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ABSTRACT.

Compost derived from sewage sludge and straw was

tested as a material suitable for the reclamation of

derelict land.

Pot experiments demonstrated that the addition of

composted sewage sludge/straw to different spoil materials

increased the dry matter yield of herbage and affected the

growth of grass roots.

Field trials established at three different sites

indicated that the composted sewage sludge/straw increased

the yield of herbage compared to the unamended spoil, but

the yield was unaffected by the method of applying the

compost (blanket layer or incorporated layer). The

nutrient status of the herbage was improved and there was

no accumulation of heavy metals. The compost was shown to

increase the mortality of broad-leaved trees and a lower

rate of compost application (approximately 50 tonnes of dry

solids per hectare) generally produced larger trees than

the higher rates. Applying the compost directly in the

planting hole tended to be more successful than

incorporating the compost over the whole area.

Chemical, biological and physical analyses

demonstrated that the compost had a beneficial effect on

the properties of colliery shale, but also increased the

concentration of heavy metals.

The ability of the composted sewage sludge/straw to

supply	 nitrogen	 was	 investigated	 in	 laboratory

mineralisation experiments. The results showed that the

rate of mineralisation was slow and unaffected by the

amount of compost added, although the release of mineral

nitrogen increased as the rate of compost addition

increased. The availability of heavy metals was also

investigated and the results showed that the compost

decreased the extractability of heavy metals.

The maturation and storage of the composted sewage

sludge/straw was evaluated by monitoring a number of

parameters in piles of compost over an 	 eighteen month
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period. The results indicated that the compost was mature

after 6-8 months and could be stored with little change in

properties.
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1.0.0. INTRODUCTION.

1.1.0. What is derelict land?

Derelict land is difficult to define as it must

reconcile economic and aesthetic approaches. The term

'derelict land' in the legal sense suggests land abandoned

by the owner. However land can be spoiled without being

economically derelict. Oxenham in 1966 proposed derelict

land to be of a neglected appearance giving offence to the

eye - a vague description emphasising the aesthetic impact.

The need to define dereliction is important for

legislative purposes and the first official British

definition of derelict land was provided by S. H. Beaver in

1954:

'land which has been so damaged by extractive or

other industrial processes or by any form of

urban development that in default of special

action it is unlikely to be effectively used

again within a reasonable time and may well be a

public nuisance in the meanwhile'.

When it was decided to collect annual returns of

derelict land from local authorities a much shorter

official definition was prepared and in 1964 the Ministry

of Housing and Local Government introduced the following

definition of derelict land:

'land so damaged by industrial or other

development that it is incapable of beneficial

use without further treatment'.

This definition has been used as the basis for

government derelict land surveys in the U.K. from 1964-

1974, although it is widely believed that these surveys

severely underestimate the true extent of dereliction. In

1974 the Department of the Environment (DoE) expanded the



definition of derelict land to include abandoned rail and

service land (Oxenham 1966, Wallwork 1974, Hackett 1977,

University of York 1979, Bradshaw and Chadwick 1980,

Dennington and Chadwick 1982).

In 1988, the Government reviewed the Derelict Land

Grant Programme to allow more flexibility, giving greater

priority to enhancing the environment. An internal group

was established to review the causes and incidence of

derelict land, the measures needed to deal with it and to

prevent dereliction in the future. It was felt that the

1974 definition of derelict land implied that all derelict

land merited treatment (DoE 1989a). Thus derelict land was

re-defined as:

'land significantly damaged by industrial or

other use'.

Sources of data on derelict land may be obtained from:

1) Government surveys. 

The DoE derelict land surveys published yearly from

1964-1974 recognised three categories of dereliction,

namely spoil heaps, excavations and pits and other forms of

dereliction. From 1974 onwards the surveys present more

data and also include military and other services

dereliction and abandoned rail land.

2) Second Land Utilisation Survey of Britain. 

The survey carried out from 1960 onwards distinguishes

derelict land, heath and rough land, land in use for

tipping and the extractive industries.

3) Local Authority Planning Departments. 

These departments supply data for the Government

surveys but some also carry out independent surveys

including wasteland not included in the government

definition.



A comparison of derelict land data from three

different sources in Merseyside revealed that the DoE

survey gave the lowest estimate and the 2 nd Land

Utilisation Survey gave the greatest estimate (Hackett

1977, University of york 1979, Dennington and Chadwick

1982).

1.1.1. Origins of derelict land. 

Dereliction arises from a variety of causes. The

mineral extraction and processing industries are the major

contributors to dereliction with spoil heaps, worked out

excavations, disused and abandoned buildings. In some

areas abandoned military installations, disused railway

lines and canals are the main sources of derelict land.

The dereliction arises from the interaction of a

complex set of influences, notably the geological structure

and physical location of mineral outcrops, the amount of

overburden, extraction and refining techniques and the

methods of waste disposal (Wallwork 1974).

The main minerals extracted in England are coal, sand

and gravel, limestone, chalk, china clay and brick clay.

Mining, quarrying and opencast mining all lead to different

forms of dereliction. Deep mining for coal produces

millions of tonnes of spoil which is tipped, the shape of

the spoil heap being dependent on the tipping mechanism.

Opencast mining for coal must be restored under the

provisions of the Opencast Coal Act 1958 and the Town and

Country Planning Act 1971. Small sites are often worked

quickly and restored, typically with a hill and dale

formation.

Sand and gravel workings are often shallow quarries

and are not serious problems for restoration. Limestone

quarries on the other hand are often deep pits with

unsatisfactory restoration leaving scars in scenic upland

areas. China clay workings produce 7-9 tonnes of waste for

every tonne of clay resulting in huge conical mountains of

waste material.	 Brick clay is less of a problem as the



workings are typically shallow with very little waste

(Oxenham 1966, DoE 1986, Wallwork 1974, University of York

1979).

1.1.2. Extent of dereliction. 

Spoil heaps are the largest category of dereliction in

England, followed by railway dereliction, excavation and

pits. Military dereliction is the smallest category.

Dereliction is greatest in the North and North West of the

country, followed by the South West, Yorkshire and

Humberside, East and West Midlands. The smallest amount of

dereliction is recorded in the South East and East Anglia

(University of York 1979).

The first estimates of derelict land were made by J.

R. Oxenham in 1948 and a more complete survey was carried

out by the Ministry of Housing and Local Government in

1954. From 1964 each local authority has had to provide

returns of derelict land, proposed reclamation and any

reclamation carried out. The DoE introduced a new form of

survey which took effect from 1974 and included service

land. These surveys have provided a better basis for the

analysis of derelict land than any source available

(Wallwork 1974).

The Government survey in 1974 showed there were 43,000

.ha of derelict land in England. In 1982 45,700 ha of

derelict land were recorded in England, showing that the

extent of derelict land was on the increase despite greater

reclamation efforts (DoE 1986). The 1988 derelict land

survey, however, showed that 14,000 ha of derelict land had

been reclaimed since the 1982 survey and that 40,500 ha of

derelict land remained of which 31,500 ha justified

reclamation. The amount of derelict land is thus on the

decrease. It is anticipated that the rate of creation of

new derelict land in 1988-1994 will be comparable to that

in 1982-1988, but an increase in the resources to deal with

derelict land means that the extent of dereliction is

expected to fall further in 1988-1994 (DoE 1989a). Table



1.1. shows the extent of the different categories of

derelict land in England.

Table 1.1. Derelict land in England in 1988.

Type of dereliction

spoil heaps (colliery)
spoil heaps (metalliferous)
other spoil heaps
excavations and pits
military
railway
mining subsidence
(and land affected by
underground mining
operations)
general industrial
others

total

(DoE 1989a).

ha % of total

4,695 11.59
4,769 11.78
2,430 6.00
5,958 14.72
2,576 6.36
6,413 15.84
1,035 2.56

8,482 20.95
4,131 10.20

40,489 100.00

1.1.3. Reclamation of derelict land. 

The term reclamation implies the return of derelict

land to some beneficial use other than the one which

existed prior to its dereliction. Restoration implies the

return of the land to its former use.

1.1.4. Aims of reclamation. 

The reclamation of derelict land aims to

1) restore the fertility of the land;

2) produce a landscape which is visually acceptable;

3) reduce the risk of pollution and danger from fires, dust

etc.;

4) speed up the natural processes of soil formation.



1.1.5. Reclamation incentives. 

Before 1945 there were no concerted efforts to reclaim

derelict land in Great Britain and the reclamation that did

occur was piecemeal. There was no Government finance

available for reclamation before 1945 and the work was

either privately financed or funded by local authorities.

Various enactments since 1945 have included provisions

which might be used in the reclamation of derelict land.

The local Government Act 1966 made grants available for

reclamation of derelict, neglected and unsightly land. The

Town and Country Planning Act 1971 which has been amended

by the Town and Country Planning (Minerals) Act of 1981 has

been the main Act to limit the production of further

derelict land. The Derelict Land Act 1982 has been the

crucial legislation to reduce existing derelict land (DoE

1986).

1.1.6. Reclamation techniques. 

Much of the limited reclamation before 1945 was

carried out manually. Later the heavy machinery developed

for civil engineering and mining projects was found to be

suited to derelict land reclamation. A wide range of

reclamation techniques can be involved depending on the

type of site, location, topography, substrate and the

proposed after use of the land.

Often the aim of the reclamation is to establish a

vegetative cover on the spoiled land and therefore the main

problem to overcome is the lack of soil. The simplest

solution is to bring soil to the site, but this is costly

(estimated to add £20,000 ha -1 to the cost of reclamation,

Bradshaw 1989) and much work has been done to reclaim land

without the use of topsoil, for example planting trees

directly into colliery spoil and the direct seeding of

colliery shale and pulverised fuel ash (PFA). Conventional

reclamation	 techniques	 involving	 regrading,	 deep

cultivation and the application of inorganic fertilisers



are often immediately effective, but the results can be

very short lived (Hall and Vigerust 1984, Richardson and

Evans 1986). Other waste materials such as farm yard

manure (FYM), sewage sludges, spent mushroom compost,

municipal refuse, river, canal and estuary dredgings and

brewery waste have all been utilised as sources of slow

release fertiliser to try to avoid regression (Oxenham

1966, Wallwork 1974, University of York 1979, Bradshaw and

Chadwick 1980, Bradshaw 1982b, Dutton and Bradshaw 1982,

Bradshaw 1983, Hall and Vigerust 1984, DoE 1986, Roberts

and Simpson 1987). Bulky organic waste can often overcome

many of the physical problems of derelict land,

particularly porosity, aggregate stability and water

availability, improving the conditions for root penetration

and plant growth (Hall et al. 1986). There is potential

for using organic wastes to reclaim the legacy of derelict

land inherited from previous generations as well as to

reclaim land being spoiled today.

1.1.7.	 Factors affecting the revegetation of derelict 

land.

The major factors limiting the revegetation of

derelict land are the adverse physico-chemical properties.

Derelict land is typically low in nutrients and organic

matter. The lack of organic matter and structure increases

the susceptibility to physical damage, particularly

compaction leading to poor root penetration and low

infiltration rates (Hall and Vigerust 1984, Broughton

1985). Nitrogen deficiency and the absence of a

functioning nitrogen cycle is a feature common to all

derelict land and must be overcome for successful

revegetation (Jefferies et al. 1981, Bloomfield et al.

1982, Hall and Vigerust 1984).

Colliery spoil is one of the most difficult ranges of

substrates to revegetate. The principal factor limiting

vegetation of colliery spoil is the extreme acidity due to

the	 oxidation of	 pyrites,	 resulting	 in increased



availability of the phytotoxic metals aluminium and

manganese. The low pH also renders phosphate unavailable.

Extreme acidity may result in the complete deterioration of

vegetative cover (Costigan et al. 1981, Metcalfe 1984,

Broughton 1985, Chadwick 1987). Adverse physical

conditions also severely restrict the revegetation of

colliery spoil (Chadwick 1987). Brierley (1956)

investigated a number of pit heaps in the East Midlands and

the North East and concluded that the main problem to

revegetation was mechanical rather than chemical. A review

of the technical problems and the future trends of the

reclamation of colliery spoil can be found in Broughton

(1985).

1.1.8. After-uses of reclaimed derelict land. 

Once reclaimed, derelict land can be put to a variety

of uses, the most important of which are agriculture,

pasture and forestry. Coleman (1978) proposed that if

derelict land was afforested it would significantly improve

home timber production without disrupting other productive

land uses.	 Other major land uses include amenity, golf

courses, sports fields, public open spaces and nature

conservation (Doubleday 1974, Blauch 1978, Bradshaw and

Chadwick 1980, McRae 1989). Broughton (1985) considers the

main benefits of reclamation are not attained by farming

the land but by using the reclaimed land for housing and

industry, thus reducing the amount of good quality farmland

lost to development.

1.2.0. The problem of sewage sludge disposal.

Sewage sludge is the natural by-product of sewage

treatment and the average production in the U.K. is 1.21

million tonnes of dry solids per year, which must be

disposed of safely and economically (Hall et al. 1986).

Approximately 40% of the U.K. sewage sludge is disposed of

on agricultural lands, 30% at sea, 15% in landfills and 4%



is incinerated. Very small quantities are used in land

reclamation and for composting (Bayes et al. 1987). There

are large regional variations in the disposal of sewage

sludge (Hall et al. 1986). A survey of sewage sludge

treatment and disposal practices in the European Community

can be found in Newman and Bowden (1989).

1.2.1. The Properties of Sewage Sludges. 

Sewage sludges exhibit wide variations in physical,

chemical and biological properties according to their

origin, treatment and their storage (Colin et al. 1989).

All sludges contain nitrogen, phosphorus and organic matter

but only small quantities of potassium and trace elements.

Some sewage sludges contain lime, which is added during

treatment. Some typical values of sewage sludge analyses

are shown in table 1.2.

Table 1.2. Typical nutrient values of sewage sludge.

Type of sludge 

	

Dry solids Total	 *	 Total
(%)	 *nitrogen	 phosphorus 

	

(%)	 (%)

liquid undigested	 5	 3.5	 3.0
liquid digested	 4	 5.0	 4.0
undigested cake	 25	 3.0	 2.5
digested cake	 25	 3.0	 3.6
composted	 50	 1-2
	 -

*
as % of dry solids

(Hall et al. 1986, Bayes et al. 1989).

The availability of nitrogen in sewage sludges is

dependent on the treatment. The nitrogen availability (as

a percentage of the total nitrogen) in the first year

following application to land is 35%, 60%, 20% and 15%

respectively for undigested liquid sludge, digested liquid

sludge, undigested cake sludge and digested cake sludge.



Phosphorus availability is less dependent on the treatment,

with approximately 50% of the total phosphorus being

available to plants (Bates 1972).

1.2.2. The use of sewage sludge on land. 

Sewage sludge has been applied to agricultural land

since at least 1559 and there is considerable literature

from 1894 onwards on the use of sewage sludge. There are

many references to the affects of sewage sludge on plant

growth and comparisons with inorganic fertilisers and

animal manures has shown sewage sludge to be a suitable

substitute. It has been widely demonstrated that sewage

sludge can supply crop nutrients and ameliorate adverse

soil conditions (Bates 1972, Hall et al. 1986). Four

options proposed for using sewage sludge on land other than

agricultural land are forestry, restoring disturbed land,

reclaiming derelict land and improving green areas in the

urban environment (Sopper et al. 1981, Moffat 1988, Bayes

et al. 1989, Moffat and Bird 1989).

Generally, sewage sludge amendments either

incorporated or applied to the surface have been shown to

decrease the soil bulk density, improve aggregation of fine

soil, improve porosity and water retention, to supply

carbon, nitrogen and phosphorus, alter pH, influence cation

exchange capacity, electrical conductivity and decrease

thermal conductivity. Microbial levels are increased

together with microbial activity but microarthropod

populations may decline and seed germination may be

inhibited by sewage sludge (Gupta et al. 1977, Mazurak et

al. 1977, Kladviko and Nelson 1979, Danneberg et al. 1981,

Diez 1981, Clapp et al. 1986, Fresquez et al. 1990).

Early experiments on organic manures were carried out

between 1942 and 1949, with over 113 different experiments

carried out at 56 sites on the direct, cumulative and

residual effects of farm yard manure, town refuse, sewage

sludge, composts derived from sewage sludge and straw. The

results suggested that to be successful, an organic manure



must contain an ample supply of nutrients and the residues

of well rotted straw (which contains potash and provides

structure to the manure). Sewage sludge was shown to be

little more than a source of nitrogen and phosphorus. Well

rotted sewage sludge/straw compost was shown to have a

similar effect on crop yield as farm yard manure. Farm

yard manure, sewage sludge and sewage sludge compost were

shown to have large cumulative and residual effects

(Bunting 1963, Garner 1966a and 1966b, Le Riche 1968).

1.2.3. Constraints to the use of sewage sludge on land. 

One of the major factors limiting the application of

sewage sludge to land is the presence of heavy metals,

which arise largely from industrial discharges into the

sewers (Hall etal. 1986). The metals of major concern are

aluminium, cadmium, chromium, cobalt, copper, manganese,

mercury, molybdenum, nickel, silver, vanadium and zinc

(Brown 1975, Sterritt and Lester 1980, MAFF 1982).

Throughout sewage treatment the metals remain with the

suspended solids. The addition of lime, iron or aluminium

during treatment decreases the solubility of metals in the

sewage (Sommers et al. 1987).

The range and mean values of potentially toxic

elements in soils and sewage sludges are shown in table

1.3. The DoE guidelines for the U.K. and the EC Directive

(which is mandatory) are shown in tables 1.4 and 1.5

respectively.

The U.K. limits for Cu, Ni and Zn in the soil are

based on an EDTA extractable basis, whereas the EC

Directive limits are on a total metal basis (Hall et al.

1986).

There have been a number of studies on the influence

of heavy metals in sewage sludges on soil properties and on

the growth of plants. Some soils are low or deficient in

zinc, copper, manganese and iron. Sewage sludges rich in

these elements could be used to remedy the deficiencies

(Chaney et al. 1978). 	 A number of workers have shown



an increase in soil and plant tissue concentration of heavy

metals due to the addition of sewage sludge (Andersson and

Nilsson 1976, Kelling et al. 1977, Stoveland et al. 1979,

Soon et al. 1980, Petruzelli et al. 1981, Carlson et al.

1982, Baxter et al. 1983, Chang et al. 1984, Singh and

Narwal 1984). The uptake of metals by crops is complex,

governed not only by the concentration in the soil, but by

pH, organic matter and competitive metal interactions

(Garcia et al. 1979). Immediately following application to

land, all sludges undergo changes which affect the

solubility and plant uptake of trace elements. Research

indicates that the plant availability of sludge derived

metals remains the same or decreases with time once applied

to the soil (Chang et al. 1987).

Metals added to soils via sewage sludge show little

downward movement, thus there is little danger of pollution

of groundwater (Baxter et al. 1983, Rappaport et al. 1988).

Davis et al. (1988) found that 87% of Cd, Cr, Co, Ni, Pb

and Zn applied to grassland in sewage sludge remained in

the top 5 cm of the soil. This has important implications

regarding the grazing of animals.

Table 1.3. Concentrationf of potentially toxic elements in
soils and sludges (mg kg-i dry weight).

Soil Sludge,
Element Range Mean ERMt Mean

Cd 0.01-2.4 1 2-1500 20
Cu 2-100 20 200-8000 650
Ni 10-1000 50 20-5000 100
Zn 10-300 50 600-2000 1500
Pb 2-200 20 50-3600 400
Hg 0.01-0.3 0.03 0.2-18 5
Cr 5-1000 100 40-14000 400
Mo 0.02-5 2 1-40 6
As 1-50 6 3-30 20
Se 0.01-2 0.2 1-10 3

2-100 10 15-1000 50
30-300 150 60-4000 250

(Hall et al. 1986).



Table 1.4. Maximum permissible concentrations of
potentially toxic elements in soil following application of
sewage sludge and maximum annual rates of addition.

Element	 Maximum permissible 
concentration of PTE
in soil (mg kg I-) 

2L1

Maximum permissible 
average annual rate of
PTE addition over a,10
year period (kg ha-L) 

5.0<5.5 5.5<6.0 6.0-7.0 >7.0

Zn 200 250 300 450 15
Cu 80 100 135 200 7.5
Ni 50 60 75 110 3

for pH 5.0 and above 

Cd	 3	 0.15
Pb	 300	 15
Hg	 1	 0.1
Cr*	400(provisional)	 15(provisional)
Mo *	4	 0.2

Ael*	

3	 0.15

	

50	 0.7
F	 500	 20

not subject to the EC Directive.

(DoE 1989b).

Table 1.5. EC Directive limit values for heavy metals.

Element	 Limit values	 Limit values	 Limit values on 
in sludge	 in 5011* 	 annual addition 
(mg kg- ')	 (mg kg) based on a 10 yr 

average,	 _,
(kg ha ' yr .1) 

Cd	 20-40	 1-3	 0.15
Cu	 1,000-1,750	 50-140	 12
Ni	 300-400	 30-75	 3
Zn	 2,500-4,000	 150-300	 30
Pb	 750-1200	 50-300	 15
Hg	 16-25	 1-1.5	 0.1
Cr	 **	 **	 **

* limits can be exceeded by up to 50% if soil pH is
consistently higher than 7.0. ** limits to be set

(CEC 1986).



Another constraint to the use of sewage sludge on land

is the amount of nitrogen. In nitrate sensitive areas of

the country, organic manure should be limited to an annual

application of 175 kg ha nitrogen. Assuming that

sewage sludge contains an average of 3% nitrogen, the

annual application of composted sewage sludge in such areas

would be limited to 5.8 t ha-1.

1.2.4.	 Why sewage sludge is suitable for derelict land 

reclamation. 

There has been considerable interest in the use of

sewage sludge as a source of stable organic matter for the

reclamation of mining and other spoils (Bates 1972, Crites

1984, Hall et al. 1986). Dalton et al. (1968) suggested

that land reclamation was the ultimate answer to a complete

and safe method for the disposal of sewage sludge.

Soils in the process of reclamation are typically very

deficient in organic matter and therefore tend to suffer

physical problems, such as lack of water holding capacity

and poor structure and are nearly always deficient in

reserves of nitrogen and phosphorus. Sewage sludges

contain large amounts of organic matter, nitrogen,

phosphorus, calcium (especially in limed sewage sludges)

and trace elements in a slow release form. 	 Thus the

composition of sewage sludges is almost exactly

complementary to the requirements of derelict land (Hill et

al. 1979, Furrer and Stauffer 1981, Williamson and Johnson

1981, Coker at al. 1982, Hall and Vigerust 1984, Sabey et

al. 1990). Sewage sludges give up their nutrients slowly

enabling vegetation to establish without regression.

Sufficient sewage sludge can be added in one application to

satisfy the organic nitrogen needs of the derelict land

(CAST 1976, Marrs 1989). In general if the sewage sludge

has been applied at a rate to meet the nitrogen demand then

the phosphate demand will be adequately met (CAST 1976).

Due to the wide range of spoil materials and landscapes,

the recommendations for sludge application on derelict land



must be considered on a site-to-site basis (CAST 1976).

The usual rate of application of sewage sludge to derelict

land is 100 tds ha -1 , but more than 1,500 tds ha-1 have

been used in some reclamation schemes (Bates 1972, Hall et

al. 1986, Norton 1987).

The use of sewage sludge in land reclamation avoids

the need to bring in expensive topsoil. Nationally 20% of

sewage sludge could be used for derelict land reclamation

(Hall 1990). Table 1.6. shows the amount of derelict land

remaining and justifying reclamation for each area of the

country together with the sewage sludge production of these

areas, the area restored annually and the percentage of the

annual sludge production that would be utilised if sewage

sludge was used to reclaim these areas at a rate of 100 tds
-----

ha -1 . On a regional basis the potential for using sewage

sludge to reclaim derelict land in the south of the country

is a very small percentage of the total sludge production,

however in the north of the country derelict land

reclamation could offer a much larger outlet for sewage

sludge (Hall et al. 1986).

The principle constraints to the use of sewage sludge

in land reclamation are the lack of appreciation of the

value of sludges and derelict land by the restoration and

water industries to their respective operations and

apprehension of potential environmental problems due to

heavy metals, pathogens, odour and water pollution. There

are also logistic difficulties of matching sludge

production to derelict land. In the U.K. approximately

half of the derelict land is in urban areas and it is

likely that these sites are within a reasonable transport

distance of a sewage treatment works. In rural areas it is

not always economic for the water authority to transport

the sludge to the derelict site (Hall et al. 1986). Sabey

et al. (1990) suggests one of the primary reasons for the

slow development of the use of sewage sludges on

drastically disturbed land in the U.S.A. is the cost of

transporting the sludge from the source of production.

Sewage sludge also has an unfortunate reputation with the
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public and local authorities, although the application of

sewage sludge to forestry or derelict land reclamation

should raise less objections than its application on

agricultural land (Hinesly et al. 1972, Murray and Gidding

1982, Grant and Olesen 1984, Norton 1987, Hall 1990). The

use of sewage sludge on derelict land should be encouraged

as it is least likely to pose a risk to health and the

large one-off applications enables sewage treatment works

to clear their stockpiles of sludge (DoE 1981). The use of

sewage sludges to reclaim derelict land has been

investigated by Byrom (1984) and over 180 references

reporting on the use of sewage sludge to reclaim land have

been summarised by Hall et al. (1986).

The heavy metal problem of sewage sludges should be

less significant in derelict land reclamation schemes as

usually there is only the one application of sewage sludge

not the repeated applications that lead to the accumulation

of metals in the environment (Hill et al. 1979, Bradshaw

and Chadwick 1980, Bayes et al. 1989). If the sludge is

contaminated with high concentrations of heavy metals it

may limit the after use of the reclaimed land (DoE 1981).

The acidity of colliery shale may cause the heavy metals in

sewage sludge to become more available to plants (Metcalfe

1984).

1.3.0. Composting sewage sludges.

Some of the objections to using sewage sludge on land

are the odour, the presence of harmful pathogens, the risk

of contamination of groundwater with nitrate, the level of

heavy metals and the difficulty in handling and

incorporating the sludge. Some of these objectionable

factors can be eliminated or minimised by composting the

sewage sludge (Griebel et al. 1979).



1.3.1. The composting process. 

Various	 definitions	 of	 'composting'	 have	 been

proposed. In general, composting is a controlled process

of decay affected by microorganisms in a warm, moist

environment leading to the production of humus from waste

materials (Wiley 1960, Gray and Biddlestone 1971). Zucconi

and de Bertoldi (1987a) proposed the following definition

to restrict the term 'composting' to a specified type of

process:

'composting is a controlled biooxidative process

that involves a heterogeneous organic substrate

in the solid state and evolves by passing through

a thermophilic stage and a temporary release of

phytotoxins, leading to the production of carbon

dioxide, water, minerals and stabilised organic

matter (compost)'.

Control of the environmental conditions distinguishes

composting from natural rotting or putrefaction. The

process, which is predominantly aerobic and involves both

mesophilic and thermophilic microorganisms, has three basic

phases: (1) an initial phase of 1-2 days when temperature

increases rapidly and readily degradable compounds are

decomposed; (2) a thermophilic phase which may last for

several months during which cellulose is degraded; (3) a

curing or stabilising phase during which the temperature

decreases, the rate of decomposition decreases and the

mesophilic microbes recolonise (Hoitink and Fahy 1986,

Zucconi and de Bertoldi 1987a).

The most recent and the shortest definition of

'composting' has been proposed by Finstein etal. (1990):

'composting is a microbe-based, aerobic, solid

phase matrix, self-heating process.'



The microbes responsible for composting are various

beneficial bacteria and fungi that are wide spread in the

environment and indigenous to the solid waste materials

undergoing composting. It is not necessary to add special

microorganisms (Finstein et al. 1990).

1.3.2. Systems for composting sewage sludges. 

Composting of sewage sludges has been extensively

practised in the Far East for centuries, but it is a more

recent phenomenon in the West. The interest in composting

sewage sludges increased in the 1970'5 in the U.S.A. when

legislation was introduced to ban the dumping of sewage at

sea (Willson et al. 1980, Hornick et al. 1984, Hoitink and

Fahy 1986, Lopez-Real et al. 1989).

Composting aims to: (1) improve visual appearance, (2)

minimise odours, (3) provide a material with desirable

physical properties for ease of handling, (4) concentrate

valuable plant nutrients, (5) eliminate disease hazards,

(6) destroy seeds (Fuller 1970).

The three principal systems for composting sewage

sludges are outlined below.

1) Windrow composting. 

This system is the most basic of the composting

processes.	 The materials are mixed and placed in piles

(windrows) often 2-3 m high to compost. Aeration is

achieved by mechanically turning the pile several times

during the process either with a front end loader or a

dedicated compost turning machine.	 The frequency of

turning, and hence aeration, determines the rate at which

the composting proceeds. After each turning the

temperature of the pile rises and moisture is lost by

evaporation. The windrow system is slow and requires large

amounts of land.

2) Aerated pile composting. 

The static aerated pile process was developed to



reduce the land requirements and problems associated with

windrow composting. The material is windrowed on top of a

network of pipes and aerobic conditions are maintained by

forcing air up through the pile or drawing air downwards

through the pile, thus there is no need to mechanically

turn the pile.

In the U.S.A. where much of the research regarding the

composting of sewage sludge has been carried out, two

different schools of thought have developed with respect to

the mechanism of aeration control. The Beltsville system

is based upon aeration on a timed basis and operates

independently of the temperature of the composting heap.

This process was developed to achieve high initial

temperatures for the destruction of pathogenic organisms.

The Rutgers system is based on temperature feedback control

whereby aeration is activated by a thermostat probe located

in the composting material which switches on the fans

responsible for the oxygenation at a pre-selected

temperature control point (frequently 50-55 C). The

crucial difference between the two systems is the

maintenance of a temperature control point where maximum

number and diversity of microorganisms is established and

therefore maximum decomposition rates are maintained in the

Rutgers system. In the U.K. most researchers in the field

of composting favour the Rutgers system (Lopez-Real 1990).

3) In-vessel composting. 

A number of high capital cost composting plants have

been developed in which the material to be composted is

contained within a special reactor vessel. Such vessels

include single stage vertical silos, multiple stage

vertical silos, horizontal silos and variations on a

rotating drum.	 Aeration is provided by mechanically

agitation, air injection or a combination. Temperature

feedback control is not normally employed in these systems

resulting in a loss of process efficiency (Haug 1978, Atlas

1984, Lopez-Real 1990).



1.3.3. Advantages of composted sewage sludge. 

Fresh sewage sludge has a clay-like constituency with

no visible structure and is extremely impervious to water.

Composting radically alters the physical nature of sewage

sludges, increasing aggregation, hydraulic conductivity and

permeability to water, producing a friable, odourless and

humus-like material which is easily stored and spread

(Griebel et al. 1979, Vigerust 1981, Sopper et al. 1981,

Kerr and Sopper 1982, Nye et al. 1982, Vigerust 1984, Hall

1990). Composting causes volatilisation of the excess

nitrogen and generates heat which drives off excess

moisture and destroys pathogens. The availability of heavy

metals is also decreased by the composting process (Griebel

et al. 1979, Andersson 1984, Simeoni et al. 1984). By

decreasing the bulk of the original sludge by 50%,

composting also decreases the transport costs (Hall 1990).

The slow release of nutrients from composted sewage sludge

ensures a stable supply for the growth and maintenance of

plants	 (Avnimelech	 1986).	 This	 is	 particularly

advantageous for the reclamation of derelict land.

Ideally the compost should be: (1) low in soluble

salt content, (2) low in harmful metal salts, (3) free from

plant diseases and pathogens, (4) free from weed seeds, (5)

free from excess dust, (6) free from malodours, (7) have a

favourable plant nutrient content (Fuller 1970).

1.3.4. Uses for composted sewage sludge. 

Potential uses for composted sewage sludge are

commercial horticulture, organic farming, tree planting,

amenity, land restoration and derelict land reclamation

(Wallwork 1974, Crites 1984, Hall 1990).

1.4.0. Objectives of this research.

The basic aim of this research is to investigate the

use of composted sewage sludge/straw produced by Southern



Water at the Canterbury sewage treatment works (STW) for

the reclamation of derelict land.

The composting of sewage sludge at the Canterbury STW

began in 1985 as a response to complaints involving the

obnoxious odours when the pressed cake sludge was removed

from the site. The Canterbury STW is an activated sludge

plant.	 The primary and secondary solids together with

surplus activated sludge, lime and polymers are

consolidated and pressed by a plate press. The output is

approximately 30 tonnes per day and prior to composting

this was stored on site for 6 months or more before being

transported to farmland in late summer and early autumn.

The sludge cake was transported over a period of three

weeks by about 20 trucks per day, resulting in an odour

problem in the Fordwich and Sturry areas. In 1985 a court

injunction was served to prevent the removal of sludge cake

from the STW, thus an alternative treatment was needed.

Two alternatives were considered. Anaerobic digestion was

a costly option and thus composting was chosen to solve the

sludge storage, removal and odour problems.

The composting process used at the Canterbury STW is a

forced aerated, static pile process with temperature

feedback control based on the Rutgers system. The

dewatered activated sludge cake is mixed with straw at a

ratio of 10:1 by passing through a muck-ranger and
windrowed over perforated pipes. Aerobic conditions are

maintained by forcing air through the pile for 21 days

after which the fresh compost is removed from the pipes,

re-mixed and windrowed to mature for several months prior

to use. At any one time there were five heaps of 400 t in

the process of composting, which was carried out in the

open air. The finished product was stored in the open.

The composting resulted in an overall decrease in volume of

approximately 70% and a decrease in weight of approximately

50%.	 Any leachate from the piles was returned to the

sewage treatment plant. The majority of the composted

sewage sludge/straw produced at the Canterbury STW is used

on farmland, but a third of the production is sold to a



company for mushroom compost.

The aims of this research were to evaluate the use of

the composted sewage sludge/straw for the reclamation of

derelict land by:

(1) investigating the effect of the composted sewage

sludge/straw on the growth of grass and trees by carrying

out field and pot trials;

(2) investigating the effect of the composted sewage

sludge/straw on the chemical, physical and biological

properties of derelict land;

(3) investigating the ability of the composted sewage

sludge/straw to supply nitrogen;

(4) investigating the maturation process and the storage of

the composted sewage sludge/straw.



2.0.0 POT EXPERIMENTS TO INVESTIGATE THE POTENTIAL OF

COMPOSTED SEWAGE SLUDGE/STRAW TO RECLAIM DERELICT LAND.

2.1.0. Introduction.

The aims of these experiments were to investigate the

potential of using composted sewage sludge/straw to reclaim

derelict land by carrying out a series of pot trials.

Many researchers have experienced difficulties in

carrying out pot experiments using sewage sludges. Wollan

et al. (1978) found that the germination of barley and

ryegrass seeds was delayed in a pot trial using sewage

sludge. The effect was dose related, increasing as the

rate of sewage sludge increased, but was found to be

temporary. Danneberg et al. (1981) showed that sewage

sludge could enhance the production of crops but high rates

of sewage sludge application caused a decrease in yield due

to the high soluble salt content. Hall and Vigerust (1984)

suggest that application rates of sewage sludge greater

than 124 tds ha-1 restrict the growth of grass because of

the high salinity. Pot experiments by other researchers

have shown composted sewage sludge to be successful in

growing horticultural plants in containers (Chaney et al.

1980, Logan et al. 1984, Lopez-Real et al. 1989).

In this series of experiments a number of pot trials

were carried out to investigate the effects of different

rates of composted sewage sludge/straw application on the

germination, growth and yield of grass mixtures grown in a
variety of different materials. A container experiment was
also carried out to determine the effects of composted

sewage sludge/straw on the establishment and growth of

trees.

Unless otherwise stated all pot experiments were

carried out in 10 x 10 cm pots with saucers and watering

was carried out regularly as required into the saucers.

All harvested plant material was oven dried at

approximately 80 C for 48 hours and yields of herbage was

expressed as g m-2.



2.2.0.	 Preliminary trial to establish the effect of

different	 rates	 of composted sewage sludge/straw

application on the growth of Lolium perenne.

2.2.1. Introduction. 

The aims of this preliminary trial were to investigate

the effect of different rates of composted sewage

sludge/straw application on the growth of Lolium perenne 

and to indicate suitable levels of compost application for

the field trials (3.0.0.).

2.2.2. Materials and methods. 

Composted sewage sludge/straw and vermiculite (medium

grade) mixtures were prepared to provide 0, 5, 10, 20 and

40% compost v/v. To relate these mixtures to the rates of

compost applied in the field trials, it was estimated (by

spreading a uniform layer of compost over a tray and

measuring the area of the tray, the depth of the compost

and the moisture content of the compost) that composted

sewage sludge/straw applied at rate of 100 tonnes of dry

solids spread uniformly across 1 ha would have a depth of

approximately 2 cm. If this were then incorporated by

rotovation to a depth of 20 cm the amount of compost in the

plough layer would be 10%. Thus 5, 10, 20 and 40% compost

v/v are approximately equivalent to 50, 100, 200 and 400

tonnes of dry solids per hectare (tds ha -1 ) in the field.

Pots	 were filled with the compost/vermiculite

mixtures and Lolium perenne seeds were sown at a rate of

13.5 kg ha-1 (12 seeds per pot) on 6.12.87. Four

replicates of each treatment received a dose of nutrient

solution (20 ml of 1 g 1-1 Libfeed 214) once a week to

ensure the seedlings had sufficient nutrients. The

experimental design was a split block experiment with four

replicates.

The plants were harvested on 1.2.88, eight weeks after

sowing. The shoots were cut just above the level of the



compost and the roots were washed from the pots. The

root:shoot ratio and the total plant dry matter yield were

calculated. The compost/vermiculite mixtures from the pots

were air dried at room temperature and analysed for pH

(1:2.5 soil:water) and conductivity (saturated paste

method). Details of the analytical methods can be found in

appendix A.

2.2.3. Results. 

The seeds germinated within one week and there was no

inhibition of germination due to treatment. There was an
observable difference between treatments after four weeks

of growth. At all rates of compost application the plants

receiving nutrient solution weekly were more lush than

those receiving water only. The growth was more vigorous

in the treatments with the higher rates of compost

addition.

Statistical analysis showed there were very highly

significant differences (p<0.001) in shoot and root dry

matter yield, total dry matter yield and root:shoot ratios

due to the compost treatment. The weekly addition of

nutrient solution had a significant effect (p<0.05) on the
shoot dry matter yield and a very significant effect on

(p<0.01) on the root dry matter yield and total plant dry

matter yield.	 The addition of nutrient solution did not

have a significant effect on the root:shoot ratio.
The interaction between the compost treatment and

the weekly dose of nutrient solution was non significant

regarding the shoot dry matter yield, the root:shoot ratio

and the total plant dry matter yield but very highly

significant ( p<0.001) for the root dry matter yield.
Figure 2.1 shows that the dry matter yield of L.

perenne shoots grown in composted sewage sludge/straw

without the addition of nutrients increased from 0% compost

to 20% compost, but then decreased between 20% and 40%

compost. The addition of nutrient solution resulted in an

increase in the shoot dry matter yield for each rate of



composted sewage sludge/straw application but with the same

pattern of increase and decrease.

Figure 2.2 shows the results for the root dry matter

yield. The dry matter yield of the roots grown in

composted sewage sludge/straw without additional nutrients
increased between 0% and 10% compost but then decreased

between 10% and 40% compost. The roots grown in composted

sewage sludge/straw with additional nutrients showed a

different pattern, the trend being a decrease in dry matter

yield with increasing compost addition.

Figure 2.3 shows the effect of the percentage of

compost in compost/vermiculite on the root:shoot ratio.

The trend is for the root:shoot ratio to decrease from 0%

to 20% compost and then to increase between 20% and 40%

compost.

The results of the pH and conductivity are shown in

tables 2.1 and 2.2 respectively.

2.2.4. Discussion. 

There was no apparent inhibition of seed germination

due to treatment. Other workers have also shown that

composted sewage sludge does not delay the germination of
seeds (Loebel et al. 1982, Logan et al. 1984).

The results show that the percentage compost v/v in

compost/vermiculite mixtures had a very highly significant

effect on the growth of L. perenne. The increased dry

matter yield of the shoots suggests that the compost

provides nutrients for the growth of the grass and that
increasing the percentage of composted sewage sludge/straw

in the compost/vermiculite mixture increased the nutrients

available for plant growth. It is probable that the

conductivity of the composted sewage sludge/straw was

responsible for the decrease in yield observed with 40%

compost v/v, as even after eight weeks of the trial the

conductivity was as high as-,.80 S m 	 2.2) which is

high enough to restrict the growth of all but salt tolerant
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Table 2.1. pH measurements of composted sewage
sludge/straw and vermiculite mixtures with or without the
addition of nutrient solution following an 8 week growth
period with Lolium perenne.

% compost (v/v)
plants given

water only	 nutrient solution weekly

0 8.6 8.5
5 8.3 8.1

10 7.9 7.4
20 7.5 7.0
40 7.1 7.0

Four replicates were pooled and the pH of a sub-sample was
determined (1:2.5 sample:water).

Table 2.2. Conductivity of composted sewage sludge/straw
and vermiculite mixtures with or without the addition of
nutrient solution following an 8 week growth period with
Lolium perenne.

% compost (v/v)
	

Conductivity (S m-1)
plants given

water only	 nutrient solution weekly

0 "10 013
5 015 0-19

10 (-22 0.42
20 0-47 0.53
40 c81 0-41

Four replicates were pooled and the conductivity of a sub-
sample was determined by the saturated paste method.



crops. Lopez-Real et al. (1989) investigated the use of

composted sewage sludge/straw (produced at the Canterbury

STW) in horticulture and found that the conductivity was

high enough to damage plants. Chaney et al. (1980) also

found that increasing the rate of composted sewage sludge

application decreased the dry matter yield of plants

(marigolds) and attributed this effect to the high soluble

salt content. The decrease in yield may also have been

caused by heavy metal toxicity or a high concentration of

ammonium or it may have been a physical effect due to

water logging.

The increased dry matter yield due to the weekly

addition of nutrient solution seen with each rate of

compost application indicates that the maximum yield of

herbage was not attained and that yield could be increased

further by supplying more nutrients.

The results suggest that the compost has a

deleterious effect on the growth of roots of L. perenne,

particularly at higher application rates (i.e. above 10%

compost v/v). The reasons for the decrease are likely to

be the same as above.

The decrease in the root:shoot ratio between 0% and

20% composted sewage sludge/straw suggests that there is an

increase in available nitrogen for plant growth. The

root:shoot ratio is decreased by an increase in available

nitrogen, provided that phosphorus is not limiting, by

increasing the shoot growth disproportionately more than

root growth (Davidson 1969).

The effect of the composted sewage sludge/straw on pH

was to decrease the pH of the compost/vermiculite mixtures

(table 2.1). The decrease in pH will alter the

availability of nutrients and non-nutrients such as heavy

metals and will therefore affect plant growth. The

conductivity of the mixtures (table 2.2) increased with the

percentage of compost and it may be this high conductivity

that resulted in a reduced yield at 40% compost v/v.

In general the results from this experiment are as

expected with an increase in shoot dry matter yield due to



an increase in the % compost which provides more nutrients

for plant growth. The decrease in yield observed at 40%

compost was neither expected nor unexpected as although it

provides more nutrients for plant growth it also provides

more toxic elements and inhibitory factors.

Following the results from this experiment the rates

of compost application for the field trials (3.0.0.) were

chosen to be 0, 50, 100 and 200 tonnes dry solids per

hectare.

2.3.0. The effect of the addition of N, P and K on the

growth of Lolium perenne in composted sewage sludge/straw

and vermiculite mixtures.

2.3.1. Introduction. 

The results from the preliminary pot trial indicated

that the weekly addition of nutrient solution to Lolium
perenne grown in mixtures of composted sewage sludge/straw

and vermiculite increased the dry matter yield of the roots

and the shoots. This experiment was designed to

investigate the effect of the addition of nitrogen,

phosphorus and potassium, individually and in combination,

to mixtures of compost and vermiculite.

2.3.2. Materials and methods. 

Mixtures of composted sewage sludge/straw and

vermiculite (medium grade) corresponding to 0, 5, 10, 20

and 40% compost v/v were prepared as for the preliminary

experiment (2.2.0.).	 Lolium perenne (cv Kent Indigenous)

was sown in pots	 at a rate of 33.3 kg ha-1 on 17.2.88.

The N, P, K treatments were applied following the

germination of the seeds. The nutrients were applied as

solutions/suspensions of nitram, normal superphosphate and

sulphate of potash to the relevant pots to provide the

equivalent of 100 kg, 50 kg and 50 kg per hectare of

nitrogen, phosphorus and potassium respectively.



The four factors (nitrogen, phosphorus and potassium

each at two levels, and compost at five levels) were set up

as a 2 3 x 5 factorial arrangement with four blocks in a

split-block design (combinations of the two level additives

were randomly arranged in one direction and the composts

were randomised in the perpendicular direction). This

criss-cross design yields maximum information on the

interactions between the different rates of compost

application and the nutrient treatments.

The plants were watered regularly and the shoots were

harvested on 1.5.88, ten weeks after sowing. The roots

were not harvested.

2.3.3. Results. 

The analysis of variance shows very large differences

and it is likely that these differences would have been

observed with a simpler design.

The differences in yield due to the different rates of

compost application are extremely large, accounting for 73%

of the total variation. There are also very highly

significant differences (p<0.001) in the yield of L.

perenne due to nitrogen (N), phosphorus (P), the N x P

interaction, compost (C) x N interaction, C x P interaction

andCxNxPinteraction. The addition of potassium (K)

did not significantly increase the yield of L. nerenne and

there were no significant interactions between K and any of

the other factors. The significant results are summarised

in table 2.3.

Figure 2.4 shows the effect of N, P and K on the dry

matter yield of L. Perenne grown in compost/vermiculite

mixtures. From the graph it can be seen that the mean

yield obtained from the growing mixture containing 0%

compost but with added N, P and K is approximately the same

as the mean yield obtained from the growing medium with 20%

compost but with no additional nutrients.

Figure 2.5 shows the interactions between percentage

compost in the growing medium and added nitrogen and



phosphorus. The graph shows that the addition of N and P

either alone or together has a greater effect on mean yield

at the lower rates of compost application but less of an

effect on yield at the higher (20 - 40%) rates of compost

addition. The addition of both N and P results in a higher

yield than the addition of either N or P individually.

Table 2.3. A summary of the significant effects of the
addition of N, P and K on different rates of composted
sewage sludge/straw on the yield of Lolium perenne. 

Effect	 Significance 

***
***
***
ns

N x p
	 ***

N x K
	

ns
P x K
	

ns
N xPxK
	

ns
C x N
	 ***

C x P
	 ***

C x K
	

ns
CxNxP
	 ***

CxNxK
	

ns
CxPxK
	

ns

C = Composted sewage sludge/straw Ect rates of 0-40%
v/v, N = nitrogen at a i rate of 100 kg ha'', P = phosphorus
at f rate of 50 kg ha -i , K = potassium at a rate of 50 kg
ha- .
*** = very highly significant difference (p<0.001), ns =
non significant difference.

2.3.4. Discussion. 

The results suggest that at low levels of composted

sewage sludge/straw (0-10% v/v) in the growing medium there

are deficiencies in nitrogen and phosphorus and thus the

addition of supplementary nitrogen and phosphorus resulted

in an increase in the dry matter yield. However at higher

rates of addition (20-40% v/v) the composted sewage

sludge/straw can supply adequate amounts of nitrogen and
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phosphorus for the growth of Lolium perenne and the

addition of extra nutrients does not result in an increase

in the dry matter yield.

The addition of potassium to the compost/vermiculite

mixtures did not have a significant effect on the dry

matter yield of the herbage, suggesting that sufficient

potassium was supplied in the composted sewage sludge/straw

or in the vermiculite. This result was unexpected as

sewage sludges are frequently deficient in potassium which

is water soluble and remains in the effluent during sewage

treatment (Bates 1972). However, this result supports

research by Mays et al. (1973) who also found that

composted sewage sludge did not induce potassium deficiency

in plants.

The results from this experiment are comparable to

those from an experiment carried out by Chaney et al.

(1980) who investigated the use of composted sewage sludge

as a source of nutrients for soilless potting media. They

carried out a factorial experiment with nitrogen,

phosphorus, limestone and trace elements on rates of 33, 66

and 100% composted sewage sludge. They found that at all

rates of compost application the phosphorus and trace

element requirements were met by the compost, but at 33%

compost the nitrogen requirement was only partially met.

:2.4.0. The effect of high rates of composted sewage

sludge/straw application on the growth of Lolium perenne in

compost/vermiculite mixtures.

2.4.1. Introduction. 

The results from the preliminary pot experiment

(section 2.2.3.) suggested that the yield of Lolium perenne 

increased with increasing levels of composted sewage

sludge/straw application up to 20% compost v/v in a

compost/vermiculite mixture, but higher levels of compost

resulted in a decline in yield. This decline in yield,

however, was not observed in the experiment investigating



the effect of N, P and K on the growth of Lolium perenne.

The aim of this pot experiment was to investigate the

effect of increasing the rate of compost application on the

yield of Lolium perenne grown in mixtures of compost and

vermiculite. It is possible that high levels of composted

sewage sludge/straw may inhibit the germination of the

seeds or have a deleterious effect on the growth of the

seedlings. On the other hand high rates of compost

application may result in an increase in yield due to the

greater availability of nutrients.

2.4.2. Materials and methods. 

Composted sewage sludge/straw and vermiculite (medium

grade) were mixed to provide 0, 20, 40, 50, 60, 70, 80, 90

and 100% compost v/v. Pots were filled with the mixtures

and Lolium perenne (cv Kent Indigenous) was sown at a rate

of 33.3 kg ha -1 on 24.11.88. The pots were covered with

netting to prevent birds from eating the growing seedlings.

The experimental layout was a randomised block design with

four replicates.

The shoots were harvested on 24.4.89 after 15 weeks.

There appeared to be a large difference in root production

between treatments and attempts were made to wash the roots

from the pots but this proved to be very difficult. The

root mat was cut from under the pot and the dry matter

yield determined on the assumption that the root mat would

adequately represent the actual yield of the roots. The

root:shoot ratio and total (aerial biomass and root mat)

dry matter yield were calculated.

2.4.3.	 Results. 

There were observable differences between treatments,

particularly with the root mats. Statistical analysis

showed there was a very highly significant difference

(p<0.001) in shoot dry matter yield due to compost

treatment and a very significant difference (p<0.01) in the



root mats due to treatment. There were very highly

significant differences (p<0.001) in total (aerial biomass

and root mat) dry matter yield due to compost treatment and

very significant differences (p<0.01) in the root:shoot

ratio.

Figure 2.6 shows the effect of increasing the

composted sewage sludge/straw in the compost/vermiculite

mixtures on the dry matter yield of the roots and shoots of

L. perenne. The dry matter yield of the shoots increased

markedly with increasing compost up to approximately 50%

compost but increased only slightly between 50 and 100%

compost. The root mat dry matter yield however declined

after reaching a maximum yield at 20% compost v/v,

suggesting that the compost has a deleterious effect on the

growth of the roots when applied at high levels.

The root:shoot ratio decreased with increasing

percentage compost (table 2.4).

2.4.4. Discussion. 

The results from this experiment contradict some of

the results from the preliminary pot experiment (2.2.4.).

In the preliminary pot experiment the dry matter yield of

the shoots showed an increase with increasing percentage up

to 20% compost v/v but then declined at 40% compost. In

this experiment the dry matter yield of the shoots

continued to increase with the amount of compost, although

the yield levelled off after 50% suggesting that the

maximum yield had been obtained. The reason for this

discrepancy is not clear as the same batch of compost was

used for both of these experiments.

The dry matter yield of the root mat however, follows

the pattern of the dry matter yield of the roots in the

preliminary pot experiment, showing an increase then a

decrease as the percentage of the compost in the mixture

increased. This confirms that the compost has a

deleterious effect on the growth of roots at the higher

rates of application.



Figure 2.6. The effect of different rates of composted
sewage sludge/straw on the shoot and root dry matter yield
of Lolium perenne grown in mixtures of compost and
vermiculite.
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Table	 2.4.	 The	 effect	 of
sludge/straw application on the
perenne grown in vermiculite and

increasing	 composted	 sewage
root:shoot ratio of Lolium
compost mixtures.

ratio% Compost	 (v/v)	 Root:shoot

0 4.72
20 0.30
40 0.13
50 0.10
60 0.09
70 0.04
80 0.04
90 0.03

100 0.05

S.E. of mean 0.81
significance **

Key. ** = highly significant difference (p<0.01).
Values shown are the means of four replicates.



The root:shoot ratio decreased with the increasing

rate of compost application. Between 0% and 20% composted

sewage sludge/straw this effect on the root:shoot ratio is

probably due to the increasing availability of nitrogen

which increased the aerial biomass more than the roots

(Davidson 1969).	 At application rates of more than 20%

composted	 sewage	 sludge/straw	 the	 root	 production

decreased. The yield of roots can be decreased by 1)

limited pot capacity, 2) plenty of available nutrients so

there is no need to forage 3), by inhibitory factors. In

this experiment it was noted that the roots were not pot

bound, particularly at the higher rates of compost

application and so the decrease in the dry matter yield of

the roots is likely to be due to the availability of the

nutrients or toxicity such as a high soluble salt

concentration.

2.5.0. The effect of different rates of composted sewage

sludge/straw application on root growth of Lolium perenne.

2.5.1. Introduction. 

The results from the experiment to determine the

effect of high rates of composted sewage sludge/straw

application on the shoot dry matter yield of Lolium perenne 

(2.4.0.) indicated that high rates of the compost depressed

the growth of the roots. It was decided to investigate

this effect further.

2.5.2. Materials and methods. 

In the previous experiment it was difficult to remove

the roots from the compost/vermiculite mixtures. To

facilitate the removal of the roots single seeds of Lolium 

perenne (Kent Indigenous) were sown in mixtures of grit and

compost (0, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100%

compost v/v) on 30.6.89. 	 A single inorganic fertiliser

treatment was also included (50 kg ha 	 of N, P and K



added as a mixed fertiliser of nitram, triple

superphosphate and muriate of potash). Round pots with an

8 cm diameter were used in this experiment and they were

covered with netting to prevent birds from eating the

emerging seedlings. 	 The experimental layout was a

randomised block design with five replicates.

The effect of treatment on germination was noted.
Extra seeds were germinated in peat and these were

transplanted to the experimental pots as required. 	 The

roots	 were	 washed	 in	 distilled	 water	 prior	 to

transplanting.

The experiment was harvested on 30.8.89 after nine

weeks. The shoots were cut off and the roots were washed

out of the grit/compost mixtures. The total dry matter

yield and the root:shoot ratio were calculated.

2.5.3. Results. 

Germination of the seedlings was uneven but did not

appear to be related to the treatments.

Analysis of variance showed that there were no

significant difference in root dry matter, total dry matter

or the root:shoot ratio of Lolium perenne due to the

compost treatment. There was a very highly significant

(p<0.001) difference in shoot dry matter yield due to

treatment. The effect of composted sewage sludge/straw on

the root and shoot dry matter yields are shown in figure

2.7.	 The effect of composted sewage sludge/straw on the

root:shoot ratio is shown in table 2.5.

The shoot dry matter yield increased up to 70% v/v

composted sewage sludge/straw and then declined. The dry

matter yield at 100% composted sewage sludge/straw was the

same as the dry matter yield of the L. perenne grown in 5%

composted sewage sludge/straw.

As in the previous experiment the root dry matter

yield increased with percentage compost up to 50% compost

v/v and then decreased between 50-100%, although the dry

matter yield from 100% was greater than that from 0%.
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Figure 2.7. The effect of different rates of composted
sewage sludge/straw on the growth of Lolium perenne in
compost and grit mixtures.
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Table 2.5.	 The root:shoot
in mixtures of composted

% Compost v/v

ratios of Lolium perenne grown
sewage sludge/straw and grit.

Root:shoot ratio

0 0.58
5 2.09

10 1.62
20 1.67
30 1.89
40 1.91
50 2.30
60 1.83
70 1.28
80 0.84
90 0.77

100 0.60
inorganic fertiliser 2.06

S.E of mean 0.58
significance ns

Key . xis = non significant.
The inprganic fertiliser was added at a rate to provide 50
kg ha ' each of N, P and K. The values shown are the means
of 5 replicates.



2.5.4. Discussion. 

Although the statistical analysis showed there to be

no significant difference in root dry matter production, it

can be seen from figure 2.7 that the root growth of L.

perenne is affected by the level of compost present in the

growing mixture.

This result confirms the result from the experiment in

section 2.4.2. in which the dry matter yield of the root

mat was found to differ according to the percentage of

compost in the growing medium.

The level of compost in the growing medium had a very

highly significant effect (p<0.001) on the shoot dry matter

yield. The results for the shoot dry matter production are

very similar to the results from the experiment in section

2.4.2. The dry matter yield increased with the level of

compost application up to 70% compost v/v. However, there

was a more pronounced decrease in yield due to composted

sewage sludge/straw application rates greater than 70% v/v

in this experiment.

The root:shoot ratio, although not statistically

different, increased between 0% and 50% compost. This was

due to the root dry matter increasing comparatively more

with the increase in compost level than the shoot dry

matter. The decrease in the root:shoot ratio between 50%

and 100% is due to the decrease in root dry matter yield

rather than an increase in shoot dry matter in response to

increased available nitrogen.

This experiment confirms the results from previous

experiments (2.2.0 and 2.4.0), that the root dry matter

yield is affected by the level of compost application in

the growing medium, with an increase in root growth at low

levels of compost application e.g. 20%, but a decrease in

the growth of roots at higher rates of compost application.

This effect on root production is very significant

regarding the reclamation of derelict land as roots are

very important in stabilising spoil materials.	 Thus at

very	 high applications of compost (e.g. more than 50%



v/v or 500 tonnes dry solids per hectare according to the

results from this experiment) root growth may be

restricted. These results suggest that for the reclamation

of derelict land the compost should be incorporated into

the spoil material rather than left as a blanket layer

covering the spoil as this would reduce the production of a

good root system.

This experiment demonstrated that the compost reduces

the production of roots at high rates of application, but

the reason for this was not investigated. The compost has

quite a high conductivity and at high rates of application

this may reduce the root growth, particularly at the onset

of growth before the salinity is leached out by watering.

The levels of ammonia may also be too high and inhibit the

root production. The presence of high concentrations of

toxic elements, such as heavy metals or organic compounds

could also be an important inhibitory factor. Further

research is required to establish the effect of the compost

on the production of grass roots.

2.6.0. An experiment to investigate the effect of

composted sewage sludge/straw on the growth of grass in

different spoil materials.

2.6.1. Introduction. 

The aims of these pot trials were to investigate the

effect of composted sewage sludge/straw on the yield of

herbage grown in different spoil materials and to replicate

some of the experiments being carried out at the field

sites (section 3.0.0.).

2.6.2. Materials and methods. 

The spoils collected for this experiment are listed

below together with some of their properties. The colliery

shale, gravel spoil and the London clay were collected from

the experimental field sites at Betteshanger colliery tip,



Westbere gravel quarry and Shelford landfill site

respectively, following a W pattern to ensure

representative samples. Chalk marl was obtained from the

channel tunnel workings. The finely ground chalk, builders

sand, china clay sand and pulverised fuel ash were provided

by the relative industries. Some details of the spoils are

shown in table 2.6.

Table 2.6. pH and conductivity of the spoils.

Spoil 
	

Conductivity (S m-1) 

colliery spoil	 3.5	 327
gravel spoil	 6.0	 024
London clay	 4.7	 051
chalk marl	 8.2	 050
chalk	 6.8	 o-60
builders sand	 7.5	 oln
china clay sand	 7.3	 0-22
pulverised fuel ash 	 9.1	 es-57

Each spoil was mixed with composted sewage

sludge/straw to provide 0, 5, 10, 20 and 40% compost v/v.

With the exception of the colliery shale, an inorganic

fertiliser treatment was included (0% compost plus

inorganic fertiliser at a rate of 50 kg ha of N, P

and K). For the experiments with the chalk, builders sand,

china clay sand and pulverised fuel ash a treatment of 10%

topsoil v/v was also included. The topsoil used was a very

fine silty loam with a pH of 7.1, collected from the

college estate.

The experiment with the colliery shale was more

detailed than the other experiments as it was designed not

only to compare the effect of different rates of composted

sewage sludge/straw on the yield of grass, but also to

compare the effects of the addition of lime (agricultural

grade calcium carbonate at a rate of 5 t ha -1 ) together

with the compost and both lime and fertiliser (at a rate to

supply 50 kg ha 	 of N, P and K) with the compost.



This was to investigate whether or not the composted sewage

sludge/straw was having a liming effect on the spoil and to

see if the compost alone supplied sufficient nutrients to

sustain the growth of grass on colliery shale or if

additional fertiliser was required. The fertiliser and

lime were lightly mixed into the surface layer of the pots

using a spatula.

Two grass mixtures were used for the experiments on

the colliery spoil and the gravel spoil. The details of

grass mixture 1 are shown in table 2.7. Grass mixture 2

was identical but without the Trifolium repens.

Table 2.7. Composition and sowing rate of grass mixture 1.

Lolium perenne v. melle 25.0 %

Lolium perenne v. bravo 17.5 %

Festuca rubra v. rubra 15.0 %

Festuca ovina 15.0 %

Poa compressa v. reubens 20.0 %

Agrostis capillaris 5.0 %

Trifolium repens 2.5 %

Sowing rate	 80.0 kg ha-1

Grass mixture 1 was used for all the experiments on

the other spoils.

The experimental layout for each experiment was a

randomised block design with four replicates. Three

successive harvests were taken for the experiments on the

colliery shale, gravel spoil, London clay and the chalk

marl.	 After each harvest the inorganic fertiliser was
"

reapplied to the aki pots which had received a dressing of

inorganic fertiliser but no compost at the beginning of the

pot trial. The trials on the chalk, builders sand, china

clay sand and pulverised fuel ash were harvested once. The

roots were washed from the sand and the china clay sand

experiment and the root dry matter yield determined. Table

2.8 shows the dates of sowing and harvesting for each

trial.



Table 2.8. The dates of sowing and harvesting for the
experiments to determine the effect of composted sewage
sludge/straw on the growth of grass in different spoil
materials.

Spoil	 Date of sowing	 Date of harvests 

colliery	 23.03.88	 (1) 21.10.88
shale	 (2) 02.02.89

(3) 28.05.89

gravel	 23.03.88	 (1) 21.10.88
spoil	 (2) 02.02.88

(3) 28.05.89

London	 06.06.89	 (1) 16.08.89
clay	 (2) 26.10.89

(3) 24.01.90

chalk	 29.06.89	 (1) 01.09.89
marl	 (2) 03.11.89

(3) 24.01.90

chalk	 14.06.90

builders	 14.06.90
sand

china clay	 14.06.90
sand

pulverised	 14.06.90
fuel ash

03.08.90

03.08.90

03.08.90

03.08.90

2.6.3. Results. 

Germination of the seed occurred within a week of

sowing in the pots containing composted sewage

sludge/straw. The seed failed to germinate in the London

clay and the pulverised fuel ash in the absence of compost.

The reverse was true with the chalk marl where germination

occurred first in the pots without compost.

There were very obvious visual differences in the

growth of the grass due to treatment. For all spoils the

addition of composted sewage sludge/straw increased the

growth of the herbage compared to the unamended spoil, and

in the trials with chalk, builders sand, china clay sand

and pulverised fuel ash the addition of composted sewage



sludge/straw improved the growth of grass more than the

addition of 10% topsoil v/v. For all spoils, with the

exception of the pulverised fuel ash, the herbage grown in

the spoil amended with the higher rates of composted sewage

sludge/straw (20-40% v/v) was darker green indicating

better nutrient status. The grass grown in the amended

pulverised fuel ash showed signs of toxicity as it was very

stunted and brown.

Summaries of the significant results of these pot

trials are shown in tables 2.9 to 2.13 and the effects of

the treatments on the growth of herbage are shown in

figures 2.8 to 2.27.

Figure 2.8 shows that at the first harvest the dry

matter yield of the herbage grown in colliery shale

increased as the rate of composted sewage sludge/straw

application increased and that the yield was increased at

each rate of compost application by the addition of

supplementary lime and fertiliser. The addition of lime

without fertiliser had little effect on the yield of

herbage.

At the second harvest a similar result can be seen

(figure 2.9). For both the first and second harvest the

effect of the lime and fertiliser amendments are more

pronounced in the treatment without compost. Thera were no

significant effects due to seed mixture.

The results of the third harvest are shown in figure

2.10. The amendments did not have a significant effect on

dry matter yield and are therefore not shown. There was a

significant effect due to seed mixture, the yield being

considerably increased by the inclusion of clover.

The results for the accumulated yield of the three

harvests are shown in figure 2.11. The compost resulted in

a very highly significant increase in the yield of herbage

over three successive harvests and there is a very highly

significant difference in yield due to the inclusion of

clover in the seed mixture.

The results for the experiment to investigate the

effect of composted sewage sludge/straw on the growth of



Table 2.9. Significant results for the experiment to
determine the effect of composted sewage sludge/straw on
the yield of herbage grown in colliery shale.

Effect	 Harvest 1 Harvest 2 Harvest 3 Accumulated
(71777-8) (02.02.89) (28.05.89)

C *** *** *** ***
S us ** *** ***
A *** *** ns ns

C x S ns * ns ns
C x A *** *** ** **
C vs L, L+IF *** *** us us
L vs L+IF *** *** ns ns

Key.	 C = 0-40% compost v/v, S = seed mixture (with or
without clover), A = amendmqnt (lime and/or fertiliser), L
= lime at a rate of, 5 t	 IF = inorganic fertiliser at
a rate of 50 kg ha -L each of N, P and K.
*** = very highly significant difference (p<0.001), ** =
very significant difference (p<0.01), * = significant
difference (p<0.05), ns = non significant difference.

Table 2.10. Significant results for the experiment to
determine the effect of composted sewage sludge/straw on
the yield of herbage grown in gravel spoil.

Effect Harvest 1 Harvest 2
CO275-2-789T

***

Harvest 3 Accumulated

treatment

(71771777-88)

***

(28.05.89)

ns **
S * us *** **

C vs IF ns *** ns *
0% vs IF *** *** ns *
S x	 C ns us ns us

Key. treatment = 0-40% compost or inorganic fertiliser, C
= 0-40% compost v/v, S = seed mixture (with or withouC
clover), IF = inorganic fertiliser at a rate of 50 kg ha -L
each of N, P and K, 0% = unamended spoil.
*** = very highly significant difference (p<0.001), ** =
very significant difference (p<0.01), * = significant
difference (p<0.05), ns = non significant difference.



Table 2.11. Significant results for the experiment to
determine the effect of composted sewage sludge/straw on
the yield of herbage grown in London clay.

Effect	 Harvest 1 Harvest 2 Harvest 3 Accumulated 
(16.08.89) (26.10.89) (24.01.90)

treatment	 ***	 ***	 ***	 ***
0% vs IF	 ns	 ns	 ns	 ns

treatment = 0-40% compost v/v or inorganic
fertiliser, 0% = unamelitded spoil, IF = inorganic fertiliser
at a rate of 50 kg ha' each of N, P and K.
*** = very highly significant difference (p<0.001), ns =
non significant difference.

Table 2.12. Significant results for the experiment to
determine the effect of composted sewage sludge/straw on
the yield of herbage grown in chalk marl.

Effect	 Harvest 1 Harvest 2 Harvest 3 Accumulated 
(01.09.89) (03.11.89) (24.01.90)

treatment
	 ***	 ***	 ***	 ***

0% vs IF
	 **	 **	 ***	 ***

Key. treatment = 0-40% compost v/v or inorganic
fertiliser, 0% = unameqded spoil, IF = inorganic fertiliser
at a rate of 50 kg ha -L each of N, P and K.
*** = very highly significant difference (p<0.001), ** =
highly significant difference.



Table 2.13. Significant results for the experiments to
determine the effect of composted sewage sludge/straw on
the yield of herbage grown in chalk, builders sand, china
clay sand and pulverised fuel ash.

Effect Shoot dry matter
chalk	 sand ECC PFA

treatment *** *** *** **
0% vs IF ns *** *** ns
0% vs TS *** *** *** ns

Effect
	

Root dry matter	 Root:shoot ratio
sand	 ECC sand ECC

treatment **	 *** *** ***
0% vs IF ns	 ns ns **
0% vs TS **	 *** **

ECC = English china clay sand, PFA = pulverised fuel
ash, treatment = 0-40% compost v/v or inorganic fertiliser
of topsoil, 0% = unamended spoil, IF = inorganic
fertiliser, TS = topsoil.
*** = very highly significant difference (p<0.001), ** =
very significant difference (p<0.01), * = significant
difference (p<0.05) ns = non significant difference.
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Figure 2.10. Harvest 3 - 28.05.89.
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Figures 2.16-2.19. The dry matter yield of herbage grown
in London clay amended with composted sewage sludge/straw.
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in chalk marl amended with composted sewage sludge/straw.
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Figures 2.26. The dry matter yield of herbage grown in
china clay sand amended with composted sewage sludge/straw.
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Figures 2.27. The dry matter yield of herbage grown in
pulverised fuel ash amended with composted sewage
sludge/straw.
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herbage in gravel spoil are shown in table 2.10 and figures

2.12 to 2.15. The figures show that the addition of

composted sewage sludge/straw to gravel spoil from Westbere

gravel quarry resulted in an increase in the yield of

herbage. The addition of a single application of inorganic

fertiliser (at a rate of 50 kg ha of N, P and K) in

lieu of compost also resulted in a large increase in yield.

The inclusion of clover in the grass mixture significantly

increased the yield of herbage particularly in the third

harvest.

The results of the pot experiment on the London clay

are shown in table 2.11 and figures 2.16 to 2.19. The

addition of composted sewage sludge/straw to the clay

resulted in a very highly significant (p<0.001) increase in

the dry matter yield of the herbage in all three harvests.

The pot experiment on the chalk marl produced similar

results to the pot experiment on the London clay, with a

very highly significant (p<0.001) increase in dry matter

yield due to the application of compost. The results are

shown in figures 2.20 to 2.23.

Figures 2.24 to 2.27 show that the addition of

composted sewage sludge/straw to chalk, builders sand,

china clay sand and pulverised fuel ash increased the yield

of herbage.

2.6.4. Discussion. 

The general effect of adding composted sewage

sludge/straw to the spoil materials in this experiment was

to increase the dry matter yield of herbage.

In the experiment with the colliery shale, the

addition of lime together with inorganic fertiliser to the

compost treatments resulted in an increase in the dry

matter yield of herbage, particularly at the lower rates of

compost application. This effect appeared to be mainly due

to the additional fertiliser as figure 2.9 shows that the

addition of lime to each rate of compost application had

little effect on the dry matter yield and indicates that



even 40% composted sewage sludge/straw was not supplying

sufficient nutrients for maximum yield. The effect was

less pronounced at the second and third harvests, probably

due to the uptake of most of the nutrients available in the

fertiliser by the first harvest. The limited effect due to

the additional lime treatments may be due to the composted

sewage sludge/straw having a liming effect. Other

researchers have shown that composted sewage sludge has a

liming effect (Terman et al. 1973, Duggan and Wiles 1976).

Chaney et al. (1980) carried out a factorial experiment

using different rates of composted sewage sludge with or

without the addition of lime and found that the composted

sewage sludge was able to replace all the lime in the

treatments without the additional limestone.

The composted sewage sludge/straw treatments were able

to sustain growth of herbage on colliery shale for three

harvests without the addition of further nutrients. The

marked increase in the dry matter yield of grass mixture 1

observed in the third harvest was largely due to the

proliferation of clover which occurred following the second

harvest.

The composted sewage sludge/straw significantly

increased the yield of herbage growing in gravel spoil for

two growing periods, but there was no significant

difference in the yield of herbage due to treatment at the

third harvest. It is possible that the prolific growth of

clover in the third growing period masked some of the

effects due to the different rates of composted sewage

sludge/straw application. As the percentage of clover in

the seed mixture was very small (2.5%), some of the pots

which were sown with the seed mixture containing clover

received no clover seeds, whereas other pots received

several seeds and this may have affected the results.

For the experiments on the colliery shale and the

gravel spoil, the inclusion of clover in the grass seed

mixture generally increased the dry matter yield of the

herbage, particularly after the second growing season.

This effect may be partly due to very vigorous growth of



clover during the third growing season and partly due to

the fixation of additional nitrogen by the symbiotic

Rhizobium resulting in an increase in the growth of the

grass species in the grass mixture. The increase in yield

due to the inclusion of clover in the seed mixture suggests

that the yield of herbage growing on colliery shale amended

with composted sewage sludge/straw would be further

increased if additional nitrogen fertiliser was supplied.

In the experiments to investigate the effect of

composted sewage sludge/straw on the growth of herbage in

London clay and chalk marl the compost was shown to

increase the dry matter yields for all three harvests.

However, for each rate of compost application the yield

declined with each successive harvest, implying that the

available nutrients were being depleted. Figure 2.18 shows

that at the third harvest of the experiment on London clay

a single application rate of 10% composted sewage

sludge/straw at the beginning of the trial resulted in a

greater dry matter yield than the repeated application of

inorganic fertiliser. For the experiment on chalk marl, a

single application rate of 20% compost produced a dry

matter yield slightly less than that of repeated

applications of inorganic fertiliser.

The experiments with chalk, builders sand, china clay

sand and pulverised fuel ash showed that the composted

sewage sludge/straw increased the yield of the herbage on

all the spoils.

The 10% compost treatment produced the greatest yield

of herbage growing in chalk, although the yield of herbage

from the 5% compost treatment was only slightly less

suggesting that 5% compost (50 tds ha -1 ) is quite adequate

to obtain a good cover of grass. The 40% composted sewage

sludge/straw treatment was prone to water-logging and this

reduced the dry matter yield (figure 2.24).

The yield of herbage grown in the amended builders

sand increased with the rate of composted sewage

sludge/straw application up to 20% compost v/v, although as

figure 2.25 shows doubling the rate of compost application



from 10% to 20% did not result in a two fold increase in

herbage. There was a very highly significant (p<0.001)

effect on the root dry matter yield due to treatment. The

root dry matter yield increased from 0% to 10% compost but

decreased as the rate of compost application was increased

above 10%. The root dry matter yield at 40% compost was

the same as the yield from the unamended sand and the sand

amended with topsoil. The root dry matter yield from the

sand amended with inorganic fertiliser was the same as the

5% compost treatment. The root:shoot ratio in general

decreased with increasing compost application and as in

previous experiments (2.2.0., 2.4.0. and 2.5.0) this

decrease is due to the decreased root production at high

application rates of compost. An application rate of 10%

(100 tds ha-1 ) composted sewage sludge/straw would produce

a good cover of vegetation with a good root system to

stabilise the sand.

As for the builders sand, the dry matter yield of

herbage grown in amended china clay sand increased with

increasing compost application up to 40%, but the increase

in yield from 10% to 40% compost was not proportional

(figure 2.26). The inorganic fertiliser treatment

increased the yield of herbage but not to the same extent

as the lowest rate of compost application. The topsoil

treatment did not significantly increase the yield of

herbage. The effect of the treatments on the root growth

and the root:shoot ratio were similar to the results with

the builders sand.

The pulverised fuel ash was obviously very toxic but

the addition of compost resulted in the germination and

some growth of the grass although it showed signs of boron

toxicity as it was very dark and stunted (Williamson et al.

1982). The seed sown in the pulverised fuel ash amended

with inorganic fertiliser failed to germinate. The

addition of 10% topsoil had a similar effect to the

addition of 10% compost. The main factors limiting the

growth of plants on pulverised fuel ash are the excessive

levels of boron, high soluble salt content, high pH and



nutrient deficiency (Hodgson and Buckley 1975). A much

higher application rate of composted sewage sludge/straw

may improve the growth of herbage and a blanket layer of

composted sewage sludge/straw to cover the undesirable

properties of the pulverised fuel ash may be more

successful than an incorporated layer.

The results from these experiments show that composted

sewage sludge/straw can improve the growth of herbage on

colliery shale, gravel spoil, London clay, chalk marl,

chalk, builders sand, china clay sand and pulverised fuel

ash. The experiments with colliery shale, gravel spoil,

London clay and chalk marl demonstrated that a single

application of composted sewage sludge/straw can sustain

the growth of herbage for three growing seasons and an

application rate of at least 20% composted sewage

sludge/straw, approximately equivalent to the field

application rate of 200 tds ha -1 , is required to maintain a

good cover of grass.

The experiments with the chalk, builders sand, china

clay sand and pulverised fuel ash demonstrated that the

composted sewage sludge/straw treatments resulted in a

greater yield of herbage from the spoils than either the

inorganic fertiliser or 10% topsoil treatments. The

results from these experiment suggest that a compost

application rate of 50 tds ha the chalk and 100 tds

ha-1 for the builders sand and china clay sand would be

adequate to obtain a good cover of herbage, stabilise the

spoil and improve the visual appearance of waste tips of

these spoils.

2.7.0. The effect of different rates of composted sewage

sludge/straw application on Betula pendula grown in

containers.

2.7.1. Introduction. 

The batch of composted sewage sludge/straw used in the

field trials at Betteshanger colliery tip and Westbere



gravel quarry was not of a particularly good quality due to

poor storage conditions which resulted in it becoming wet

and anaerobic and this may have had an adverse effect on

the trees. It can be difficult monitoring the

establishment and growth of trees in the field situation

and as some of the results from the field trials (sections

3.7.2. and 3.8.2) were incomplete it seemed necessary to

repeat some of the experiment under controlled conditions

in the greenhouse where it is easier to observe the effect

of the compost on the trees.

2.7.2. Materials and methods. 

A sample of good quality (dry and friable) composted

sewage sludge/straw was provided by Southern Water

Authority for the experiment. Approximately one tonne each

of colliery shale from Betteshanger and gravel spoil from

Westbere were collected.

The compost was mixed with the shale and the gravel

spoil to provide mixtures containing 0, 5, 10, 20 and 40%

compost v/v as in previous pot experiments to approximately

correspond to the field applications of 0, 50, 100, 200

and 400 tds ha-1 . Large porcelain pots (12 litres) with

drainage holes were filled with the compost/spoil mixtures

and Betula pendula transplants approximately 50 cm high
were planted, one tree per pot.

Two other treatments were also included for

comparison. These were a dressing of inorganic fertiliser

to provide 50 kg ha 	 of N, P and K and another

compost,	 a mixture of spent mushroom compost, peat and

added plant nutrients, which had been developed

particularly for use in tree planting and shall be referred
to as 'treegrow' in this experiment. Some details of the

treegrow are shown in table 2.14. The treegrow was mixed

with the spoils to provide 10% treegrow v/v.



Table 2.14.	 Some details of the composition of treegrov.

pH 6.5
conductivity (S ,.%) 030
NH4 +	(mg 1:1 ) 125
NO3	(mg 1_,) 35
P	 (mg 1-1) 68
K	 (mg 1 -1 ) 633

All the pots containing the colliery shale were given

a surface dressing of lime (agricultural grade calcium

carbonate) equivalent to the field rate of 5 t ha-1.

The experimental layout was a randomised block design

with four replicates.

All pots were watered regularly as required, often

twice a day in the summer to avoid water stress. Aphids

were controlled by spraying with nicotine and later with

pirimol.

The growth of the trees was monitored immediately

after planting on 24.4.89 and monthly until 15.9.89. A

permanent marker was used to mark the stem of the trees

approximately 0.1 m above the root collar and the diameter

measured at this point using a pair of callipers. The tree

height was measured by placing a piece of wood across the

pot and resting the ruler on it. This was to avoid

discrepancies which may have arisen due to the

spoil/compost mixtures compacting in the pots with time.

Leaves were collected from each tree in the middle of

the growing season. It is important that the leaves picked

for chemical analysis are approximately the same age (Guha

and Mitchell 1965) and so the leaves were selected from the

middle of the branches. The unwashed leaves were oven

dried at 80 C, ground in a ball mill to a fine powder and

digested with sulphuric acid and hydrogen peroxide. The

digest was analysed for total nitrogen, phosphorus,

potassium, calcium, magnesium, iron, manganese, zinc,

nickel and chromium. Details of the methods used are in

appendix A.

The extent of leaf fall was scored for each treatment



using an arbitrary scale of 0 (very little leaf fall) to 3

(considerable leaf fall) on 30.11.90.

The trees were harvested on 27.2.90 and 28.2.90. The

stems were severed just above the level of the

spoil/compost mixtures. Any remaining leaves were stripped

off and discarded and the stem cut into small lengths of

approximately 5 cm. The roots were washed clean. The

shoots and roots were oven dried at 80 C for five days and

the dry weights recorded.

2.7.3. Results. 

The tree heights and stem diameters were analysed by

covariance analysis using the initial measurements as the

concomitant variable. The results are shown in tables 2.15

to 2.18 and figures 2.28 and 2.31. The stem and root dry

weights and the foliar nutrient concentrations were

analysed by analysis of variance and the results are shown

in tables 2.19 to 2.22.

For the trees grown in the colliery shale there was no

significant difference in shoot or root dry matter yield,

total dry matter yield or in the root:shoot ratio due to

treatment. However the treatments had some significant

effects on the dry matter yield of the trees grown in the

gravel spoil. The treatments had a very highly significant

(p<0.001) effect on the shoot dry matter yield of the trees

grown in the gravel spoil. The compost applications

increased the shoot dry matter between 0% and 20% compost

v/v, although the shoot dry matter of the trees grown in

40% compost v/v was approximately the same as the trees

grown in 5% compost v/v. The inorganic fertiliser and the

treegrow resulted in the largest dry matter yields.

The treatments had a significant effect (p<0.05) on

the root dry matter yield of the trees grown in the gravel

spoil. The dry matter yield increased as the percentage of

compost increased in the mixture. The yields produced by

the inorganic fertiliser and the treegrow were

approximately the same as the yields produced by 5% and 20%



Table 2.15. Mean stem heights for trees grown in colliery
shale and composted sewage sludge/straw mixtures analysed
by covariate analysis.

Treatment
Mean stem height (m)

4 5

Time months)

31 2

OZ compost v/v 0.759 0.880 1.032 1.118 1.144
5% compost v/v 0.817 1.057 1.284 1.474 1.510
10Z compost v/v 0.776 1.001 1.7.30 1.367 1.431
20% compost v/v 0.745 0.840 1.011 1.232 1.317
40% compost v/v 0.794 0.914 1.150 1.390 1.549
inorganic fertiliser 0.824 0.987 1.195 1.347 1.384
treegrov 0.777 1.023 1.295 1.455 1.505

5.E of mean 0.023 0.044 0.077 0.084 0.083
significance ns 4, ns nip •
Key . • . significant difference (p(0.05), na • non significant difference.
Means are of four replicates.

Table 2.16. Mean stem diameters for trees grown in
colliery shale and composted sewage sludge/straw mixtures
analysed by covariate analysis.

Mean stem diameter (mm) 
7reatment	 :ime ,montnsi 

2	 3	 4	 5

0% compost v/v
	

6.52
	

7.96
	

8.:1
	

9.17
	

9.80
5% compost v/v
	

5.79
	

9.14
	

10.64
	

12.:1
	

13.25
10% compost v/v
	

7.38
	

8.67
	

9.60
	

11.33
	

11.29
20% compost v/v
	

6.57
	

8.00
	

9.45
	

10.36
	

12.61
40% compost v/v
	

6..8
	

7.47
	

8.98
	

10.74
	

11.73
inorganic fertiliser
	

7.33
	

8.78
	

9.62
	

11.14
	

12.22
tree grow
	

6.44
	

8.83
	

9.75
	

10.80
	

12.16

S.E. of mean	 0.40	 0.45	 0.41	 0.47	 0.43
significance	 ns	 ns	 •	 •

Ke y . ••• n very highly significant difference (p<0.001), • • significant
UnTerence (p(0.05), ns = non significant difference.
Means are of four replicates.



Table 2.17. Mean stem heights for trees grown in gravel
spoil and composted sewage sludge/straw mixtures analysed
by covariate analysis.

Mean stem height (m) 
Treatment	 Time (months) 

1	 2	 3	 4	 5

0% compost v/v
5Z compost v/v

10Z compost v/v
20Z compost v/v
40Z compost v/v
inorganic fertiliser
treegrov

	

0.833	 0.926	 0.970	 1.045	 1.041

	

0.779	 0.970	 1.202	 1.284	 1.329

	

0.801	 1.030	 1.198	 1.372	 1.386

	

0.777	 0.953	 1.193	 1.382	 1.464

	

0.764	 0.855	 1.097	 1.309	 1.347

	

0.818	 1.039	 1.235	 1.408	 1.437

	

0.793	 0.994	 1.247	 1.427	 1.452

S.E. of mean	 0.019	 0.041	 0.067	 0.095	 0.105
significance	 ns	 ns	 ns	 ns	 ns

Key . ns - non significant difference.
Means are of four replicates.

Table 2.18. Mean stem diameters of trees grown in gravel
spoil and composted sewage sludge/straw mixtures analysed
by covariate analysis.

Mean stem diameter (mm) 
Treatment	 Time (months) 

2	 3	 4	 5

OZ compost v/v
5Z compost v/v

10Z compost v/v
20Z compost v/v
40Z compost v/v
inorganic fertiliser
treegrov

	6.94	 8.20	 8.69	 9.45	 9.67

	

7.32	 9.34	 9.33	 11.59	 11.75

	

7.18	 9.42	 10.13	 11.42	 12.75

	

7.32	 8.09	 10.58	 12.09	 12.75

	

6.68	 7.64	 8.66	 10.39	 11.84

	

7.18	 9.39	 10.41	 11.89	 12.84

	

7.99	 8.96	 10.27	 12.42	 12.10

S.E. of mean	 0.32	 0.40	 0.52	 0.40	 0.48
significance	 na	 .*	 *	 4.*	 yyv

Kev.	 *** • very highly significant difference (p(0.001). • = highly
significant difference (1)(0.01), * • significant difference (p(0.05), ns
non significant difference.
Means are of four replicates.
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Figure 2.28. Stem height of Betula pendula grown in
colliery shale amended with composted sewage sludge/straw
for 5 months (adjusted for covariance).
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Figure 2.29. Stem diameter of Betula pendula grown in
colliery shale amended with composted sewage sludge/straw
for 5 months (adjusted for covariance).
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Figure 2.30. Stem height of Betula pendula grown in gravel
spoil amended with composted sewage sludge/straw for 5
months (adjusted for covariance).
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Figure 2.31. Stem diameter of Betula pendula grown in
gravel spoil amended with composted sewage sludge/straw for
5 months (adjusted for covariance).

13-

IS. E.:1.

12	 SZ	 102	 202	 402	 IF	 IC

Treatment



Table 2.19. Mean stem and root dry matter of the trees
grown in colliery shale and composted sewage sludge/straw
mixtures.

Treatment
Dry matter (g) Root:shoot

shoot root total ratio

0% compost v/v 37.1 35.9 73.0 1.12
5% compost v/v 61.2 75.2 136.5 1.22

10% compost v/v 56.4 58.3 114.7 1.06
20% compost v/v 55.7 56.2 112.0 1.05
40% compost v/v 56.8 71.3 128.0 1.25
inorganic fertiliser 55.0 65.8 120.9 1.17
treegrow 62.1 85.3 147.4 1.57

S.E. of mean 8.6 12.3 19.1 0.18
significance ns ns ns ns

Key. ns = non significant difference.
Means are of four replicates.

Table 2.20. Mean stem and root dry matter of the trees
grown in gravel spoil and composted sewage sludge/straw
mixtures.

Treatment
Dry matter ( g ) Root:shoot

shoot	 root total ratio

0% compost v/v 20.4 32.0 52.4 1.58
5% compost v/v 50.0 82.0 132.0 1.61

10% compost v/v 53.2 82.1 135.5 1.59
20% compost v/v 57.8 90.7 148.5 1.56
40% compost v/v 48.9 94.1 143.1 1.92
inorganic fertiliser 57.0 81.6 138.6 1.47
treegrow 59.9 87.4 147.4 1.39

S.E. of mean 4.7 11.6 14.9 0.18
significance *** * ** ns

Key. *** = very highly significant difference (p<0.001), *
= significant difference (p<0.05), ns = non significant
difference.
Means are of four replicates.



Treatments 

0% compost v/v
52 compost v/v

102 compost v/v
202 compost v/v
402 compost v/v
inorganic fertiliser
treegrov

S. Z. of mean
significance

Table 2.21. Foliar nutrient and heavy metal concentrations
of trees grown in colliery shale and composted sewage
sludge/straw mixtures.

(r) (1) (ppm) (ppm)
Ca
(ppm)

Fe
(ppm)

Mn
(PPm )

Zn
(PPm)

1.085 0.167 10636 3029 6302 476 1017 192
1.556 0.441 13281 2203 7586 430 1539 243
1.836 0.392 14375 2141 8289 437 489 200
1.393 0.405 13674 2358 8229 244 204 210
1.388 0.458 15268 2115 9529 395 154 249
1.509 0.363 14219 2464 7352 352 586 188
1.566 0.347 14799 2429 7551 310 533 186

0.211 0.037 711 150 505 87 SO 21
na .*. is is

Kev.	 *** n very highly significant difference (p(0.001),	 • highly significant
difference (p(0.01),	 significant difference (12(0.05), is • non significant
difference.
Means are of four replicates.

Table 2.22. Foliar nutrient and heavy metal concentrations
of trees grown in gravel spoil and composted sewage
sludge/straw mixtures.

Treatment N P K lig Ca Fe Mn Zn
(/) (/) (ppm) (ppm) (ppm) (pPrn) (PPm) (PPm)

.02 compost v/v 0.943 0.234 7812 3172 7031 242 1609 215
52 compost viv 1.306 0.219 11797 2812 6484 203 258 154
102 compost v/v 1.249 0.279 13045 2611 7973 197 299 515
202 compost v/v 1.409 0.283 13516 3125 9219 187 250 193
402 compost v/v 1.522 0.334 14221 2885 8338 123 366 283
inorganic fertiliser 1.022 0.191 12969 2016 6725 203 1195 117
treegrov 1.375 0.237 16881 2794 6233 172 249 214

S.E. of mean 0.114 0.035 1133 206 1552 29 123 126
significance • is is is be,* ns

Ke y. ••• • very highly significant difference (p(0.001), :v • highly significant
TaTerence (p<0.01), • . significant difference (p(0.05), is • non significant
difference.
Means 2re lf four replicates.



compost respectively. There was no significant difference

in the root:shoot ratio of the trees grown in the gravel

spoil due to the treatments.

There were some differences in foliar nutrient levels

due to the treatments. There was no significant effect on

the foliar nitrogen in the leaves grown in the amended

colliery spoil due to treatment, however table 2.21 shows

that all the treatments increased the concentration of

foliar nitrogen compared to the unamended control. There

was a significant (p<0.05) increase in foliar nitrogen due

to the organic amendments of the trees grown in the gravel

spoil. The foliar nitrogen increased as the rate of

compost application increased. The treegrow produced the

largest increase in foliar nitrogen compared to the

unamended control.

The treatments had a very highly significant

(p<0.001) effect on the foliar phosphorus concentrations of

the trees grown in the colliery shale. In general the

compost applications increased the foliar phosphorus. The

inorganic fertiliser and the treegrow also increased the

foliar phosphorus. There was no significant difference in

foliar phosphorus concentrations in the trees grown in the

amended gravel spoil, but table 2.22 shows that foliar

phosphorus tended to be higher in the trees grown in the

shale amended with 10, 20 and 40% compost v/v.

The foliar potassium concentrations of the trees grown

in both the colliery shale and gravel spoil were very

significantly (p<0.01) increased by the addition of

compost, with the foliar potassium in general increasing as

the rate of compost application was increased. The

inorganic fertiliser and the treegrow also increased the

foliar potassium.

There was a very significant (p<0.01) and a

significant (p<0.05) effect on the foliar concentrations of

magnesium for the trees grown in colliery shale and the

gravel spoil respectively. The general effect of the

treatments was to decrease the foliar magnesium compared to

the unamended control.



For the trees grown in the colliery shale the compost

significantly (p<0.05) increased the foliar concentration

of calcium. The inorganic fertiliser and the treegrow also

increased the foliar calcium, to about the same level as

the 5% compost treatment.

The treatments had a very highly significant (p<0.001)

effect on the foliar levels of manganese for the trees

grown in the colliery shale and the gravel spoil. In

general the organic amendments decreased the foliar

concentration of manganese for the trees grown in both the

colliery shale and the gravel spoil and this decrease was

greater as the rate of compost application was increased.

The inorganic fertiliser also decreased the level of foliar

manganese.

There was no significant effect on the foliar iron and

zinc concentrations, although in the case of the trees

grown in the gravel spoil the foliar iron levels decreased

as the rate of compost application was increased. Foliar

aluminium was not determined but the effect of the

treatments on aluminium would probably be similar to the

effect on foliar manganese.

Analysis of variance of the leaf fall showed that the

compost did not have a significant effect on the rate of

leaf fall on the trees grown in the gravel spoil collected

from Westbere, but it did have a significant effect (p<

0.05) on the rate of leaf fall on the trees grown in

colliery shale. Increasing the rate of composted sewage

sludge/straw application in general slowed down the rate of

leaf fall (figure 2.32).



Figure 2.32. The influence of composted sewage
sludge/straw on the fall of leaves from trees grown in
colliery shale.
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leaf fall.

2.7.4. Discussion. 

The results of the covariate analysis of the stem

height and diameter are shown in tables 2.15 to 2.18.

Although there is little statistical evidence, the tables

show that the treatments did increase the stem height

compared to the trees grown in unamended spoil. Other

researchers have found that composted sewage sludge

significantly increases the height of trees. Investigations

with composted sewage sludge applied at rates of 56, 112,

224 and 448 tds ha tree nursery seedlings showed that

the trees grown in the compost amended soil were taller and

more vigorous than the trees grown in an inorganic

fertiliser control (Gouin and Walker 1977, Gouin et al.

1978, Korcak et al. 1979).	 The reasons for the improved

S.E.M.



growth due to the addition of composted sewage sludge were

thought to be an increase in the water holding capacity of

the sandy nursery soil, a rise in the pH and levels of N,

P, Ca and Mg and the slow release of the nitrogen (Gouin

and Walker 1977, Gouin et al. 1978).

The treatments did have a significant effect on the

diameter of the stem and this difference due to treatment

increased with time. Both organic amendments and the

inorganic fertiliser increased the stem diameter compared

to the trees grown in unamended spoil. These effects are

largely the same for the trees grown in shale and gravel

spoil.

The treatments did not have a significant effect on

the dry matter yield of the roots grown in colliery shale

but there was a significant increase in the root dry matter

due to treatment for the trees grown in the gravel spoil.

In their experiments, Gouin and Walker (1977) also found

that root development of trees was affected by composted

sewage sludge as roots of Liriodendron tulipifera and

Cornus florida grown in the 112 and 224 tds ha-1 compost

treatments were more fibrous than the roots grown in the

other treatments.

Most of the foliar nutrients measured (tables 2.21 and

2.22) were within the normal plant range shown in table

2.23.

Table 2.23. Normal plant nutrient concentrations.

Nutrient 

nitrogen
	

1-3%
phosphorus
	

0.05-0.3%
potassium
	

5,000-50,000 ppm
magnesium
	

1,000-5,000 ppm
calcium
	

3,000-25,000 ppm
iron
	

40-500 ppm
manganese
	

50-1,000 ppm
zinc
	

15-100 ppm

(Allen 1989).



Although the composted sewage sludge/straw was shown

to have no significant effect on the foliar nitrogen of the

trees grown in the amended colliery shale, table 2.21 shows

that the application of all rates of composted sewage

sludge/straw tended to increase foliar nitrogen compared to

the unamended control but the foliar concentrations of the

trees grown in the shale amended with 20% and 40% compost

were lower than the trees grown in shale amended with 5%

and 10% compost. This decrease in foliar nitrogen at high

levels of compost application was also observed by Bengston

and Cornette (1973).

The foliar phosphorus levels for the trees grown in

the amended colliery shale were higher than the normal

plant range. The foliar manganese levels of the trees

grown in unamended colliery shale, colliery shale amended

with 5% compost, unamended gravel spoil and gravel spoil

amended with inorganic fertiliser were all higher than the

normal plant range but the foliar concentrations of

manganese were decreased by the higher rates of compost

application. This suggests that the composted sewage

sludge/straw and the treegrow reduce the plant availability

of manganese, possibly by raising the pH of the spoil.

The foliar zinc concentrations for all the trees are higher

than the norm.

Other workers have also shown that composted sewage

sludge can influence the levels of nutrients in the foliage

of trees. For example, Gouin and Walker (1977) found that

the foliar concentration of L. tulipifera was affected by

the application of composted sewage sludge, with nitrogen,

phosphorus, calcium and magnesium increasing due to compost

amendment and potassium, manganese and aluminium decreasing

as the rate of compost application was increased. In a

similar experiment Korcak et al. (1979) found that for red

oak the compost treatment had no significant effect on the

foliar levels of zinc, copper, cadmium, potassium and

calcium and that foliar phosphorus, magnesium and manganese

decreased with increasing compost application. In the same

experiment foliar analysis of black walnut found that zinc,



nickel, cadmium, phosphorus, potassium and magnesium were

not affected by compost treatment but copper and calcium

increased and manganese decreased with increasing compost

application. Adverse affects due to compost application

were not found in any of the above experiments (Bengston

and Cornette 1973, Gouin and Walker 1977, Gouin et al.

1978, Korcak et al. 1979).

Leaf area was not measured in this experiment although

the leaves appeared to be larger in the amended spoils.

The compost treatments had a significant effect on the rate

of leaf fall for the trees grown in amended colliery shale.

The application of compost decreased the rate of leaf fall,

with the leaves remaining on the trees grown in 40% compost

for longer than the lower rates of compost application.

The trees grown in colliery shale amended with inorganic

fertiliser and treegrow retained their leaves for longer

than the 0% compost control, but not as long as the 5%

compost treatment. Gouin and Walker (1977) and Korcak at

al. (1979) also found that the foliage of trees amended

with composted sewage sludge was of a darker green and

retained for longer.

From this experiment it can be concluded that the

addition of composted sewage sludge/straw to colliery shale

and gravel spoil does not effect the establishment of

Betula pendula in pots. The compost increased the height

of the trees, although not significantly, and increased the

diameter of the stem. Shoot dry matter yield of the trees

grown in gravel spoil was very highly significantly

effected by the compost treatment. The results suggest

that composted sewage sludge/straw applied at a rate of 405

v/v (approximately equivalent to 400 tds ha -1 ) is not

beneficial to the growth of the trees and that an

application rate of 10-20% compost is more suitable.

There was no significant increase in the foliar

concentrations of heavy metals and despite the fact that

the compost contained a very high level of chromium

(approximately 5,000 ppm), chromium was not detected in the

leaves.



It can be concluded that in general the composted

sewage sludge/straw does not have a deleterious effect on

the establishment and growth of trees and it compares

favourably with the more conventional inorganic fertiliser

and tree compost treatments.

2.8.0. Conclusions.

The pot experiments showed that the application of

composted sewage sludge/straw to a number of different

materials had an effect on the yield of grass and this

effect was dependent on the amount of compost applied. In

general the dry matter yield of herbage was increased as

the level of compost application was increased, although

the relationship between yield and rate of compost

application was not linear as yield tended to reach a

maximum at approximately 50% compost v/v. The compost was

shown to reduce the growth of grass roots when the compost

was applied above a certain level (approximately 20-50% v/v

depending on the batch of compost used). The compost was

shown not to inhibit seed germination.

The experiments carried out on the colliery shale,

gravel spoil, London clay and the chalk marl demonstrated

that the composted sewage sludge/straw could sustain the

growth of herbage for up to three growing periods without

the addition of fertiliser. The yield, however, tended to

decrease at each successive harvest and it is likely that

the yield could be increased further by the addition of

supplementary fertiliser (particularly additional

nitrogen).

The experiment to investigate the effect of composted

sewage sludge/straw on the establishment and growth of

birch trees (Betula pendula) in pots, showed that the

compost had little significant effect on the trees. The

composted sewage sludge/straw did not cause tree mortality

and the results from this experiment indicate that a

compost application of 10-20% (approximately 100-200 tds

ha-1 ) is suitable for the growth of trees.



From these experiments it can be concluded that

composted sewage sludge/straw increases the production of

herbage growing in spoils and an application rate of 20%

v/v, approximately equivalent to 200 tds ha -1 , produces

almost maximum shoot yield without decreasing the

production of shoots. The compost is also suitable for

tree growing.



3.0.0. FIELD TRIALS.

3.1.0. Introduction.

Composted sewage sludge has been shown to be a good

source of organic matter and can greatly improve the

physical properties of eroded and degraded soils and mining

spoils (Logan et al. 1984). On these lands the

establishment and growth of plants are difficult due to

lack of nutrients and poor physical conditions (Hornick et

al. 1984). Chang et al. (1983) examined the soil

conditioning properties of composted sewage sludge and

found that soils conditioned by composted sewage sludge

became lighter, more permeable and less cohesive. 	 The

conditioned soils also held more water at a given soil

moisture tension. At least 80 t ha 	 required for a

significant effect. Data from over 19 years of use of

sewage sludge/refuse compost on land shows that the compost

had a beneficial effect on crop yield, increased organic

matter and improved the supply of nutrients. High rate of

compost application were shown to decrease bulk density,

increase the water holding capacity and to have a liming

effect (Mays and Giordano 1989). Hornick (1982) found that

composted sewage sludge could provide much of the plant

nutrients and organic matter which are lacking in gravel

and sand spoil. It has been suggested that more emphasis

should be placed on the use of composted sewage sludge on

soils of low fertility and on the reclamation of derelict

land (Tietjen and Hart 1969, Duggan and Wiles 1976,

Sanderson 1980).

Drastically disturbed lands should be improved with a

one-off application of organic matter to create a large

pool of nutrients and composted sewage sludges are thought

to be ideal for this purpose (Crites 1984).

Three field trials were designed to:

1) compare the effects of different rates of application of

composted sewage sludge/straw on the establishment and

growth of a grass seed mixture at three contrasting sites



and on native, broad-leaved trees at two of the sites;

2) compare the effects of different methods of applying the

composted sewage sludge/straw (as a blanket layer or

incorporated into the spoil for the grass and incorporated

versus spot application for the trees);

3) investigate the effects of the composted sewage

sludge/straw on the chemical, biological and physical

properties of colliery spoil.

The locations of the three field sites are shown in

figure 3.1.

Figure 3.1. The location of the field trials to evaluate
the use of composted sewage sludge/straw in the reclamation
of derelict land.

• Westboro

• Sheiford

Cancerbur7
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Wye
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The three field trials were established at Betteshanger,
Westbere and Shelford.



3.2.0. Materials and methods.

Three field trials were designed to investigate the

effectiveness of composted sewage sludge/straw for the

reclamation of derelict land. At each site four different

rates of compost application (approximately equivalent to

0, 50, 100 and 200 tonnes of dry solids per hectare) were

compared with a single rate of inorganic fertiliser.

Before the trials began, samples were taken from each

site for analysis. The samples were taken by non-random

sampling following a W shape (MAFF 1979). Samples for bulk

density analysis were collected in tins measuring

approximately 4.5 cm (diameter) x 7.4 cm (height). Samples

for chemical analysis (pH and conductivity) were collected

using a trowel (to a depth of approximately 10 cm), air

dried and ground to pass a 2 mm sieve and stored for later

analysis. Samples of compost were also collected from each

site and were air dried and sieved for analysis.

3.3.0. The field trial at Betteshanger colliery spoil tip.

Betteshanger colliery spoil tip, situated between Deal

and Sandwich on the Kent coast (0.S. map 179 355540) is a

plateau tip approximately 15 m high covering an area of

approximately 23 ha. The tip, which was begun in the

1930's, supports natural woodland (comprising mainly of

Quercus ilex and Betula pendula), which was evident from

the fifteenth year (Candlin 1983). The spoil is relatively

benign compared with the more toxic colliery spoils in

Yorkshire, with the fresh spoil having a relatively low

pyrite content (0.3-0.7%).

The site chosen for the field trial was one of the

older parts of the tip which had later been covered with

fresh, compacted spoil to a depth of approximately 1 m. It

was one of the more sheltered areas of the tip, protected

on one side by a shale bund and on two sides by the natural

woodland. The fourth side, however, was more exposed to

winds from the south east. There was no natural vegetation
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on the area selected apart from two small 0. ilex trees

which were left undisturbed as they would not interfere

with the experiment.

The experimental site, which was approximately 0.3 ha,

was divided into two areas, one for a trial using trees,

the other for a trial using grass. 	 Agricultural grade

calcium carbonate was applied to the site at a rate of 5 t

ha -1 . A rabbit proof fence was erected around the site in

February 1989. The experimental design is shown in figure

3.2.

Figure 3.2. The experimental layout of the field trial at
Betteshanger colliery tip.
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3.3.1. The grass trial. 

The compost treatments were applied to plots measuring

2 x 10 m using the front end loader of a tractor.

The amount of compost applied was estimated by

weighing compost in a large plastic bucket and then filling

the front end loader of the tractor to a certain level

which was then marked. Various multiples of this amount

were then applied to the plots according to the treatment.

Samples of compost were collected in small tins for the

determination of the moisture content. The amount of

compost applied to each plot was calculated in terms of

tonnes of dry solids per hectare (tds ha -1 ). The actual

rates of compost applied were 0, 32, 64 and 128 tds ha-1.

The compost was raked to form an even covering over the

plots and then incorporated using a tine plough to a depth

of approximately 5 cm. The shale was very compacted and

this prevented the compost from being incorporated to a

greater depth. The compost produced a cloddy seed bed and

the clods were broken using a spade to produce a fine

tilth.

Each plot was divided into two 2 x 4 m sub-plots for

two grass mixtures. The composition of grass mixture 1 is

shown in table 2.7. Grass mixture 2 was identical but

without Trifolium repens. The grass seed was sown by hand

(at a rate of 80 kg per hectare) and lightly raked in on
11 th	 _July 1988. The experimental design was a split plot,

randomised blocks design with four replicates.

The establishment of the sward was monitored and the

effect of the different rates of compost application were

determined by harvesting one representative quadrat (0.5 x

0.5 m) of herbage from each sub-plot on 14-15 th July 1989

and 20 th July 1990 and recording the dry matter yield in g

m-2 . Sub-samples of the dried clippings harvested in 1990

were ground to a fine powder in a ball mill, digested with

sulphuric acid and hydrogen peroxide (see appendix A) and

analysed for nitrogen, phosphorus, potassium, calcium,

iron, magnesium, zinc, copper, manganese, nickel and



chromium.

3.3.2. The tree trial. 

The area was divided into plots measuring 5 x 4 m. Two

different methods of applying the compost were studied.

For each application rate (0, 32, 64 and 128 t ha-1 ) the

compost was applied as:

i) a blanket layer incorporated into the spoil by

ripping using a tine plough;

ii) a spot application of compost in the planting

hole, the amount of compost for the particular plot

being equally divided between the planting holes and

mixed with shale as the holes were back filled.

All planting holes were dug manually and had a volume
of approximately 60 litres.

An inorganic fertiliser treatment was also included in

the tree trial. The fertiliser was applied by hand to four

plots without compost and raked in at a rate to provide 50

kg ha of nitrogen (in the form of nitram),

phosphorus (as triple super phosphate) and potassium (as

muriate of potash).

The trees selected for the experiment were Quercus 

robur, Prunus avium, Fagus sylvatica and Betula pendula,

all common, native, broad-leaved species. There were

twenty trees per compost treatment, five of each species

randomised at 1 m spacing. The trees (all approximately 40

cm high) were planted 25 th_29th March 1988. The treatments

were replicated four fold in a randomised blocks design.

Tree growth and mortality were recorded on 15 th July

1988, 31 st May 1988, 5 th September 1989, 18 th May 1990 and

28' August 1990. Tree height (in m) and the stem diameter

0.1 m above ground level (in mm) were measured. Dead trees

were replaced in February 1989. The number of trees which

were socketing was recorded for each treatment on 18 th May

1990.

Weeding of the plots was performed manually once a



year. The species of the weeds and percentage ground cover

were noted in June 1988.

3.3.3.	 Effect of composted sewage sludge/straw on the 

chemical properties of colliery shale. 

Samples (1 kg) were collected from the area in between

each of the grass sub-plot5 at depths of approximately 0-5

cm and 6-10 cm on 23 rd May 1989. The samples were air

dried, ground and analysed for pH, lime requirement,

conductivity, heavy metals, nitrogen and phosphorus

content. Details of the analytical methods are in appendix

A.

3.3.4. Effect of the composted sewage sludge/straw on the 

biological properties of colliery shale. 

Samples (500 g) were collected from in between each

grass sub-plot at a depth of 0-5 cm on 28 th June 1990 and

stored in sealed polythene bags at 4 C. The samples were

analysed for total bacterial, fungal and actinomycete

counts. The results were expressed as total number of

organisms per g dry weight.

The samples were also analysed for their effect on

plant growth using a modification of Zucconi's cress

bioassay in which the germination, root length and the

germination index (germination x root length) of cress

seeds grown in extracts of the spoil are expressed as a

percentage of seeds growing in distilled water (Zucconi et

al. 1981a and 1981b). Details of the methods are in

appendix A.

3.3.5. Effect of the composted sewage sludge/straw on the 

physical properties of colliery shale. 

The temperature on the surface and approximately 5 cm

below the surface in between each sub-plot was measured on

28 th August 1989 using a NiCr/A1Cr thermocouple.



Tins measuring 7.6 cm (height) x 5.4 cm (diameter)

were used to collect samples on 7 th June 1990 and the

effects of the compost treatment on bulk density, air

capacity and moisture retention were determined. Details

of the methods used are in appendix A.

3.4.0. The field trial at Westbere gravel quarry.

The site at Westbere, (0.S. map 179 190615), belonging

to Brett Gravel Company, was previously the site of gravel

extraction. The resulting pit was later infilled by

"washings" - the small stones, fine sand and so on that are

not required.

The site had been partially capped with gravelly

topsoil and there was a reasonable covering of herbage on

these areas. The site selected for the field trial was the

poorer area where there was little topsoil. The grass in

this area was very sparse and there was a covering of moss.

Broom (Cytisus scoparius) was also growing in this region

indicating low fertility or a free draining surface.

The area was prone to water logging, particularly in

the north corner where Equisetum arvense, a plant typically

found in damp places was found to be growing abundantly.

The field was relatively flat and sheltered on two sides by

woodland comprising mainly of willow.

Existing vegetation was removed by spraying with

paraquat.	 A rabbit proof fence was erected on 8th May

1988. The experimental design is shown in figure 3.3

together with the areas of topsoil and the area prone to

water logging.

3.4.1. The grass trial. 

Compost was weighed and applied to plots measuring 2 x

10 m using the front end loader of a tractor as for the

trial at Betteshanger. The actual rates of compost

application were 0, 40, 80 and 160 tds ha-1 . Two methods

of applying the compost were compared:



Figure 3.3. The experimental layout of the field trial at
Westbere gravel quarry.
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i) the compost was incorporated using a tine plough,

as at Betteshanger;

ii) the compost was applied as a blanket layer

(mulch).

An inorganic fertiliser (containing nitram, triple

superphosphate and muriate of potash) treatment was also

included. The fertiliser was applied by hand at a rate to

provide 50 kg ha -1 each of N, P and K to four plots without

compost. The experimental layout was a split plot

randomised blocks design with four replicates.

The compost applied as a blanket layer produced a very

cloddy seed bed and it was necessary to break the clods to

produce a fine tilth. This was done manually with a spade.

The plots were divided into two sub-plots, 2 x 4 m,

and the two grass seed mixtures were sown on 11th July 1988

as for the trial at Betteshanger colliery tip (section

3.3.1).

The establishment of the sward was monitored and one

quadrat (0.5 x 0.5 m) of herbage was harvested from each

sub-plot on 10-11 th November 1988 and 16 th July 1990. The

quadrats were cut from the centre of each sub-plot and the

clippings were placed in weighed paper bags and oven dried

at approximately 60-80 C. The dry matter yield was

recorded as g dry matter per m 2 . A harvest was not taken

in 1989 due to a number of technical problems.

Weeding was carried out manually on 7th September

1988. The plots were cut with a mower in April 1990 to

control the growth of weeds.

3.4.2. The tree trial. 

The tree trial was established in the same way as the

tree trial at Betteshanger i.e. to compare four different

rates (0, 40, 80 and 160 t ha -1 ) and two different methods

of compost application (incorporated layer versus spot

application in the planting hole). 	 The tree:were planted

3rd May to 13th May 1988. 	 Each tree was watered with

approximately 5 litres of water as they were already in



leaf when planting took place. An inorganic fertiliser

treatment was also included as for the trial at

Betteshanger (section 3.3.2.). The experimental layout was

a randomised blocks design with four replicates.

The establishment of the trees was monitored as at

Betteshanger. Tree height (in m) and trunk diameter 0.1 m

above ground (in mm) were measured on 3rd August 1988, 30th

May 1989, 11th September 1989, 1 st June 1990, and 29th

August 1990. Dead trees were replaced in February 1989.

Weeding among the trees was carried out manually on

25th July 1988 and the species found were identified and

recorded. The weeds were controlled by spraying with

paraquat in February 1989 and by cutting down with a petrol

driven strimmer and hoeing in May 1989 and again in June

1990.

3.5.0. The field trial at Shelford landfill site.

Shelford quarry and landfill site (U.S. map 162623)

is owned by Brett Gravel Company. An area which was being

used for a stockpile of London clay overburden was made

available for a field trial.

The site was cleared of weeds and rubbish by Bretts

using large earth moving equipment. Attempts to plough the

clay to relieve the compaction were abandoned as

impracticable and a further 15 cm layer of dry blue London

clay was spread over the area before the plots were marked

out and the compost was spread.

The trial at Shelford was restricted to one grass seed

mixture and to applying the compost as a blanket layer

only. The compost was weighed as at Betteshanger (3.3.1.)

and applied to the plots (measuring 2 x 12 m) using the

front end loader of a caterpillar tracked vehicle by

Bretts.	 The compost was raked to form an even blanket

layer over the plots. Samples of compost were collected

for dry weight analysis. The rates of compost application

were 0, 70, 140 and 280 tds ha-1.

An inorganic fertiliser treatment was also included.



The mixed fertiliser of nitram, triple superphosphate and

muriate of potash was applied by hand at a rate of 50 kg

ha-1 each of N, P and K.

The grass seed mixture 1 (table 2.7) was sown by hand

at a rate of 80 kg ha -1 and lightly raked in on 10 th May

1989. Unfortunately the drought prevented the seeds from

germinating and opportunistic wind blown weeds became

established.	 Percentage weed cover per plot was recorded

and weeds were identified.	 Weeding was carried out

manually in September 1989 and the plots were re-sown on

21 st September 1989.	 The experimental layout was a

randomised blocks design with four replicates.

One representative quadrat (0.5 x 0.5 m) of herbage

was harvested from each plot on 11th July 1990 and the dry

matter yield in terms of g m-2 determined. Sub-samples of

the herbage were analysed for nutrient and heavy metal

content following digestion with sulphuric acid and

hydrogen peroxide (see appendix A).

3.6.0. Results.

3.6.1.	 Analysis of the spoils and the composted sewage 

sludge/straw. 

The results of the analysis of the samples of spoil

taken from the sites prior to the field trials and of the

compost used in the trials at Betteshanger and Westbere are

shown in table 3.1.

The amount of nutrients in the compost supplied to the

colliery spoil at Betteshanger were calculated and are

shown in table 3.2.

3.7.0. The Betteshanger field trial.

3.7.1. The grass trial. 

See.)
The grass, germinated within 1-2 weeks of sowing.

Growth was restricted to the plots with compost and was



Table 3.1. Analysis of the composted sewage sludge/straw,

colliery shale, gravel spoil, and London clay.

Compost Shale Gravel Clay

pH	
-conductivity (S m1)

7.6
6.48

3.5
r,21

6.0
-*2

4.7
030

total nitrogen (%) 2.2 0.18 -
total phosphorus (%) 1.0 0.04
total potassium (ppm) 4177 6994
total magnesium (ppm) 2479 906
total calcium (ppm) 128105 5
total iron (ppm) 13089 24349
total manganese (ppm) 836 52
total copper (ppm) 567 52
total zinc (ppm) 290 76
total chromium (ppml 4734 nd
bulk density (g cm	 ) 1.3 1.4 1.6

Key. nd = not detectable, - = not determined.

Table 3.2. The amount of nutrients supplied at each rate
of compost addition at Betteshanger colliery spoil tip.

Amount of nutrient (kg ha-1 ) supplie0 for 
each rate of compost addition (t ha-'). 

32	 64	 128 (t ha-1)

Nutrient

704 1408 2816
320 640 1280
134 268 536

Mg 87 174 348
Ca 4099 8198 16396
Fe 419 838 1676
Mn 27 54 108
Cu 181 362 724
Zn 9 18 36
Cr 140 280 560



visibly better on the plots with the maximum compost

treatment. Sward development was slow mainly due to the

very dry weather.

A difference in the species of grass was noted between

the treatments. At the beginning of the trial the Festuca 

species and Poa compressa were found mainly on the control

plots without compost whereas the dominant species on the

plots treated with compost was Lolium perenne. At the end

of the third growing season the dominant species on all

plots was Poa compressa. There was very little clover

present on the plots sown with the seed mixture containing

clover.

The grass was not harvested in the first year of the

trial (1988) as the growth was slow, however there were

very obvious visual differences between the compost

treatments with a sparse cover of herbage on the control

plots and increasingly more cover on the plots with

compost.

Weed growth was also affected by the compost

treatments and there were more weeds on the plots with

compost. The dominant weed species was Senecio vulgaris 

which was probably wind blown from an adjacent part of the

tip which had been covered with subsoil.

The results for the grass harvests in 1989 and 1990

are shown in figures 3.4 and 3.5. For each harvest there

was a very highly significant (p<0.001) difference in dry

matter yield due to compost treatment and there was a very

highly significant (r = 0.82) linear trend with the yield

of herbage increasing in proportion to the rate of compost

application. The inclusion of clover in the grass seed

mixture did not have a significant effect on the dry matter

yield and the interaction between compost treatment and

seed mixture was also non significant. Plate 3.1. shows

the differences in the growth of herbage due to the

application of composted sewage sludge/straw.

The results of the nutritional analysis of the 1990

harvest are shown in table 3.3. Copper and chromium were

not detectable by atomic absorption spectroscopy. 	 There
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Figures 3.4. and 3.5. The effect of the application of
composted sewage sludge/straw on the yield of herbage grown
on colliery shale.

Figure 3.4. Harvested July 1989.
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Plate 3.1. The difference in the growth of herbage on
colliery shale due to the addition of composted sewage
sludge/straw.

Table 3.3. Nutrient and heavy metal content of the herbage
grown on colliery shale amended with composted sewage
sludge/straw.

Treatment N
(r)

P
(Y)

K
(Pam)

Ca
(PPm)

Fe
( PPm)

LI

(PPm)
'	 Zn

( PPm)
Mn

(PPm)(ai—a-17)
o 0.796 0.071 5339 181 118 492 40 230

32 0.923 0.202 6490 658 89 617 33 :48
64 0.979 0.188 6767 631 91 626 33 211

128 1.009 0.159 8574 426 117 646 49 :11

S.E.	 of mean 0.059 0.037 586 104 11 50 6 :4

significance ns ns • ns ns 7.5 rtS

Key .	 = significant d4"....•nce (p(0.05), ns = non significant difference.
Means shown are of four replicates.
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was no significant difference in nutrient levels due to the

inclusion of clover in the seed mixture therefore the

overall treatment means are shown in table 3.3.

Regression analysis was carried out between the yield

of herbage and some of the chemical and physical properties

of the amended colliery shale and the results are shown in

table 3.4 and figures 3.6 to 3.8.

Table 3.4. Results of the linear regression analysis
between the yield of herbage and some of the chemical and
physical properties of the colliery spoil amended with
composted sewage sludge/straw.

Property
	

Significance 

nitrogen (0-5 cm)	 0.53	 *
nitrogen (6-10 cm)	 -0.29	 ns
phosphorus (0-5 cm)	 0.36	 ns
phosphorus (6-10 cm)	 0.44	 ns
pH (0-5 cm)	 0.23	 ns
pH (6-10 cm)	 0.37	 ns
conductivity (0-5 cm)	 0.52	 *
conductivity (6-10 cm)	 0.28	 ns
temperature (0-5 cm) 	 0.37	 ns
temperature (6-10 cm) 	 -0.45	 ns
bulk density	 -0.55	 *
water retention	 0.23	 ns
air capacity	 0.21	 ns

Key.* = significant linear correlation between yield of
herbage and property of the amended spoil, ns = non
significant linear correlation.

3.7.2. The Tree Trial. 

The trees, in particular the cherry (Prunus avium),

unfortunately suffered some rabbit damage in the first

growing season. The damage was largely confined to the

trees growing in the plots at the edge of the experimental

area and was prevented in the second growing season by the

erection of a rabbit proof fence.

The birch trees (Betula pendula) became very well

established in the first year.	 The oak trees (Quercus 



I.
2

• •

Figures 3.6-3.8. Graphs to show the significant
correlation between the yield of herbage and the effect of
the composted sewage sludge/straw on spoil chemical and
physical properties.
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robur), however showed few signs of life and those that did

grow, grew mainly from the bottom of the stem. As oak

trees from the same batch which were planted at the

Westbere field site and also on a plot at Wye College grew

in a similar way, it would seem that the poor establishment

of oak trees at Betteshanger could not be attributed to the

shale or the compost. The beech trees (Fagus sylvatica)

were not really suited to the acid conditions at

Betteshanger and the leaves showed signs of scorching.

Weeds were restricted mainly to the plots with

compost, particularly during the first year of the trial.

The number of weeds increased as the rate of compost

application was increased (table 3.5).

Table 3.5. Estimated percentage weed cover on the tree
plots amended with composted sewage sludge/straw at
Betteshanger colliery tip during the first growing season.

Rate of compost application (tds ha-1 )	 Weed cover (%) 

	

0	 <1

	

32	 <10

	

64	 40

	

128	 80

The weeds were identified as Chenopodium album C.

rubrum, C. bonus-henricus, Senecio vulgaris, Poa annua,

Capsella bursa-pastoris, Polygonum persicaria, Matricaria 

matricariodes, Agropyrons repens and Rumex acetosellosa.

With the exception of R. acetosella, the source of the

weeds appeared to be the composted sewage sludge as all the

weeds were found growing on the remaining pile of compost

but not on the rest of the colliery spoil. The weeds were

concentrated around the base of the trees where the compost

had been applied as a spot application in the planting

hole, but were found growing evenly over the whole plot

where the compost had been applied as an incorporated

layer.

The effect of compost treatment on the mortality of



the trees is shown in table 3.6.	 Analysis of variance

showed that the number of dead trees was very highly

significantly (p<0.001) different due4otime, compost

treatment and also the species of tree. The time x species

and compost treatment x species interactions were also

found to be very highly significant (p<0.001). The number

of dead trees increased with time. With the exception of

the oak trees planted at the beginning of the trial, the

beech trees showed the greatest mortality rate. Mortality

in decreasing order was found to be beech > oak > cherry >

birch. The compost treatments were found to increase tree

mortality compared with the unamended control and the shale

amended with inorganic fertiliser. In general increasing

the rate of compost resulted in an increase in the number

of dead trees. For the oak trees the incorporated layer of

compost increased mortality compared with the same rate of

compost applied as a spot application in the planting hole.

The converse was true for the birch trees.

growing seasons at Betteshanger colliery tip.

TreatmenC	 Oak	 Cherry	 Beech	 Birch
(tds ha-I)

0	 1.15	 0.10 0.60 0.00
IF	 0.80	 0.20 0.65 0.15

32R	 0.95	 0.40 1.50 0.15
32S	 1.00	 0.45 2.30 0.35
64R	 1.55	 0.50 1.85 0.00
64S	 1.25	 0.45 1.60 0.15

128R	 2.30	 0.85 3.20 0.00
128S	 1.55	 0.95 2.60 0.25

S.E. of mean	 0.21 0.178	 0.241	 0.075
significance	 *** ***	 **

Key.	 R = compost applied as an incorporated layer, S =
compost applied as a spot amount in the planing hole, IF =
inorganic fertiliser at a rate of 50 kg ha 	 each of N, P
and K.	 Means shown are of 20 trees (4 trees x 5 time
intervals).

dead



The mean number of trees per treatment found to be

socketing (loose within the planting hole) are shown in

table 3.7. Although there was no significant difference in

the number of socketing trees due to compost treatment, the

results suggest that the addition of compost reduced the

incidence of socketing and for each rate of compost

application there was less socketing when the compost was

applied as a spot application in the planting hole than as

an incorporated layer.

Table 3.7.	 The effect of compost treatment on the
socketing of trees grown in colliery shale.

Treatment (tds ha-1 )	 Mean number of socketing trees. 

0	 2.25

	

IF	 2.00

	

32R	 2.00

	

32S	 1.25

	

64R	 1.00

	

64S	 0.25

	

128R	 0.75

	

128S	 0.00

S.E. of mean	 0.55
significance	 ns

Key.	 R = compost applied as an incorporated layer, S =
compost applied as a spot amount in the plan 

L
ing hole, IF =

inorganic fertiliser at a rate of 50 kg ha	 eachof N, P
and K. Means shown are of 4 replicates.

The significant effects of the compost treatment over

three growing seasons on stem height and diameter and tree

volume for each species are summarised in table 3.8 and

shown in figures 3.9-3.16. The tree volume was estimated

by multiplying the height of the stem by the diameter2.

Plate 3.2. shows the trees at the beginning of the field

trial and plate 3.3 shows the trees one year after

planting.



Source 

blocks
treatment
time
treatment x
time

Table 3.8. Summary of the analysis of variance on the
effect of composted sewage sludge/straw on the height,
diameter and volume of trees grown in colliery shale.

Effect on tree height 

Source	 Oak	 Cherry	 Beech	 Birch

blocks	 ns	 ns	 ns	 ns
treatment	 ns	 *	 ns	 ns
time	 *	 ***	 ***	 ***
treatment x	 ns	 ***	 ***	 ***
time

Effect on tree diameter 

Source	 Oak	 Cherry	 Beech	 Birch

blocks	 ns	 ns	 ns	 ns
treatment	 ns	 ns	 ns	 ns
time	 ***	 ***	 ***	 ***
treatment x	 ns	 **	 ns	 ***
time

Effect on tree volume 

Oak	 Cherry	 Beech

***	 ***	 *
***	 ***	 ***
***	 ***	 ***
*	 ns	 ns

Key. *** = very highly significant (p<0.001), ** = highly
significant (p<0.01), * = significant (p<0.05), ns = non
significant.

Comparisons were made between the unamended control

and the other treatments and also between the two different

methods of applying the compost. Comparisons of the

treatment means for the height of the cherry trees showed

the following to be significant:

1) the cherry trees growing in the unamended control were

significantly shorter than the cherry trees growing in the

plots amended with 64 and 128 tds ha 	 composted sewagerAtivt,	 ice -0 -L • Li

sludge/straw applied as an incorporated layer,on 15'" July

1988;

2) on the same date the cherry trees growing in 64 tds ha-1

-120-
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Figures 3.9-3.12. The effect of the application of
composted sewage sludge/straw on the stem height and
diameter of trees grown in colliery shale.

Figure 3.9. Quercus robur. 
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Figure 3.10. Prunus avium. 
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Figures 3.13-3.16. The effect of the application of
composted sewage sludge/straw on the estimated volume of
trees grown in colliery shale.

Figure 3.13. Quercus robur. 
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Plate 3.2.
Trees planted in
colliery shale
amended with
composted sewage
sludge/straw -
March 1988.

Plate 3.3.
Trees growing in
colliery shale
amended with
composted sewage
sludge sludge/straw
one year after
planting -
July 1989.
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of compost applied as an incorporated layer were found to
‘ea,

be significantly shev-ter than those growing in the same
L gs

rate of compost applied as a spot application in the

planting hole, the converse was true for the trees growing

in 128 tds ha-1 of compost;

3) for the rest of the trial the cherry trees growing in

the unamended plots were significantly shorter than than

the trees growing in the plots amended with 32 tds ha-1

composted sewage sludge applied as an incorporated layer,

128 tds ha -1 applied as a spot application in the planting

hole and the plots amended with a dressing of inorganic

fertiliser, also the trees growing in the 32 tds ha-1

compost treatment applied as an incorporated layer were

smaller than the trees growing in the same rate of compost

applied as a spot application in the planting hole;

4) on 5 th September 1989, 18 th May 1990 and 28 th August

1990 the cherry trees growing in the plots amended with

inorganic fertiliser were shorter than those growing in the

plots amended with 32 tds ha as a spot

application in the planting hole;

5) on 18 th May 1990, the cherry trees growing in the plots•

amended with inorganic fertiliser were shorter than those

growing in the plots amended with 128 tds ha-1 of compost

applied as an incorporated layer.

Comparison of the treatment means for the volume of

the trees showed the following to be significant:

1) the cherry trees growing in the unamended control had a

smaller volume than the trees growing in the 32 tds ha-1
(1-	 ^AAA— e,

compost treatment /son 18'" May 1990 and 28 th August 1990;

2) the cherry trees growing in the 64 tds ha -1 compost

treatment applied as an incorporated layer had a smaller

volume than the trees growing in the same rate of compost

applied as a spot application in the planting hole on the

above dates;

3) on 18 th May 1990 and 28 th August 1990, the cherry trees

growing in the plots amended with the inorganic fertiliser

had a smaller volume than the cherry trees growing in the

plots amended with composted sewage sludge/straw applied as



a spot application in the planting hole at a rate of 32 tds

ha- 1 ;

4) the beech trees growing in the unamended spoil had a

larger volume than the trees growing in 32 and 64 tds ha-1

compost treatment when the compost was applied as an

incorporated layer on 28 th August 1990;

5) the beech trees growing in the plots amended with 32 tds

ha applied as an incorporated layer were smaller

than those growing in the same rate of compost applied as a

spot application in the planting hole on 28 th August 1990;

6) the birch trees growing in 32 tds ha-1 applied as an

incorporated layer had a smaller volume than the birch

trees growing in the same rate of compost applied as a spot

application on 5 th September 1989 and 18 th May 1990;

7) the birch trees growing in the 64 tds ha -1 compost

treatment applied as an incorporated layer had a smaller

volume than those growing in the same rate of compost

applied as a spot application on 5 th September 1989, 18th

May 1990 and 28 th August 1990;

8) the birch trees growing in 128 tds ha applied

as an incorporated layer had a smaller volume than the

trees growing in the same rate of compost applied as a spot

application on 1 8th May 1990 and 28 th August 1990;

9) the birch trees growing in the unamended spoil had a

larger volume than the trees growing in 32, 64 and 128 tds

ha-1 compost applied as an incorporated layer on 18 th May

1990, but by 28 th August the trees growing in the unamended

control had a,larger volume than all the treatments with

the exception of 32 and 64 tds ha -1 applied as a spot

application in the planting hole;

10) the birch trees growing in the plots amended with

inorganic fertiliser had a smaller volume than those

growing in the plots amended with 32 tds ha -1 compost

applied either as an incorporated layer or- -a spot

application- in thc planting-heie on 5 th September 1989;

11) on 28 th August 1990, the birch trees growing in the

plots amended with inorganic fertiliser had a smaller

volume than those growing in 32 and 64 tds ha 	 compost



applied as a spot application in the planting hole, but a

larger volume than the birch trees growing in 64 and 128

tds ha 	 applied as an incorporated layer.

3.7.3. Effect of compost treatment on the pH of colliery

shale. 

The effect of the compost treatment on pH is shown in

figure 3.17 The addition of compost had a significant

effect(p<0.05) on the pH of the shale and there was a very

significant (r = 0.40) linear trend with the pH increasing

as the rate of compost application was increased. There

was a very highly significant (p<0.001) difference in pH

due to the depth of the sample, and although the compost x

depth interaction was non significant, figure 3.17 shows

that the pH of the samples taken from 6-10 cm increased

slightly with the rate of compost application.

3.7.4. Effect of compost treatment on the lime requirement 

of colliery shale. 

The addition of compost to the shale had no

significant effect on the lime requirement. There was,

however, a very highly significant (p<0.001) difference in

lime requirement due to the depth of the sample (figure

3.18). The lime requirement of the 6-10 cm samples was

lower on the compost amended plots compared to the

unamended plots indicating that the application of

composted sewage sludge/straw had an affect on the lime

requirement, although the compost x depth interaction was

shown to be statistically non significant.

3.7.5. Effect of compost treatment on the conductivity of 

colliery shale. 

There was a significant (p<0.05) difference in

conductivity due to the compost treatment (figure 3.19).

The compost amended plots had a higher conductivity than



the unamended spoil. The decrease in conductivity in the

0-5 cm samples and the corresponding increase in

conductivity in the 6-10 cm samples may be caused by

leaching of the soluble salts from the compost and into the

shale. The samples from the 0-5 cm depth had a

significantly (p<0.05) higher conductivity than the 6-10 cm

samples. Although the compost x depth interaction was non

significant, figure 3.19 shows that the conductivity of the

6-10 cm samples increased as the rate of compost was

increased.

3.7.6.	 Effect of compost treatment on the nutrient and 

heavy metal concentrations of colliery shale. 

The significant effects of the compost on nitrogen,

phosphorus, potassium, iron, magnesium, manganese, zinc,

copper and chromium are summarised in table 3.9 and are

shown in figures 3.20 to 3.28.

The addition of compost to the colliery shale resulted

in significant increases in N, P, Mn and Cu. The K, Mg, Zn

and Cr levels were also elevated, but not significantly,

due to the application of compost, but there was no trend

in the levels of Fe. Nickel was not detectable by atomic

absorption spectroscopy.

Table 3.9.	 Significant effects of compost treatment on
nutrient and heavy metal concentrations in colliery shale.

N	 P	 K	 Fe	 Mg.	 Mn	 Zn	 Cu	 Cr
(%) (%) (PPm ) ( PPm) (PPm) (PPm) (PPm) (PPm) (PPm)

Treatment	 **	 **	 ns	 ns	 ns	 *	 ns	 *	 ns
Linear trend *** *** ns	 ns	 ns	 **	 *	 **	 *
Depth	 **	 **	 ns	 ns	 **	 ***	 *	 *	 ns
Treatment x **	 ns	 ns	 ns	 ns	 *	 ns	 ns	 ns
Depth

Key. , *** = very highly significant (p<0.001) difference,
** = highly significant (p<0.01) difference, * =
significant (p<0.05) difference, ns = non significant
difference.
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3.7.7. Effect of compost treatment on the total microbial 

counts of colliery shale. 

There was a significant (p(0.05) linear increase in

the total bacterial (r = 0.59) and fungal (r = 0.58) counts

(figures 3.29 and 3.30) due to the addition of composted

sewage sludge. There was a significant (p<0.05) difference

in total actinomycete counts due to compost treatment and

evidence of a highly significant (r = 0.71) linear trend

(figure 3.31).

3.7.8.	 Effect of compost treatment on the cress bioassay

of colliery shale. 

There was a significant (p<0.05) decrease in the

percentage germination of cress seeds growing in water

extracts (control of distilled water = 100%) due to compost

treatment (figure 3.32) and the linear trend was highly

significant (r = -0.55).

The effect of compost on the percentage root length of

the germinating cress seeds was non significant, although

it can be seen from figure 3.32 that the percentage root

length tended to decrease with increasing compost

treatment.

The percentage germination index (germination x root

length as a percentage of the control) showed a significant

(r = -0.61) linear decrease due to compost treatment

(figure 3.32).
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Figures 3.29-3.31. The effect of the application of
composted sewage sludge/straw on some of the biological
properties of colliery shale.
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IS.E.M. for germination

IS.E.M. for germination index

Figure 3.32. Germination index.
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3.7.9.	 Effect of compost treatment on the ground 

temperatures of colliery shale. 

The compost treatments had a highly significant

(p<0.01) effect on the temperature of the surface, the

temperature being higher on the plots amended with

composted sewage sludge/straw (figure 3.33). There was a

very highly significant (p<0.001) difference due to depth,

with the temperature being higher at the surface. The

compost x depth interaction was highly significant

(p<0.01), with the temperature 5 cm below the surface being

cooler on the compost amended plots.

3.7.10. Effect of compost treatment on the bulk density of

colliery shale. 

The compost had a very highly significant (p<0.001)

effect on the bulk density. The was a very highly

significant Cr = -0.84) linear trend with the bulk density

decreasing as the rate of compost application was increased

(figure 3.34).

3.7.11. Effect of compost treatment on the % air capacity

of colliery shale. 

The compost treatments had no significant effect on

the % air capacity, although figure 3.35 shows that the

compost does increase the air capacity compared to the

unamended control.

3.7.12.	 The effect of compost treatment on the moisture 

retention of colliery shale. 

There was a very highly significant (p<0.001) increase

in the moisture retention at each tension due to compost

treatment (figure 3.36). The linear trend was very highly

significant Cr = 0.54).
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Figures 3.33-3.36. The effect of the application of
composted sewage sludge/straw on some of the physical
properties of colliery shale.

Figure 3.33. Ground temperature.
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3.8.0. The Westbere field trial.

3.8.1. The grass trial. 

The grass seed germinated within 2 weeks of sowing.

Unfortunately within a month the plots were over grown by

weeds, mainly Chenopodium album and thistles, but also some

tomato plants and sunflowers. The source of the weeds was

thought to be the compost as identical weed species were

found on the remaining compost heap. The weeds were more

dense on the plots treated with compost. Blocks 2 and 4

were very overgrown with black medick (Medicago lupulina),

which was native to the site. Plate 3.4. shows the large

number of weeds on the compost amended plots.

The results of the harvests taken in November 1988 and

July 1990 are shown in figures 3.37 and 3.38. Analysis of

variance of the November 1988 harvest showed that the

compost treatments significantly (p<0.05) increased the

yield of herbage compared to the unfertilised control, but

there were no significant differences in yield between the

different rates of compost application or due to the

different methods of applying the compost (blanket layer or

Incorporated). Plate 3.5. shows the difference in the

growth of grass due to the application of composted sewage

sludge/straw.

Analysis of the July 1990 harvest showed that the

addition of compost significantly increased the yield of

herbage (p<0.01) and there was a very highly significant

difference (p<0.001) between the different rates of compost

application (yield of herbage increased as the rate of

compost application increased). There was no significant

difference in the yield of herbage due to the method of

compost application.

The inorganic fertiliser treatment had no significant

effect on the yield of herbage compared to the unamended

control at either harvest. The inclusion of T. repens in

the seed mixture had no significant effect on the dry

matter yield at either harvest and the compost x seed
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Figures 3.37. and 3.38. The effect of the application of
composted sewage sludge/straw on the yield of herbage grown
on gravel spoil.

Figure 3.37. Harvested November 1988.
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Plate 3.4. The growth of weeds due to the application of
composted sewage sludge/straw to gravel spoil.

The addition of composted sewage sludge/spoil resulted in a
large number of weeds, some of which were introduced with
the compost.

Plate 3.5. The difference in the growth of herbage on
gravel spoil due to the addition of composted sewage
sludge/straw.

The application of composted sewage sludge/straw increased
the growth of grass compared to the unamended gravel spoil.



interaction was also non significant.

A fire destroyed the grass plots in August 1990 but by

October 1990 it was observed that the re-growth of grass

was more evident in the areas treated with compost.

3.8.2. The tree trial. 

The establishment of the trees was poor due to a

number of reasons. The trees were planted late in the

season and many, in particular the birch, were in leaf when

they were planted and although the trees were watered

during planting many suffered from drought. Damage due to

rabbits was very severe and many of the cherry trees were

eaten down to ground level. Of the 640 trees planted, 550

were noted to be damaged by rabbits. As at Betteshanger,

the oak trees were apparently dead at the top and they grew

from the bottom.

The species of weeds present in the tree plots were

recorded in July 1988 as follows:

Chenopodium album (*), C. bonus-henricus (*), Poa annua 

(*), Senecio vulgaris (*), Matricaria matricariodes (*),

Capsella bursa-pastoris (*), Anagallis arvensis, Veronica 

serpyllifolia, Arabidopsis thaliana, Atriplex patula,

Tussilago farfara, Picris echioides, Borago officianalis,

Kickxia spuria, Polygonum nodosum, Trifolium camnestre,

Lotus corniculatus, Medicago lupulina, Rumex acetosella,

R.acetosa, S. jacobaea, S. viscosus, Polygonum aviculare,

P. convolvulus, Solanum nigrum, Mercurialis annua,

Aegopodium podagraria, Rubus fruticosus, Datura stramonium,

Urtica dioica, Cirsium arvense, Cirsium acaule, Sonchus 

asper, Salix capria, Equisetum arvense.

The species marked (*) were thought to originate from

the composted sewage sludge/straw as they were also found

growing profusely on the remaining compost heap. The other

species were native to the site and were not present on the

compost heap. The species marked (*) were the dominant

species on all the plots which had been treated with

composted sewage sludge. All species of weed increased in



number as the rate of compost application increased.

The effect of the compost treatment on the mortality

of trees at Westbere is shown in table 3.10.

Table 3.10.	 Mean number of dead trees/treatment over three
growing seasons at Westbere gravel quarry.

Treatment	 Oak	 Cherry	 Beech	 Birch
(tds ha')

0 0.70 0.45 0.30 0.50
IF 0.60 0.45 0.20 0.60

4OR 0.50 0.95 0.60 0.80
40S 0.95 1.20 1.55 0.50
8OR 0.50 1.50 0.85 0.65
80S 0.70 1.55 2.70 1.50

16OR 0.84 0.76 2.26 0.81
160S 1.20 1.65 2.90 1.55

S.E. of mean 0.170 0.177 0.241 0.195
significance * * * * *** ***

Key. R = compost applied as an incorporated layer, S =
compost applied as a spot amount in the planting hole, IF =
inorganic fertiliser at a rate of 50 kg ha -  each of N, P
and K.	 Means shown are of 20 values (4 trees x 5 time

intervals).

Analysis of variance showed that there were very

highly significant (p<0.001) differences in the number of

dead trees due to time, compost treatment and species of

tree. The compost x species and time x species

interactions were also very highly significant (p<0.001).

Following the replacement of the dead trees in February

1989, the number of dead trees increased with time. 	 In

general the number of dead trees increased as the rate of

compost application was increased and for each rate of

compost application there appeared to be a difference due

to the method of compost application, with a higher number

of dead trees in the plots where the compost was applied as

a spot application.	 The rate of mortality of the species

was beech > cherry > birch > oak.

The effect of compost treatment on stem height and



Source 

blocks
treatment
time
treatment x
time

diameter	 and tree volume is shown in table 3.11 and

figures 3.39 to 3.46.

Table 3.11. Summary of the analysis of variance on the
effect of composted sewage sludge/straw on the height,
diameter and volume of trees grown in gravel spoil.

Effect on tree height 

Source	 Oak	 Cherry	 Beech	 Birch

blocks	 ns	 ns	 ns	 ns
treatment	 ns	 ns	 ns	 ns
time	 ***	 ***	 ***	 ***
treatment x	 ns	 ns	 ns	 ns
time

Effect on tree diameter 

Source	 Oak	 Cherry	 Beech	 Birch

blocks	 ***	 *	 ns	 ns
treatment	 ns	 ns	 ns	 ns
time	 ***	 ***	 ***	 ***
treatment x	 ns	 ns	 ns	 ns
time

Effect on tree volume 

Oak	 Cherry	 Beech	 Birch

***	 ***	 *	 ***
ns	 ***	 ns	 ***
***	 ***	 **	 ***
ns	 ns	 ns	 ns

Key. *** = very highly significant (p<0.001), ** = highly
significant (p<0.01), * = significant (p<0.05), ns = non
significant.



1'1

Figures 3.39-3.42. The effect of the application of
composted sewage sludge/straw on the stem height and
diameter of trees grown in gravel spoil.

Figure 3.39. Quercus robur. 
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Figure 3.42. Betula pendula. 
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Figures 3.43-3.46. The effect of the application of
composted sewage sludge/straw on the estimated volume of
trees grown in gravel spoil.

Figure 3.43. Quercus robur. 
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Comparison of the treatment means for the volume of

the trees showed the following to be significant:

1) the cherry trees growing in the 160 tds ha

treatment applied as an incorporated layer had a smaller

volume than the trees growing in the same rate of compost

applied as a spot application in the planting hole on 29th

August 1990;

2) the birch trees growing in the plots amended with

inorganic fertiliser had a smaller volume than those

growing in the plots amended with 40 tds ha-1 compost

applied both as an incorporated layer and as a spot

application in the planting hole on 11th September 1989;

3) the birch trees growing in the 40 tds ha

treatment applied as a spot application had a larger volume

than the trees growing in the unamended shale or the 40 tds

ha applied as an incorporated volume on 29th

August 1990;

4) on 29 th August 1990 the birch trees growing in the plots

amended with the inorganic fertiliser had a smaller volume

than those growing in the plots amended with 40 tds ha

compost applied as a spot application in the planting hole,

but a larger volume than the birch trees growing in the

plots amended with 80 and 160 tds ha -1 of compost applied

as a spot application in the planting hole.

Approximately 50-60 trees, mainly in blocks 2 and 4

were damaged by fire in August 1990.

3.9.0. The Shelford field trial.

A hot and dry spring prevented the germination of the

grass seeds after the sowing in May 1989 and wind blown,

opportunistic weeds became established. The percentage

weed cover was recorded for each treatment (table 3.12) and

identified as follows:

Rumex obtusifolius (*), R. crisbus (*), R. longifolius (*),

Epilobium angustifolium, Urtica dioica, Solanum nigrum,

Chenopodium album (*), C. rubrum (*), C. bonus-henricus 

(*) ,	 Polygonum persicaria,	 Cirsium arvense, Cirsium 



vulgare, Tripleurosporum maritimum, Picris echioides,

Mycelis muralis, Polygonum lapathifolium, Senecio vulgaris,

Phragmites australis, Phleum pratense, Artemisia vulgaris.

Species marked (*) were also found growing on the

compost heap. Most of the weeds, however, were wind blown

opportunistic species.

Table 3.12. Estimated percentage weed cover on London clay
amended with composted sewage sludge/straw.

Treatment (tds ha -1 )	 Weed cover (%). 

	

0	 10.0

	

70	 47.5
140	 67.5
280	 90.0
inorganic fertiliser	 10.0

S.E. of mean
	

5.2
significance
	 ***

The germination and growth of the seeds sown in

September 1989 was slow, patchy and restricted to the plots

treated with compost. Growth was patchy on all plots due

to the rutting caused by the front end loader when the

compost was applied. When the grass was harvested there

were very obvious visual differences between the plots

ranging from very sparse, stubby grass on the unamended

control plots and the plots treated with inorganic

fertiliser to lush, well covered plots with the maximum

compost application. The results of the harvest are shown

in figure 3.47. There was a very highly significant

(p<0.001) increase in the dry matter yield of herbage due

to the compost treatment and a very highly significant

(p<0.001) linear trend. The inorganic fertiliser treatment

did not significantly increase the yield of herbage

compared with the unamended control. Plate 3.6 shows the

effect of compost treatment on the growth of herbage on

London clay.	 The results of the nutrient analysis are

shown in table 3.13.



Figure 3.47. The effect of the application of composted
sewage sludge/straw on the yield of herbage grown on London
clay. Harvested July 1990.
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Plate 3.6. The difference in the growth of herbage on
London clay due to the addition of composted sewage
sludge/straw.

The addition of composted sewage sludge/straw increased the
growth of grass on London clay compared to the unamended
control.
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Table 3.13. Nutrient and heavy metal content of herbage
grown on London clay amended with composted sewage
sludge/straw.

ItIELasu	 N	 ?	 K	 Ca	 Fe	 Me	 Zn	 mn 

-(-iii—hia--9 	 Cr)	 Cr)	 (pm)	 (ppm)	 (ppm)	 (ppm)	 (PPm )	 (PPm)

0	 0.926	 0.131	 8155	 586	 223	 3094	 27	 72

70	 1.137	 0.229	 12961	 2337	 206	 3046	 24	 132
140	 1.218	 0.222	 13290	 2089	 74	 3061	 29	 166

280	 1.045	 0.307	 13655	 2423	 93	 2819	 29	 90

IF	 0.925	 0.172	 9093	 816	 239	 3261	 35	 106

S.E. of mean	 0.203	 0.038	 1790	 429	 65	 323	 4	 29
significance	 us	 ns	 ns	 *	 ns	 ns	 ns	 ris

Ke y . • • significant difference (p<0.05). ns . ..pon significant difference.
• inorganic fertiliser at a rate of 50 kg ha ' each of Y. ? and K.

Means shown are of four replicates.

3.10.0. Discussion.

3.10.1. Analysis of the composted sewage sludge/straw. 

The analysis of the composted sewage sludge/straw

shows that an application of only 64 tds ha

1,408 kg of nitrogen per hectare (table 3.1). It has been

suggested that a nitrogen capital of at least 1,000 kg ha-1

is required to sustain plant growth and it can take

approximately 50 years for this amount of nitrogen to

accumulate naturally on derelict land (Bradshaw et al.

1982). Thus a single application of 64 tds ha-1 of

composted sewage sludge provides sufficient nitrogen to

maintain plant growth. Normal soils contain approximately

2,000-5,000 kg of nitrogen per hectare (Dutton and Bradshaw

1982). An application of only 128 tds ha composted

sewage sludge/straw to the colliery shale at Betteshanger
brings the nitrogen content into the normal range for
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soils. The compost, however, exceeds the DoE guidelines and

the EC limits (see tables 1.4 and 1.5) for the maximum

permissible addition of copper even at the lowest rate (32

tds ha -1 ) of application.

3.11.0. The effect of composted sewage sludge/straw on the

growth of grass.

The results of the three field trials (3.7.1., 3.8.1.

and 3.9.0.) show that the general effect of applying

composted sewage sludge/straw to derelict land is to

increase the yield of grass compared with the unamended

spoils or spoils treated with an application of inorganic

fertiliser. These results are in agreement with those of

other workers. For example, Griebel et al. (1979)

incorporated composted sewage sludge into stripmine wastes

at rates of 56, 112 and 224 t ha found that all rates

increased the yield of a grass/legume mixture compared to

the unamended control, although the results were not

significant for the lowest rate of application. Loebel et

al. (1982) found that the application of composted sewage

sludge and leaves to calcareous road waste improved the

growth of a grass/trefoil mixture. Logan et al. (1984)

applied composted sewage sludge to stripmine spoil at rates

of 52, 103 and 206 t ha -1 and found that all rates

increased the yield of forage crops compared to the

unamended control but they found no significant differences

between the rates.

The yields obtained by the highest rates of composted

sewage sludge/straw application for the harvests at

Betteshanger, Westbere and §helford in 1990 (figures 3.4,

3.38 and 3.47 respectively) are comparable with yields

expected from fertilised pastures (300-400 g m-2).

Experiments by Bloomfield et al. (1982) on the yields of

herbage on colliery spoil and brick rubble amended with N,
-	 .P and K	 produced yields ranging from 80 g m 2 (no

amendment) to	 >1,200 g m-2 (N, P and K added) on the

colliery shale and yields of 50 g m-2 (no amendment) to
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approximately 400 g m -2 (N, P and K added). A continual

need for nitrogen was also observed.

The compost did not have a detrimental effect on the

germination of the grass seeds at any of the three sites

and was shown to improve the rate of germination on

colliery shale and clay. The improvement in germination

was possibly due to the compost protecting the seeds from

the weather and improving the water status as it was

observed that the germination on the unamended clay was

restricted to the troughs of ruts where the seeds were more

sheltered from the wind and moisture collected. Griebel et

al. 1979 found that composted sewage sludge promoted rapid...._
germination and seedling growth on stripmine spoil. Logan

et al. (1984) also found that the application of composted

sewage sludge to mine spoil improved the seed germination.

There was no difference in the germination of the grass

seeds on the gravel spoil due to the application of the

composted sewage sludge/straw and this result is in

agreement with that of Loebel et al. (1982) who found that

the addition of a compost made from sewage sludge and

leaves had no effect on seed germination.

The dominance of the Festuca species and the Poa

compressa on the unamended colliery spoil and the change in

the dominant species from Lolium perenne to Poa compressa 

on the compost amended plots may be related to the nutrient

status of the plots as the fescues and the meadow grass are

species which persist under impoverished soil conditions

and once established can survive drought. L. perenne,

although tolerant of a wide range of environmental

conditions, prefers moist, fertile conditions and has a

high nitrogen requirement and may show up deficiencies in

nitrate and also phosphate (Kent 1980). The change in

dominance may indicate that the available nutrients in the

compost had been utilised during the first growing season

and the nutrient status was poor by the end of the third

growing season. It may also be related to the very dry

summers of 1989 and 1990. The fescues produce a good cover

on acidic soils and this explains the dominance of this
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species on the unamended shale as the pH was found to be

lower on the unamended plots than the plots amended with

composted sewage sludge (figure 3.9) (Oxenham 1966, Sikula

and Stolfa 1979).

The absence of clover on the unamended shale may be

due to the low pH of the colliery spoil as clover requires

a pH of at least 5 to nodulate and legumes generally grow

best at a pH of 6.5 (Lyle 1987). However clover was also

poorly established on the compost amended plots which had

a pH of 5 or more in the 0-5 cm layer (figure 3.17).

Clover is quite nutritionally demanding and has a high

phosphorus requirement. Colliery shales are typically

deficient in phosphorus and they also immobilise added

phosphorus (as insoluble aluminium and iron phosphates),

thus it is possible that the phosphorus added in the

compost was rendered unavailable to the clover (Gemmell

1973). There may also have been an absence of the

necessary Rhizobium and the clover may have been more

successful if the seeds had been inoculated with the

appropriate strain before sowing. The application of

agricultural grade limestone may also have had an adverse

effect on the growth of the clover as Gemmell (1981)

reported that the application of calcitic limestone to

acidic colliery spoil inhibited the growth of T. repens,

but found no clear reason for this. Costigan et al. (1982)

found that clover was more sensitive to the effect of

calcitic limestone additions to colliery soil than L.

perenne and the addition of 5 t ha was the rate

applied to the plots at Betteshanger) inhibited T. repens.

Doubleday (1972) suggested that liming acidic colliery

spoil may induce iron deficiency, the immobilisation of

phosphorus (as calcium phosphate) and other nutritional

disturbances which T. repens is more sensitive to then L.

perenne. A combination of acidity and drought, however,

may be a more simple explanation for the poor growth of the

clover in the seed mixture.

The clover grew well during the first growing season

on the amended gravel spoil at Westbere, but was unable to
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compete with the grass and the weeds during the second and

third growing seasons. There was no significant effect on

the dry matter yield of herbage due to the inclusion of

clover in the grass mixture for either of the harvests.

The clover in the grass mixture grew well on the compost

amended clay.

The field trials on the colliery shale at Betteshanger

and on the gravel spoil at Westbere showed the compost to

have a large residual effect on the yield of herbage. The

addition of compost to gravel spoil increased the yield of

herbage compared to the unamended control and the inorganic

fertiliser treatment at both harvests (figures 3.37 and

3.38). After the first growing season (harvested 1988)

there was no significant difference in yield between the

different rates of compost application, but there were very

highly significant differences in the yield of herbage due

to the rate of compost application after the third growing

season (harvested 1990). The increases in yield at the

higher rates of compost application are probably due to the

breakdown of the organic matter in the compost, supplying

additional plant nutrients, thus the higher rates of

compost application can sustain the yield of herbage for a

longer time period than the lower rates of compost

application, from which the nutrient supply will be more

quickly exhausted. Loebel et al. (1982) found that

composted sewage sludge and leaves applied to calcareous

road waste at 125 t ha-1 was superior to 250 t ha-1 but

they suggest that the higher rate may have more significant

long term effects.

The composted sewage sludge/straw used in the field

trials at Betteshanger colliery tip and at the Westbere

gravel tip formed a cloddy seed bed and was quite difficult

to spread evenly over the plots, particularly at the low

rates of addition. This was mainly due to the fact that

the compost had been stored for a long time and had become

very wet. The compost used in the field trial on the

London clay at Shelford was very friable and easily spread.

Both these findings are in agreement with other



researchers.	 Epstein et al. (1976) compared composted

sewage sludge at rates of 40, 80, 120 and 240 t ha

sewage sludge at the same rates and found that sewage

sludge application rates exceeding 120 t ha

difficult to apply and produced a cloddy seed bed, whereas

the same rate of composted sewage sludge was easily applied

and produced a friable seed bed. Logan et al. (1984)

however, found one of the major factors limiting the use of

composted sewage sludge was the inability to spread

uniformly.

The method of compost application (blanket layer

versus incorporated) to the gravel spoil had no significant

effect on the yield of the herbage. Gildon et al. (1982)

carried out a series of experiments using soil to reclaim

colliery spoil and also found that incorporating the soil

with the spoil had very little influence on the yield of

herbage compared with unincorporated soil. Vigerust (1984)

applied composted sewage sludge to grassland and obtained

greater yields when the compost was applied as a blanket

layer (mulch) rather than incorporated into the soil.

Mulches applied to the spoil surface are known to protect

the seed bed, modify extremes in soil temperature and

reduce evaporation (Plass 1978). Conversely in an

experiment to reclaim colliery spoil with dried sewage

sludge, Metcalfe (1984) found that incorporating the sludge

was more beneficial than capping the spoil with the sludge.

Foliar analyses of the herbage harvested from the

colliery shale and the London clay amended with composted

sewage sludge/straw showed that the compost had little

significant effect on the nutrient status. The addition of

the compost to colliery shale increased the foliar

concentration of nitrogen, phosphorus, potassium, calcium

and magnesium (although only the effects on potassium and

calcium were statistically significant) compared to the

unamended control. The herbage grown on the compost

amended plots had a greater phosphorus content than the

herbage grown on the unamended spoil, but the concentration

of foliar phosphorus decreased as the rate of compost



application increased. This is possibly due to the

addition of lime which can decrease the availability of

phosphorus (Gemmell 1981, Morel and Guckert 1981, Costigan

et al. 1982, Haynes 1982). Foliar calcium showed the same_
trend as phosphorus. There were no significant differences

in foliar iron, zinc or manganese due to the application of

the composted sewage.

The compost treatments had no significant effect on

the nutrient status of the herbage grown on London clay

with the exception of the concentration of calcium which

was significantly increased by the application of compost.

Trends however were evident and table 3.13 shows that the

compost increased the foliar concentrations of nitrogen,

phosphorus, potassium and manganese. Iron and magnesium

concentrations were slightly decreased by the addition of

compost. The inorganic fertiliser had little effect on the

nutrient status of the herbage compared to the compost

treatments.

Despite the compost containing a high concentration

of chromium (4,734 ppm), chromium was not detected in the

herbage from either field trial by atomic absorption

spectroscopy. Chromium is very sparingly soluble in soil

and translocation of chromium is limited (Kelling et al.

1977, Sheppard et al. 1984, Dean and Suess 1985, Bridges

1989). James and Bartlett (1984) suggest that the reason

that chromium in sewage sludges is unavailable for plant

uptake is that it is present in inert humic complexes. An

application of almost 7,000 kg Cr ha-1 was shown to

increase the soil concentration of chromium by 42 times,

but the plant tissue concentration was only increased by

1.8 times (Hughes 1988). Copper was also undetectable in

the herbage from Betteshanger and Shelford.

All nutrients measured were within the normal plant

range with the exception of nitrogen, calcium and magnesium

which were lower than normal in the herbage from the

amended colliery shale and nitrogen and calcium which were

below average values for the amended clay (Allen 1989).

There is little published data on the 	 fect of



composted sewage sludge on the nutrient status of herbage.

Terman et al. (1973) and Mays et al. (1973) found that the

addition of a compost containing sewage sludge laden with

zinc to soil increased the foliar concentration of zinc.

Griebel et al. (1979) applied composted sewage sludge to

stripmine waste at 56, 112 and 224 t ha grew a

grass/legume mixture which they harvested after two years.

They found that the compost increased foliar nitrogen,

calcium, magnesium, copper and nickel but had no affect on

phosphorus and potassium. All the elements were found to

be within the normal plant ranges. Research on the effect

of sewage sludge on the uptake of nutrients by crops shows

variable results. Andersson and Nilsson (1972) found that

the levels of zinc, copper, nickel and cadmium in crops

increased as the rate of sewage sludge application was

increased. Kelling et al. (1977) also found increases in

foliar copper, zinc, cadmium and nickel due to the

application of sewage sludge to land, but there was very

little uptake of chromium. Other workers have found

elevated levels of heavy metals in crops due to the

application of sewage sludge but the results have not been

significant (Carlson et al. 1982, Chang et al. 1984).

Logan et al. (1984) compared the uptake of heavy metals by

corn from digested sewage sludge and composted sewage

sludge and found that uptake was less from the composted

sewage sludge.

Regression analysis showed there to be significant

linear correlation between the yield of the herbage at

Betteshanger and the nitrogen concentration (0-5 cm depth),

conductivity (0-5 cm depth) and the bulk density of the

amended colliery shale. Increasing the rate of composted

sewage sludge/straw application was shown to increase the

concentration of nitrogen in the spoil (figure 3.20) and in

turn, this resulted in an increase in the yield of herbage.

The effect of the compost on the conductivity of the spoil

was slightly more complicated but in general the

conductivity of the compost amended plots was higher than

the unamended plots (figure 3.19).	 However, linear



regression analysis showed there to be a positive

correlation between the conductivity of the spoil and the

yield of herbage. This could be due to an increase in the

available potassium due to the application of compost. The

compost decreased the bulk density of the colliery shale

(figure 3.34), which resulted in an increased yield of

herbage, probably due improved root growth as the roots

could penetrate the less dense compost amended shale more

easily.

3.12.0. The effect of composted sewage sludge/straw on the

establishment and growth of broad-leaved trees.

The establishment of trees at both the Betteshanger

and the Westbere field sites was poor due to a number of

reasons, including planting techniques and late planting,

drought and rabbit damage and thus some of the effects due

to the compost may have been masked. Competition with

weeds was also a severe problem, particularly at Westbere.

Some of the weeds were introduced with the compost. The

problem of introducing weeds with composted sewage sludge

has been noted by other workers (Loebel et al. 1982).

At both field sites, the compost treatment had a very

highly significant effect on the mortality of the trees,

with a greater mortality at the higher rates of compost

application. Loebel et al. (1982) also found that

composted sewage sludge increased the incidence of

mortality for some species of tree and attributed this to

competition with weeds. At Westbere the spot application

treatment caused a higher rate of mortality for each rate

of compost application than the incorporated layer, but

there was less effect due to the method of application at

Betteshanger. It is possible that the increased mortality

due to the spot application of compost observed at Westbere

was caused by a high concentration of ammonia in the

compost which had become anaerobic during storage leading

to an increase in the concentration of ammonia. This would

also account for the increased mortality at the higher
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rates of compost application. Hornick et al. (1984) also

found that the use of compost stored under anaerobic

conditions could be detrimental to plants and could result

in poor root development. Richardson and Dicker (1972)

found that planting trees directly into colliery shale

resulted in poor establishment and a slow rate of growth,

but planting the trees with soil around the roots gave the

trees an initial advantage and the effect lasted for three

years. Other experiments have shown that organic

amendments in the planting hole may adversely affect the

nutrient supply to the newly planted tree for several years

following application due to the high C:N ratio (Hodge

1990). This is unlikely to be problem with composted

sewage sludge/straw, as the low C:N ratio of between 10-16

should cause no adverse affects.

Although the compost treatments were shown to have no

significant effect on the incidence of socketing, the

general trend was for the number of trees socketing to

decrease as the rate of compost application increased and

for each rate of compost application the number of

socketing trees was lowered when the compost was applied as

a spot application in the planting hole. Compacted

colliery spoil has been shown to be difficult to firm

around the tree roots during planting and thus leading to

socketing (Jobling 1981, Jobling and Carnell 1985). The

addition of composted sewage sludge/straw to the shale

enabled the trees to be planted more firmly, reducing the

incidence of socketing.

The analysis of variance for tree height, diameter and

volume showed there to be a very highly significant

(p<0.001) difference due to time for all species with the

exception of the height of the oak trees which were

significantly (p<0.05) different with time. There was a

lot of variation in the measurements over time, with some

of the trees showing increases in height, diameter and

volume, while others showed a decrease. There were however

no consistent trends due to the compost treatment.

At both sites there were very highly significant
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(p<0.001) differences between blocks for the volume of the

oak, cherry and birch trees and significant (p<0.05)

differences between blocks for the volume of the beech

trees. There were also significant differences between

blocks for the diameter of the oak (p<0.001) and cherry

(p<0.05) trees at Westbere. At Betteshanger the trees in

block 1 tended to have a larger volume than the trees in

the other blocks. The difference in the size of the trees

was visually obvious and could be due to the fact that the

trees in this block were better protected than the other

blocks, particularly during their initial establishment

when they were protected by a large shale bund. The volume

of the oak and beech trees in block 4 was larger than the

oak and beech trees in blocks 2 and 3, possibly due to less

rabbit damage. At Westbere the trees in block 1 were

smaller than the trees in the other blocks. Block 1 was

prone to water logging and this could be the reason for the

smaller trees. The cherry and birch trees in block 2

suffered very severe rabbit damage and this resulted in

them having a smaller volume than the trees in block 3.

The compost treatments were shown to have no

significant effects on the stem height and diameter of the

trees at either site with the exception of the height of

the cherry trees at Betteshanger which was significantly

affected by the compost treatment. In general for the

majority of the trial the cherry trees growing in the

unamended shale were 41;;;;T than those growing in the

shale amended with 32 tds ha 	 applied as an

incorporated layer and 128 tds ha applied as a

spot application in the planting hole and also the trees

growing in the shale amended with a dressing of inorganic

fertiliser. The cherry trees growing in the plots amended

with 32 tds ha compost applied as an incorporated

layer were smaller than the those growing in the same rate

of compost applied as a spot application in the planting

hole. It had been expected that the application of

composted sewage sludge/straw would increase the height of

the trees by supplying nutrients, however the results show

that the trees growing in the amended shale tended to be

taller.
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The compost applied as a spot application in the planting

hole may have improved the stability of the trees in the

planting hole, resulting in taller trees. It is possible

that the effects of the addition of composted sewage

sludge/straw to the spoils may be more evident in several

years time. At both sites there was a high variability and

this may have masked the effect of the compost on tree

height and diameter.

The compost treatments did however have a very highly

significant effect on the estimated volume of the trees.

The estimated volume is related to the biomass of the tree

and this is a better predictor of performance than the tree

height or diameter alone. In general, where a significant

difference was found between the different methods of

applying the compost, then the compost applied as a spot

application in the planting hole resulted in larger trees

than the same rate of compost applied as an incorporated

layer over the plot. This could be due to an increase in

nutrient availability around the roots of the trees, an

increase in moisture availability and an increase in

stability in the planting hole. The lower rates of compost

application tended to increase the volume If the trees

compared to the unamended controls, whereas the higher

rates of compost application had little significant effect.

This could be due to an excess of nutrients at the high

rates of compost application, for example ammonia toxicity,

or possibly due to anoxia around the tree roots. The

compost has a high conductivity, thus at the high rates of

compost application the salinity may reduce the growth of

the trees. The treatments also behaved differently over

time. For example, at the beginning of the third growing

season the volume of the birch trees growing in the

unamended shale at Betteshanger was smaller than the trees

growing in the plots amended with 32, 64 and 128 tds ha-1

of compost applied as an incorporated layer, but at the end

of the third growing season the trees in the unamended

controls were larger than the trees in the above



treatments.	 The compost was found to have more of an

effect on the volume of the trees growing in the amended

colliery shale than in the amended gravel spoil.	 This
1..-----c

could be due to the shale a-poorer growing medium than the

gravel spoil and thus the application of composted sewage

sludge/straw had a more pronounced effect on the trees

planted in the shale.

Other research has shown composted sewage sludge to

have a beneficial effect on the growth of trees. Gouin et

al. (1978) and Korcak et al. (1979) found that trees grown

in sandy soil amended with composted digested sewage sludge

were taller and more vigorous than the unamended controls

and they attributed this to the increased water holding

capacity and nutrient status. Trees grown in sandy soil

amended with 112 and 224 t ha -1 of composted sewage sludge

were shown to be taller than the trees growing in unamended

soil and soil amended with 448 t ha et al. 1978).

Vigerust (1984) obtained good results from using composted

sewage sludge for planting bushes and trees.

Research on the effect of sewage sludges on trees has

shown variable results. An experiment to determine the

effect of different rates of sewage sludge application (22,

56, 112 and 224 t ha-1 ) to stripmine spoil showed that the

sewage sludge was beneficial to the growth of pitch x

loblolly pine seedlings except at the highest rate of

application which increased seed mortality and decreased

growth due to severe manganese deficiency and/or high

soluble salt content (Moss et al. 1989). However Olesen et

al. (1984) found sewage sludge to decrease the

establishment of trees on colliery spoil compared to

treatments of inorganic fertiliser and lime and attributed

the effect of the concentration of heavy metals in the

sewage sludge. Berry (1985) also found loblolly pine

seedlings grew poorly in soil amended with sewage sludge.

The poor growth was attributed to loss of nutrients by old

sludge and heavy metal toxicity in fresh sludges.



3.13.0. The effect of composted sewage sludge/straw on the

chemical, biological and physical characteristics of

colliery shale.

The effect of the composted sewage sludge/straw on the

chemical, biological and physical properties of the

colliery shale were determined on the areas dividing the

grass sub-plots. These areas had been treated with compost

as for the sub-plots and grass was growing on them. By

sampling these areas the experimenta plots for the grass

and the trees were left undisturbed. It was assumed that

these areas were representative of the whole of the field

site.

3.13.1. The effect on chemical properties. 

The addition of composted sewage sludge/straw to

colliery shale was shown to significantly increase pH

(figure 3.17), conductivity (figure 3.18) and levels of N,

P, Mn and Cu (figures 3.20, 3.21, 3.25 and 3.27). The

compost also decreased the lime requirement (figure 3.18)

and increased levels of K, Mg, Zn and Cr (figures 3.22,

3.24, 3.26 and 3.28), although these effects were not

significant.

These results are in agreement with some of the

'results from other workers. For example, Epstein et al.

(1976) showed that soil nitrogen and phosphorus were

increased by the addition of composted sewage sludge, as

was the salinity. Gouin and Walker (1977) increased the pH

and concentrations of nitrogen, phosphorus, calcium and

magnesium in sandy soil by the addition of composted sewage

sludge. Griebel et al. (1979) found that the addition of

composted sewage sludge to stripmine spoil did not have an

influence on spoil phosphorus, but levels of copper,

nickel, zinc and cadmium were increased. Composts of

sewage sludge and garbage have been shown to have a liming

effect (Terman et al. 1973, Chaney et al. 1980, Mays and

Giordano 1989). Lime is frequently added to sewage sludge



during the treatment process and this can raise the pH of

the sludge to 11-12 and one tonne of limed sludge cake can

contain 50 kg of lime (Hall et al. 1986). Thus when limed

sewage sludge is composted, the resulting compost can

contain a reasonable quantity of lime.

3.13.2. The effect on biological properties. 

The application of composted sewage sludge/straw

resulted in linear increases in the total bacterial and

fungal counts and a significant increase in the total

number of actinomycetes (figures 3.29 to 3.31). Although

the addition of compost increased the microbial counts they

were still lower than typical values for microbes per gram

of soil which are 9.8 x 10 7 , 1.2 x 10 5 and 2.0 x 10 6 for

bacteria, fungi and actinomycete respectively (Hawker and

Linton 1979).

The increases in bacteria and actinomycetes may be

partially due to the increase in pH due to the addition of

the compost as well as to the introduction of

microorganisms in the compost. Raising the pH of soil is

known to increase the number of bacteria and actinomycetes

(Lyle 1987). Other workers have also found that the

addition of composted sewage sludge to soil or spoil

generally increases the microbial population (Guidi et al.

1988, Pichtel 1990, Pichtel and Hayes 1990), but Pera et

al. 1981 reported that rhizosphere microorganisms were

unaffected by the addition of composted sewage

sludge/refuse and other organic amendments. Coppola (1981)

found that heavy applications (approximately 200 t ha -1 ) of

composted sewage sludge adversely affected microbial

activity.

The germination of cress seeds, the root length of

cress seeds and the germination index (% germination x

root length) were all decreased by the addition of compost

to colliery shale (figures 3.32).	 This result was

surprising as the field experiment showed that the addition

of compost to colliery shale improved the germination of



the grass seed mixtures. The decreases in the germination

and root length observed for the cress seeds growing in

extracts of the colliery shale and compost may be due to

the increased salinity (figure 3.19) caused by the addition

of the composted sewage sludge. Cress seeds may also be

more sensitive to the concentration of heavy metals in the

compost than the grass seed mixture, as grasses are less

sensitive to heavy metals than many other crops (Bolton

1975).

3.13.3. The effect on physical properties. 

The addition of compost resulted in a highly

significant increase in the temperature of the surface and

a highly significant decreasqa in the temperature 5 cm

below the surface (figure 3.33). The increased temperature

at the surface due to the application of the compost was

unexpected as previous research has shown mulches to lower

soil temperature (Dancer 1964). Hornick (1982) found that

the addition of composted sewage sludge to sand and gravel

spoils lowered the surface and sub-surface temperatures and

Moffat and Houston (1987) found that increasing the depth

of composted garbage over a landfill site decreased the

surface temperature. However, when the weather is hot and

dry, salts dry out on the surface of the shale

(efflorescence) making the shale appear to be white and

thus reducing the heat absorbance. Under such conditions,

the composted sewage sludge/straw would be darker than the

shale and therefore would absorb more heat. It is also

known that materials that show the least decrease in

surface moisture exhibit the greatest increase in surface

temperatures during a sequence of sunny days following rain

(Deely and Borden 1973). The composted sewage sludge/straw

has been shown to have a greater water holding capacity

than the colliery shale (figure 3.36) and is less likely to

lose heat from its surface by evaporation of water.

Bulk density was very highly significantly (p<0.001)

decreased by the addition of compost (figure 3.34). 	 A



decrease in bulk density due to the addition of composted

sewage sludge has also been observed by Mays et al. (1973),

Duggan and Wiles (1976) and Loebel et al. (1982). The

decrease in bulk density is due to the dilution effect of

mixing low density compost with high density waste (Guidi

et al. 1989).

The compost did not have a significant effect on the %

air capacity, although there was a non significant increase

due to the application of compost (figure 3.35).

Moisture retention was very highly significantly

increased at each tension due to the addition of composted

sewage sludge/straw (figure 3.36). An increase in water

content and water retention due to composted sewage sludge

has also been shown by Duggan and Wiles (1976), Epstein et

al. (1976). Chang et al. (1983) showed that sewage sludge

composts decreased bulk density and cohesion and increased

water holding capacity and hydraulic conductivity. Large

amounts of compost (80 t ha-1 ) were needed for a

significant effect. Porosity (which is inversely related

to bulk density) was shown by Pagliai et al. (1981) to be

increased by the addition of 50 and 150 t ha -1 of composted

sewage sludge, but there were no significant differences

between the rates of addition. However Guidi etal. (1988

and 1989) found that soil physical characteristics were not

influenced by the addition of sewage sludge composts and

other workers (Pagliai et al. 1981, and Sartori et al.

1985) found that compost could be detrimental to the

structure of saline soils.

3.14.0. Conclusions.

The results of the three field trials lead to the

conclusion that composted sewage sludge/straw has a

beneficial effect on the establishment and growth of grass

mixtures on colliery shale, gravel spoil and clay. The

effect of the composted sewage sludge/straw on broad-leaved

trees growing in colliery shale and gravel spoil was less

obvious. The application of compost caused an increase in
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the mortality of the trees at both sites. There were no

significant differences in tree height or diameter due to

the application of composted sewage sludge/straw with the

exception of the height of the cherry trees growing in

amended colliery shale. The compost did however have a

significant effect on the volume of the trees, although the

effect was not always beneficial.

Analysis of the chemical, biological and physical

properties of the amended colliery shale demonstrated that

the composted sewage sludge/straw had a beneficial effect

on the spoil. The pH and the nutrient status of the spoil

were increased, improving the conditions for the growth of

herbage. The number of total microbial organisms (which

are important for the recycling of nutrients) were also

increased. The addition of compost decreased the bulk

density of the spoil, thus improving root penetration, and

increased the moisture retention of the spoil. All these

improvements lead to more favourable conditions for the

establishment and growth of herbage.

It can be concluded that an application rate of as

little as 32 tds ha composted sewage sludge/straw

improves the growth of herbage on colliery spoil. However

all three field trials show that as the rate of composted

sewage sludge is increased, the yield of herbage also

increased. An application rate of approximately 64 tds

ha -1 is required to supply sufficient nitrogen to sustain

plant growth.



4.0.0. MINERALISATION OF COMPOST.

4.1.0 Introduction.

Mineralisation is the microbial conversion of

organically bound soil constituents, such as nitrogen and

phosphorus, to inorganic compounds.

Nitrogen is unique amongst the major nutrient

elements in that in normal soils the majority of the

nitrogen is organically bound and unavailable to plants.

Only inorganic nitrogen is available for plant uptake and

under normal soil conditions inorganic nitrogen is

continuously formed (mineralised) from the pool of organic

nitrogen. Thus the process of mineralisation is very

important for plant growth. Immobilisation of mineral

nitrogen is the decrease in mineral nitrogen due to

microbial uptake and the biological turnover of nitrogen

through mineralisation and immobilisation is known as the

internal nitrogen cycle (Stevenson 1986).

One feature common to derelict land is the deficiency

of nitrogen and this poses one of the major difficulties in

the revegetation of derelict land. A nitrogen capital of

at least 1,000 kg ha required to sustain vegetation

and the rate of accumulation of nitrogen determines the

rate of development of vegetative cover (Bradshaw et al.

1964, Harmsen and Kolenbrander 1965, Chadwick 1975, Johnson

and Bradshaw 1979, Jefferies et al. 1981, Bloomfield et al.

1982, Bradshaw	 1982a and 1982b, Hall and Vigerust

1984, Broadbent 1986, Marrs 1989). Colliery shale is

particularly difficult to reclaim, not only because it is

very deficient in nitrogen and phosphorus but it has a

tendancy to immobilise these elements when added in

fertilisers (Bloomfield et al. 1982, Broughton 1985).

Derelict land has little capacity for retaining

inorganic nitrogen, therefore a supply of slow release

organic nitrogen is required, e.g. sewage sludge or farm

yard manure. The advantages of organic manures is that

they release their nitrogen gradually over time compared



with inorganic fertilisers in which the nitrogen is often

totally soluble and therefore immediately available and

prone to leaching (Bates 1972, Avnimelech 1986, Bayes et

al. 1989).

Numerous studies have been undertaken to determine the

effect of organic matter amendments, such as farm yard

manure, poultry manure and sewage sludges on the rate of

mineralisation in soils and spoils (Premi and Cornfield

1969b, Premi and Cornfield 1971, Epstein et al. 1978,

Terry et al. 1981, Parker and Sommers 1983, King 1984,

Chae and Tabatabai 1986, O'Keefe et al. 1986, Bitzer and

Sims 1988, Lindemann et al. 1988, Wiseman and Zibilske

1988).	 Manures from different types of animal differ in

their content of mineralisable nitrogen. Nitrogen

availability is greater in poultry manure than pig manure,

which in turn has a greater nitrogen availability than

sheep and cattle manure. Sewage sludges generally have a

relatively high content of mineralisable nitrogen, although

this varies according to the source and treatment of the

sludge.

Voos and Sabey (1987) carried out a 16 week incubation

experiment to determine the rate of nitrogen mineralisation

in colliery shale amended with sewage sludge. They found

that the total amount of inorganic nitrogen accumulated in

the experiment was significantly increased by increasing

the rate of sewage addition. The sewage sludge did not

increase the amount of nitrate nitrogen above that of the

unamended control but the concentrations of ammonium

nitrogen were very high and it was possible that

nitrification may have occurred later. In a field trial on

colliery spoil, Williams and Cooper (1976) found that the

nitrogen content of sewage sludge was not exhausted five

years after application to colliery spoil and that the rate

of mineralisation was slow.

Composting tends to decrease the content of

mineralisable nitrogen compared to the fresh material as

the composted material contains higher levels of stabilised

carbon and nitrogen compounds (Tester et al. 1977, Epstein
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