creation of a diverse community (Marrs 1993). It is therefore likely that the soil



nutrient concentrations of fertile arable soils or soils under late successional communities,
generally need to be manipulated in some way in order to create an area of conservation
value. If this is not brought about it can be predicted that aggressive productive species
and/or a rapid succession to woodland will occur (Grime 1987). It would be difficult to
establish and maintain floristically-rich grassland and/or heathland of high conservation
value if the soil nutrient status was not reduced and maintained at sufficiently low levels

(Marrs 1993).

1.3 Identifying specific problematic elements relating to soil chemistry

There are many factors which influence the soil’s chemical status, including soil type and
agronomic history. Different soil types have different features which can affect soil
nutrient supply (Cooke 1967, Wild 1988a). Chalky soils, for example, have a high pH
because of large concentrations of calcium carbonate, which can immobilise P fertilisers
so that they become bound up and unavailable for plant uptake in the short term (Cooke
1967, Russell 1973, Wild 1988b). If the pH of these soils is then lowered the P can be
released and made available in larger amounts for plant uptake. Sandy, free-draining soils
on the other hand have a greater porosity and may be susceptible to leaching losses of
nutrients, with very little remaining for plant uptake. The agronomic history of the site
clearly also has a direct influence on soil properties because of past fertiliser additions and
the residues left. The best documented example of residual effects is the document on
the ‘Exhaustion Land Experiment’ at Rothamsted Experimental Station (Johnston &
Poulton 1977), where attempts have been made to deplete fertiliser residues built up in
the soil. Applications of lime will usually increase soil pH and Ca concentration
significantly; both pH and Ca can affect vegetation, for example, the species diversity of
grassland is likely to be greater on neutral or basic soils compared to acidic soils (Grime

and Lloyd 1973, Grime 1979).



If the land has been under continuous arable cultivation with regular applications of
inorganic N based fertilisers then the soil will tend to have a very low soil organic matter
content (Wild 1988c¢). This is important as most N held in the soil is contained in organic
matter which is released slowly by mineralisation. Soils with a low organic matter content
are unlikely to have a high N supply and they depend on additions of inorganic N fertiliser
to sustain supplies for plant uptake. After arable land is abandoned it can be predicted
that there will be an increase in organic matter. The most difficult residual element is
probably P, because most P in soil is fixed tightly in either organic or inorganic forms. The
‘Exhaustion Land Experiment’ at Rothamsted Experimental Station has shown that P
residues are extremely slow to reduce, taking 71 years to reduce levels of bicarbonate-
extractable P from ¢. 66 ug P g' to ¢. 10 ug P g’ (Johnston & Poulton 1977, Marrs
1993). Phosphorus is likely to be one of the main problems in conservation management
schemes because residual P is extremely difficult to reduce and has been identified as the
major problematic element for the establishment of grass and heath communities with

high conservation interest (Gough & Marrs 1990a, Marrs 1993).

Unfortunately whilst these problems can be identified quite easily there have been
relatively few attempts to try and determine whether techniques used in the creation of
new ecosystems on abandoned arable land or in restoration schemes during conservation
management of late-successional communities actually work. The research described here
attempts to identify soil constraints in a number of situations and consider whether the

techniques applied will achieve the desired result.

1.4 Specific problems associated with methods of establishing an area of conservation
interest on arable soils

Arable soils often have high residual concentrations of Ca and P, but levels of N tend to

be low, due to their agronomic history, and these residues can affect vegetation

restoration. These high levels of P were considered by Gough and Marrs (1990a) to be



the most problematic element for creating floristically rich grassland or heathland on a

range of sites in Southern England.

One technique proposed for reducing the soil nutrient status is to crop the land with
arable crops to remove more nutrients from the soil than the annual inputs, hence
consistently impoverishing the soil (Marrs 1985, 1993). Whilst it has been demonstrated
that soil chemical concentrations can be reduced by vegetation cropping over many years
in the long term experiments at Rothamsted (Brenchley 1969, Garner & Dyke 1969,
Johnston and Poulton 1977, Dyke et a/ 1983), the value in the short term for
conservation management has been questioned (Marrs 1985). In his paper (Marrs 1985)
discussed the effectiveness of an attempt to reduce soil fertility at Roper’s Heath in
Suffolk by cropping using cereal rye (Secale cereale). He showed that if all the above-
ground biomass was removed, not only the grain, then removal of nutrients from the
system was increased greatly. If seed alone was harvested there was no net offtake of
N, three times less K and half as much P removed compared to total above-ground crop
removal. Moreover it was possible to increase effectiveness of cropping by adding
fertilisers to the soil. At first sight adding fertilisers when cropping to deplete nutrients
may seem absurd, but the rationalé is simple. Addition of a fertiliser element, which is
limiting plant growth, will increase the yield and hence nutrient uptake, thus increasing
the overall removal of nutrients compared to an unfertilised crop. In order to use this
strategy it is of course essential that the fertiliser element added is not causing problems
as a soil residue and is unlikely to become a problem. Dyke et al. (1983) in ‘The
Broadbalk Wheat Experiment 1968-1978' showed that yield and the nutrient content of
the wheat (Triticum spp.) crop was enhanced when inorganic N fertiliser was applied and

P offtake was increased.

The need for caution with any cropping approach has, however, been argued by Marrs

(1993), because whilst it is reasonable to believe that because a crop is being removed,



nutrients are also being taken off, very few studies have actually demonstrated a much
greater offtake relative to inputs. Moreover, there is very little information on the rates of
change of soils under cropping management for conservation purposes. Cropping for hay
and/or silage without fertilisers has been shown by Gough and Marrs (1990 a, b) and
Wells (1980) to reduce soil extractable P levels whilst increasing or maintaining grassland

species diversity.

Mechanical manipulation of arable soil could also be used to deplete soil nutrients either
by direct offtake of nutrients, or indirectly by burial or dilution of nutrients where

chelation, adsorption and enhanced leaching can render nutrients unavailable.

Direct stripping of topsoil will remove all the nutrients held in the soil and expose a
nutrient poor sub-soil. The soil removed may also have commercial value, especially if it
contains a seed bank which may be sold to aid other conservation schemes. Alternatively
soil can be buried so that the fertile layer is beneath infertile sub-soil thus removing the
majority of nutrients below the plant roots, where they may be chelated, adsorbed or
leached. Dilution of the fertile top-soil through the soil profile by ploughing may also
render nutrients unavailable for plant uptake through the dilution process itself, but also
through chelation and adsorption. However before these approaches are implemented it
must be established that there is a nutrient poor deep layer. In many arable fields,
because of extensive cultivation the nutrient rich topsoil may be very deep, thus making

it difficult and uneconomic to utilise these manipulation techniques.

Another possible method of reducing soil nutrient properties of arable land is to graze it.
Soil nutrient redistribution using grazing assumes a removal of nutrients either in the
animal carcass or by milk or wool. However the efficiency of grazing as a management

strategy is often not very effective because offtake is not much greater than inputs

(Brasher & Perkins 1978). It has been suggested that to increase efficiency the animals



could be removed at night, as sheep may graze little at night (Hughes & Reid 1951,
Brasher & Perkins 1978), to remove more nutrients in urine and faeces (Marrs 1985,

1993), but this remains to be proved.

It is well known that gazing is an important tool in managing vegetation for conservation
(Wells 1971, 1980). For example Gibson et al. (1987) grazed a developing calcicolous
grassland on abandoned arable land and significantly increased species diversity. Willems
(1983) suggested that grazing was a better approach than cutting for the maintenance
of species diversity in chalk grassland. Thus grazing is a useful strategy for maintaining
or increasing species diversity, probably as a result of selective grazing, trampling and

other disturbance.

One further problem which is often associated with arable soils is that there can be a high
residual soil pH caused by continuous applications of lime. As land reclamation schemes
may require communities typical of acidic soils eg. heathland/acidic grassland a reduction
in soil pH may be essential. The addition and/or incorporation of an acidic substrate such
as S, is one potential solution. The use of elemental S to reduce soil pH is common in
horticulture and agriculture but little is known about exact application rates required to
effect a known decrease in pH. Alternatively, other acidic organic materials, such as pine
chippings or bracken litter could be used. However reductions in soil pH may lead to
bound P becoming available thus leading to an increase in concentration of this

problematic element.

1.5 Specific problems associated with methods of establishing an area of conservation
interest on late-successional community vegetation

Changes in soil nutrient status during succession have been well documented. Odum
(1971), Gorham et al. (1979) and Tilman (1985) through generalised models of

succession have suggested that an increase in nutrient supply through cycling and in total



N occurs during succession. Marrs and Bradshaw (1993) showed that during primary
succession soil nutrients increase. During secondary succession there is some evidence
that there was an increase in soil N supply under Ulex europaeus (Green 1972, 1980)
although data can be conflicting (Robertson & Vitousek 1981). The effect that secondary
succession has on soil nutrient supply probably depends on which plant species are
present on the site and management techniques which have been applied (Tilman 1990,
Marrs 1993). Often late-successional vegetation causes problems for conservation
management when the community is dominated by a few aggressive species. These
species need to be controlled before a more diverse flora can be established and
maintained. Techniques such as herbicide application and/or mechanical control
techniques, eg. ploughing, often need to be employed. Often where species, such as
bracken, are dominant the soils are relatively fertile (Miles 1979, Smith & Taylor 1986,
Marrs et al. 1992), as where bracken invasion and subsequent dominance occurs there
is increasing evidence of an increase in soil fertility levels (Grubb & Key 1975; Robertson
& Vitousek 1981). Thus, frequently soils may need to be manipulated as part of bracken

control strategy in order to re-instate a heathland flora soils.

1.6 Specific objectives of this study

The objectives of this study were to investigate ways of manipulating soil processes to
aid the establishment of grassland and heathland with high conservation interest on (1)
arable soils and (2) a late-successional community undergoing management towards an
earlier state. To achieve these aims we manipulated various factors affecting nutrient

cycling in these systems.



Abandoned arable land to heath/qrassland

This required:

(1)

(2)

(3)

(4)

Initial identification of soil constraints which may hinder the establishment and
maintenance of a heath and/or acidic grassland flora on abandoned arable land
(Chapter 2 - The Minsmere Study - Baseline sampling).

Assessment of methods of manipulating offtake and nutrient depletion rates
(Chapter 3 - The Minsmere Study - Cropping and Chapter 6 - A comparative
laboratory study).

Investigation of methods of manipulating topsoil removal, burial, dilution, chelation
and adsorption (Chapter 4 - The Minsmere Study - Soil depth and Chapter 5 - The
Minsmere Study - Acidic amendment study).

Assessment of rates of nutrient depletion and vegetation establishment and

maintenance of grassland on former arable soils (Chapter 7 - Grassland Study).

Late successional vegetation to early successional vegetation

This required:

(1)

(2)

Investigation of manipulating offtake of a dominant late-successional species -
bracken (Chapter 8 - The Thurstaston Study).
Investigation of manipulating chelation and adsorption by mechanical ploughing

of the soil (Chapter 8 - The Thurstaston Study).

Throughout this work, the aims were to try and quantify and measure the impacts of the

management techniques on soil processes and, in some studies, the effects on vegetation

development.



2 The Minsmere Study - Identifying the soil constraints for heathland recreation on
former arable land

2:1 Introduction

East Suffolk is distinguished by a landscape of marshes, arable land and heathland. The
heathlands are collectively known as the Suffolk Sandlings or ‘Sandlands’, which refers
to the underlying glacial sands (Armstrong 1971, 1973). Over ninety percent of
heathland within the Sandlings area has been lost (Fitzgerald et al. 1987). This dramatic
reduction is due to many economic and political influences. Since 1920 thirty percent of
the losses are due to agricultural improvement, thirty percent to afforestation and the rest
to industrialisation, amenity and airbases (Fitzgerald 1991; Farrell 1993). Of the
remaining heathland only thirty eight percent can be considered as true heathland
(Fitzgerald et al. 1985), and most of this has been designated as Sites of Special Scientific

Interest.

RSPB have bought 158 ha (11 fields) of arable land as an extension to their Minsmere
reserve on the Suffolk coast. The overall policy of the heathland area of the reserve is to
maintain heathland to attract nightjars (Caprimulgus europaeus) which prefer to nest in
birch scrub near open heathland covered in Calluna. The population of nightjars has
increased from five churring males in 1982 to twenty three in 1988 (Burgess et al.
1990a,b). The ultimate aim for the arable land between the existing heathland fragments
is to restore it to heathland and/or acidic grassland, effectively creating a large extension
to the Westleton-Dunwich heathland complex and encourage stone curlew, woodlark and
nightjar to the site. The arable fields, which were formerly ‘Sandling’ heath, were taken
into arable production in the last century and have been under intensive cultivation since

(Evans et al. 1993).
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One of the potential problems which hinders heathland recreation is that soil chemistry
may have been altered by the past agricultural management (Marrs 1985, Jenkinson
1988, Marrs and Gough 1989). It is likely that the residual soil fertility has been
increased through the use of fertilizers and/or the soil pH has been increased by liming or
marling (Cooke 1967). As heathlands tend to be found mainly on infertile soils of low pH
(Marrs, 1985, 1993; Gimingham, 1992), it is important to identify whether this is indeed
a problem (Marrs & Gough 1989, Marrs 1993) and then to develop practical methods to

alleviate any perceived problems so that restoration and maintenance can proceed easily.

In this chapter a baseline study of the soil chemistry of all arable fields and heaths at
Minsmere was carried out in order to assess whether soils had indeed been altered by
arable management and to identify any potential problems which were likely to influence

heathland restoration adversely.

2.2 Methods

2.2.1 Site Details

Minsmere RSPB Reserve is located near Westleton, Saxmundham on the Suffolk coast (National Grid
Ref. TM 46,66). Soils were sampled from three contrasting types of land use within the Minsmere
Reserve area: (1) arable fields; (2) semi-natural Calluna heathland and (3) old-field successions where
two fields were available; one abandoned fifteen and one thirty years ago. The distribution and the
types of vegetation of the individual areas sampled are shown in Figure 2.1. The heathland
vegetation (Fields 1 & 3) was dominated by Calluna vulgaris and associated vegetation, including
Deschampsia flexuosa, Vaccinium myrtillus and Festuca ovina. In some areas some dominant species
(bracken, Betula pubescens and Ulex europaeus) were invading, especially next to footpaths, tracks
and roads. The heathland soil composed of a small lying litter layer of 1 - 2 cm in depth, under
which was a band of sand and incorporated organic matter of 8 - 10 cm in depth. The underlying
material was free draining glacial sands. The arable fields were also considered as two separate

spatial units - north and south reflecting the two main blocks (Figure 2.1; Table 2.1).
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Table 2.1 The number of soil samples taken from each field.

Field Number Vegetation Description Arable block Number of

samples

1 Heath = 12
3 Heath - 12
3b Bracken on Heath - 4

6 Old field (old) North 12
2 Heath z 12
21 Arable North 8

51 Old field (new) = 10
60 Arable North 12
61 Arable North 10
62 Arable North 12
63 Arable North 10
64 Arable North 10
65 Arable North 12
66 Arable South 10
67 Arable South 12
68 Arable South 10

69 Arable South 10




2.2.2 Soil sampling

Sampling was carried out in May 1990. Within each field a random walk was done to
locate sampling points; at each point a soil sample (O - 10 cm depth) was taken with a
trowel in a standardised way. This procedure was used because the soil was extremely
dry as a result of an extended drought, and the large number of stones in the surface
layers made the use of a soil auger impossible. Sample numbers in each field were

weighted according to the area of the field (Table 2.1).

In November 1992 four soil samples were collected from all the arable fields in the same
way for testing for the amount of free calcium carbonate. Soils were also collected more
intensively at this time from fields 60 and 66, because these two fields had been chosen
for field experimentation. In fields 60 and 66 samples were taken on grid to determine
whether the calcium carbonate distribution varied markedly across these fields. Soils

collected in the baseline sample of 1990 were also tested for free calcium carbonate.

2.2.3 Soil chemical analysis

Soils were air-dried and sieved through a 2 mm mesh prior to any chemical determination,
and the following measurements made using methods outlined in Allen et a/. (1974):
(a) Soil pH in a 1:2.5 slurry of soil with deionised water.
(b) Air:oven dry weight ratio and the loss-on-ignition.
(c) Exchangeable cations (10 g extracted in 50 ml 1M ammonium acetate), with
Ca and Mg determined by atomic absorption spectrophotometry and K by
emission spectrophotometry.
(d) Extractable P (10 g extracted in 50 ml Truog’s reagent) with P being
determined colorimetrically using the ammonium molybdate-stannous chloride

method.
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2.3

(e) Extractable and mineralizable N (10 g extracted in 40 ml 2M KCI) both before
and after a 14 day incubation. Total mineral N was determined in the extracts
using standard distillation and titration techniques.

(f) Phosphorus adsorption maximum (sensu Chapman, Rose & Basanta, 1989) (1g
in 20 ml of different aqueous P solutions ranging from 0.5 - 500 ug P ml'. This
measure was done on pooled soil samples from each field.

(g) Free calcium carbonate concentration was measured in two ways. The simple
test was the ‘fizz test’, where a sub-sample was placed on a glass plate and a
few mis of 5M HCI dropped carefully on to it. If an effervescent reaction occurred
free calcium carbonate was assumed present. In some soils the free calcium
carbonate was also measured using titration with EDTA solution (Allen et al.

1974).

Results

Three broad types of results were found, where soil chemical properties were:

(a) greater for arable soils than heathland soils,
(b) greater for heathland soils than arable soils, and

(c) no significant difference found between arable and heathland soils.

Each of these categories will be discussed in turn:

2.3.1

Arable > Heathland (Figure 2.2)

Soil pH was greater in all arable soils (pH 6-7.2) than in heathlands soil where pH values

were between 3 - 4.2 . Exchangeable Ca, as expected, showed a close correlation with

the pH values, with arable soils fluctuating between 500-1100 pug Ca g' and the

heathland soils being < 150 ug Cag’.
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Figure 2.2 Soil chemical properties which were greater of
the Minsmere study in the arable soils compared to heathland
soils in the baseline comparison; mean values * standard
errors are presented.



Extractable P was consistently higher in the arable fields ranging from 7-15 ug P g’
compared to <5 ug P g’ in heathlands. Three of the arable fields (fields 67, 68, 69) in
the southern group had the greatest concentrations of extractable P but otherwise there

was no significant difference between the north and south blocks.

In the newer old-field succession, the soil pH, exchangeable Ca and extractable P were
similar to those in the arable fields, whilst the older one had values similar to the semi-
natural heathlands. There was no apparent difference in any of these three properties
between the Calluna dominated heathlands and the one where bracken was present in

1990.

2.3.2 Heathland > Arable (Figure 2.3)

Loss-on-ignition and mineralizable N were greater in the heathland compared to arable
soils. All arable soils had LOI values < 5% whereas the heathland soils were in the range
8-17 %. Both old fields had intermediate values. Mineralizable N values showed a great
deal of variability in all soils but arable soils ranged from a negative value at one site (net
N immobilization) to rates of c. 756 ug N g' 14d'. Values for heathland soils were much
more variable but ranged from low values 25-60 ug N g' 14d™" at two fields to 300 ug
N g' 14d" in field 3. The newer old-field had a negative mineralization rate but the older
one had rates similar to field 3 where the highest rates were found. The bracken patch

on field 3 had a much lower mineralization rate than the heathland area sampled nearby.

2.3.3 Heathland = Arable (Figure 2.4)

Concentrations of exchangeable K and Mg and extractable N showed differences between
individual fields, but no significant trend. Values for these elements were in the ranges

10-60 ug K g, 13-80 ug Mg g and 14-40 ug N g"'. P adsorption showed no difference
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between soils and all came into the > 700 ug P g class of Chapman, Rose & Basanta
(1989). These authors classified heathland soils into three categories on the basis of their
maximum P adsorption; < 70 ug P g'; 70 - 700 ug P g'; > 700 ug P g, and they
suggested that the greater the class, the greater the probability that succession to

woodland would occur.

2.3.4 Statistical differences between the main land-use types (Table 2.2)

Differences between the main land-use types (i.e. heath, heath-bracken, two types of old
field and the north and south arable areas (Table 2.1)) were assessed using a nested
ANOVA design with the fields as replicates. The Proc GLM proceedure of SAS (SAS,
1985) was used because of the unbalanced nature of the design; LSDs were calculated
to separate significant diferences. The statistical differences are outlined in Table 2.2 and

confirm the broad discussion of results from the individual fields.

2.3.5 Distribution of free calcium carbonate in soil.

In view of the high soil pH and exchangeable Ca concentration it was no surprise to find free
calcium carbonate in some samples, However there was a very large variation in the
amounts of free calcium carbonate found in the soils, with only two arable fields showing no
free calcium carbonate in any sample (Table 2.3). The heathland soils were, as expected, free
of calcium carbonate. However, the data were extremely variable between individual samples
within fields and even within individual samples. A single replicate arable soil which was
analyzed eight times responded positive on three occasions and negative on five. This means
that the soils are extremely heterogenous with respect to the distribution of calcium
carbonate. Comparing the presence of calcium carbonate in 1990 and 1992 showed that
some fields had a greater percentage of samples containing calcium carbonate (fields 21, 61-
65, 69) than others. Moreover, there was a decline in the proportion of positive tests over
the 3 cropping seasons (Table 2.4). However, in view of the heterogeneity encountered,

further and more detailed studies are needed over a longer time scale to validate this result.
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Table 2.2 Significant differences between the main land use areas of the Minsmere
heath-arable complex; no significant differences were found for K or
inorganicN; * = P < 0.05; ** = P < 0.01; *** = P < 0.001); letters
denote no significant differences found in columns.

Land-use type pH P Ca Mg Min LOI
N

Arable - South a a a a a a

Arable - North a b a ab ab a

Old-field - New b be b ab ab ab

Old-field - Old c c (&) ab bc ab

Heath -bracken c c € ab abc b

Heath c c c b bc c

F 91.6 11.9 iTe I fz] 3.8 15.7

significance * % * * * * ¥ ns * * % %
Table 2.3 An overview of the distribution of calcium carbonate in the different land-

use types at Minsmere in 1992,

Land-use type Number of Number of fields Percentage of samples
fields tested free of calcium in each field containing
carbonate free calcium carbonate
Heath 4 4 -
(inc bracken)
Old Old-field q 1 -
Young Old-field 1 0 10
Arable 1
Total
-Arable 4 1 8-14
South
-Arable ol 1 2-50

North




Table 2.4 Comparison of percentage of samples in each arable field in the Minsmere
study containing free calcium carbonate in 1990 and 1992,

Samples with free = Samples with free

Field Number calcium carbonate  calcium carbonate Change

(%) (%)

1990 1993
66 0 10 +10
67 0 8 +8
68 10 10 0
69 50 50 -40
21 37 8 -29
60 8 8 0
61 40 30 -10
62 58 50 -8
63 20 10 -10
64 30 20 -10
65 17 0 -17

Table 2.5 A comparison of selected soil values (ug g') at Minsmere with other

values for heathland/moorland soils; Breckland data from Marrs et al.
(1992) and North York Moors from Allen et al. (1974).

Soil property Minsmere Breckland North York Moors
pH 4.0 3.6 3.4-3.7
Exchangeable K 47 25 40
Exchangeable Ca 91 48 140
Exchangeable Mg 23 6 40

Extractable P 3 8 20




The spatial distribution of calcium carbonate in the soils of fields 60 and 66 again confirm
the problems with variability (Figure 2.5). Only a few samples in each field tested positive
and there were no obvious spatial effects. Where calcium carbonate was measured
directly and detected, it was generally within the range 0-1%. These values were in line
with measured estimates from Soil Science and Land Resource Centre (pers. comm.

Professor G. Spoor).

2.4 Discussion

The results obtained for heathland soils in this study gave slightly greater values than
heathland soils in Breckland, except for pH and extractable P, but are in the same order
of magnitude as semi-natural heathland vegetation elsewhere (Table 2.5). The arable soils
have a low loss-on-ignition, which is a common effect of continuous arable cropping, and
a LOl of 1 - 3 % (Jenkinson 1988), which is usual for soils under arable cultivation. The
soil pH and exchangeable Ca concentration in these arable soils were also much greater
than the heathland soils and must have been brought about by liming and/or marling.
Historical evidence suggest that liming has occurred regularly in recent times. It will be
extremely difficult to establish heathland on these soils without further treatment to
reduce pH and exchangeable Ca concentration. Extractable P concentration was also
higher in the arable soils although it was no higher than some heathland soils elsewhere
(Table 2.5). Moreover, the arable soils were below the bounds of 20 yg P g set as a
target for the maintenance of heaths and floristically-rich grasslands (Gough & Marrs,

1990a,b).

Phosphorus sorption, the measure of soils to absorb P, may also be an important factor
for heathland reconstruction. Soils with a high adsorption capacity, as with the Minsmere
arable soils, release P slowly and these soils are likely to aid invasion of Ulex europaeus,

bracken, Betula spp. and subsequently rapid succession to woodland. Data for soil P
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