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ABSTRACT

The study was based on four counties in South-East England 
(Kent, Surrey, East and West Sussex). The location of the region 
and the variation in the physical factors (e.g. climate, geology, 
physiography, drainage and soils) influence the land use all over 
the region. Arable farming, the main agricultural land use, is 
dominated by the three crops studied (wheat, barley and potatoes).

Land resources data on geology, soils, site characteristics 
and climate was collected from the whole region with different 
levels of details. Land use data from all the parishes and farm 
management data for different seasons from about 200 farms was also 
included. Due to the large volume of data, a Data Base Management 
System/SIR was used for storing and retrieving the data. The data 
base was also used to calculate some agroclimatic variables and to 
interface with other programmes for statistical analysis.

Production and economic features were studied in relation 
to the main land evaluation systems in England and Wales (The Agri

cultural Land Classification System and the Land Use Capability 
System). Although the results showed that the production and the 
economic factors are probably correlated with the Grades and Classes 
of both systems, some contradictions were also revealed. Physical 
land resource data seemed to be related to economic measures but 
not always as expected.

Although in general, the results are in conformity with the 
land evaluation systems, particularly the ALC, unquantifiable social 
and economic factors seem to have a large effect on crop production 
and farm profitability. More work on the same lines is essential 
to determine objectively the factors, other than the physical, which 
create the discrepancy between production data and the evaluation 
systems. These factors should be included with the physical factor 
in the agricultural lemd evaluation systems.
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GENERAI INTRODUCTION

Agricultural land evaluation is a very wide comprehensive 
concept, it defines environmental conditions (i.e. physical 
characteristics of land) which affect crop production and then it 
integrated this with the definition of man made appurtenances and 
economic factors which also affect crop production. The ideal end 
product is an estimate of the value of the agricultural land. The 
environmental conditions required for a production of a certain 
crop are described in terms of soil, topography, climate and drainage. 
The man-made appurtenances and the economic factors are described in 
terms of farm location, structure and management and are reflected 
in gross margin, net farm income etc. Most practical approaches 
to land evaluation have started with the first part by developing 
a system for agricultural land classification (e.g. Agricultural 
Land Classification and Land Use Capability Classification in the 
UK). Nevertheless the degree of importance of the second part 
depends on the agricultural development in each country.

Discussions and suggestions about the defects and/or the
improvements of the different agricultural classification systems
have been going on in Great Britain as well as the rest of the world.
New methods and procedures were used in this study with the aim of»
evaluating the Agricultural Land Classification (ALC) and the Land 
Use Capability (LUCC) systems (UK) in relation to their objectives 
and to suggest areas for improvement. The study was carried out 
on a regional area (i.e. South-East England) with a variety of 
environmental conditions and the statistical analyses were based 
on a large sample (i.e. 209 farms) of commercial data for a number 
of years (i.e. crop production and economical data for the period 
197U/75 to 1978/79)« Considering the amount of different data and 
its interrelationships a Data Base Management System/SIR with a 
hierarchical character was used for structuring and manipulation 
of the data.

Collection and initial preparation of the data was a vital part 
of the study and usually depends on the availability of the data and 
how it is provided. Structuring and input of the data in the data 
base was a difficult job and consumed much time. Nevertheless, 
the more time used at this stage the better, as it gives an efficient
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data base. Using a proper DBMS with adequate organization of 
the data by the scientists will help to a large extent in 
analysing the data. If the time allowed for such projects is 
limited, a proper evaluation of the time needed for the different 
computations is essential.

Although it was realised at a later stage of the study 
that the latest version of the data base is more efficient, nevertheless 
the whole method and procedures proved successful. Most of the 
results indicated that the two systems used for classifying the 
agricultural lands in England and Wales are related to crop 
production but some areas of weakness were also revealed: such 
as soil-water-plant relationships, the need for detailed soil survey 
data, more research in the area of plant water requirements and 
more suitable long-term climatic data to confirm the reliability of 
the results in this study. It seems from the different results that 
suitability classification should be more capable of answering most 
of the specific questions raised about the quality of land within 
the advanced agriculture. Even in developing countries the 
agricultural land use planning is always considering suitable 
alternatives for a specific land use suitability. As it seems that 
all land evaluation systems are under continuous modification and 
change to suit the advancing agricultural sciences and development, 
proper soil maps are the only firm base in such a dynamic situation.

Considering the kind of data used and the different methods 
for handling it, the study provides a comprehensive practical 
example for studying the efficiency of land evaluation systems.
The whole method can be applied in other countries where such 
facilities are available. In the developing countries if reliable 
data is available modern desk calculators and/or microcomputers can 
be used to do all the basic manipulation of the data and most 
probably some of the essential statistical analysis. The study 
should be carried out on climatically homogenous regions and specified 
kinds of soil.
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PART A

THE STUDY AREA AND THE 
ENVIRONMENTAL LATA
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CHAPTER 1

GENERAL DESCRIPTION OF THE AREA

1.1 Introduction
The study area (Figure 1.1) comprises four of the south

eastern counties of England; Kent, East Sussex, West Sussex and
2Surrey. The four counties cover an area of about 9194 km ; Kent

2 2 2 3731 km ; East Sussex 1795 km ; West Sussex 1989 km and Surrey
.1679 km^ (Office of Population Census, 1981).

According to the 1981 population Census the total number
of the inhabitants amount to 3,732,022 (7*5% of the total
population of England and Wales). The average increase during
1971 to 1981 was 3.7% with an average density of about five persons
per hectare (Table 1.1). Since 1945 the restraints of town and
country planning have confined the population growth to the
expansion of existing settlements, however, this growth has
inevitably reduced the area available to agriculture. In West
Sussex and North Kent particularly, some excellent land has been
lost.

The whole area is linked by a high standard network of 
roads and railways which makes transportation quite efficient.

TABLE 1.1 The distribution of the population in the area (1981)

County
Total

population
1981

%
increase
1971-81

Density
(persons per ha) 

1981

Kent 1,448,393 4.5 3.93
East Sussex 641,016 1.3 3.66
West Sussex 650,12k 10.6 3.33
Surrey 992,1*89 0.0 5.98

Total 3,732,022
Average 3.7 4.06
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1.2 Land resources
The main land resources which will be considered in this 

study are:
1.2.1 - Climate
1.2.2 - Geology
1.2.3 - Physiography and drainage
1.2.U - Soils

Due to the nature of the study and the data avilable, four 
levels of generalization were considered for the study of the land 
resources in the area (Table 1.2). The details of the land resources 
factors to be studied for each level are related to the scale of the 
maps available (Kostrowicki, 1970; Vink, 1975; Davidson, 1980;
McRae and Burnham, 1981; Bridges and Davidson, 1982). The climatic 
areas, the land system and the different levels of land use reflect 
- a clear hierarchical pattern; the climatic areas at the top of 
the hierarchy and the fields at the bottom. The hierarchical 
relationships between the different land resource levels determined 
to a larger extent the selection of the hierarchical data management 
base (SIR) on which the land resources data have been structured for 
this study.

The climatic areas which form the basic structure for the 
whole study were considered as natural land systems with the climate 
as the most pronounced factor which affects the land use. The 
climaticareas were drawn according to the main factors which affect 
the climate in the region (i.e. topography and distance from the coast 
Fig.1.2). Although the boundaries for the parishes, the farms and 
the fields, unlike the natural boundaries of the climatic areas, 
are generally imposed by man, the differences in land utilization 
which do exist within them justify their separation as entity 
different units for land resources studies.

All the parishes (about 709) in the four counties, together 
with a fairly evenly distributed sample of 209 farms were chosen 
for this study. Only 19 fields within one farm (Wye College Farm) 
were considered to give a complete picture of the whole hierarchy.
The climatic areas are considered as basic natural units on which 
the whole study is based. The county boundaries have been rejected 
as they cross the boundaries of the climatic areas. As the parishes





are quite small units if compared with the climatic areas, minor 
modifications to the boundaries of the climatic area were done to 
make sure that their boundaries do not cross the parish boundaries.
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TABLE 1.2 Land resources factors as related to map scale for 
each level of generalization

Level of 
generalization

Scale of 
map

Size of 
delineation 
on ground 

(km2)

Land resource factor for 
each generalization level 

(map units)

Land system 
(climatic area)

1:625,000
and

1:250,000
100 -

Climate, geology, 
physiography, drainage, 
major kind of land use, 
soil associations, major 
kinds of land use

Parish 1:100,000 _k 0 1 + Land use statistics, 
average height, soil 
associations, soil 
complexes

Farm 1:25,000 1 i Soil series and complexes, 
average height, management 
data (land utilization 
types)

Field 1:10,000 0.1 - Soil series and phases, 
yield data

So each parish lies within one specific climatic area. The 
farms are often located within the parish boundaries without 
crossing them; assuming that the parishes were often originally 
•manors’ belonging to one landowner, which were then split into 
farms. Only with the 20th century trend to owner-occupied farms 
will this have begun to break down as successful farmers buy extra 
farms or odd fields as opportunity arises which may well be in a 
nearby parish. To illustrate the last level the 'field level' 
some fields were selected from Wye College farm as it is one of 
the sample farms. The fields selected are those which lie within 
one soil mapping unit which is either a defined soil complex, soil 
series or a soil phase from which the available soil data could be 
used for soil-crop relationships or any other correlation studies. 
Avery (1962), FAO (1976), Beek (1977), Davidson (1980), McRae and 
Burnham (1981), Bridges and Davidson (1982), all discussed the 
different methods by which the influence of land type on crop 
performance can be assessed. Single soil mapping units can be used
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as 'model fields' as an alternative to the 'real field' (Fisher,
1970; Hodge, 1976).

1.2.1 Climate
As the climate is the most important factor affecting 

agriculture, attention is given here to the climatic parameters 
which have an important bearing on the growth of the plants and 
the development of soils; Previous account with similar emphasis 
include those of Stamp (1943) for each county, McRae and Burnham 
(1973)» Fordham and Green (1980) for Kent and sections of 
publications relating to small areas (Coleman and Lukehurst, 1967;
Green, 1968; Green and Fordham, 1973» Fordham and Green, 1973»
Hodgson, 1967). The agricultural climate of the area has also 
been described and assessed as part of England and Wales in a 
number of bulletins by the MAFF (MAFF, 1961;» 1967; Smith, 1976;
Smith and Trafford, 1976). The Meteorological Office (1977) has 
also produced 1:625,000 scale maps for the whole of Britain showing 
the general area characteristics for some climatic factors. The 
following account describes average weather conditions in the study 
area.

1.2.1.1 Rainfall
With the northern coast of Kent receiving about 600 mm 

annual average rainfall and the highest parts of the South Downs 
in East and West Sussex receiving more than 1000 mm annual average 
rainfall, the annual average rainfall varies across the region by 
about 1|00 mm (Figure 1.3). As rainfall increases with the increase 
in height above sea level, West and East Sussex (The South Downs 
and the highest parts of the High Weald) receive more rainfall than 
Surrey and Kent (even the North Downs). The variation of the average 
annual rainfall (19U1 to 1970) within each county is about 250 to 
300 mm, with the highest areas receiving the maximum and the lowest 
the minimum.

The variation in rainfall, both in amount and frequency, 
causes the biggest year to year changes in yield of farming produce 
(MAFF, 196U)• Although the annual rainfall varies considerably 
from year to year (Table 1 .3) the variation in yield is more attributable 
to the high variation in the seasonal distribution of rainfall from
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year to yeax. Smith (197U) has discussed and showed the 
importance of monthly rainfall variations. The MAFF (197U) has 
pointed out that the monthly averages of rainfall should be the basis 
for any planning operation concerning the rainfall, provided that 
the variations about the averages are taken into consideration.
April, May and June are the driest months in the region whereas 
October, November and December are the wettest.

TABLE 1.3 The variations in monthly and annual rainfall for Wye 
College Meterorological Station (1950 to 1979)

Month Average
rainfall

Coefficient 
of variation %

January 67.8 1*2.8
February 63.9 51*. 6
March 51.1 62.9
April 1*6.9 1*7.0
May 1*9.2 1*9.5
June 1+8.1 57.1*
July 51*.1* 52.3
August 67.2 1*8.7
September 72.5 61*. 7
October 70.8 77.6
November 88.1* 51.0
December 75.6 1*8.9

Annual 761.1* 16.2

1.2.1.2 Temperature and the growing season
The south eastern region has a distinctly warm and dry 

climate if compared with other parts of Britain. The mean monthly 
air temperature for the region is about 10°C, with slightly higher 
values for the coastal areas and slightly lower values for inland 
areas. The main factors affecting changes in the average air 
temperature from place to place are height above sea level and 
proximity to the coast. As the definition of the growing season 
is based on air temperature (MAFF, 1961*; Hogg, 1966 and 1967? 
Birse, 1970? Burnham, 1973 and Smith, 1976) the growing season 
also varies with variation in height and distance from the coast.
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The average length of the growing season for the area is about 
270 days (9 months), increasing by an average of 8 to 10 days for 
the coastal areas and decreasing by 10 to 1$ days for the higher 
inland places. Burnham (1973) showed that a growing season of 
over 275 days in the Stour Valley is reduced to less than 21+0 days 
on the top of the North Downs (Figure 1.1+) • Hogg (1966) has 
discussed the growing season in England and Vales and pointed out 
that in a number of stations near the coast in the South and the 
Vest the mean monthly air temperature does not fall below 6°C 
in any month and in such cases the duration of the growing season is 
exaggerated for short periods too cold for growth still occur.

Topography or the shape of the surrounding land, can have 
a large effect on local weather and the growing season, which is 
not immediately obvious in general climate statistics (Bagenal and 
Fumeaux, 191+9; Hogg, 1961+ and 1966; MAFF, 1961+; Harrison, 1967 
and 1971» Burnham, 1973)» The air temperature decreases with 
height, but on cold cloudless, windless nights the lowest air 
temperatures are found in valleys not on hillsides. Although most 
probably higher mean temperatures are found in lower areas, 
such sites may have a very much higher frost frequency, a fact of 
very great importance in fruit and horticultural crops 
(e.g. in Kent).

1.2.1.3 Potential evauo-transpiration and soil moisture deficit
According to the MAFF agro-climatic data for the region 

(Smith, 1976) the mean potential evapo-transpiration is about 505 mm 
of which about 1+60 mm is between April and September. Considering 
each county separately Kent has the highest value (about 1+70 mm) 
followed by Vest and East Sussex (about 1+60 mm) and then Surrey 
with the lowest figure (about 1+51 mm). The highest evapo-transpiration 
values are found in the coastal areas as sunshine and radiation 
are strongest in such localities. Idand the changes from place to 
place are smaller, but the biggest change is that with respect to 
height above sea level (Smith, 1976). Smith (1976) also has 
discussed the variation of potential evapo-transpiration over all 
Britain during the summer months, and pointed out that although 
these are regional differences in pattern in the long-term the 
variations about the average are fairly uniform, whereas for short
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periods the extremes vary with locality.
The average maximum soil moisture deficit for the area is 

about 110 mm with the highest values in Kent (about 117 mm) 
followed by the rest of the counties (about 110 mm). Burnham (1973) 
has discussed the soil moisture deficit in Kent and concluded that 
with such a deficit (100 to 120 mm) the crops would benefit from 
irrigation in almost every year. Taking seven years in ten as a 
sensible requirement to make investment in irrigation, the MAFF 
(197U) proposed that all the south-eastern region areas need to 
apply Plan 3 within this frequency. According to the MAFF (197U)
Plan 3 for irrigation is suitable for farm crops other than grass 
and for bush fruit as it allows the deficit to increase up to 75 
mm and thereupon reduce it to 2f> mm. Burnham (1973) has pointed 
out that to return the soil to field capacity every time there was 
a SO mm moisture deficit would require more than 175 mm of water in 
some summers.

With the exception of very unusual years the soil in all the 
region always returns to the field capacity in winter. The mean 
data of return to field capacity ranges from about 1st to 16th 
November. The mean excess winter rain is about 260 mm (Kent about 
200 mm, East Sussex about 300 mm, West Sussex about 3^5 and Surrey 
about 2I4.O mm). In the North and South Downs and the High Weald the 
mean excess winter rain is significantly higher than the other areas, 
increasing drainage problems particularly where soils are impermeable.

1.2.1.1* Wind
Although the effects of frost on the horticultural crops 

may be disastrous at times, it may well be that the more insidious 
effects of wind result in greater losses over a period. Hogg (1967) 
showed the effect of shelter on the yield of some horticultural crops 
and pointed out that the provision of shelter, even in areas where 
the wind is not normally strong may lead to marked increases in 
yield of some horticultural crops. Burnham (1973) considered that 
the exposure to wind should be an important factor when establishing 
forest plantations and orchards. Generally within the region the 
coastal areas and the upper slopes of the High Weald, North and South 
Down ridges and some other areas in Kent are in particular exposed to 
wind. Intricate local topography, as well as woods, shelter belts, 
urban areas and other obstructions can create small sheltered areas.
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1.2.2 Geology
There is abundant information about the geology of South- 

East England. The whole area is covered by 1:63,360 maps of the 
Geological Survey, for the most part accompanied by sheet memoirs. 
Their work is summarized in the Regional Guides for the Weal.den 
District (Gallois, 1965) and London and the Thames Valley (Sherlock, 
1960). Recent work has been summarised in a special number 
(Vol. 86 Pt. 1+) of the Proceedings of the Geologists Association, 
published in the centenary year of Topley's (1875) Geology of the 
Weald which itself remains a very interesting volume. There are 
also useful county summaries, notably for Kent, e.g. McRae and 
Burnham (1973), Fordham and Green (1980), which have been of value 
in compiling tie brief account which follows. Table 1.1+ lists the 
strata represented and Figure 1.5 shows their general relationships.

1.2.2.1 Solid rocks - Cretaceous
(1) Hastings Beds and Weald Clay
These lower Cretaceous (Wealden) formations are, apart 

from minute Purbeck inliers, the oldest rocks exposed at the 
surface and form the High and Low Weald respectively. They consist 
of a series of sediments originally deposited at the northern end 
of a subsiding basin - the Wealden Lake. Beds of different lithology 
succeed one another in a regular order, indicating cyclic 
sedimentation. The sands and silts of the Ashdown sand and Tunbridge 
Wells sand are those of successive deltas which extended into the 
lake from the north, northeast and west whereas Wadhurst clay, 
Grinstead clay and the later Weald clay are lake deposits which 
settled in quieter conditions beyond a delta. Due to a delicate 
equilibrium between subsidence and sedimentation during the period, 
the lake remained very shallow throughout; minor cycles, now 
marked by characteristic beds, occurred within each minor cycle.

(i) Ashdown Beds (180 mm thick)
(ii) Wadhurst clay (30 m thick)
(iii) Tunbridge Wells sand (75 to 100 m thick)
(iv) Weald clay (120 to 11+0 m thick).

(2) Lower Greensand
The weak southern barrier to the Wealden lake was finally 

breached, ending the deposition of the Weald clay and giving a 
shallow mqrinp bay. For a while, sedimentation continued as before,
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TABLE 1.U Geological formations in the study area

Geological
system

SOLID ROCKS
Deposited but Drift 
later eroded 
or reworked

Recent Alluvium 
Hill-wash 
Dry Valley 

Deposits
Pleistocene River gravels 

Head brick earth 
Head and Coombe 

Deposits 
Loess
Clay with flints

Pliocene Lenham Beds
Eocene Bagshot Beds 

Claygate Beds 
London Clay 
Blackheath and 

Oldhaven Beds
Palaeocene Woolwich Beds 

Residing Beds 
Thanet Beds

Upper
Cretaceous

Chalk Upper Chalk 
Middle Chalk 
Lower Chalk

Gault Upper Gault 
Lower Gault

Lower
Cretaceous

Lower Folkestone 
Green- Beds

sand Sandgate Beds 
Hythe Beds 
Atherfield Clay

K e n  Wea14 0 U y
Hastings Tunbridge 
Beds Wells Sand 

Wsidhurst Clay 
Ashdown Beds
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Legend for the geological map

K Lenham Beds Phocene
iU-7 Barton, Bracklesham and Bagshot Eocene
±3 London clay Eocene
.1-2l Oldhaven, Blackheath, Woolwich Eocene and

Heading and Thanet Beds Palescene
Chalk Cretaceous

h3_i+ Upper Greensand and Gault Cretaceous
h2 Lower Greensand and Spaton Clay Cretaceous
h1 Weald Clay Cretaceous
h Hastings Beds Cretaceous
11+g Purbeck Beds Jurassic
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but uplift gave a variety of littoral environments and different 
kinds of sediment. The Lower Greensand outcrop forms a central 
ridge across Kent from Folkestone to Westerham on the western boundary, 
whence it continues into Surrey. The outcrop is 8 km wide near 
Maidstone and narrows east and westwards to about 3 km. The outcrop 
narrows considerably around Redhill and widens again around the 
western end of the Weald, finally almost disappearing north of 
Eastbourne.

The four formations grouped as ‘Lower Greensand1 are given 
below with characteristic thicknesses in Kent

(i) Atherfield clay (18 m thick)
(ii) Hythe Beds (11 to I4.8 m thick)

(iii) Sandgate Beds (1+ to 2$ m thick)
(iv) Folkestone Beds (2$ to 60 m thick).

(3) Gault and Upper Greensand
The first deposition of these rocks was marked by a marine 

transgression which pushed back the shoreline of the Lower Greensand 
sea to the Welsh borders and into northern England. The Gault was 
laid down in quiet shallow water away from the source of sediment 
where as the Upper Greensand was deposited in shallow turbulent 
waters nearer the shoreline to the north and west. Typical thicknesses 
are

(i) Gault (39 to 68 m thick)
(ii) Upper Greensand (0 to 30 + ® thick).

The Upper Greensand is only important at the western end of 
the Weald, and is generally absent in Kent.

(h ) Chalk

Local and slow subsidence that started in Lower Gault times 
culminated in a massive downward movement affecting much of Central 
and Western Europe. In this large basin a great thickness of white 
calcereous mud accumulated - the chalk. The climate was probably 
hot and dry, supporting few rivers to carry land-derived debris; 
gentle earth movements caused fluctuations in the depth of water above 
the accumulating sediments without raising it above sea level.
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(i) Lower chalk (up to 69 m thick)
(ii) Middle chalk (up to 75 m thick)
(iii) Upper chalk (up to 120 m thick).

(9) Early Tertiary Beds
Earth movements at the end of the Mesozoic era lifted the 

Cretaceous sediments, probably giving a lowland soon subjected to 
erosion and planation. This land was surrounded by a shallow sea 
which alternately advanced and intermittently uplifted. Thus the 
Tertiary deposits sire also the outcome of cyclic sedimentation; 
each cycle beginning with a marine transgression, usually giving 
pebbly deposits, followed in turn by finer marine sediments and 
sometimes by deltaic or fluviatile sands, the latter eventually 
covered by a pebble bed at the beginning of the next cycle. The 
earliest tertiary deposits now form a broken belt across north 
Kent, and are sometimes called the Lower London Tertiaries

(i) Thanet Beds (up to 36 “ thick)
(ii) Woolwich Beds ( 8 m  thick)
(iii) Oldhaven Beds (6 m thick).

Further west the Thanet Beds disappear, the sandy, marine 
Woolwich Beds are replaced by the clayey, fresh water Reading Beds 
and the sandy Oldhaven Beds by the Blackheath Pebble Beds.

Above the Lower London Tertiaries lies the London clay, a 
marine clay which can exceed 100 m thick. The London clay is 
succeeded by three formations of rather similar lithology: fine 
sands with occasional clayey layers

(i) Bagshot Beds (1+0 m thick)
(ii) Bracklesham Beds (13 to 22 m thick)
(iii) Barton Beds (10 m thick).

These thicknesses are those found in Surrey as these 
formations are effectively absent in Kent and Sussex.

1.2.2.2 Pliocene and Qua ternary Denosits
Uplift of W eal den area continued throughout the Tertiary 

(Small, 19 8 0) raising, doming and enentually warping the Cretaceous 
and early Tertiary rock into a series of east-west folds. This 
upland was at the same time progressively eroded, exposing in the
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centre Weald clay and Hastings Beds by rivers whose courses 
largely followed the trend of folding. Slight lifting in late 
Tertiary (Pliocene) times allowed the sea to invade the area 
depositing marine sands (Lenham Beds) which now survive only as 
isolated, disturbed remnants near the crest of the North Downs, 
mostly in solution pipes in the chalk (Smart, Bisson and Worssam,
1966).

Nearly all the major features of the present landscape 
were shaped and well developed by the end of the Reistocene period. 
Under periglacial conditions alternate freeze-thaw cycles at the surface 
caused the ground to heave and disintegrate. With little or no 
vegetation and melt-water unable to penetrate, masses of water
logged and frost disintegrated rock could move downhill, even on very 
gentle slopes. This process is solifluction and the shifted materials 
are termed ’Head*. Valleys were thus rapidly and drastically 
enlarged, while torrents of melt-water released in short seasonal 
thaws carried debris which was deposited as spread or fans in large 
valleys at the base of scarps (Kemey, 1963 etc.). In warmer 
interglacial periods these and other materials were dissected and 
redistributed by streams and rivers and soils were formed. The 
principal Pleistocene and recent (drift) deposits are

(i) Plateau Drift and clay-with-flints 
(ii) Angular Chert Drift

(iii) Coombe and Dry Valley Deposits
(iv) Brickearth
(v) Undifferentiated Head

(vi) Terrace Deposits
(vii) Alluvium and Peat.

1.2.3 Physiography and drainage 
Introduction

The classical account of the geomorphology of South-east 
England was written by Wooldridge and Linton (1955)* Some of their 
conclusions have recently been challenged by Jones (1980, 1981). 
However, this thesis does not attempt to interpret geomorphological 
features, but only to describe them in broad terms, and for this 
purpose, various works on a county basis have been found more ( 
useful e.g. for Kent Stamp (19^3)» McRae and Burnham (1973)»
Burnham and McRae (1978), Fordham and Green (I.98O) | for Surrey,



Stamp and Willatts (19I4.I) , Watkin (1977) 5 for Sussex, Briault 
(19U2) and Brandon (197U)• Kent is the best documented c o u n t y  
and eleven of the twelve physiographic regions described below 
occur in Kent. McRae and Burnham (1973) pointed out that they follow 
geological outcrops and also have a particular pattern of soils 
to which agriculture and woodlands largely conform.

The physiographic units of South-east England shown on 
Figure 1.6 are as follows:

(1) The High Weald
(2) The Low Weald
(3) The Hythe Beds Cuesta
(1+) The softer Greensand Country
(5) The Gault Clay Vale
(6) The Chalklands
(7) The Clay-with-flints Plateau
(8) The loessial lowlands
(9) The London Clay Country

(10) The Bagshot Plateau
(11) The River Alluvial lands
(12) Coastal marshland.

1.2.3.1 The High Weald
This area is hilly and well wooded corresponding to the 

outcrop of Eastings Beds. The hills and ridges range up to 2l±3 m
O.D at Crowborough Beacon and form a main east-west watershed 
dividing the headwaters of the Medway to the north from the Sussex 
rivers to the south. Over much of the area a common pattern has 
Tunbridge Wells sand crowning hills and Wadhurst clay on valley sides 
above footslopes or stream banks cut in Ashdown Sands: an example 
of the relation between geology and relief. Most major Kent and 
Sussex rivers rise in the Weald (Figure 1.1}, their intensive 
dissection of the landscape leaving little flat ground except for 
the alluvial floors of major valleys. Head streams fed by springs 
have cut steep-sided valleys or ghyllsj the wider floors are often 
wet and thickly wooded. The many springs are due to the complex 
faulting and varying permeability of the rocks.

In the centre of the area the pear-shaped dome of Ashdown 
Forest (Abbas, 1979) Is formed entirely in Ashdown Sandstone «nd 
consists of -a gently sloping ridge top trending east to west about
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1.2.3.2 The Low Weald
The Weald Clay outcrop surrounds the High Weald as a 

relatively flat plain or vale 7 to 10 km wide, most of it is below 
60 m O.D. and much below 30 m. Poor natural drainage due to the 
flatness and low elevation which is difficult to rectify is the 
main characteristic of this area. In the west and again in the 
extreme east, low escarpments or ridges with summits up to about 
70 m O.D. are due to the outcrop of some thin border beds. Drift 
deposits giving better soils are widespread where the Medway and 
its tributaries cross the plain. The wide and largely clayey 
flood plains are extensively bordered by river brickearth brought 
down from the High Weald. Westwards from the Surrey border remnants 
of Head and ridges with summits up to 108 m O.D. occur.

1.2.3.3 The Hythe Beds Cuesta
The escarpment which overlooks the Weald Clay Vale is part 

of an irregular hilly belt extending around the north and west of 
the Weald. It is formed by the Hythe Beds which includes hard 
sandy limestone east of Sevenoaks and hard sandstone in Surrey.
In the east near Ashford it is a low escarpment seldom exceeding 
60 m O.D. but it becomes more prominent as the outcrop widens 
westwards, with summit heights mostly over 120 m O.D. The Mid-Kent 
Hythe Beds have a wide outcrop with high south facing scarp and a 
well marked dipslope thickly covered in its upper part by Angular 
Chert Drift. The gentle slopes cure drained by valleys and the 
tributaries heading on the upper dipslope are mostly dry. The 
height of the escarpment west of Medway reaches 200 m O.D. south 
of Sevenoaks and nearly 21̂ 0 m O.D. at Toy's Hill, partly due to the 
resistant Chert Beds on the upper Hythe Beds.

In Surrey, Leith Hill at 292 m has the highest summit in 
South-east England. On the western flank of the Weald Woolmer 
Common reaches about 150 m and Bexley Hill, north of Midhurst 189 m. 
Traced further east around the southern flank of the Weald the 
Hythe Beds scarp declines rapidly and is insignificant beyond 
Thakeham (north of Worthing).

10 km long, passing outwards into typical, steeply dissected High
Weald Country.
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1.2.3.1+ The Softer Greensand Country
This area of varied relief reflects the diversity of 

component rocks, especially the Sandgate Beds which include sand, 
loam, clay and fuller’s earth (a montmorillonitic clay). The 
overlying Folkestone beds sure mainly sand with harder sandstones 
and glauconitic clays in places. The topography is well dissected 
with low hills and valleys. Locally the Folkestone Beds make a 
distinct escarpment, but much lower than the Hythe Beds, e.g. at 
Albury Common (76 m) and at Thursley (136 m) in each case the 
scarp itself is about 30 m high.

1.2.3.5 The Gault Clay Vale
The Gault Vale is a narrow lowland outcropping outside the 

Greensand Ridge, extending around the Weald from Folkestone to 
Eastbourne. The outcrop is more than 3 km wide near Ashford about 
double the average width. Hilly land between 1+5 to 90 m O.D. 
includes some moderately steep slopes as the land rises eastward 
beyond the Stour floodplain. With the exception of the transverse 
watershed (120 m O.D.) which divides the Medway and Great Stour the 
land is not high anywhere in Kent. Rivers flowing to the chalk 
gaps give meandering tracts of floodplain alluvium across the 
strike, flanked in many places by thick river gravels and Head 
brickearth which are especially wide west of the Stour.

In Surrey the Gault outcrop is exceedingly narrow, but it 
widens considerably in Sussex, where the topography resembles that 
in Kent, the strike valley being cut by the Arun, Adur, Ouse and 
Glynde Reach Valleys with their associated alluvial deposits.

1.2.3.6 The Chalklands
The Downs extend from the coast between Folkestone and Deal 

around the Weald to end in Be achy Head. Within Kent, Surrey and 
Sussex their width varies from 9 to 19 km being known as the North 
Downs in Kent and Surrey and the South Downs in Sussex. The higi 
coastal cliffs near Dover and bold south to south facing escarpment 
broken by occasional river and wind gaps axe striking and strategic 
features of Kent landscape. The prehistoric track known as the 
Pilgrims Way follows the toe-slope of the escarpment, parallelled 
over much of its course by another along the scarp crest. The latter
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is fairly level at about 180 m O.D. between the coast and the 
Medway gap but rises westwards to reach 267 m just west of the 
Surrey border. The highest point on the South Downs is at 2f>3 m O.D.

The scarp face is in places indented by coombes, many with 
steep sides and abrupt heads. The dipslope which slopes down gently 
north or north-eastwards from the scarp has a dendritic pattern of 
deep, dry valleys opening to the north (present drainage in the 
porous chalk is chiefly underground). The upper part of the North 
Downs dipslope is mantled with old decalcified Plateau Drift (see 
below), but in Surrey and in Kent west of the Medway and east of the 
Stour the drift present is mainly chalky and does not pre-date the 
Devensian. There is very little Plateau Drift on the South Downs 
or in Thanet.

1.2.3.7 The clav-with-flints plateau
On the North Downs non-calcareous deposits up to 7 m thick 

mantle chalk on the upper dipslope. These plateau drifts are 
chiefly flinty and clayey, but partly loamy and sandy and are 
believed to represent an early Pleistocene paleosol disturbed by 
later cryoturbation. Its extent is restricted to the undissected 
part of the dipslope, which reaches 200 m or a little more near 
the crest and seldom reaches much below 120 m except in mid-Kent.

1.2.3.8 The Loessial Lowlands
This includes four areas reasonably similar in terrain 

features and soils, but different in origin.
(a) The lowest part of the North Downs dipslope in North 

Kent. This is partly mantled with early Tertiary Thanet Beds and 
more widely with loess (Catt, 1977)« This unit forms a strip about
5 km wide extending from Dart ford to Sandwich and is undulating since 
it is crossed by broad, shallow extensions of the major Downland 
dry valleys. In elevation it ranges from about 10 to 60 metres 
O.D. Some small streams arise in the lowest parts of the valleys 
and flow north towards the Thames estuary.

(b) The West Sussex coastal plain. This is based on two 
'raised beaches', one at about 30 n O.D. said to be of Hoxnian age 
and one at about m probably of Ipswichian age (Jones, 1981) 
which are cut into the lower dipslope of the South Downs from Brighton
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westwards, reaching its greatest extent in the Selsey Peninsula.
The northern part of this feature is covered with a chalky 
solifluxion deposit forming a gentle foot slope between 10 and l|.0 m 
above sea level. The southern part at between 1+ and 12 m above sea 
level is mantled with loess.

(c) Loess-covered terraces of North-west Surrey. Based 
on the lower terraces of the River Thames and its tributaries (and 
more extensive north of the Thames), this unit is now almost 
entirely in non-agricultural use.

(d) The Middle Medway Valley.

1.2.3.9 London Clav Country
In North Kent the London clay outcrops from a series of 

isolated low hills along the southern side of the Thames estuary.
The largest is the Blean north of Canterbury which rises to 120 m on 
its western side and seems to fall away in ill defined steps east
wards, a feature interpreted by Coleman (1952, 1954) as representing 
eastward movement of former courses of the River Stour. There are 
thin patches of gravel and gravelly head, but it is an open 
question whether these are true river terraces. Smaller hills 
capped with London clay occur in Sheppey, near Iwade, in the Hoo 
Peninsula and south of Swanscombe reaching about 60 m O.D.

In Surrey the lower dipslope of the North Downs is more 
continuously covered with London clay, mantled with extensive patches 
of head and terrace gravels. The elevation is generally between 15 
and 75 m and the area is undulating because somewhat dissected by 
the valleys of many small meandering streams.

1.2.3.10 The Bagshot Plateau
This is a distinctive region of flat-topped gravel-capped 

plateaux in north-west Surrey running up to about 130 m at Surrey 
Hill on the Berkshire boundary. The area is drained radially from 
Surrey Hill into the Thames and its tributary, the Lodden.

1.2.3.11 The River Alluvial Lands
Particularly where they cross the outcrops of the Weald 

Clay and the Gault, the Wealden rivers have extensive floodplains 
with ill-drained clayey alluvium. That of the middle course of the
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Medway is most extensive and flooding here has required extensive 
remedial works, both below and just above Tonbridge. The Stour, 
Darenth, Wey, Arun, Adur, Ouse and Rother have less extensive 
floodplains. That of the Arun is unusual in that it includes an 
area of peat: Amberley Wild Brooks.

1.2.3.12 Coastal marshland
Three principal areas are identified in Kent, the North 

Kent Marshes, the Want sum Marshes and Romney Marsh. The North 
Kent Marshes are a series of coastal enclosures, saltings and 
islands stretching from Bart ford to Whitstable in the Thames and 
Medway estuaries. The region is mainly bordered and floored by London 
Clay, which is also a source of most associated marshland sediments 
(Pordham and Green, 1980).

The Want sum Marshes formed under different conditions, and 
are more varied in lithology. The Want sum Channel had been steadily 
silting since the Roman Times until it ceased to be navigable about 
1690. The Channel had been self scouring until the eastern arm was 
partly blocked by the formation of a shingle bar stretching from 
Ebbsfleet to Stonar. Silting was enhanced by the growth of a further 
ridge of sand and shingle northwards from Beal which forms the 
present coastline (Pordham and Green, 1980) and also by the 
construction of a causeway: the Sarre Wall.

The variety of sediments comprising Romney Marsh also 
accumulated behind shingle beaches. Clay, loamy, and sandy 
sediments originating from Wealden rocks, principally Hastings Beds, 
drained by the Rother, accumulated during several fluctuations of 
sea level: most sediments include calcareous material in the form 
of finely comminuted sea shells.

The buried peat bed originates from luxuriant forest and 
swamp vegetation which developed during one period of low sea level 
beginning about 1000 BC. This growth ended when the level of the 
sea rose again and the peat was slowly buried by sediments deposited 
by many intersecting rivers and creeks. Paradoxically, the deposits 
which eventually filled these early channels had begun to emerge as 
dendritic pattern of loamy to sandy ridges by Saxon times. Such ridges 
now largely bordered by clayey marshland 1 to 2 m lower, axe partly 
due to the gradual shrinkage and wastage of uneroded peat following
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compaction and drainage, which has now more than halved the 
original peat thickness to a maximum of about 2 metres.

Smaller areas of coastal marshland in Sussex, notably 
Pett Level and Pevensey Level, have been much less studied than 
Romney Marsh, but are believed to be of similar character.

1.2.1; Soils
Following the pioneer work of Brade-Birks and his co

workers (Lee, 1931) and of Green (e.g. 1968), Burnham (1972) was 
the first to publish a description of the soils of Kent in terms 
of major groups and texture and produced a schematic soil map (not 
based on detailed soil survey) showing the distribution of the major 
soil groups. After the construction of the soil classification for 
the Soil Survey of England and Wales (Avery, 1973)» all soil map 
legends have used it as a basis. McRae and Burnham (1975) produced 
a map and description of the soils of the weald which covers most 
of the South-eastern region of England. Fordham and Green (1980) 
have described and classified the soils of Kent in a bulletin with 
a map showing the soil subgroup associations at a scale of 
1:250,000. The soil map is essentially more refined than the other 
regional maps as it was based on the extrapolation of the soil 
information from the previous detailed soil surveys and the soil 
associations drawn were also tested by more soil observations.

Although the soil associations in the Soils of Kent (Fordham 
and Green, 1980) have been well described in considerable detail 
and accompanied by clear illustrations, their definition could have 
been more useful if the proportions of the principal soils had been 
indicated. In such broad scale mapping an indication of the 
proportion of the principal soils is important for the definition 
of the different soil associations (Soil Survey Manual, 1951)«
For interpretation purposes an indication of the different proportions 
is quite essential as the soil quality of each soil association is 
derived from more than one component (Campbell and Mew, 1981)*
Pacheco, 1976; Doka, 1978 and Jarvis et al.. 1979 have indicated
the proportions of the principal soils in such regional maps
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1.2.1+.1 The associations of soil subgroups
The National soil map of scale 1:250,000 was used as a 

framework for the soil information in this study. The key soil 
subgroups and their associates in the area were identified from 
the maps and the different properties extracted from the legend.
The experience of dealing with the National Map and the draft of 
the legend revealed with no doubt the amount of effort, organisation 
and patience involved in its production. As the soil data in this 
exercise is based on this National Map, the results related to the 
soils might indicate its usefulness.

Burnham (197U) discussed the broad landscape patterns and 
pointed out that maps between 1:250,000 and 1:1,000,000 reveal 
associations of soils (rarely single soil series) which form 
repeating patterns paralleling patterns of geology and relief. He 
added that, in detail the land is occupied by a mosaic of soil 
series mostly linked to variations in geology and relief, but also 
to the other soil-forming factors (i.e. parent material, climate, 
relief, Biotic factors and time). Jarvis et al. (1979) and Fordham 
and Green (1980) described the objectives and the methods used in 
producing maps later incorporated with modifications into the National 
Map and some of the series recognised.

Using the draft of the legend of the National Soil Map which 
is now under revision, standardization and improvement; 30 key and 
ancillary soil subgroups were mapped in the area (Table 1.5 )•
Since the draft is not in its final form, the experience of Mr.
R. G. Sturdy was essential and provided the missing information and 
helped in carrying out modifications where needed. Some of the 
proportions of the dominant soil series were modified to make the 
total 100%. Creation of combinations of key and ancillary subgroups 
was inevitable due to the location of some of the farms on boundaries.

Table 1.5 shows the key soil subgroups, the dominant soil 
series for each and the description of the geology and the soil 
characteristics. The combinations of the key subgroups are not 
shown in this table, but they are shown in Appendix III. In the 
case of the combinations of mapping units, experience on local soils 
is needed to determine the dominant soil series. Figure 1.8 is a 
cross section of part of the North Downs, north-east of Wye, showing 
the pattern of the soil associations and the geological formations.



57

tP

$

4)

t
4>

»d

I

o
p
n

■fl
o>

p
o

o
w

EH

8 T“ -3 " CM o CM r~ ■r- CTS r s  T - 4 CTS t— o CTS u s CO CM y— o CM T - u s o _ 4
CO
co

evi CVJ CM evi CM cvj CM CM CM CM CVJ CVJ CM CVJ CM CM evi CM CM CM CM CM CM CM CM

S
S

C
E

R

SO
c Ì

O -CT CTS u s U j  CTS CT- VO O o -a - u s o s CTS CTS v - o CTS CM OS y— VOevi CM CM evi evi evj CM evi CM CM CM CTS CM CM CM r - CM CM CM CM CM CM CM CM CVJ

1 CTS CM r - CM t - OJ t-  CTS CTS u s CM -a - u s T— CM CM CM CM CM CTS CM CM
**Ì

1
- •us -CT r - -=t - CTS CTS CTS CTS VO VO CO CM u s u s CVJ CTS - a CM CM CM CTS C*- CTS - a

C
A

C
O CTS o O u s o o o CTS o  o  o o VO o o o o o o O O O O  O O u s

CTS s o o e -
vo

o o o CTS o d o o CM O o o d o o
CTS

o o o o s

ssa U S -CT CM s o -CT VO u s -a- u s  -a *  u s CTS u s CTS CTS u s CM u s CTS CTS CM VO u s  u s - a u s

V
E

T
C

L

SO -CT -CT s o - a so - d - -a - -a -  vo  s o CTS VO CTS CTS - a CM - a CTS _ a CM \o U S VO CM VO

g £ s o
CTS

u s
so £ u s

u s & c o
s o

c o-=t ÌR & ^  & & u s
y—

c of u s
- a

o o
u s

o US
CTS

O $  £  $  $ &

A
W

C T-
CO

O
CTS
CM

o
u s
r»

s 8 s u s
CM

e—
c o

O  c o  c o  
c o  e— t —

o O
CO
CVJ

R
2

0
0 Rt- s o

c o
T—

o
ci

y—

CM § R u s  o  
e— c o
r — T”

CTS
u s
y— 2

0
8

H
S CVJ u s u s u s u s u s u s u s  -a -  - a u s - a -a - u s - a u s u s u s - a u s - a cts - a u s CTS

a SO
s o
- r f

u s
CVJ a e*—

CTS
u s
u s

so
CM

SO
-3-

Q  SO CTS
s o  cts _ a s VO

so u s CTS u s
VO

r~
VO

VO
CM - a

c o
c o

CM f—
VO u s

e***
CTS

r -
o
o o o o o o o o o o  o  o o o o o o o o o o o o d  o o o

►a
o ■LTS r— c o CTS CM u s csi CTS o s  _ a  o

evi CTS CTS
u s co CTS co o SO o o CTS t— CTS o o

a
CTS CM i n CM - a CM s o CVJ CM CM T~ 1“ - a CM CM u s CTS - a CM CM u s CTS

ST
O CTS •us u s CTS CTS o CM u s CTS CM CM u s -a* -a - u s - a - a CTS US - a u s - a cm - a CTS - a

CTS - a CTS - a CTS - d -=t -a - -a -  -a - -a - CTS -a - CTS CTS - a CTS CTS - a - a T- - a  cts - a - a

■a
'fi
a>

p

a
pfl
e

PM

C
B

«H

CO

03
4)
P
4)

•H
O

CO

O
»

CTS PS
K S;▼r i-
a a

I j8 “Ph -g
*d  co

S a

cts cts

5 ;  £

VO oKr f*«

o\
t* -
CTS

SO OS f 4)|

CO
r -
CTs

VOOs o
«

cts
r -OS s

OS■w» CTS OS sw'C-“ t*»tì CTS CTS fl
j ~ ~  J
■g ■31 -31 g

a o o -h
P 4) 4) ?

+> fi s s aCO O O O »-J O CU CO Ofri *-> fe

13 J ~
O O _  pH

fu  *H *tì col
'd  $  §  p

h a » 1H g W
8  p  ? §  >

S  r§  O 3  O W  fe ^

'•w' o s  
t*—

a  o s

• CTS

0  T-

o •P o co h

ra h
R  *

ffl 6o u« u

?

aj
0  
«

1

o
.g

•3
4)»

CTS

fpjSs
c  « » I "  !I li il i

-CT

co
3
2  >» 

Ji I
- I  -«I

1 H I
S « S 1
a l a «

»d
4)

P  PCQ <Ha o §
»d

I & &
fi I  fi

Q>

■9

O
o

o

| 8> 8 f5 *d *d o
■a
h

S
5

1
1
O

cts -d* us so c— co CTS J *  U S s o  C— CO CTS O  T- CM CTS _ a  US SO
CM CSJ CM CM CM CM CSI



T
a

b
le

 
1

.5
 

c
o

n
ti

n
u

e
d

«

58
UN ON ON v~ CO r - T“ CM T— CM CM CM CM ON P - T— CO ON CM UN 00 O X“ _ 4
CM CM CM

"
CM CM CM CM CM CM CM CM CM T~ CM CM CM CM CM CM

P— CM UN CM CO ON ON - 4 CM - 4 CM - 4 - 4 - 4 0- 00 T~ CM P— 0 CM CM P -
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM

ON CM CM r— CM CM CM CM CM CM - ON ON - CM ON CM x— CO CM T— CM ON

UN UN - 4 CM CM UN - 4 - 4 ON - 4 r - UN UN CM CM ON T~ - 4 - UN - 4 ON ON VO

O O ON O O O UN O _ O O O O O O O UN 0 O XA O O O O• » • • ■
O O T“ O O O O O - 4 T~ t— O O O O O ON t — CM T- O O O UNT— - 4 P - CM VO UN

- 4 UN - 4 - 4 UN UN ON - 4 ON ON VO ON ON VO ON ON - 4 CM UN - 4 T- - 4 ON - 4

vo _4 xa -4 4  \A 4  4  vo r> vo n  n  vo w vo u\ w  u\ n  4

O  XA 
CM CM

0 UN UN UN á UN 00 P - á UN O á UN O á
CO UN - 4 CN - 4 ON ON cFi UN CN ON CN

£ s
UN
X-

CO
CM

T"
CM »

O
UN S

CM
vo &

O
r—

CM
O ON

T -
ON

O
X“

CM CM x~ T" T— T~ X“ CM CM r ~

E
S UN - 4 UN UN CM UN UN UN ON UN CM UN UN XA

H %
CO UN VO VO ON ON - 4 Ov O UN P - GO CM
CO - 4 ON VO ON VO UN CM UN - 4 - 4 UN ON

8 d d d d d d d d d d d d d d

P
C

C
L

CM
CM

vo 3  3 CM - 4 ON
CM

T*
- 4 - 4

ON
CM

ON XA
CM - 4

ST
O - 4 ON - 4 ON CM -4 UN CM UN - 4 ON - 4 - 4 - 4

g ON ON - 4 ON - ON - 4 - 4 - 4 - 4 - 4 - 4 r *

3 «

ON -g

S
O 0 O O Q XA

CA XA T~ CN X— - 4

8 O
XA &

T*
ON

00
XA

XA
XA

0
XA

O
UNX“ CM T” T_ X“ CM

X“ - 4 XA XA - 4 XA XA

O ON Q CO ON VO XA
- 4 X“ - 4 XA XA CM CM t—
d d d d d d d d

ON ON CO XA ON
s

C— 0
CM vo CM CM XA ON

ON XA XA - 4 - 4 CM - 4 XA

ON - 4 4 * - 4 - 4 - 4 - 4 ON

w
ai

3 I
•H

■3 8! _W W W I
ow

u
ow

t—1

Ì
!
o

g
»

4)r-l
0

1 # I y áPi w

a<0Q) ̂ -NW 2
r-l O) iH *H 0) <H
S3

•H O
w  w
CO'—'

At
o

■g
e »

8
•P

&
0)

3

n3

1 1
»  >

■s
CO

3

ÇV
5;

q ;

NjV• ft

V)
V

V

v\ 

* ^

*• >w
v>
4*

< >
> o

P— CO ON O  T-
CM CM CM ON

N  n  4  u \
ON ON ON CA ON

VO P— CO ON O  
ON ON ON ON 4

r  C\| ON 4
- 4  _J4  -4 - 3 “

\JN VO p— CO ON O 
- 4  - 4  - 4  - 4  - 4  UN

LUi-o
Z



5-
82
 b
 

5.
82
 b

(B
at

co
m

b
e-

 
^

 
.

(B
et

co
m

be
-C

ar
st

sn
s-

 
3 

• 
4

2
 •

 
Ca

rs
te

ns
- 

3
.4

2
*

 
5

-8
2

 
b

W
in

ch
es

te
r 

W
in

ch
es

te
r 

(A
nd

ov
er

-U
pt

on
- 

(B
at

co
m

be
.C

ar
st

en
s.

| 
as

so
ci

at
io

n)
 

(A
nd

ov
ar

-U
pt

on
-C

oo
m

be
 a

ss
oc

ia
tio

n)
 

as
so

ci
at

io
n)

 
Co

om
bs

 a
ss

oc
ia

tio
n)

 
W

in
ch

as
tt

r 
as

so
ci

at
io

n)

59

FI
GU

RE
 
1«
8 

Th
e 

pa
tt

er
n 

of
 s

oi
l 

su
bg

ro
up

s 
as
so

ci
at

io
ns

 i
n 

th
e 
Do

wn
la

nd
 (

fr
om

 F
or

dh
am

 
an

d 
Gr

ee
ny
 1

98
0)



60

1.2.U.2 The dominant soil series
According to the draft of the National Map about 50 soil 

series dominate the region. They are listed alphabetically in 
Appendix III and Table 1.6 . Table 1.6 shows the soil series, 
the references in which they were reported, the parent materials and 
some properties, mainly physical. Figure 1.9 is a cross section 
showing the soil series within the subgroups, along the same section 
shown in Figure 1.8.

The soil score for each soil series was based on the same 
ranking system used to characterise the soils by Soil Survey of 
England and Wales (Appendix III). All the scoring classes were 
set up in an ascending order; the highest figures were assigned 
for best qualities and the lowest for the poorest. After categorizing 
the different soil series, adding the figures in each soil series, 
addition of the figures in each soil series made the total score.
As some of the soil properties were determined particularly for 
specific crops, consequently the soil score is related to certain 
crops (i.e. cereals and potatoes). The categories for the texture 
class (TEX), the available water for cereals (AWCER) and for 
potatoes (AWPOT) was determined according to Tables 1.7 and 1.8 
The coarseness index (COIN) and the percentage of clay (PCCL) were 
noted considered in the score system, because they are related to 
the textural class which was already taken into the system. The 
calcium carbonate percentage (CACO) was also not considered, as 
the natural amounts are susceptible to substantial changes due to 
the agricultural practices.

TABLE 1.7 The texture classes

Clay, clay loam, silty clay loam 1*
Loam, silt loam 3
Sandy loam 2
Loamy sand 1
TABLE 1.8 Available water classes
More than 220 mm 10
220 to 205 9
205 to 190 8
190 to 175 7
175 to 160 6
160 to 11*5 5
1U5 to 130 i*
130 to 115 3
115 to 100 2
Less than 100 1
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CHAPTER 2

CLIMATIC AREAS AND BASIC DATA ON CLIMATE AND SOILS

2.1 The regional climates
Approaches to the study of the regional climates in UK 

were discussed by Chandler and Gregory (1976) who pointed out that 
there axe two sets of climatic studies on a regional basis; the 
first was based on county boundaries and has no real logic in 
terms of climatology, while the boundaries of the second; though 
arbitrary are largely determined by climatological factors.

Vink (1975) stresses the importance of relief in character
ization of local differences in climate and concluded that climat
ological differentiation related to relief differences form an 
important aspect of the ecological mapping of landscapes. Bleasdale 
and Chan (1972) investigated the influence of altitude on average 
annual precipitation for the whole of the UK in a more precise 
quantitative sense and provided good results which showed the total 
annual rainfall is highly correlated with altitude (Figure 2.1).

The separation of nine climatic areas in this study was 
based on general topography and distance from the coast. Nevertheless, 
the agro-climatic variables for each farm in each climatic area 
were adjusted according to the height of the farm in relation to a 
specified meteorological station in each area.

2.1.1 MAFF agroclimatic areas
The existing agroclimatic areas (Rumney, 1975) were developed 

as a joint scheme between ADAS and the Meteorological office to 
divide England and Wales into areas which are broadly homogenous 
in farming type and climate (Figure 2.2). The new scheme was meant 
to replace the old climatic information which was based on county 
boundaries. Such administrative boundaries do not adequately 
represent areas of similar climatic types due mainly to the wide 
variation in topography within any one county. The climatic factors 
for the counties (e.g. potential transpiration, Anon, 1967) were 
calculated for an average county height.

Although the new agroclimatic areas are more realistic, 
the inclusion of the farming type as a criteria beside the topography
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decreases the homogeneity of the agroclimatic areas. Despite the 
neutral relationship between the land use and the climatic factor 
evident historical and economic reasons McRae (1973) have had a 
predominant influence on the distribution of the different kinds 
of land use. Table 2.1 shows the changes in land use in the study 
area for i960 to 1973*

TABLE 2.1 Post war changes in agricultural land use in S.E. 
England

County Use category Acreage
I960 1973

Kent Arable 337,866 351,551
Temporary grass 88,979 77,720
Permanent grass 215,434 175,774
Rough grazing 22,929

665,208
16,826

621,871
Surrey Arable 63,630 57,707

Temporary grass 47,476 37,585
Permanent grass 69,109 64,273
Rough grazing 5,587 5,830
Total agricultural 185,802 165,395

East Arable 91,380 101,213
Sussex Temporary grass 81,620

150,014
67,440

Permanent grass 142,916
Rough grazing 19,707 14,219
Total agricultural 342,721 325,788

West Arable 105,073 115,652
Sussex Temporary grass 60,992 50,758

Permanent grass 85,311 75,308
Rough grazing 12,867 10,786
Total agricultural 264,243 252,504

N.B. Rough grazing excludes common land

Source: Information from Abbas (1979)

2.1.2 Hydrological squares
This computer based scheme provides hydrological information 

(Figure 2.3) based on 40 km x 1*0 km grid squares (e.g. SMD for 
grass). Although the averages from such relatively small areas are 
expected to be more representative, sometimes a square might 
comprise quite contrasting climatic locations. The square 174 in
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South-east England contain part of the low coastal plain together 
with part of the Wealden district. Most probably such systematic 
general maps were developed to show the national variations rather 
than the local. One of the advantages of this scheme is that it 
gives systematic hydrological information (e.g. soil moisture 
deficit) for a number of crops for a period of seven days. As such 
hydrological factors vary with the variations in soil type and 
topography the local differences in such parameters should be 
considered in detailed studies.

2.1.3 The modified agroclimatic areas
The new agroclimatic areas (Rumney, 1975) were modified in 

this study (Figure 2.1+) making all the divisions on the following 
criteria:

(i) General topography 
(ii) Distance from the sea.

As the farming type might be affected by other factors apart 
from the ecological ones the agroclimatic areas for this study were 
mainly based on the above mentioned factors. The area was divided 
into nine climatic areas.

2.1.3*1 The Meteorological stations within the agroclimatic areas
Nine meteorological stations from the MAFF agro-meteorological 

scheme lie within the study area (Figure 2.5). With the exception 
of only one climatic area (No. 9) each one of the ei^it climatic areas 
have got one station from the MAPF scheme within its boundaries, not 
necessarily in the middle. Although agroclimatic area No. 9 could 
be represented by Plumpton Meteorological Station inside area No. 9 
it was represented by Efford Meteorological station in Hampshire which 
was considered more comparable than Plumpton (Table 2.2).

TABLE 2.2 The agro-meteorologLcal stations indifferent climatic 
areas in the study region

The agroclimatic 
area code no. Meteorological station MAFF agroclimatic 

areas (Table 2.7)

1 Wye 39 W
2 East Mailing 39 W
3 Faversham 3k and 39 E
h Hadlow College 39 W
5 Wisley 32
6 North Heath 37 N and 38 N
7 Plumpton 37 S and 38 S
8 Alice Holt Lodge 32
9 Efford k6
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The long-term data (19l*0 to 1970) showed only minor 
differences between area 37 S and 38 S which were amalgamated in 
the modified map (Figure 2.1*) as both of them are coastal areas. 
Efford was taken to represent area No. 9 due to the similarity 
between the long-term climatic data for area 1*6 and the data from 
Efford (MAFF agro-meteorological scheme). Although there are 
other meteorological stations in the region only the MAFF 
meteorological scheme data - from nine stations - was considered 
because it is available in Wye College on a uniform weekly basis.

2.1.3-2 The variations in height within each agroolimatic area
in relation to climatic factors
Table 2.3 and 2.1* show a considerable variation in height 

within the different agroclimatic areas. The variations within the 
coastal areas (39 E, 37 S, 3h for MAFF areas and 3» 7 in the 
modified areas for the study) are higher than the inland areas.
The coastal areas include marshes and low lands (3 to 5 metres) 
as well as higher sites which makes the variation higher than 
the inland areas.

Most of the variations in the climatic factors from place 
to place in England are accounted for by variations in height 
(Figure 2.6) and distant from the nearest coast (MAFF, 1961* and 1976)« 
An adequate determination of the relationships of the climatic 
factors with height above MSL could provide significant improvement 
in the methods of interpolation of the data from a Meteorological 
station to other sites within each climatic area.

TABLE 2.3 The variations in height for 209 farms in the study 
within the MAFF agroclimatic areas

MAFF agro
climatic area

Range of height 
Lowest site Highest site

Coefficient 
of variability : 

all sites

39 E 2 170 93.1$
3h 5 186 75.1
39 W 20 182 58.0
38 N 10 150 51.1
38 S h e 107 39 -h *
32 55 190 1*0.2
37 H 20 107 57.3
37 S 10 70 87.0
h e 3 10 22.7

Average variation (c.v.) 58.2

* The data for three sites only
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TABLE 2.1* The variations in height for 209 farms in the study
within the MATT’ modified climatic areas

Climatic
area

Meteorological station 
Kane (m)

Range of height 
Lowest Highest 
site site

C.v. sites 
in area

1 Wye 56 15 170 1*8.1
2 East Mailing 32 20 186 1*6.6
3 Faversham i*s 2 70 1*2.0
1+ Hadlow College 76 15 138 53.5
5 Wisley 35 55 155 U1 .7
6 North Heath 21 20 137 50.5
7 Plumpton 30 6 107 79.1
8 Alice Holt 

Lodge
115 61 172 1*3.2*

9 Efford 16 3 10 22.7

Average variation (c.v.) 53.0

* The data for five sites only

2.2 The short term climatic data
The short term climatic data refers to the weekly meteor

ological observations at a number of agro-meteorological stations 
under the MATT Agro-meteorological Scheme (Table 2.5). Started in 
the early 1960s, the data is circulated by the MATT’. About 28 
weather variables are observed in the different stations. Wye 
Collage (Department of Horticulture) is receiving this data 
regularly. As the area is divided into nine climatic areas (Chapter 
2.1) nine stations were chosen considering that a relatively central 
location is the most suitable for the purposes of the study. The 
agrometeorological stations selected are:

Wye
East Mailing 
Faversham 
Hadlow College 
Wisley 
North Heath 
Plumpton 
Alice Holt Lodge 
Everton (Efford)

for climatic area No. 1 
for climatic area No. 2 
for climatic area No. 3 
for climatic area No. 1* 
for climatic area No. 5 
for climatic area No. 6 
for climatic area No. 7 
for climatic area No. 8 
for climatic area No. 9
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Althou^i Efford, a coastal meteorological station in 
Hampshire, is outside the study area (about 1+0 km west of the 
West Sussex western boundary), it is the nearest agro-meteorological 
station to climatic area No. 9* Comparison of a long-term 
climatic data from the Efford area with the data from the nearest 
coastal area in West Sussex showed that both areas are almost 
similar in their climatic data. Accordingly the meteorological 
data from Efford station was taken for climatic area No. 9 in this 
study.

2.2.1 The meteorological variables chosen for the study
Smith (1976) pointed out that the climatic factors which are 

useful for agricultural purposes include those which are the subject 
of direct measurements and those which are derived from such 
measurements. The factors which are used for the calculation of the 
agrometeorological variable should have more consideration in 
agricultural studies. The following weekly climatic factors were 
chosen for this study:

(1) Maximum mean temperature °C
(2) Minimum mean temperature °C
(3) Accumulated number of day-deg °C
(1+) Total rainfall mm
(5) Soil temperature (10 cm depth)
(6) Soil temperature (30 cm depth)
(7) Dry bulb temperature °C
(8) Wet bulb temperature °C
(9) Run of wind (km)

The data was collected for the period 1973 to 1979 to 
match the existing management data for year to year statistical 
analysis between the two sets of data. Methods of measurements 
of the climatic factors were not mentioned by the MAFF, but most 
probably are like the current methods.

2.2.2 Conversion of weekly data into monthly data
As all the formulae for calculating the different agro

meteorological variables were designed on a monthly basis, it 
was necessary that the weekly data was converted to monthly data. 
Smith (1976) noted that the potential transpiration as a calculated
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agro-meteorological factor was designed for use on macro or 
possibly a meso scale. Such calculations cannot be used for 
individual plants or trees without a risk of errors, and care must 
be exercised in their use in relation to plot experiments. Errors 
introduced by the use of calculated values on a meso-scale are 
probably less than those introduced by attempted measurements, 
because of the difficulty in defining correct exposure of any 
instrument of the lysimeter or evaporimeter type often used for 
this purpose. Smith (1976) also noted that the 'Penman* calculation 
of potential evapotranspiration was designed for monthly values.
It should not be used for short period values (daily or weekly) 
unless accurate radiation data (as distinct from sunshine data) are 
available.

The weekly data was converted to monthly data by using the 
dates stated at the end of each week. Accordingly the data was 
grouped into four to five weeks for each month. A week which ends 
with the majority of days into the next month was considered as 
part of the next month, making sometimes a month having five weeks.
For mean monthly climatic factors the variables were added and divided 
over the number of weeks. For total monthly factors, the weekly 
variables in a month were just added. The monthly meteorological 
factors chosen for this study are:

(1) Mean monthly air temperature
(2) Mean monthly accumulated temperature above 6 degrees C
(3) Total monthly rainfall (mm)
(U) Total sunshine (hrs)
(9) Mean monthly soil temperature at 10 cm depth
(6) Mean monthly soil temperature at 20 cm depth
(7) Mean monthly dry bulb temperature
(8) Mean monthly wet bulb temperature
(9) Total run of wind (km)

Although the short-term record type in the data base 
contains 796 records (68OU variables), very numerous variables 
(about lj.0,000) were handled to calculate the final monthly 
variables to be input in the data base.
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2.2.3 Adjustments of meteorological data from the stations to
the sites
Due to the height variation in the area and its considerable 

effect on the different climatic conditions particularly rainfall 
and temperature (Chapter 2.1.3), the estimation of the climatic 
variables for this study was approached with a new method. Taking 
advantage of the climatic variation in the area, brought by height 
differences, the method considers each site in a certain climatic 
area as a sub-meteorological station related to the principal 
meteorological station by its height.

The principal meteorological station (almost central) in 
each climatic area was taken as a base and its data was adjusted 
to sea level. Then the principal station* s data at sea level was 
adjusted to the surrounding sites in the climatic area according 
to their height (Figure 2.7). The height of the different sites 
was obtained approximately from topographic maps with metres 
contour intervals. Most of the climatic factors were adjusted 
for the sites except those which depend on the site characteristics 
(e.g. soil temperature, run of wind etc.).

Although the concept of adjusting climatic data according to 
height was used by Smith (1976) to adjust climatic data from stations 
to the average height of large areas, it has not been used before 
for sites. The distance from the coast is an important factor 
affecting the climate in the area, but it was accounted for by
separating the coastal zones into distinct climatic areas.

(AIL a bb revrcrf-ions arc  explained in Appendix, ill )

2.2.3*1 Mean monthly air temperature
The original weekly minimum and maximum air temperature 

was converted in this study into mean average monthly temperature.
The factor 0.6 change in air temperature (degrees Celsius) for every 
100 metres change in height was used to adjust the air temperature 
for the stations and the sites (Smith, 1976).

For the adjustment of the meteorological stations air 
temperature to sea level the formula is as follows:

m s m  = MMT + 0.6 x ^  ...(1)
100

For the adjustment or estimating the site (farm) air
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temperature the formula is as follows:

EMMT = admmt - 0.6 FABM ... (2)
100

2.2.3*2 Average daily sunshine hours
The formulae designed for the adjustment of the sunshine 

hours used the factors provided by Smith (1976). The adjustment 
of the sunshine hours for stations and sites depends on the season. 
For the stations the formulae are as follows:

ADSSH = SSH + 0.11 x ™  ... (3a)
Days of month 100

(for Jan., Feb., March, Sept., Oct., Nov., Dec.)

ADSSH SSH

Days of month
+ 0.18 x HMS

100
• • • (3b)

(for April, May, June, July, Aug.)

For the adjustment of the data for site, the formulae
are:

ESSH = SSH + n ... FAHM 0.11 x
Days of month 100

i., Feb,., March, Sept., Oct,., Nov., Dec.)

ESSH = SSH + n FAHM 0.18 x
Days of month 100

... ( ha.)

... (Ub)

(for April, May, June, July, Aug.)

2.2.3.3 Total monthly rainfall
According to the formula given by Smith (1976) the total 

monthly rainfall has to be estimated from total annual rainfall. The 
total rainfall for the station was adjusted to sea level and from it,the 
total rainfall was estimated for the site. Finally the total 
annual rainfall of the site was used to estimate its total monthly 
rainfall. The following formulae were used:
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T A M  = TMR (Jan) + TMR (Feb) ... + TMR (Dec) ... (7)
(Station)

ADTAM = T A M  - ((TAM x  0.315 - 119) x ̂ )  ... (8)

ESTAM = ADTAM + ((TAM x 0.315 - 119) x ~ p - )  ... (9) 

EMDR = a x ESTAM + b ... (10)

The factor *a* and ’b’ for each month are given in 
Table 2.6.

TABLE 2.6 *a’ and *b’ value for the different months

Month a b

January 0.11+0 -33.9
February 0.101 -21.2
March 0.073 - 9.1
April 0.051 9.1*
May 0 • 0 21.9
June 0.027 29.3
July 0.019 43.9
August 0.063 21.1+
September 0.076 8.9
October 0.109 - 9.1
November 0.11+6 -22.1+
December 0.151* -39.1

2.3 The long-term climatic data
The long-term climatic data for this study was taken 

from a long-term areal average 19̂4-1 to 1970 presented by Smith
(1976) for the MAFF agroclimatic areas. The map of the climatic 
areas of this study was superimposed on the map of the Agroclimatic 
Areas of MAFF, and the corresponding area were identified as shown 
in Table 2.7. The long-term climatic data was then transformed 
from MAFF climatic areas of this study.
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TABLE 2.7 Correspondence of climatic areas of the study to the 
MAFF Agroclimatic Areas

MAFF Agroclimatic The corresponding areas in the climatic
Areas areas of this study

31+ and 39 E Climatic Area No. 3
39 W Climatic Areas Nos. 1, 2, 1+
37 N and 38 N Climatic Area No. 6
37 S and 38 S Climatic Area No. 7
32 Climatic Areas Nos. 5> 8
1+6 Climatic Area No. 9

The long-term monthly climatic data chosen for the purposes 
of this study are:

(1) Sunshine hours/day
(2) Mean potential transpiration
(3) 'x* coefficient - a coefficient for finding an 

approximate value for the PT from the knowledge of the sunshine 
values only (Smith, 1976)

(1+) Total monthly rainfall.

2.1+ Site characteristics and soil data
2.1+.1 Site characteristics

The following site characteristics were obtained from 
different sources (i.e. reports, maps and the Farm Business Unit 
in Wye College) and recorded for each of the 209 sites in this 
study:

(1) Site number
(2) County in which site is located
(3) Grid reference
(1+) Climatic area
(5) Slope %

(6) Height (m)
(7) Farming type.

The number of the climatic area for each site and its 
number are the most important references for the identification of 
the site in the data base.
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2.^.2 Soil data
The 1:2^0,00 soil association maps form the basic structure 

on which the detailed soil information was constructed for this 
study. Although the fieldwork for 1:250,000 national map was 
completed (Soil Survey of England and Wales, 1981) few areas in 
the different regions have soil association maps at this scale 
published. Within the study area, Kent county only has a 1:250,000 
map published. However, the unpublished soil information at this 
level for the whole area was provided by the Soil Survey of England 
and Wales.

The Soil Survey Bulletins which accompany 1:250,000 soil 
maps describe the survey methods, the land use and the general 
properties, main classes and capabilities of the soil for agricultural 
use. The principal soil series and their percentages which axe 
given for each soil association are very essential for this study.
The soil association maps will be more useful when their legends 
and codes are on national bases and also the percentages of the 
soil series are indicated for each association (Campbell and Mew, 
1981).

A list of the code numbers for the soil association and 
names of the soil series are shown in Data Base Schema (Appendix III). 
The following soil properties were chosen for each site from 1:250,000 
and related maps: 1

(1) Soil parent material
(2) Soil association
(3) Soil series in soil association
(I4.) Percentages of soil series in the soil association
(5) Agricultural land class.

Also the following soil properties were approximately 
calculated from the detailed soil survey publications (Green, 1968; 
Jarvis, 1968; Fordham and Green, 1973» Green and Fordham, 1973$ 
Jarvis, 1973» Seale, 1975; Reeve, 197.8; Furness and King, 1978; 
Heaven, 1978; Jarvis et al.. 1979; Fordham and Green, 1980 and 
Allen, 1980) for each soil association and consequently for the 
different sites;

(6) Shallowness class
(7) Stoniness class
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(8) Percentage of clay
(9) Coarseness index
(10) Available water capacity (mm)
(11) Soil available water for cereals
(12) Soil available water for potatoes
(13) Ease of cultivation
(1U) Wetness class
05) Depth to impermeable horizon
(16) Ca Co^ percentage
(17) Land use capability class
(18) Limitations of LUCC (3 limitations were recorded)
(19) Soil score for cereals
(20) Soil score for potatoes.

2.l|.2.1 Preparation of the soil series data
The different soil survey records, bulletin and memos 

provided the physical and the chemical properties for each horizon 
in the different profiles of each soil series. In this study the 
figures for the different horizons in each profile representing 
a soil series included, were weighted according to the depth of 
each horizon. The result of the calculation provided single figure 
indices, showing an average bases the properties of each soil 
series. The following parameters were created or modified from 
the original data:

(1) An index was provided to test the coarseness of 
texture for the soil series

COIN - (100 S + SOS + 00)s + z + c
COIN = coarseness index
S,Z,C = % of sand, silt and clay

(2) The available water was estimated down to 120 cm for 
cereals and down to JO cm for potatoes

(3) A soil score was estimated for the different crops. 
Soil properties were categorized into classes in relation to the 
crop. The best categories are given the largest class number and 
the poor categories the smallest. Then these values were added 
to give the soil score for each crop.



An example of estimating general figures for the different soil 
properties is given below (Table 2.8 (a) and (b)) from Hothfield 
Soil Series:
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TABLE 2.8 An example of soil series data

(a) Mechanical analysis of Hothfield soil series profile (extracted 
from Green and Fordham, 1973)»

Horizon
Depth

Ea1
0-10

Ea2
10-35

Bh
35-1+5

Bfe
1+5-53 53-55

C
55-83

Sand
500 um - 2 mm % 16.9 15.2 15.8 1.9 0.1+ 0.0
200 - 500 um % 17.9 13-1+ 10.7 2.1+ 0.9 0.7
100 - 200 um % 35.5 1+1.1 1+6.5 63.1+ 68.3 70.9
50 - 100 um % 12.8 18.9 17.6 21.3 18.9 16.1

Silt 2 - 50 um % 11.3 9.9 8.1 1+.7 1+.8 5.2
Clay 2 um % 2.7 1.6 1.3 6.3 6.7 7.2

Using the depths of the different horizon an average was 
calculated for each horizon, e.g. the average percentage of 900 um 
- 2 mm sand fraction will be

m
= 16.9 x = 2.0%

(b) Given the data shown below for the Hothfield series, the 
coarseness index may be calculated

Horizon
Depth

Ah Ea1 Ea2 Bh Bfe C

Sand
500 um - 2 mm % 2.0 1+.6 1.9 0.2 0.0 0.0
200 - £00 um % 2.1 1+.0 1.3 0.2 0.0 0.2
100 - 200 um % 1+.6 12.1+ 5.6 6.1 0.6 23.9
50 - 100 um % 1.5 5.7 2.1 2.1 0.5 5.1+
Silt 2 - 50 urn % 1.1+ 3.0 1.0 0.5 0.1 1.8
Clay 2 um % 0.3 0.5 0.2 0.6 0.2 2.1+
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The total % of sand 
The total % of silt 
The total % of clay

The coarseness index of Hothfield series
= 88.0 + 3.9 + 0.0 

100
= 0.92

2.1+.2.2 Transformation of the soil series data for the soil
associations
The average detailed soil properties obtained from the 

soil series were transformed to the soil association according to 
the percentage of the soil series in the soil association. The 
figures for each soil property in the soil association shared by the 
different soil series were added to give approximately the general 
properties of the soil association. An example of the calculations 
was given in Table 2.9.

One figure was recorded for the ALC for each site, taken 
from the Agricultural Land Classification map. As of the Land Use 
capability class the single figures from the soil series were 
weighted according to the percentage of the soil series and the 
result was a continuous variable.

The soil properties thus estimated for each soil association 
were assigned to all sites within the soil association.

88.0 )
„ a ) Weighted means according to 
'* ) thickness of horizons
U.2 )

100.0
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CHAPTER 3 

AGROCLIMATIC DATA

The agroclimatic factors were derived from the basic 
meteorological data discussed in the previous chapter. All 
agroclimatic parameters were calculated using formulae designed for 
the British conditions and have proved to give satisfactory 
results (Smith, 1976). The following agroclimatic variables were 
calculated approximately for each site in the study:

Monthly agroclimatic variables
(1) Potential transpiration
(2) Moisture deficit
(3) Moisture deficit for winter wheat 
(U) Moisture deficit for spring barley
(5) Moisture deficit for ware potatoes
(6) Excess winter rain (for each month during winter)

(Record Type 8 in LARES, Appendix III)

Seasonal agroclimatic variables
(1) Accumulated moisture deficit for winter wheat
(2) Accumulated moisture deficit for spring barley
(3) Accumulated moisture deficit for ware potatoes 
(I4.) Soil moisture deficit for winter wheat
(9) Soil moisture deficit for spring barley
(6) Soil moisture deficit for ware potatoes
(7) Droughtiness class for winter wheat
(8) Drougdvtiness class for spring barley
(9) Drou^itiness class for ware potatoes

(10) Irrigation need Plan 3 for winter wheat
(11) Irrigation need Plan 3 for spring barley
(12) Irrigation need Plan 3 for ware potatoes
(13) Accumulated temperature less than zero
(14) Total seasonal rainfall (mm)
(15) Total summer rainfall (mm)
(16) Total winter rainfall (mm)
(17) Field capacity (days)
(18) Drainage climatic index

C f ltL  a b b r iv u -h o n s  //> c h a p + c r  a rt e x p  la  iacoI tin A ppend ix U l
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3.1 Methods for calculating the agroclimatic variables
3.1.1 Potential transpiration (FT)

The estimated FT value was calculated by a formula which 
modified the long term values using a defined coefficient (x) and 
short term sunshine hours for each site. Smith (1976) pointed out 
that thé long term calculated PT values were based on the ’Penman' 
method and noted that they are certainly superior to most other 
approximations and even direct measurements. The 'x' coefficient 
which is already calculated by Smith (1976) on a long-term basis 
enables the approximate calculation of PT from sunshine hours only.
The original formula given by Smith (1976)s

PT = 'x' h

Deviation from Potential Transpiration (FT) average = 'x' x deviation 
from sunshine average (h). That means increase in sunshine hours 
above average leads to increase in PT above average and vice versa.

From the knowledge of the long-term and short-term sunshine 
hours of a site, the following formula can be constructed:
Difference of site current PT from long-term average = 'x' x difference 
of site current sunshine hours from area (long-term) sunshine hours 
average.

The following is an example for estimating PT based on 
Table 3.1.

TABLE 3.1 Sunshine and PT data for a site and its climatic area

Site (A) Climatic area of site (A)

Short-term data (monthly Long-term monthly data
date in any year) 19U1 to 1970
April daily sunshine April daily sunshine hours =
hours =5*1 hours 5.3 hours

April 'x' value = I4..3
April PT = 56 ram

Calculations:
Difference in PT between site (A) and its climatic area 

= ’x’ x (area sunshine - site sunshine)
= k -3  x (5.3 - 5.1)
=  0.86
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From the previous formulae the following formula was designed 
to calculate PI the different sites during summer months:

ESSPT = PT - ('x' x (SSH - ESSH)) ... (11)
From the above example, site (A) PT for April will be 

= 56 - (1*.3 x (5.3 - 5.1))
= 55.1U

3.1.2 Potential moisture deficit for site
The moisture deficit is created during the season when the 

potential transpiration exceeds the monthly rainfall. It was 
calculated in the data base by the following formulae for each 
site:

MD = ESSPT - TMR ... (12)

3.1.3 Monthly moisture deficit for each crop
The calculations were based on the estimated potential 

moisture deficit during summer months and the crop phenology 
as shown in Table 3*2 and Figure 3*1 which is estimated according 
to the local experience (Wye College, Department of Agriculture).
The estimations of the moisture deficits for each crop were based 
on the methods and the calculations given by Hall, Reeve, Thomasson 
and Wright (1977) and Thomasson (1979). Thomasson (1979) pointed 
out that the main assumptions of estimating the moisture deficit 
of a crop by adjusting the moisture deficit of the month, are 
based on the idea that the full rate of PT is achieved only by full 
or nearly full cover, that ripening crops (growth stage 1 1 .2) have 
no further need for soil water, that the increase in deficit under 
bare ground during the early growing season is about one third the 
increase under full crop cover and that for crops partially covering 
the ground deficits increase at about two thirds of the potential 
rate. Thomasson (1979) mentioned that these assumptions were 
derived from work by Smith and Douglas (1975)» Durrant et al. (1973) 
Grant (1970); Heinonen (1971)5 Rowse (1975)» Hall et al. (1977) 
and unpublished studies using the neutron proble by the soil survey 
and others. According to Table 3* and Figure 3« the moisture 
deficit was calculated using the following formulae for the 
different crops:
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WINTER SPRING
WHEAT BARLEY
SD SD

9

PGC BG
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JUNE BGC

JULY
s s
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S

FIGURE 3.1 Approximate date3 for crop development
BG Bare ground; PGC Partial ground cover; SD Approximate 
sowing date; S Stage 11.2 (after this growth stage the 
moisture deficit has little significance for the growth of the crop); 
FGC Full ground cover
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(1) Vinter wheat moisture deficit
WWMD = O .67 x EFMD (April) + EFMD (May) + EFMD

(June) + 0.5 EFMD (July) ... (13)

(2) Spring barley moisture deficit
SBMD = 0.33 (0.75 EFMD (April)) + O .67 (0.25 

EFMD (April)) + O .67 EFMD (May) + EFMD 
(June) + 0.5 EFMD (July)

= 0.14-2 EFMD (April) + O .67 EFMD (May) +
EFMD (June) + 0.5 EFMD (July) ... (II4)

(3) Potatoes (main crop) moisture deficit
= 0.33 (0.5 EFMD (April)) + 0.33 (0.75 EFMD (May))
+ O .67 EFMD (June) + EFMD (July) + EFMD (August)

= 0.17 EFMD (April) + 0.1*2 EFMD (May) + O .67 EIMD
(June) + EFMD (July) + EFMD (August) ... (15)

3 - 1 ' b Estimated soil moisture deficit for each crop
The soil moisture deficit (SMD) for each crop was 

estimated by subtracting the amount of the available water in the 
soil from crop soil moisture deficit.

(1) Vinter wheat
WSMD = VWMD - AVCER ... (16)

(2) Spring barley
SBSM = SBMD - AVCER ... (17)

(3) Potatoes
POSMD = POMD - AVPOT ... (18)

As the available water was estimated by two different 
methods from the soil profile, there are two figures for the soil 
moisture deficit for each crop. The first method for estimating 
the soil available water was based on adding the AWC from the 
different horizons in the profile up to 100 cm - which is widely
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used. The second method was discussed by Hall, Reeve, Thomasson 
and Wright (1977)» who pointed out that studies of crop roots 
indicated that only a little of the root system extends below 
50 cm. Table 3*3 shows deductions proposed from profile available 
water in soils without a hard rock layer, to take account of this 
fact. Use of the 2 bar level helps to balance edaphic and soil 
factors. Sandy and coarse loamy soils which favour deep rooting 
normally have little water in the 2 - 19 bar range, and ignoring it 
has little effect on the total. Dense clay soils are more difficult 
to exploit and hold large amounts of water in this range, which is 
probably more significant for crop survival than for productive 
growth. Table 3«1+ gives mean values of easily available water (0.09 
- 2 bar) in subsoil horizons of different particle size and packing 
density (Hall, Reeve, Thomasson and Wright, 1977)» The second method 
considered such factors and used the two tables to estimate the 
available water in the soil for each crop.

TABLE 3.3 Adjustments to profile available water for annual crops 
(from Hall et al.. 1977)

Winter wheat )
Spring barley )
Potato 
Sugar beet

Depth (cm) 
0-90 

90-120 
0-70 only 
0-80 
80-11+0

All available 
2 bar

All available 
All available 

2 bar

3*1.5 Droughtiness class for each crop
Hall, Reeve, Thomasson and Wright (1977) provided Table

3.9 which determines the average seasonal droughtiness class for a 
crop. They emphasized that the table is strictly applicable only 
to a grass sward with a good root distribution in conditions where 
the available water is depleted to near zero level and the grass 
survives but makes little growth. The calculation of the soil 
moisture deficit by the procedures in Chapter 3.1*3 and 3*1«U is 
possible using Table 3* for assessment of droughtiness for the 
crops in this study - winter wheat, spring barley and potatoes 
(Hall et al.. 1977).
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TABLE 3.it Easily available water in subsoils of different
particle-size and packing density class (from Hall et al., 1977)

Particle-size
class

Dominant 
sand grade 
(medium = 

200-600 urn;
fine = 

60-200 um)

Easily available water (0.05-2 bar) for 
different packing density classes

Low _
( 1.1+0 g cm“-')

Medium 
(1.1+0-1.75 
g cm3)

High ,
( 1.75 g  cm~^)

Clay 9 7
Sandy clay - - 9
Silty clay - 9 7
Sandy clay loam - 11 10
Clay loam 13 9 7
Silty clay loam 13 10 6
Silt loam - 18 -

Sandy silt loam Medium 15 11 -
Sandy silt loam Fine _* 11+* -
Sandy loam Medium 16 12 8
Sandy loam Fine (19) 12 (9)
Loamy sand Medium 13 9 -

Loamy sand Fine (10) m -

Sand Medium - 7 (3)
Sand Fine (11) (17) -

A dash (-) indicates insufficient information 
Brackets ( ) indicate limited data (n 5)
* If the majority of the sand is of 60-100 urn grade, easily 

available water will be 25-3006

TABLE 3.6 Classes of droughtiness derived from profile available 
water (A) and average potential maximum soil moisture 
deficit (MD) (from Hall et al.. 1977)

A - MD a
+ 50

b
0

c
- 50 d

N on-droughty

Slightly droughty 

Moderately droughty 

Very droughty
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The alphabetical scale of the droughtiness classes was 
converted to a numerical scale (Table 3 . 6 ) . The droughtiness of 
the different crops was determined by the following formulae:

(1) Winter wheat
DRWW = AWCER - WWSMD ... (19)

(2) Spring barley
DRSB = AWCER - SBSMD ... (20)

(3) Ware potatoes
DRPO = AWPOT - POSMD ... (21)

TABLE 3.6 Droughtiness classes (from Hall et al.. 1977)

Droughtiness (mm) Class

50 1
5 0 - 0 2

(-0.1) - (-50) 3
- 50 k

3.1.6 Irrigation need for each crop
MAFF (197i|) discussed different aspects related to soil 

moisture, and pointed out that plant requirements are usually 
defined in terms of soil moisture and that these will vary with the 
type of crop and stage of development. Irrigation plans to meet 
these requirements will vary with many factors such as type of soil, 
equipment and manpower available and potential economic returns. 
Pour plans designed by the MAFF (197U) according to the British 
conditions are as follows:
Plan 1 - Soil restored to capacity when the soil moisture deficit 

reaches 1 in (25 mm)
Plan 2 - Soil restored to capacity when the soil moisture deficit 

reaches 2 in (50 mm)
Plan 3 - Deficit reduced to 1 in (25 mm) when it reaches 3 in 

(75 mm)
Plan U - Deficit reduced to 2 in (50 mm) when it reaches 5 in 

(125 mm)
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Over the farm land areas in Britain, as distinct from 
upland rough grazing, there are very few years when deficits as 
in Plans 1 and 2 do not arise at some period during the growing 
season. The MAFF (197U) noted that the theoretical need for 
irrigation to maintain easily available soil moisture at all times 
from April to September was found to be 17 years or more out of 20 
and in the drier parts of eastern England the frequency is 20 out 
of 20.

The irrigation need for the crops in the study was assessed 
according to Plan 3 which is less demanding, allowing deficits to 
increase to 3 in and thereupon reducing them to 1 in. It is suitable 
for farm crops other than grass and for bush fruit (MAFF, '197k)» If 
it is decided to maintain this standard or soil moisture throughout 
the growing season, the frequencies can be deduced from Figure 3*2. 
The critical average annual rainfalls in each county which would be 
equivalent to an irrigation need of 10, 9* 8, 7» 6, 5» 1+ years in 
10 - as shown in Table 3*7* Taking 7 years in 10 as a sensible 
requirement to make investment in irrigation practice an economic 
proposition, all areas in South-east England have this frequency.

FIGURE 3.2 Frequency of irrigation need, Plan 3« Soil moisture 
deficit reduced to 1 in when it reaches 3 in
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TABLE 3.7 Limits of annual rainfall (in) for various frequencies 
of irrigation need (years in 10) to carry out Plan 3 
from April to September (extracted from MAFF, 197U)

Region County 10 9
Frequency need
8 7  6 5 k

South Kent 26.0 35.0 All
East Surrey 2U-5 33.0 All

Sussex None 35.0 All

For the determination of the irrigation need in the LARES 
data base the following formulae were designed:

(1) Vinter wheat, spring barley and potatoes
If SMD (any crop) 75 mm, IRN3 = 7 ••• (19)
If SMD (any crop) 75 mm» IRN3 = 0 ... (20)

The result •1 * in the formula means irrigation is needed 
to reduce deficit to 1 in (2$ mm) - Plan 3*

The result *0’ in the formula means irrigation is not 
needed according to Plan 3»

3.1.7 Accumulated temperature less than zero
Smith (1976) pointed out that for winter hardiness of crops, 

it is useful to know the accumulated day-degrees below freezing point 
during the months November to February. Although he pointed out that 
the contribution of spring and autumn frosts to this total is small, 
and can be ignored as far as over-wintering crops are concerned. 
Different studies (Chapter 5*2.3) indicated that sometimes short 
period frost can cause a lot of loss in the yield of some 
horticultural crops.

The accumulated temperatures less than zero was approximated 
by using the following formula:

ACTLZ = 370 - 11 (T (Dec) + T (Nov) - 18T (Jan)
- 17 T (Feb) *..(21)

3.1.8 Total seasonal rainfall
The total annual rainfall which is widely used and 

calculated from monthly rainfall does not match the agricultural 
season, because it is the caldendar year rainfall. This parameter
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in this study considers the rains which fall during the 
agricultural, season which starts in October in a certain year 
and ends in September the next year. The formula designed is 
as follows:

ETSEAR = Total EMOR (Oct. + Nov. + Dec.) (in certain year)
+ EMOR of (Jan. + Feb. + March + April + May + ' 
June + July + Aug. + Sept, (next year)) ... (22)

3.1.9 Total winter rainfall
The formula designed for the calculation of this parameter 

is as follows:
ETWINR = Total EMOR of (Oct. + Nov. + Dec. (in certain year) 

+ EMOR (Jan. + Peb. + March (next year)) ... (23)

3.1.10 Total summer rainfall
The formula designed for the calculation of this parameter 

is as follows:
ETSUMR = Total EMOR (April + March + June + July + Aug. +

Sept, (same year)) ... (21*)

3.1.11 Drainage climatic index
Smith and Trafford (1975) discussed different aspects of 

drainage and pointed out that ’winter* in drainage terms may be 
defined as the period during which the soil is at field capacity or 
wetter. This is the period during which the drains are likely to 
be working and during which the benefits of effective drainage will 
be felt. Using the mean duration of winter Smith and Trafford 
(1975) suggested the following ratio as an approximation of the 
severity of a drainage problem.

Drainage climatic index (mm) = Excess winter rain (mm) 
Duration of winter

Por LARES system the formula is

DI ETWINR
Total days of (Oct., Nov., Dec., Jan.» 

Feb., March) (25)



102

3.1.12 Field capacity days
These are the days during winter and early spring (i.e. 

October, November, December and January, February, March and April) 
when the monthly rainfall exceeds FT, and it is assumed that the 
soil is at field capacity. It was planned to use this parameter 
in the approximation of machinery working days (MWD) but the tables 
for calculating MWD are rather difficult to handle in the data base. 
The parameter alone can be used in some statistical analyses. The 
formula for calculating field capacity days is as follows:

FCD = EMOR - PT ... (26)

The whole days of all the months which have a positive answer 
for the formula will be added to give the field capacity days. In 
the calculation are included winter and early spring months (i.e. 
October, November, December, January, February, March and April).



PART B

THE AGRICULTURAL LAND USE 
AND THE ENVIRONMENTAL CONDITIONS
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CHAPTER 4

THE MAIN AGRICULTURAL LAMP USES IN THE STUDY AREA

1+.1 Introduction
Numerous investigations and studies covering different 

aspects of land use have been carried out for either the whole 
region, individual counties or small areas. Marshall (1798);
Young (1808); Ingram (1907)5 Hall and Russell (1911)* Pelham 
(1931); Bane and Jones (1934); Maxton (1936); Stamp and Willatts 
(1941); Briault (1942); Stamp (1943); MAEF (1947); Bagenal and 
Pumeaux (1949); Finn (1992); Garrad (1954); Bagenal (1959);
Nocock (1957» 1958); Stamp (1962); Coppock (i960, 1964); Harvey 
(1963» 1964); Wibberly (1963); Best (1966); Hodgson (1967)»
Green (1968); Duncan (1972); Fordham and Green (1973); McRae 
and Burnham (1973); Green and Watters (1976); Marshall (1978) 
and MAEF (1955—81) all have either described, discussed, investigated 
or published statistics on the agricultural land use of the area.

Even the earliest of these accounts make some attempt to 
explain land use patterns in terms of physical factors such as 
relief and soils. Changes in technology, e.g. more powerful 
machinery and new varieties have changed the role of these factors, 
yet in themselves the physical factors are relatively permanent.
Many of the authors have commented on socio-economic factors which 
moulded the agriculture of the region. Of these a few are 
persistent, e.g. proximity to London and to the Continent, but most 
of those important in the past have changed beyond recognition.
McRae and Burnham (1981) remark that consideration of socio-economic 
factors should be facilitated by prior objective assessment of the 
physical factors. Both stages of this evaluation depend on accurate 
data concerning recent land use.

Best (1959) reviewed the history of the measurement and 
recording of land use in Great Britain. The Agricultural Statistics 
now published by the MAFF began in 1936,- but they were not in a 
complete form until after the war due to many reasons mentioned by 
Best (1959)* Since their existence they have been prepared and 
published by MAFF by compiling the ire turns made by the farmers 
in June every year. Best (1959) pointed out that the chief object
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of the agricultural return is to assess the crop and livestock 
production of the country; accounting for the actual area under 
agricultural uses is only a secondary consideration. For the 
former purpose any inaccuracy in the statistics is in all 
probability too small to be of any great importance: for the 
latter purpose, however, any errors which occur may well be of 
greater significance.

Best (1981) has given a detailed historical account of 
the development of the Agricultural Statistics under the auspices 
of MAFF and he also discussed the deficiencies and the accuracy of 
such data for land use studies. The errors in the returns have been 
continuously rectified over the years, this might lower the quality 
of detailed comparisons of area measurements for different and 
widely spaced data. Best (1981), stressed that the deficiencies 
in the data must not be over emphasized as the general trends in 
data are quite clear.

Best (1981) showed diagrammatically the major use headings 
in the Agricultural Statistics by MAFF (Figure U*1)* He pointed 
out that the return is made under 175 headings (excluding glasshouse 
crops), but many of these refer to the labour and livestock in 
addition to land under crops, grass, bare fallow, rough grazing and 
grazing land attached to residential properties, parks, golf 
courses and so forth. Common rough grazing is estimated by the 
Ministry. The summarized results from the whole exercise are 
published in the Agricultural Statistics. Wye College Library 
keeps the Agricultural Statistics from 1939 up to date but only 
those covering the last 27 years were included in this study (i.e.
1955 to 1981).

I4..2 The major agricultural land uses
Despite the wide range of farming activity, little more 

than half of the land of the study area is farmed at all. The 
Agricultural Statistics for 1981 (MAFF 1955 to 1981) recorded that 
there are about 2,256,971 acres of land in the whole area, of which 
1 »317»127 are under crops, grass and rough grazing. This means 
that agriculture accounts for about 58.1$. Most of the remainder 
was occupied by urban uses and woodland. About U8,587 acres of the 
agricultural land (3.7%) is classified as rough grazing land.
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This is often the land which is at the present time unsuitable 
for cultivation due to steep slope, shallowness, acidity and 
waterlogging.

TABLE U.1 Percentage of crops, grass and rough grazing in the 
area (1981)

County
Crops, grass, 
rough grazing 
(% of total area)

Rough grazing 
{% of agricultural 

land)

Kent 65.1+8 2.7
East Sussex 60.5U 1+.2
West Sussex 59.1+6 1+.7
Surrey 38.72 3-7

Statistics on the whole area obscure a considerable amount 
of variation between the counties, as shown in Table 1+.1.

Best (1959) discussed the current trend of land use in 
Great Britain and noted that the rapid expansion of the urban areas 
at the expense of the agricultural land together with additional 
inroads such as afforestation and airfields had been the chief 
features causing change in land use during the present century.
Best (1981) pointed out that, if the whole of Britain is considered, 
afforestation rather than urban growth had become the chief 
acquirer of farmland although the land taken is of much lower 
quality than that used for urban purposes.

1+.2.1 Land use data from counties and its manipulation
The land use data for Kent, East and West Sussex and 

Surrey was extracted from the Agricultural Statistics for the 
period 1955 to 1981. The objective was to determine the dominant 
uses of agricultural land and to study their distribution in the 
whole area and trends throughout this period. It was realized that 
the total areas of the counties has changed periodically in all 
the counties. Occasionally a large area of parishes are taken 
from one county to another. This particularly affects Kent and 
Surrey which border the GLC (Greater London Council) area created 
in 1965» a highly expanding urban region. East and West Sussex
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are away from London, but there was a considerable change in the 
shape of their borders, particularly between them due to 
administrative changes.

Due to unstable nature of the total area of the counties, 
the total area of the agricultural land was shown as a percentage 
of the total area of the county. Then areas of the major land 
uses were calculated as percentages of the total agricultural 
land. Table 1+.2 shows the results of the calculations of the data 
for the four counties since 1955* The major agricultural land 
uses accounted for ares-

(1) Arable land (crops and temporary grass)
(2) Permanent grassland
(3) Rough grazing land.

U. 2.1.1 Arable land
This category includes land ploughed or occupied by crops, 

including grass grown in rotation with crops or lying fallow.
The percentage of the total arable land was determined by adding 
the percentage of land under crops, fallow and lucerne to that of 
temporary grass (i.e. clover and rotation grasses)

TABLE 4.3 Mean percentage of agricultural land in major use 
categories in the area (1955 to 1981)

County
Arable land

Crops Temporary 
grass

Permanent
grass

Rough
grazing

Kent 54.32 12.38 30.24 3.05
East Sussex 29.86 20.80 44.36 4.97
West Sussex 42.88 20.40 32.27 4.46
Surrey 40.5 19.0 36.5 4.00
C.V. (%) 23.96 21.60 17.43 19.80

Table 4*3 shows that about 6096 or more of the agricultural 
land in the different counties is in arable land. The variation 
in the percentages of arable land between the counties is more than 
the variation in permanent grass and rough grazing land. Most 
probably the variations in crop area are largely due to the physical
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conditions allowing a high percentage of crops in Kent which is 
dominated by arable farming. As the mixed type of farming is 
dominant in the other three counties more land is given to grass 
than in Kent. A low percentage (29.86%) has been given to crops 
in East Sussex, reflecting a lack of soils of higher grade 
compared with the other counties.

A significant proportion of the arable land is devoted to 
temporary grass. The general practice (ley farming) is to plough 
periodically all the fields of the farm and to crop each field in 
turn for about three years and then lay it down to grass again.
The grass is permitted to remain for varying periods of years, 
commonly three or four, but sometimes for seven or even longer.
Stamp (1962) pointed out that after the war and according to the 
MAFF statistics, land which had been down for more than three 
years grass is recorded as permanent grassland.

1+.2.1.2 Permanent grassland
Stamp (1962) defines this as the grass which has not been 

broken by ploughing, simply managed as grassland. There is now 
little such land. The present definition is a matter of the 
farmers intentions, i.e. the time the grass is left down is usually 
determined by the farmers own judgement. The time usually varies 
from three to anything up to 20 years. Generally any land which 
had been down to grass more than three years is regarded as 
permanent grassland. In this study the calculated percentage of 
land under permanent grass includes both grasses for mowing and 
for grazing.

The average area occupied by the permanent grass is 36.3% 
of the agricultural land with as much as 17%  variation between the 
counties (Table i+.3) 5 the lowest percentage in Kent (30.21+) and 
the highest is in East Sussex and Surrey (1+1+.36, 39«03 respectively). 
The permanent grass occupies the majority of the agricultural 
land in East Sussex and Surrey with the highest percentage in East 
Sussex which is probably due to the larger area of the heavy soils 
in this county. Also for the mixed type of fanning which dominates 
most parts of the study area, it is convenient to keep a proportion 
of the holding in well managed permanent grass. The turf is 
stronger than that of a recently reseeded field and better withstands 
grazing under adverse weather conditions.
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U.2.1.3 Rough grazing
It is broadly all open land - heathland, moorland, rough 

grazing land; which is not wooded or cultivated. In the calculation 
of percentages in this study it was limited to land with sole 
grazing rights, excluding common land. Table 1*.3 shows that, on 
the average, rough grazing occupies about 1$> of the agricultural 
land, yet it has a definite role in agricultural development in 
the region. Stamp (1962) mentioned the following purposes for 
rough grazing lands;

(1) Grazing for animals, especially sheep, cattle, ponies
(2) Gathering grounds for water supply
(3) Sporting areas
(i|) Potential area for afforestation
(5) Recreational area for public enjoyment
(6) Nature reserves
(7) Supply of peat
(8) Practice area for the armed services.

U*2.2 Land use data from parishes and its mam'-pulations
Wye College (Department of Rural Economics) receives the 

Parish Returns from all parishes in Kent, East and West Sussex and 
Surrey. The records have been kept in the College since the early 
1960s. There are about 709 parishes in the whole region (about 
319 in Kent, 11$ in East Sussex, 163 in West Sussex and about 112 in 
Surrey). The Parish Data included in this study was from most of 
the parishes in the four counties for 1979 (i.e. about 669 parishes 
which have returns in this year). The objective was to study the 
usefulness of including the Parish Data in a data base for land use 
information in land resources information systems such as LARES.
The possibility of producing automated maps for the parishes was 
also investigated although not pursued.

Parishes were often originally ‘manors' belonging to one 
landowner but later on they were split into farms. With the 20th 
Century another trend began, whereby the successful farmers started 
to buy extra farms or odd fields as opportunity arose, which may well 
be in a nearby parish. This last trend makes some farms,not many, 
cross the parish boundaries. Considering such factors in manipulating



113

the land use data, the total agricultural land was calculated as a 
percentage of total area of the parish and areas of different 
land uses as a percentage of the total agricultural land. The 
following data items were defined for each parish:

(1) Parish number
(2) The county on which the parish is located
(3) The farm numbers of the sample farms located in the 

parish
(I4) Average height (m) above Ordnance Datum (sea level)
(5) Main geological formations (up to three formations)
(6) Main soil association (up to three soil association
(7) Total area of parish (ha)
(8) Percentage of area for crops and fallow
(9) Percentage of area for vegetables
(10) Percentage of area for orchards
(11) Percentage of area for cereals
(12) Percentage of area for potatoes
(13) Percentage of area for hops
(1I4) Percentage of area for grass
(15) Labour for 100 ha
(16) Agricultural land classes (up to three classes)
(17) Total number of holdings iicluded in the return
(18) Agricultural region.

The totai number of holdings in the different farming 
classes indicates the most economical type of farming within the 
farms of the parish, but it does not indicate the dominant size of 
farming type. A clear example, for this, is Headcom parish which 
has got 32.6% of its land for cereals, but not a single farm was 
reported within the cereal class (i.e. cropping mostly cereals).
On the contrary, the dominant farming classes are those of intensive 
crops which have got only of the total arable area. Also a 
farmer with 9% of his land under hops might consider his enterprise 
to be classified with the hops rather than any other type of his 
production on a bigger percentage of land due to economical reasons.
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1+.2.2.1 Parish data as part of the Land Resources Information
System (LAKES’)
The agricultural lands in different land uses in the 

parishes were calculated as percentages of the total agricultural 
land (i.e. total area of crops, grass and rough grazing). For 
the calculations of the total labour per 100 ha of arable land, 
half the number of part-time labour was added to the number of 
whole-time labour to make the total labour for each parish. Then 
the labour was determined for each 100 ha of arable land. The 
data items included in the data base and discussed in this study 
are those which were assumed most probably related to the physical 
conditions in the area.

Record Type 3 (PARISH) in the data base (Appendix III) 
contains the parish data for the whole area. It was decided also 
to locate the Farm Management Survey farms on the parish maps and 
include their numbers within the data of the parish in which they 
were located. A parish has one record if it has one farm or not, 
but if it has more than one farm a separate record should be 
created for each farm with the same parish number. This situation 
was found to be necessary due to technical considerations of the 
structure of the data base. Due to this arrangement, in the data 
base the number of records shown for Record Type 3 in Appendix III 
are more than the actual returns from the different parishes in 
1979.

Indicating the farm number in the different parishes which 
have farms will facilitate the transfer of the detailed management 
data and other types of data if needed into the parishes - which 
will make the parish data more useful.

1+.2.2.2 Regional agricultural land use maps based on parish data
Some effort and contacts were done to explore the 

possibility of drawing parish maps using mini computers and main 
frames as a supplementary part of the information system (LARES) 
which is based on computer. In the case of the main frame computers 
the maps produced (i.e. grid cell maps) were of low resolution but 
using a micro-computer with small square ’pixels’ might give 
satisfactory results. One of the main complications in such a 
system is that large maps (e.g. parish maps) have to be divided and
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produced in parts. Another difficulty which might consume a lot 
of time is that the data or the information to be displayed has to 
be weighted in each square from different parishes. As much 
improvement is expected in micro-computer displays, their use to 
create data bases and to produce grid-cell maps might become common, 
particularly in the developing countries.

Producing automated maps by main computer was already 
reviewed in Chapter 6. A new software developed in the Department 
of Geography (London University) which uses the polygon method to 
draw automated maps was investigated for drawing parish maps, 
because the software is accessed through Wye College computer terminal 
(the home of LARES system). The main problem with the polygon 
method is the digitization of the maps. If the digitization is 
complete then drawing the map will be an efficient operation. In 
this system a 1:250,000 parish mapsfor a county like Kent can be 
plotted in one page of the plotter (Bh size). Reduction and 
enlargement facilities are also available in the system. Piles 
containing data related to the parishes can be accessed, manipulated 
and displayed on the parish map in different shapes and forms.

A data base like LARES which can incorporate the farms and 
their management data into the parish data which consequently can 
be displayed on parish land use maps will make such maps of much 
more value.

1|.3 The agricultural crons and enterprises
1+.3.1 The agricultural crops

Many crops with different varieties are cultivated throughout 
the region. Their distribution and the size of area cultivated vary 
geographically and seasonally. A wide range of physical conditions 
and economical factors determine to a larger extent crops to be 
cultivated. According to the MAPP yearly Agricultural Statistics 
the main important crops in the study area are:

(1) Cereals
(2) Stockfeeding crops
(3) Root crops
(h) Hops
(5) Rape
(6) Fruits
(7) Vegetables

(8) Bulbs and flowers
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(9) Grasses.

TABLE 1+.1+ The area percentage of some main crops in the 
area 1 9 7 1 - 81

County Wheat
Area % of arable land 
Barley Pots. Veget. Fruits Total

Kent 27.9 29.5 3.2 6.1 16.2 82.9
East Sussex 26.1+ 1+8.9 1.2 1.2 3.8 81.5
West Sussex 31+.1+ 1+0.3 2.0 3.1+ 1.7 81.8
Surrey 22.9 U5.3 1.3 1+.1 1.7 75.3

The following five crops were selected from the arable 
crops for this study

(1) Wheat
(2) Barley
(3) Potatoes
(1+) Vegetables
($) Fruits.

Together they occupy the majority of the arable land, and 
have a wide geographical distribution all over the study area.
Table 1+*1+ and Figure i+.2 show that wheat, barley, potatoes, 
vegetables and fruits occupy about 80̂ 6 of the arable land in Kent, 
East and West Sussex and about 7556 in Surrey. Despite the economic 
importance of some crops which occupy small areas, they were not 
selected due to their limited geographical distribution (e.g. hops 
in Kent).

In the counties other than Kent, 90% of the area for the 
five selected crops is dominated by wheat and barley. In Kent wheat 
and barley occupy only about 6556 of the arable land due mainly to 
the large area given to fruit which is about 1696. There is also a 
considerable area under vegetables in West Sussex and Surrey (see 
Table 1+.5) which also shows that the percentage of the area for 
cereals is increasing in all counties. As the arable area is 
decreasing in all counties (except Surrey) that means the increase 
of the area of cereals is at the expense of some other crops.

Stamp (19 6 2) has given a detailed account of all the
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important crops cultivated in Great Britain. He discussed their 
distribution and ecology and described the dominant varieties of 
the time and their importance. Best (1966) has discussed and 
showed the distribution and the trends of the intensive crops in 
Kent. McRae and Burnham (1973) have discussed the distribution 
of the crops in Kent in relation to ecological conditions.

U.3.2 The agricultural enterprises
Stamp (1962) has discussed and listed the types of farming 

in England and Wales. He mentioned that the fanning types axe 
not distinguished from one another by well defined boundaries as 
they have emerged in the course of time in response to very 
varied physical and economical conditions, but are nevertheless 
sufficiently distinct to be recognisable. He also provided an 
explanation of the principle on which the type of fanning map of 
England and Wales (1939) was prepared by the MAFF. The MAFF (1962, 
1963) has also prepared type of farming maps. Figure h»3 is a 
photograph of the latter map which was prepared by the MAFF to 
show the distribution and the size of the farms within each fanning 
type. Figure J+.3 is followed by a legend (Figure U«U) which explains 
the different symbols.

U.3*2.1 Management studies on farms
The Farm Business Unit (FBU) of Wye College (London University) 

has been issuing the booklet ’Farm Business Statistics' for South
east England since i960. It contains management information on the 
different kinds of enterprises in the South East. The management 
data is based on a reasonably distributed sample of farms throughout 
the study area, representing all the farming types in the region.
The diversity in major physical factors (i.e. geomorphology, soils, 
climate and hydrology) is represented and related to the site 
characteristics of the sample farms.

Management data in its present form started to be produced 
at the FBU in 1975. As this study started in 1979» only management 
data for the period 1975 to 1979 was considered in this study, but 
the computer based data system was designed to allow for new 
information whenever it is available. The main parameters chosen 
from the farms management data and included in the data base are:
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(1) Size of the farm (ha)
(2) Yield of winter wheat ton/ha
(3) Yield of spring wheat ton/ha 
(1+) Yield of winter barley ton/ha
(5) Yield of spring barley ton/ha
(6) Yield of winter oats ton/ha
(7) Yield of spring oats ton/ha
(8) Yield of ware potatoes ton/ha
(9) Milk, yield of Fresian cattle (litres/cow)
(10) Grazing livestock units per adjusted forage (ha)
(11) Grazing livestock output (£) per farm forage (ha) 

(concentrate costs deducted)
(12) Total enterprise output (̂ /ha)
(13) Standard output (£/ha)
(1I4.) Yield index (ha)
(15) Expenditure on fertilizers (£/ha)
(16) Rent £/ha) of tenanted farms
(17) Net farm income (£/ha)
(18) % land in cereals
(19) % land in hops and fruits
(20) % land of forage crops including grass
(21) % of other crops
(22) % of bare fallow.

The FBU has classified the farms according to the relative 
standard output from four main types of enterprises (milk, sheep plus 
cattle, pigs plus poultry and arable) with three levels of standard 
output ( 60, 75 and over 80%) and three categories of total area
( 60 , 60 to 120, 120 milk; 100, 100 sheep/cattle; 100,100-
200, 200 arable). This system differentiates 18 types of enterprises
for the sample of farms in the South East of England:

(1) Predominantly milk - under 60 ha
(2) Predominantly milk - 60 to 120 ha
(3) Predominantly milk - over 120 ha 
(il) Predominantly arable - under 100 ha
(5) Predominantly arable - 100 to 200 ha
(6) Predominantly arable - over 200 ha
(7) Predominantly sheep/cattle under 100 ha
(8) Predominantly sheep/cattle - over 100 ha
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(9) Predominantly pigs/poultry
(10) Milk and arable - under 100 ha
(11) Milk and arable - over 200 ha
(12) Sheep/cattle and arable - under 100 ha
(13) Sheep/cattle and arable over 100 ha
(11+) Milk, sheep/cattle and arable
(15) 'Mixed farm' with pigs/poultry
(16) Intensive arable - fruit
(17) Intensive arable - hops/fruit
(18) Intensive arable - field vegetables.

Reviewing the classification of the farms according to the 
total standard output (1972+ - 79) revealed that the farming type 
in almost all the farms changes from year to year. A considerable 
change in the total standard output each year might change the class 
of the farm and even minor changes as well might change the class of 
the marginal farms. In both cases and most probably in the second, 
the main farming type in the farm stays as it is but according to 
this general economical grouping (total standard output) the farm 
might be grouped into a different farming type each year depending 
on the economical situations.

The idea behind grouping the farms according to general 
systems in areas of contrasting types of farming is to help in 
choosing different levels of management within each group based on 
their efficiency of production, yields in relation to inputs of 
materials and labour (USDA, 1962). The differences among farming 
systems arise partly out of management decisions, partly out of the 
capabilities of the soil pattern on farms and partly out of the size 
and location. For land evaluation and land suitability studies, the 
management data from the different enterprises (i.e. crop, livestock, 
etc.) within each farm, should be considered separately for a whole 
physically homogenous region and then management levels could be 
chosen for each farming type.

For farm planning and management studies for farms, the 
management data from all enterprises within each farm might be 
considered together (i.e. total standard output for each farm from 
all enterprises). The standard output of a sale crop or type of 
livestock is its average price, including subsidiaries, multiplied 
by its yield or physical output. Standard output of the whole farm -
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which is used to classify the farms in the South-east - is the 
sum of the products of these standard outputs and the respective 
area of sale crops and numbers of livestock (Farm Business Statistics 
for South-east England, 1977). The total standard output might 
be a good indication for the economic success of a farm, but in 
physical terms it might not indicate the main farming type.

Table I4..6 shows general management techniques and data for 
the main crops in the study area from four enterprises in which the 
crops selected are the dominant ones with reasonably optimum sizes.
The calculations of the capital intensity were based on tenants 
capital (£/ha) and the percentage of the area for each crop in the 
enterprise for 1982 (Farm Business Unit, 1982). A simultaneous 
equation based on Table h.7 was solved to determine the amount of 
tenants capital per hectare for each crop in the different enterprises. 
It has been found to be 6.00 for cereals, 33*70 for fruits, II4..27 
for vegetables and 6.78 for grass.

TABLE U.7 Area percentage of the main crops and tenants capital 
for four enterprises in South-east England (FBU, 1982)

q/
Enterprise /0 , cereals

% hops 
fruit

%
other crops 
(vegetables)

°/o grass and 
bare fallow

Tenants
capital
(£/ha)

Predominantly 
arable 100 ha 63 3 8 26 801.10

Intensive arable 
fruit 28 U8 73 13 201^.50

Intensive arable 
field vegetables 19 0 73 8 1219.80

Predominantly 
sheep/cattle 
100 ha 19 0 1 80 68O .60

4.3.2.2 Data on individual fields
For studying the variability and the performance of the 

soils in relation to crop production, managment data should be 
collected from precise types of soil in individual fields which 
regularly experience a single type of management. If the yield 
efficiency of a certain soil type is known, predictions concerning
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the same soil type in other areas, or soil associations could 
reasonably be made. Also comparing yields from different types 
of soil within an individual field, variability of the soils and 
their limitations can be assessed in terms of yield (Burnham and 
Dermott, 1961+).

The following fields were selected from Wye College Farm to 
evaluate methods for such studies (Figure l+*5» Table J4.8):

(1) North Sidelands (11) Park
(2) South Sidelands (12) Well
(3) Gore (13) Forstal
(h) Walloways OU) Oak
(5) Pickersdane (15) Crabbs
(6) Bamfield (16) Sharbrook
(7) Dunstan (17) Middlefield
(8) Cooper (18) John Acre
(9)
(10)

Russell and Wilson 
King and Hall

(19) Sturdes Pound

About one-third of the fields have their boundaries within 
a single type of soil, the rest have one dominant soil type and small 
inclusions of one or two other soil types. Different types of soils 
in the College Farm have different management levels (average to 
high) which most probably reflect the limitations of the soils.
Study of the yields from such fields will indicate their performance 
under current conditions. The results might be extrapolated to 
such soils under similar conditions of management with the region. 
Although there are individual fields with up to three different soil 
types (i.e. Well field) which are expected to be under a single 
management level, the yields are not collected separately from each 
soil type. Within the five rotation groups created in the College 
Farm, three of them have more than one field included in this study 
(Figure $ . 6 ) .

The yield data for wheat, barley and ley (Table I+. 9)» 
together with some other crops were collected for selected fields since 
1970» Although the College Farm is expected to be affected, like the 
other farms in the region, by abnormal weather conditions and various 
technical improvements, most probably it has also got its own 
internal factors which might affect crop production (i.e. changes 
in senior staff or in overall policy). The following limitations 
were encountered when collecting the data and the probability is high
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TABLE It .8 Key to soil map of Wye College Farm 
Wye College)

(from course papers, Land Resources Lab,,

Symbol Soil series Phase or variant Major soil group or subgroup Parent material

Ac/Op Andover
Upton

Rolling phase ( Brown rendzina 
( Grey rendzina

Thin chalky drift 
Chalk

Ac1/üp1 Andover
Upton

Steep phase As above
(Slopes of 11 to 20°)

As above

Gw Gore Rendzina Very chalky 
Coombe deposit

« 1 Coombe Shallow phase Brown calcareous earth Coombe deposit (few 
flints)

ct3 Coombe Moderately deep 
phase

Brown calcareous earth Coombe deposit (with 
flints)

Fe Ford End - Gleyic rendzina Coombe deposits
Fe/Ts Ford End - Gleyic rendzina Coombe deposits

Thames Calcareous alluvial gley soil Clayey alluvium
Wu/GD Wood - Gleyic brown calcareous earth Silty alluvium

Gade Calcareous alluvial gley soil Silty alluvium
Wk Wicken Stagnogleyic calcareous 

pelosol
Gault clay

Cr Charity - Argillic brown earth Head
hL Hamble Normal Argillic brown earth Brickearth
hL^ Hanble Stony Argillic brown earth Brickearth
hK Hook - Gleyic argillic brown earth Brickearth
Pz Park Cate - Argillic gley soil Brickearth
Da1RW Denchworth Stony phase Stagnogley soil Thin clayey drift over 

Gault cloy
Rowshan Normal Stagnogley soil Thin loamy or silty drift

over Gault clay



TA
BL

E 
li
.9
 
Yi

el
d 

da
ta

 f
or

 t
he
 m

ai
n 

th
re
e 

cr
op

s 
in

 W
ye

 C
ol

le
co

 P
a
m
 s

in
ce

 1
97
0

129

>» OT
3

•OH
•H

>» 4>
• O H O ,
« 9 3•h o w
»  9
2 *2 3o o* •>W *H

<c0J

o
-fjc
•H

a,3O
&

oOS

(0
,c

u<

•HoW

*d
H0>
2

I I CM

CM r  r
*  • 1

cm vo vr\

N VO | t I

T* T* | |

CM UN 

UN CNJ

CO

- 4

r -  c j VO CO CO PN

O  T- - 4 - 4 vo GO

»4
o•o
5

- 4

VO

| 3 I |
S B  S 1 1 1 IO Q O O O O O0 0 0 0 0 0  o

I f*\ T- | W n N r

I I r- .4
•  •

O N  CM

co GO ^ GO
• • • t

V O  4  \ A

T- | I CVJ T-

00 GO 

CM CM

cn o
UN  CM

I t*  CM r -  | CM CM

PN
VO

ON f — U N  

P N  _ 4  U N

PN

CM CM CM | PN PN PN PV PN UN

UN CM » 4  CO VO O  CO VO * -

UN UN fN  W  4  4  U \  4  CO PN

M M
1 1o o o o

« *  *  
S 8 8« W M

5M t!

i
3

ON
4

n

co
r>

ON

- 4

CMVO

Ro
ta

ti
on

 G
ro
up
s,
 

1 
- 

Ch
al

k;
 

2 
- 

Da
ir
y;
 

3 
- 

Si
lk

s 
- 
Am

ao
e;

 
1, 

- 
Sa

nk
ey

; 
5 

- 
Co

ur
t 

Lo
dg

e



130
g -gura If-5 The fields selected from Wye College Farm for this study

WYE COLLEGE FARM

m  Coldharbour Farm 

(~2~| Silks Farm 

|~3~l Court Lodge Farm 

[4~| Amage Farm 

[~5~| Sankey Farm 

[ | ]  Dairy

(~7~l Poultry Research 

GO Pig Research 

[JJ M.A.F.F. vet. invest.lab. 

flO| Wye College
.__ . /  Sturdes'-Poun
|Tt| Withersdane Hall f / / / / / / * - ' -

E2 fields solaoto?
p = paddocks

non college fields 

t t  woodland

Rotation 
crop

Rotation
boundary

, bhO yards t

A moral aims and shallow 
brown calcareous earths

j^Brown calcareous earths

^^Oleyed calcareous soils 

J^Brown earths 

^Tcieyed brown earths 

p-Gley soils
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that they limit such kind of studies on the farmer’s fields:
(1) The rotation practice made it impossible to collect 

a statistically reasonable number of yields of a crop from a 
particular field in the last ten years. With the present practices 
in the region a sample of five yields mi^it need 20 years for
some crops and during such a time varieties and practices change 
considerably.

(2) Most often the fields have more than one soil type 
but the yield usually is harvested from the whole field without 
separation.

(3) Few different soil types have whole fields on them, 
but their yield which might be similar is very much affected by 
the management which will mask to a great extent the natural 
differences.

(il) Often yield records are available only for the whole 
farm but not for individual fields. After some years it may not 
even be possible to find out in which fields crops were grown.

The physical and the production data from Wye College Farm 
was also studied to check the validity of some of the general data 
and estimates (e.g. the percentages of the soil series in soil 
association, land use data etc.).
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CHAPTER 5

AGRICULTURAL LAUD USE AMD ENVIRONMENTAL REQUIREMENTS 
AM) LIMITATIONS

5*1 General crop production in relation to different
environmental factors 

5*1.1 Introduction
The ability of land to produce crops is limited by 

unfavourable conditions of climate, topography, hydrology and 
soil, and by the use and management applied to the land. There 
are also social, economical and political constraints on the use 
of land, besides the physical factors. Information on land 
resources and potential is an essential prerequisite for short 
and long term agricultural development and planning. Environmental 
requirements for particular land uses in a certain region can 
be determined from local experience together with general ecological 
considerations or from technical specifications. It is always 
very difficult to give exact quantitative data on the requirements 
of a specific crop in regard to specific environmental factors, 
because the requirements and the influences depend on the inter
actions of many factors of different character.

Monteith (1972) pointed out that the history of agricultural 
and horticultural science shows that crop yields have been increased 
either by improving the environment of plants, by evolving systems 
of management which match the environment of by breeding varieties 
which can make more efficient use of their environment. It must 
be accepted, however, that it is not feasible to change major 
features of weather without enormous cost. Experiments to change 
the response of plants to their environment by chemical treatments 
achieved some progress and may prove to be simpler and cheaper in 
the long run than attempting to change the environment itself.
To use such methods successfully a complete knowledge about plant 
growth, development and weather effects is essential. Much 
effort has been expended in the laboratory and in the field to 
study the effects of the environment but a complete picture of plant 
weather relationships can only be constructed by a joint effort of 
biochemists, physiologists and micro-meteorologists (Monteith, 1972).
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5.1.2 Main environmental factors affecting crop production
Buck (1961) used rainfall, temperature and actual 

transpiration in some crop-weather investigations and concluded 
that variation in temperature showed no effect on the final 
yield and that actual transpiration was more effective than a 
regression on total rainfall and its distribution in accounting 
for variations in yield. Diseases, such as virus yellows and 
blight, also account for a good deal of the variation in yield.

Avery (1962) discussed soil-crop relationships and pointed 
out that the yield obtained from a particular site results from 
the combined influence of three groups of factors:

(1) Management including fertilizers; previous cropping; 
water control; type and timing of cultivations; weed, pest and 
disease control

(2) Weather conditions
(3) Soil characteristics.

Relationships between soil type and crop performance are 
particularly important for horticultural crops because they occupied 
limited areas and can therefore be located on the most favourable 
sites if these can be predicted. Also many such crops (e.g. fruit 
trees, vines) are perennial with deep rooting systems, that are 
more affected by adverse soil conditions than most farm crops 
and observations can be made over several seasons.

Hogg (1966) defined the growing season in England and Wales 
as the duration of time when mean temperature is above 5.5°C. He 
emphasised that the length of the growing season is an important 
parameter in agricultural and horticultural metereology and it may 
be regarded as an index of the versatility of land. Areas with 
a short growing season are climatically suited to only a few crops. 
When the land is used only for grazing the question of versatility 
does not arise, but the possibility of extended grazing will 
result from a longer growing season. It is generally accepted that 
many indigenous crops in north west Europe show no substantial 
growth below a temperature of about 5«5°C. This usually is taken 
to refer to the screen temperatures but during germination it is 
more logical to use soil temperature. Sometimes 5°C or 6.1°C is 
preferred as the threshold temperature.

Hogg (1967) discussed the climatic factors which favour early
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crop production and pointed out that there are certain areas in 
the British Isles where it is possible to exploit local natural 
advantages to produce some crops a few weeks ahead of the main 
supplies. He considered that the natural, advantages enjoyed by 
those axeas are mainly climatic, although to some extent they are 
linked also with soil characteristics. In general terms early 
areas must have a sufficient supply of radiant energy to ensure 
wanning of the soil, and also at a later stage for photosynthesis. 
This has its expression in sunshine, air temperature and soil 
temperature, and is largely dependent upon microclimatic factors.
In addition, favourable microclimatic factors may well enhance the 
suitability of an area for early production.

Thome (1971) discussed some plant physiological aspects 
which determine crop yield and are limited by the climate. He 
pointed out that the yield of cereal grain, sugar or dry matter in 
potato tubers obtainable at the present time from good crops 
represent less than 3% conversion of the available visible radiation 
(Table 5-1).

TABLE 9.1 Percentage conversion of visible radiation into arable 
produce (calculated using visible radiation = l+fjK» total 
solar radiation at Rothamsted and assuming that all dry 
matter = glucose having heat of combustion of 3.73 K 
cal g-^)(from Thome, 1971)«

Produce
Agricultural

yield
t/ha-1

Dry
matter 
t/ha”1

Useful radiation 
period

Energy
conversion

Cereal grain 7 6 Mid-June to Mid-August. 2.0% 
Beet sugar 50 (roots) 8 (sugar) June to October 1.5% 
Potato tubers $0 12 June to September 2.1j% So,

So, theoretically there is plently of potential for improving 
yield and the experimental evidence indicates that some of this 
potential can be realised.

Hudson (1971) discussed the future of horticulture in the 
year 2000 AD and pointed out that matching crop and site, exploiting 
the weather, increasing the surface area of leaves and the use of the
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chemicals are the major potential factors for improving horticultural 
production by the year 2000 AD.

Monteith (1972) discussed the weather factors which affect 
the growth of crops and pointed out that a long series of *

unsuccessful attempts was carried to correlate yields and weather 
factors, but there are many reasons why the effect of weather on 
crops should be hard to quantify. The growth of plant is an 
extremely complex series of events in which physiological processes 
are governed by biological reactions depending on the supply of 
light, water and nutrients, from the environment and on the 
temperature of the active cells. To complicate the system still 
further, the way in which a plant responds to current weather 
depends on previous weather, and when perennial species are exposed 
to conditions that check growth, the pattern of growth and 
reproduction can be affected for years ahead. The fact that plants 
can adapt to adverse weather conditions sometimes protects growers 
from the worst effects of low temperature or drought but it makes 
the interpretation of crop-weather records even more difficult.

Monteith (1972) also pointed out that apart from the 
biological complexities, the weather itself is difficult to measure 
and analyse because the elements change so rapidly, both in space 
and time; and because groups of elements, like sunshine and air 
temperature, are often highly correlated. In an orchard or a 
crop field micrometerologists can measure different temperatures 
in the soil or in different parts of the plant. So it is highly 
unlikely that an attempt will be done to provide a three-dimensional 
picture of the thermal regime throughout one growing season. 
Consequently, we need to know more exactly which, when and where 
different climatic factors affect the growth of crops.

Smith and Douglas (1977) discussed the water loss by 
evaporation from bare soil and the effect of partial crop cover 
and concluded that for monthly water loss; the rainfall distribution 
is more important factor than any effect depending on soil or partial 
cover. For shorter periods:

(1) the loss with crop cover under 2556 depends mainly on 
rainfall distribution;

(2) with crop cover 25 to the loss is very close to 
the average potential transpiration. The reason for this is that PP
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is negatively correlated to cloudiness and rainfall so that lower 
PT implies drier soil and higher losses from the bare soil 
component. This double component makes the average PT a reliable 
guide;

(3) with 1%  crop cover or more the actual PT is the best 
guide to water loss.

Monteith (1977) discussed the efficiency of crop production 
in Britain in relation to climate and pointed out that temperature 
and water supply are the main climatic constraints on efficiency.
Over most of Britain the radiation and thermal climates are uniform 
and rainfall is the main discriminant of yield between regions.
The factorial analysis of efficiency table (Table £.2) carried out 
by Monteith (1977) showed that the national average yield figures 
at the bottom of the table expressed as fraction of experimental 
maximums are between 0.3 and 0.I4. for cereals and potatoes but are 
higher for sugar beet (0.1*6). This set of ratios represent losses 
in commercial farming, some being unavoidable and some avoidable.
The distinction is necessarily arbitrary because the decision to 
avoid or to minimise a loss of yield often depends on economic or 
social factors. In most years and on many farms, however, unavoidable 
factors will include bad weather (particularly during establishment 
of the crop or at harvest), poor soil, the interaction of weather 
and soil factors and attack by pests and diseases on an uncontrollable 
scale. Avoidable cases may include the inadequate application of 
fertilizer or pesticide, poor seedbed preparation or inefficient 
harvesting.

Monteith (1977) concluded that improvement in crop production 
should be expected to come from research in genetics, physiology or 
pathology which enables farmers to grow crops intercepting more light 
which is the key factor for increasing the total dry matter 
production. The low ratio of national average to maxi mum yield 
underlines a continuing need for the effective application of 
knowledge derived from research. In most seasons, crop yields in 
some parts of Britain are depressed by bad weather or disease or 
both. To compare yields between seasons, between sites, between 
varieties or between programmes of management, losses of yield should 
be analysed initially in terms of the seasonal distribution of leaf 
area and the photosynthetic efficiency of foliage. The figure in
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Table $ .2 suggests that further increases of crop production in 
Britain will need more careful scrutiny, on a national scale, of the 
major environmental factors still limiting yield (Monteith, 1977)»
Powden (1982) discussed the future improvement in agricultural 
production and pointed out that the yield of 11+ ton/ha of wheat which 
was reported in Scotland, provided a practical proof that the 
agricultural potential yield calculated by the plant physiologist is 
possible under the existing commercial farming. This record should 
speed up all the scientific efforts towards an urgent understanding of 
the different profuction factors which limit crop production. Any 
achievement in this area will also improve the criteria for assessing 
land quality in relation to crop production

5.2 Environmental requirement for the main crops produced in the region
5.2.1 Cereals

Smith (1972) studied the effect of weather, drainage and duration 
of spring cultivations on barley yields in England and pointed out that 
wheat crops are generally sown in late winter and early spring. It is 
at this time of the year when the soil is drying out that drainage 
efficiency becomes extremely important. There are two basic reasons 
for this:

(1) It enables the crop to make a good growth of tillers 
before the onset of heating;

(2) The time of maturing can coincide with the period of 
greatest insolation Smith, 1977)«

Smith (1972) defined drainage efficiency by the time it takes to 
remove the excess water. Such time is a delay factor and unless the time 
is short (i.e. the drainage is efficient) the maximum advantage cannot be 
taken of the dry weather spell. He described a method to determine the 
amount of the delay (Table 5«3) which should be subtracted from the dry 
spells to give the amount of days suitable for spring cultivation and 
sowing. Combining the schedules of spring cultivation; analysis of long 
term daily rainfall to identify the number and the date of available 
work days; and the yield of a theoretical crop sown before 15th March 
(the optimum crop). Smith (1972) provided Table 5*U« According to tables 
and the map shown by Smith (1972) the soils and climatic data from three 
stations in the region were considered (i.e. Maidstone (Kent); Horsham 
(Sussex) and Visley (Surrey). The results showed that all had a 
moderate to low sensitivity to the reduction of the length of 
schedule, Maidstone is highly sensitive, Wisley is moderate and 
Horsham is low without altering the drainage efficiency
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TABLE 5.3 Drainage efficiency (from Smith, 1972)

Delay days
Drainage A

Good
B

Moderate
C

Poor
D
Bad

Excess water 
little or none 1 1 2 2

Less than 
2^ mm 1 2 3 h

25 to 50 mm 2 3 h 5
Over 50 mm 2 k 5 6

TABLE 5.U Percentage of loss of barley yield according to 
date of spring cultivations immediately prior to 
sowing (from Smith, 1972)

„ , , Loss of yield as % of
Work dayo optimum crop

Before 15th March Nil
15th to 21st March 5
22nd to 28th March 10
29th March to 1+th April 15

5th to 11th April 22.5
12th to 18th April 30
19th to 25th April 37.5
26th April to 2nd May 1+7.5

3rd to 9th May 57.5
10th to 16th May 67.5
After 16th May 100



by improving drainage (Table 5.5). Losses due to late sowing 
can be reduced by shortening of the length of schedule by 
utilizing additional labour or by further investment in machinery. 
Smith (1972) defined the sensitivity index as the decrease in 
yield loss per day of reduction in Schedule (Table 5.6).

TABLE 5.5 Yield loss (percentage of optimum) recovered by 
drainage improvement (from Smith, 1972)

Length of schedule High
Sensitivity
Moderate Low

7 days 2.1+ 1.6 1.3
10 days 3.5 2.3 1.8
11+ days 5.0 3.7 2.6

TABLE 5.6 Yield loss (percentage of optimum) recovered each
day of shortened schedule (from Smith, 1972)

Drainage class High
Sensitivity
Moderate Low

Good 0.55 0.1+0 0.39
Moderate 0.77 0.51+ 0.52
Poor 1.22 0.81+ 0.66
Bad 1.65 1.20 0.82

The following equations were provided by Smith to 
calculate the losses in barley yield in the three stations in the 
area as shown in Table 5*7*

TABLE 5.7 Formulae for calculating loss in barley yield at 
individual stations in the area (from Smith, 1972)

Station Formula for loss in barley yield 
as % of optimum yield

Maidstone (Kent) 0.1*6 x S x D - 2.0
Wisley (Surrey) 0.37 x S x D - 0.7
Horsham (Sussex) 0.1+7 x S x D - 1.5

S = length of schedule in days (7, 10 or 1l+)
D = drainage factor (1.0 for poor drainage, 1.1+ for moderate 

drainage, 2.2 for poor drainage and 3*0 for bad drainage)
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Swain and Melville (1973) discussed the causes of 
shrivelled grain of cereals and pointed out that poor yields in 
cereals result directly from the individual or combined effects 
of a reduced number of ears per acre, a reduced number of grains 
per year and a reduced individual grain weight all of which can 
be influenced by genetic or environmental factors. It is the low 
individual grain weight, that has frequently been reported by 
farmers and advisors as being the main cause of poor cereal yields. 
Grain shrivelling appears to be worse in wheat and it is estimated 
that up to l\.0/o of winter wheat acreage may be affected. Swain and 
Melville (1973) mentioned that the causes of shrivelled grain axe 
water stress (Table 9«8), trace elements deficiencies (i.e. copper 
deficiency in certain soil types) and incidence of disease. Wheat 
and barley are the most sensitive cereals to copper deficiency, 
oats being somewhat less sensitive and rye rather sensitive 
(Table 5-9).

TABLE 9.8 Water stress on cereals (from Swain and Melville, 1973)

Winter wheat Spring barley
Stage at which water 
stress applied 1000 grain 

weight
Grain
no.

1000 grain 
weight

Grain
no.

None 1+9 255 1+9 3 20

1 to 2 leaf 1+2 230 50 21+3
Stem extension 1+9 220 1+9 272
•In boot* 98 10 3 33 191
Anthesis 23 173 1+9 187
Milk ripe 27 22k 27 2 5 2

SE - 1.7 - 1.1+8 16.9

TABLE 9.9 Response of oats to copper (from Swain and Melville, 1973)

Copper content of water 
culture (ppm)

Thousand grain 
wts. gm

0 1+.9
0.01 9-7
0.02 6.9
0.01+ 10.0



The occurrence of grain shrivelling as a result of water 
stress showed a very large year to year variation, the damage 
being inversely related to the rainfall in May and June. This 
problem in addition to occurring in dry years, is largely 
restricted to freely drained or shallow soils.

Durr ant, Love, Messem and Draycott (1973) studied the 
growth of the roots of sugar beet, potato and barley in the field 
(through glass panels) in relation to changes in soil moisture 
measured by a neutron probe during 1969-71» The depth of observed 
root growth was generally related to, but was 10 to 25 cm deeper 
than the maximum depth of soil moisture extraction (Table 5*10). 
Averaging three years, sugar beet, potato and barley used water 
from the top 23, 33 and cm soil respectively by the beginning 
of June and from the top 70, 68 and 100 cm soil by the end of 
June. Maximum soil drying in each horizon gave an in situ measure 
of available water capacity and showed that sugar beet and barley 
eventually extracted less, especially from below 60 cm (Table 5-11). 
Between 30 and 100 cm deep, the in situ available capacity (per 
10 cm soil) progressively decreased from 16 to 10, 15 to 5 and 
16 to 8 mm under sugar beet, potato and barley respectively. The 
calculated soil-moisture deficit and measured soil moisture deficit 
were not related early in the growing period before the crops 
established much leaf cover.

TABLE 5.10 The mean (1969 to 71) maximum depth cm of soil 
moisture extraction (from Durrant et al.. 1973)

Date Sugar beet Potato Barley

1st June 23 33 k5
15th June W 50 80
29th June 70 68 100
13th July 92 77 100

Mithorpe (197U) discussed the extent of the root system 
of crops and pointed out that although the roots of the crops may 
penetrate 1 to 3 “ in depth, however, the great concentration is 
in the upper layers (Table 5.12).
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TABLE 5.11 Maximum amount of water removed from each soil
horizon 1969 to 71 mm/10 cm horizon (from Durrant 
et al.. 1973)

Depth (cm) Sugar beet Potato Barley
Min Max Min Max Min Max

30 to 40 16 17 15 18 16 21
40 to 5o 14 15 13 15 16 20
50 to 60 13 16 11 13 13 17
60 to 70 13 19 9 10 13 18
70 to 80 12 14 7 7 12 16
80 to 90 12 15 5 6 11 13
90 to 100 10 13 5 6 8 8

Total 90 106 65 75 89 113

TABLE 9.12 Root concentration Rv (root length per unit volume)
of established crops in the field (from Milthorpe, 1974)

Species Depth Rv_
(cm) (cm- )

Cereals (oats, rye, 
wheat)

Wheat

Baxley

0 - 15 5 - :
25 - 5o 4
75 - 100 2

0 - 15 8
15 - 25 3
25 - 55 1
55 - 100 0.6

0 - 10 3.0
10 - 20 1.2
20 - 5o 0.9
50 - 100 0.5

100 - 130 0.1



Richardson (1975) discussed the results of the survey 
conducted by the MAFF in 1970 to obtain different information 
relating to cereals (wheat and barley) performance. The concept 
of the survey was to estimate objectively the potential yield of 
a crop and the relative amounts lost at various stages of its 
growth. Richardson (1975) pointed out that any differences between 
maximum potential curves from one season to another and from one 
place to another represent climatic or regional effects which can 
be quantified. Figure 5*1 shows the potential yield at different 
stages of crop development and the factors which interact to 
affect crop production.

Gallagher, Biscoe and Scott (1975) discussed the stability 
of grain weight of barley in relation to different environmental 
conditions and concluded that the variation in mean weight per 
grain were primarily related to the weather during the different 
growing seasons and because of the implications for grain quality 
and yield they require investigation.

Biscoe, Cohen and Wallace (1976) measured plant water 
relations for wheat and barley in the field. Their results from 
the fields generally confirmed those obtained previously from 
laboratories with two exceptions due to the controlled environment 
in the laboratories. The measurements clearly showed the response 
of plants to low soil water potentials and the importance of the 
stomata in controlling the loss of water from both leaves and 
crops during these periods. The difference in soil water potential 
appears to have influenced the diurnal variation in conductance 
substantially (Figure 5.2, 5*3» 5-U and 5.5).

Wade (1977) discussed the developmental and the physiological 
aspects in cereals in relation to a maximum yield potential and 
pointed out that temperature controls not only the growth rate but 
can influence the components of yield by affecting the ear 
•initiation and grain development. High temperature stress for 
short periods can reduce grain number per ear. The post anthesis 
period is susceptible to moisture depletion which directly limits 
the nutrient supply by root uptake and the longevity of the flag 
leaf. Some control of water extraction rate and root growth 
pattern would assist not only in drought tolerance but also in 
maintaining nutrient supply.

Austin (1978) discussed the variation and the potential 
yield in cereals in the UK and pointed out that field to field
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FIGURE 5.1 Some interactions between some factors which
affect crop production (from Richardson, 1975)
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variations in the yields 0f wheat and barley in a year appear to 
be somewhat greater than the year to year variations at one site. 
Year to year variation in national mean yield is considerably less, 
presumably because of the averaging out of the effects of local 
varition in soil and weather (Table 5*13). Austin (1978) also 
pointed out that because much variation in yields is caused by 
climatic and soil factors over which farmers have little or no 
control, it tends to be ignored by experimenters and treated as 
random in statistical analysis. This variation is often greater 
than that produced by treatments in many field experiments. Two 
examples of this are given in Table 5*13* In both examples the 
size of the site to site variation in yield is likely to be less 
than that which would have been found had the site been chosen 
at random, since only average and better than average sites were 
used. Clearly the effects of climatic and soil factors cannot be 
ignored and a major objective in agronomy and crop husbandry must 
continue to be to identify and try to reduce the effect of factors 
which cause variation in yield.

An attempt to understand the causes of variation in cereal 
yields and to raise the yield of the low yielding site to that of 
the higher yielding site was carried out at Rothamsted Experimental 
Station (Austin, 1978). At a site on which the summer rain is less; 
the soil shallower, lighter and less water retentive than at the 
other site; more nitrogen together with irrigation were added to 
obtain the maximum yield. Despite this, the highest yields of both 
wheat and barley in each year (for three years) were generally 0.5 
to 1.5 t/ha less at the first site than at the second.

There is ample evidence that drought which can result in 
severe water stress in cereal crops especially on light soils, is 
a major factor contributing both to site to site and year to year 
variation in yield. Taking the data from some 30 experiment years, 
the average response to irrigation in wheat and barley was 179<> 
ranging from no response, or on a few occasions a depression on yield 
to 133% (1978). Although it would not be economic in Britain to 
reduce the effects of drought on cereal yields by irrigation, yet it 
may be possible to reduce losses from drought by cultural treatments 
or by breeding drought resistant varieties.

Nationally as well as regionally (Chapter 1+) average yields
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TABLE 5.13 Variation in cereal yield in the UK (from Austin, 1978)

Type of variation CV*
%

Mean
yield
t/ha

Crop

Field to field within a year 0 16 3-9 Spring barley
Field to field within a year 0 16 5.7 Winter wheat
Year to year; one site 11 5.9 Spring barley
Year to year; one site 11 6.2 Winter wheat
Year to year variation in 
national mean yield after 
removing linear trend
19U8 to 7 5

7 3.3 Barley

Year to year variation in 
national mean yield after 
removing linear trend
191+8 to 75

8 3.7 Wheat

Within field, within year 1+ 5.7 Winter wheat

* Coefficient differing by 1.1* fold must be regarded as 
numerically similar

I  Includes variation caused by differences in the varieties grown 
and agronomic practices as well as that due to the effects of 
soil and local weather

+ Includes variation caused by changes in the varieties and in 
agronomic practices
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axe less than half the best yields, which are about 12 and 10 t/ha 
for winter wheat and spring barley respectively (Austin, 1978)* A 
substantial part of the increase in yield appears to be due to a 
progressive improvement in the potential yield of varieties, 
particularly in winter wheat and to the use of greater amounts of 
nitrogen fertilizers. Much of the variation in yields is due to 
soil and climatic factors (Austin, 1978). Understanding those 
factors and producing crops in the optimum conditions could increase 
the regional and the national yields considerably and much reduce 
crop variation.

Blackman (1980) discussed the environmental limitations in 
relation to wheat and pointed out that the average wheat yields in 
Great Britain are only half of those the best crops, and it is 
highly unlikely that the average will ever be near to the best.
He emphasised that the most limitation on yield is the ability of the 
soil to provide adequate moisture and nutrients, particularly during 
grain filling period. Beep soil with a high water holding capacity 
gives highest proportion of record crops, but in seasons such as 
that in 1980 with adequate moisture during grain filling in many 
areas, a wider range of soils may be capable of high yields 
(Blackman, 1980).

Water use by an actively growing crop has been calculated to 
be about 2i|0 tons per ton dry matter produced (Blackman, 1980). As 
most of the dry matter in the grain is derived from photosynthesis 
after anthesis up to 2f>0 mm of water may be required during the 
grain filling period of a crop of 10 t/ha. This is much more than 
the average rainfall in Eastern and South-eastern England during 
grain fill and the rest must be supplied from the soil reserves, so 
the soil factor is very essential in such areas. Proper soil 
management could influence soil moisture availability to some 
extent by early establishment of a good seedbed with minimal 
restriction on root development through adequate structure and drainage, 
but most probably the water holding capacity of the soil may not be 
altered significantly. It would be more beneficial to breed 
varieties which use water more efficiently, particularly in droughty 
soils.

Bavies (1980) discussed the depression in the growth of 
cereals and grasses in mid-summer which reduced grassland output
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by 25/o over the whole season and 50% in July. Cereal losses in a 
warm summer can amount to 5<$- Although he attributed the 
reduction in growth which gives low yields to the water stress in 
mid-summer, he stressed that the inherent characteristics of the 
plants varied in their ability to adapt to the different conditions. 
Davies (1980) mentioned experimental work which selected plants 
with a reduced number of stomata to increase the growth with less 
water, increasing the yield by 2$%.

Biscoe (1981) discussed the temperature changes and its 
effects on cereal production which govern the growth and yield of 
cereals production in Great Britain. He described the different 
processes which govern the growth and yield of cereal crops, 
examined the effect of temperature changes and emphasized the 
importance of leaf growth which is the most essential factor for 
dry matter production (Figure 5*6). Increasing the amount of 
radiation intercepted by crops increases the rate of dry matter 
production and final weight at harvest (Figure 5*7)* The results 
of his examination of the effect of temperature on different plant 
processes governing the production of dry matter and yield in 
cereals indicated that a relatively cooler and probably wetter 
climate would be beneficial for cereal yield in Britain (except 
no doubt, at harvesting time).

5.2.2 Grass
Hughes (1955) discussed the climatic factors in relation to 

growth and survival of pasture plants and concluded that grassland 
productivity in Britain is highly seasonal and sensitive to 
fluctuation in weather and it is difficult to establish simple 
relationships between plant or sward reaction to conventional 
meteorological parameters. Weather factors do not work independently 
and responses of crops or yield components are complicated. Hughes 
(1955) pointed out that the practical implication of weather in 
relation to increasing efficiency in growing and utilizing grass will 
only become apparent when a better -understanding of the responses 
of herbage plants to the physical factors of the environment is 
achieved.

Burnham and Dermott ( 1961+) in their study to test the 
significance of soil variation, observed the performance and measured
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FIGURE $.6 The change in the extension rate of a winter wheat 
leaf in response to temperature, for measurements 
ma.de during the day ( o ) and at night ( • ) (Biscoe, 1981)

FIGURE 5.7 Relationship between total amount of dry matter
production and total amount of radiation intercepted 
for crops grown at Sutton Bonington (open symbols) 
and Rothamsted (closed symbols) (Biscoe, 1981)
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the yield of grass from different soil series with different 
limitations. Different soils (two or three) were compared within 
one field under a single management system and the experiment was 
carried on for two consecutive seasons (1962 and 1963). In the 
first experiment an imperfectly drained soil gave slightly higher 
yield than a freely drained soil on the same parent material, as 
shown in Table f>.1l*. In the second experiment the imperfectly 
drained soils yield substantially more grass each year than the 
poorly drained soil in which the grass started growing much later 
in the Spring (Table 5*15)* The results of the third experiment 
which tested the effect of depth on the yield of grass showed that 
differences in soil depth affect the yield of grass considerably 
especially in the later part of the growing season (Table 5*16).
Burnham and Dermott (1961*) discussed the importance of the technique 
and pointed out that the results form a useful objective check on 
the extent to which particular limiting factors affect production.
They mentioned that the method might have a drawback because it 
penalizes the subordinate soil. In normal conditions where the 
soils occur in separate fields, treatment can more easily be 
suited to each, rather than applying a single management system to 
all soils with different properties.

Spedding and Diekmahns (1972) discussed the soil and the 
climatic environment for grasses and legumes in Britain and pointed 
out that the physical conditions determine the level of production 
from grass both by directly affecting plant growth and by imposing 
limitations on the establishment, management and utilization of 
sown swards. In this latter context, topography is obviously 
important and he suggested slope boundaries should be drawn at 
2.9» 8.9* 13» 17 and 31 degrees. All normal operations associated 
with managing and utilizing grassland are possible up to 8.5 degrees 
boundary, but become difficult especially the harvesting of green 
grass for silage, drying or feeding fresh, on slopes steeper than 
this. However, ploughing, fertilizer application, sowing and haymaking 
can be done without special equipment on slopes up to 13 degrees. 
Ploughing and sowing are possible on slopes not exceeding 17 degrees, 
but mechanical harvesting and carting becomes increasingly difficult 
and swards on such areas would be used mainly for grazing (Spedding 
and Diekmahns, 1972) .



TABLE 5.1 It Yield of grass from two different soil types with 
different drainage properties using cages (from 
Burnham and Dermott, 1964)

BROMYARD
SERIES

MIDDLETON
RERTBR

YIELD (Freely
drained)

(imperfectly
drained)

1962 1963 1962 1963

First cut Yield (lb) 18.$ 1U.0 18.5 18.5
Dry matter (%) 27.6 2$.8 2i|.0 25.4
Dry matter (lb) 5.1 3.6 4.4 4.7

Second cut Yield (lb) 9.5 25.5 12.0 28.0
Dry matter (%) 20.1 15.3 18.4 16.1
Dry matter (lb) 1.9 3.9 2.2 4.5

Third cut Yield (lb) 11.5 12.5 14.2 14.0
Dry matter (%) 15.8 22.1 15.2 18.4
Dry matter (lb) 1.8 2.8 2.2 2.6

Annual total dry 
matter (lb) 8.8 10.3 8.8 11.8

Average 9.55 10.30

Yield dry matter 
cwt. per acre 51 56

Cutting dates 1962 - 1i+th June, 26th July and 1+th September 
1963 - 23rd May, 17th July and 12th September



TABLE 5.15 The yield of grass from two different soil types 
with different drainage properties (from Burnham 
and Dermott, 1964)

MIDDLETON
SERIES

NETCHWOOD
SERIES

YIELD (imperfectly (Poorly
drained) drained)

1962 1963 1962 1963

First cut Yield (lb) 29.0 45.0 24.5 16.5
Dry matter (%) 26.0 28.4 23.5 30.3
Dry matter (lb) 7.5 12.8 5.8 5.0

Second cut Yield (lb) 22.0 23.5 11.0 21.0
Dry matter (%) 15.9 19.4 22.9 17.8
Dry matter (lb) 3.5 4.6 2.5 3.7

Annual total dry 
matter (lb) 11.0 17.4 8.3 8.7

Average 14.2 8.5

Yield dry matter 
cwt. per acre 77 46

Cutting dates 1962 - 9th August and 16th October 
1963 - 30th July and 9th October
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Spedding and Diekmahns (1972) also showed that herbage 
production can be reduced by inadequate drainage or a low rate 
of infiltration due to the following reasons:

(1) Wet soil is slow to warm up, and growth may be 
delayed in Spring

(2) Surface water can kill grass and legumes and encourage 
rashed and other weeds

(3) The compressive strength of soils is greatly reduced
as water content increases. Damage to the structure of the soil 
and to the plant can result from treading and wheel-slip when the 
soil cannot support the load applied. Puddling the soil surface 
further reduces the rate of infiltration resulting in more water 
being held at the surface with cumulative damage to both crop 
(Table 5*1U) and soil.

TABLE 5.17 Yields of grasses and legumes as affected by different 
soil moisture levels (g/pot) (modified from Spedding 
and Diekmahns, 1972)

Water 
0 cm

suction 
1+0 cm

Field capacity 
(50-100 cm)

Brome grass 3.98 2.^8 2.3O
Timothy 5-55 5.03 5.78
Lucerne 1 .1+0 5.3O 8.75
Ladino clover 7.10 7.38 8.21

The quantity and rate of supply of nutrients available 
to grasses and legumes vary widely between soils, depending on 
the parent material, previous crops and fertilizer treatment.
Adequate fertilization, together with optimum soil pH are important 
factors in British conditions to ensure high grass production.

Harrod (1979) discussed the influence of soil and climate 
on grassland yield, and pointed out that the growth of grass is 
influenced by a number of soil conditions. Soil moisture regime 
is the most important, through its relationship with moisture 
supply and its influence on management and trafficability, especially 
after wet weather. The potential of grass production in England
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and Vales varies with the length of the growing season and the 
amounts of moisture available to the growing plant. Moisture 
supply is of great importance to grass growth and primarily 
determined by climate, although powerfully regulated by soil.

Grass removes water from soil very rapidly by transpiration; 
since given adequate nutrition, temperature, light and moisture 
supply; it grows vigorously, yielding several crops a year and 
unlike annual crops, covers the ground completely throughout the 
growing season. Consequently it depends more than most agricultural 
crops on frequent recharge of soil moisture to ensure continuation 
of maximum growth. Intensive grassland systems rely on continuation 
of maximum growth, rapid rotation of grazing with successive grass 
crops, stimulated by application of nitrogen immediately alter 
grazing. Uptake of the fertilizers normally relies on it first 
being ’watered in’ (Harrod, 1979)* The moister areas of England 
and Vales are the most suitable with their smaller summer moisture 
deficit and earlier returns to meteorological field capacity.
Early spring growth and an autumn flush of grass due to location 
and climate are advantages for grass growth which make some areas 
more suitable for grass production than others.

Holmes (1930) discussed climate and grass growth and pointed 
out that the main feature of the British climate that has determined 
the high proportion of the agricultural land occupied by grassland 
is the well distributed rainfall and a moderate range of temperature 
over the growing season. Despite that, considerable variation of 
importance to the growth of grass occurs between regions and between 
years. Holmes (1980) also mentioned that the growth of forage 
species is negligible below 5°C and the lower temperature threshold 
for growth can be reasonably taken as 6°C, for the onset and the 
end of the grass growing season. Yield of grass fall markedly 
with soil moisture deficits greater than 50 mm.

Grassland may tolerate a degree of imperfect drainage which 
is not acceptable for arable cropping. Nevertheless, surveys have 
shown that soils poorly or badly drained have lower proportions 
of preferred species than better drained soils and that poor 
drainage is a factor contributing to the deterioration of sown 
swards. Poor drainage imposes limitations on the use of grassland 
in wet periods and greatly increases the effect of grazing animals



1$9

on soil compaction and poaching. The desirable grasses and 
clover species require a minimum pH of about 5*5 for maximum 
productivity.

Roy (1981) discussed the grass production in relation to 
climate and pointed out that the major climatic factors affecting 
grass growth ares

(1) Temperature
(2) Soil moisture condition.

He also emphasised that since grassland production system 
can vary from extensive grazing by sheep and cattle to intensive 
paddock-grazing by dairy cows or conservation by cutting to make 
silage or hay (or various combination of these systems on a single 
farm or even field), it is necessary to take into account the method 
of utilization in any consideration of the effects of climate on 
grassland.

5.2.3 Fruit
Bane and Jones (193U) discussed the results of a survey which 

studied the relation between soils and fruit in Lower Greensand area 
in Kent. They described soils and investigated the performance of 
fruit trees on five main soil parent materials of different types 
of soils and they concluded that;

(1) Generally the soils on Lower Greensand are suitable 
for the growth of tree and bush fruits;

(2) The soils affected the performance of the fruit trees 
grown on them differently and according to their properties;

(3) Different varieties perform differently, even on the 
same type of soil. A soil which is 'Bad' for a certain fruit, is 
not necessarily 'Bad1 for the other;

(1+) The water conditions with which depth and consolidation 
are closely linked, is one of the main factors concerned in tree 
growth;

(5) Management factors may play an important part in over
coming the effect of soil, and may thus become of particular 
importance in connection with the amelioration of comparatively 
unsuitable soil series.

Bane and Jones (193U) also pointed out apart from the soil
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factors, climatic and. management factors have considerable effect 
on fruit tree growth. The most effective climatic factors are 
rainfall, altitude and aspect. Management factors such as 
satisfactory drainage, spacing of trees, manuring and cultivation 
have a special importance in increasing the yield from fruit trees.

Bagenal and Fumeaux (19U9) described soils and fruit 
production on the Hastings Beds in Kent and discussed the relationship 
between them in terms of yield. They pointed out that the drainage 
played a vital part in determining the relationship between soil 
and fruit, to the extent that neglect of drains had made the whole 
difference between average and less than average performance. Also 
one of the important factors which were brought out by the survey 
was the essential part played by management in deciding which kinds 
and varieties of fruits should be planted on the different soil 
series.

Bagenal and Furneaux (19U9) discussed also the liability 
to frost of the various orchards and plantations and emphasized that 
this vital factor should be considered when selecting sites for 
orchards. Their inspection of orchards on good soil, but producing 
no fruits revealed that the orchards lay in comparative hollows in 
which cold collected. From the pomological aspect of the survey, 
frost provides a good illustration of one of the external factors 
which unless thoroughly investigated, may lead to wrong interpretation 
of the facts. In the survey, standards of tree performance were 
based mainly on tree growth because of the difficulties of securing 
satisfactory evidence as to the yields over a period of years.

Bagenal and Furneaux (19U9) concluded that the variation 
of the soil on Hastings Beds is so localised that it proved difficult 
to find a single orchard or plantation that was perfectly uniform 
in soil throughout. Hence the first conclusion to be drawn from 
the survey is the need for a careful detailed examination of the 
soil before planting fruit in this area, especially as good and bad 
soils often lie side by side. They also described the suitability 
of different soil series for different fruits.

As the soil series system in England and Vales has undergone 
a lot of modification, most of soil series names mentioned by Bane 
and Jones (193U) and Bagenal and Fuzneaux (19U9) do not exist today. 
Even for those who do exist today the criteria defining them might



161

have been changed considerably. The suitability of the different 
soils for fruit growing in the area was reported in many recent 
studies (Hodgson, 1967; Green, 1968; Green and Fordham, 1968,
1973» 1976; Burnham, 1973 and Fordham and Green, 1973, 1976).

Coker (1958) discussed the effect of different types of 
soil series on the growth of the roots of apples on Mailing 
rootstock in East Mailing Research Station (EMRS) in Kent. The 
study was carried out on five soil series, Wye, Rattle, Lamberhurst, 
Curtisden and Ladham. The results showed that the roots performed 
differently in the five different soil series (Tables 5.18 and 
5.19). Although three different types of rootstock were used (i.e. 
Mailing Nos. I, II and IX) but the same rootstock performed differently 
on different soil types. Coker (1958) in his discussions pointed 
out that drainage and soil depth were the mai'n factors affecting 
the growth of roots in different soils and soil texture was less 
important.

TABLE 5.18 Root weight at different depths (from Cooker, 1958)

Plot Rootstock 0 1 Lo 0

Percentage weight at: 
cm 30 - 100 cm 100 cm +

A I 76.1 20.5 3.1+
II 62.9 27.7 9.1+
IX 79.5 13.6 6.9
Mean 72.8 20.6 6.6

B I 69.5 23.0 7.5
II 37.6 33.1 29.3
IX 77.3 22.7 0.0
Mean 61.5 26.3 12.2

C I 1+3.0 57.0 0.0
II 1+3.3 56.0 0.7
IX 27.5 71.0 1.5Mean 37.9 61.1+ 0.7

D I 51+.0 1+5.2 0.8
II 57.6 1+2.0 0.1+
IX 71+.5 25.5 0.0
Mean 62.0 37.6 0.1+

E I 35.0 61+.2 0.8
II 29.1 69.6 1.3IX* —

Meanf 32.1 66.9 1.0

* Trunk pulled out in 1951 
+ I and II only
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TABLE 5.19 Area (sq. m.) of root systems (from Cooker, 1958)

Plot M.I M.II M.IX Mean per plot

A 1+6.0 3U.0 8.0 29.3
B 37.5 31.5 7.5 25.5
C I4I+.O 21+.3 11+.7 27.6
D 30.5* 21+.0* 20.0 21+.8
E 50.0 38.0 1l+.0+ 31+.0

Mean per rootstock 1+1.3 30.1+ 12.8

* Root-pruned in 191+8-9 by mole draining down middle or row 
+ Trunk pulled out in 1951» main roots still intact in 
February 1995

Hogg (1961+) in reference to horticulture discussed the 
main climatic elements in the macro and mesoclimate and also the 
important factors to be considered when choosing a site for orchards. 
He considered rainfall, sunshine, water needs, accumulated 
temperature, growing season, relative humidity, slope, aspect and 
radiation as the main factors to be considered for horticultural 
crops.

Hogg (1975) described the orchard climates of South and 
East England and pointed out that centuries of experience led to 
the concentration of commercial orchards into the warmer and 
sunnier parts of the country, usually east of 30 in isohyet, and 
away from coastal exposure to spray and gales. In local siting of 
orchards, reduction of the hazards of late spring frosts is paramount. 
Such frosts are a feature of British climates, which are otherwise 
most favourable for fruit growing. Late spring frosts are primarily 
responsible for major fluctuations in yield from year to year. The 
concentration of the orchards in Britain is in the southern parts, 
which receive a relatively high amount of radiation than other 
parts. Hogg (1975) emphasized that temperature, sunshine, rainfall, 
wind and humidity are the main climatic factors affecting apple 
production in England.

Jackson (1975) discussed the effects of light intensity on 
growth, cropping and fruit quality and point out that the size and
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the complexity of the tree as a fruiting unit results in 
potentially fruit-bearing branches growing in a very wide range 
of light regions from full daylight to a small fraction of this. 
Fruit produced in these different light microclimates may be 
expected to differ in those quality characteristics which are 
directly determined by light falling on the fruit surface. The 
anthocyanin content of apple skin, hence degree of red colouration 
is directly influenced by incident light. Those aspects of fruit 
development which are dependent on the supply of carbohydrates are 
also likely to be influenced by the local light climate. Jackson 
(1975) also pointed out that photosynthesis by a fruit makes only . 
a very small contribution to its growth and it is clear from the 
other studies that the leaves nearest to a fruit make a very large 
contribution to its growth. Tables 5*20, 5*21 and 5*22 and Figure
9.7 showed the effect of imposed shading on the growth, dry matter 
production, dry matter distribution, bud production, fruit retention 
and fruit size.

TABLE 5.20 Effects of shade on percentage of dry weight increment 
between shoots and roots of apple rootstock variety
M.16 (Jackson, 197f> taken from Priestly, 1969)

Full light One third 
daylight

One-tenth 
daylight

Increment g 33-6 1U .1 2.7
% increment in leaf 20.0 28.0 14+.0
% increment in new stem 27.0 30.0 31.0
% increment in old stem 3U.0 32.0 18.0
% increment in root 19.0 10.0 7.0

TABLE 9.21 Effect of artificial shade on trees of Cox/M.26 in 1970 
on the number of flower buds per tree in 1971

Light at upper surface of tree expressed 
as % full daylight 1970

100 37 25 11

No. of flower buds per 
tree 1971. 12 trees
were used in each 
treatment S.E. - 20.3

159 96 69 33



TABLE 5.22 Effects of artificial shading of Cox on M.26 (from
Jackson, 1975)

% full
daylight

% large
fruits ( 130 g)

% coloured fruits 
i  red % red

% core
flush incidence

100 53 68 36 Not measured
72 51 1*5 8 36
U5 22 5 0 56

Per cent lig h t  
transmitted by shades

FIGURE 5.6 Effects of artificial shading small whole trees of 
Lane's Prince Albert/M.26 with plastic meshes above 
the trees with transmissions as shown. The meshes 
were applied post-blossom in 1969»
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Avery (1975) discussed the effects of climatic factors 
on the photosynthetic efficiency of apple leaves and pointed out 
that apple leaves grown in shade are thinner and have correspondingly 
smaller dry weight per unit area (specific leaf weight). Avery 
(1975) found that leaves grown under 21% of full sun had a 
specific weight only 1+8% of leaves formed in full sun. Experiments 
in which apple trees were transferred from sun to shade and vice 
versa revealed that changes occurred in the chloroplasts of mature 
leaves, but only slight changes were found in the capacities of the 
leaves to assimilate COg. Avery (1975) mentioned that, in a 
previous work a strong correlation was found between specific leaf 
weight and leaf thickness, and has shown that specific leaf weight 
varies in orchards over the full range, from fully exposed to 
deeply shaded leaves. The latter having specific weights which 
are 55% or less of those of sun leaves. Avery (1975) showed that 
leaves on the north side of ten year old lightly pruned trees of 
Cox*s Orange Pippin on MM.101+ have mean photosynthetic rates only 
55-80% of those on the south side during the six hours in the 
middle of the day, while leaves near the centre of the crown 
average 35—U5%.

Barlow (1975) studied the effects of temperature (i.e. 
accumulated day degrees above 1+2°F) on apple shoot growth. Linear 
regressions were obtained relating the growth rates to temperature.
In all cases except the last stages of growth, there was a significant 
effect of temperature on growth rate (P 0.01). For the leaf the 
effect of temperature increased as it grew to just past the mid
point and these declined. While for the interlode the effect was 
uniform over the first three stages, and then fell abruptly.

Barlow and Cumming (1975) studied the effect of early summer 
weather on the yield of Lane's Prince Albert apple, by correlating 
the yield from three groups of rootstocks (i.e. M.1 and M.2; M.16
and M.7; M.9 and M.12) with the following weather parameters (each
only singly):

(1) sunshine hours
(2) mean maximum temperature
(3) accumulated day degrees above 1+2 °F
(1+) mean temperature.

Weather parameter (3) and (1+) produced no significant
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correlations and there were no marked differences between the 
three groups of rootstocks. So, for the longer run of years, 
correlations were computed between the average yield of trees on 
M.1, M.2, M.7» M.9 and M.16 and

(1) sunshine hours
(2) mean meaximum temperature.

The results are shown in Table 5.23 (a) and (b) and Figure 5«9. 

TABLE 5.23

Correlation coefficients between yield and two weather 
parameters (from Barlow and Cumming, 1975)

(a) Weeks after 1st May
1 2 3 1+ 1 & 2 2 & 3 1, 2 & 3

Sunshine 0.1+08
X

0.1+27
XX

n.s. O .388 
X

0.603
XXX

n.s. 0.353
X

Max. temp. n.s. 0.1+69
XX

n.s. n.s. 0.1+93
XX

0.370
X

0.1+16
X

1
(b) Weeks after full bloom
2 3 1+ 3 & 1+ 2, 3 & 1+

Sunshine n.s. n.s. -0.1+00 -0.356 -0.1+57 -O.I+3I
XX X XX X

Max. temp. 0.1+57 n.s. n.s. n.s. -0.351 n.s.
X X

X significant at P = 0.5 XX significant at P = 0.01
XXX significant a t P  = 0.001 n.s. not significant

Figure 5.9 showed all coefficients of yield and weather of the 
two sites plotted irrespective of significance; the weeks after 
1st May and weeks after full bloom (average date 11th May) were 
brought together by shifting one set 11 days along the axis. It 
is clear that there is a continuous changeover from positive values 
early to negative ones four or five weeks later, with a final 
return to near zero levels.
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Jackson (1975) also discussed the data of blossoming of 
Bramley*s seedling apple in relation to temperature and pointed 
out that the choice of accumulated day degrees temperature above 
a specified ’threshold temperature’ during the Spring as a 
meteorological factor most important to blossom data is well 
supported by experimental work. Table 5.21+ and Figure5. 10 presented 
by Jackson (1975) gives the relationship behind the final forecast 
which is calculated on 16th April each year and shows that the predicted 
data should by then be approximately correct since it should fall 
within the blossom period which generally extends at least five 
days before and after full bloom.

Goode (1975) discussed the water storage and irrigation 
requirement of some of the soils in East Mailing Research Station 
in relation to apple trees and pointed out that due to natural 
conditions in South-east England, water is a key factor in crop 
production. Considering the water requirement of apple trees during 
May to September the soils with less than 6 in of available water 
stored within the densest part of the tree root system have been 
found susceptible to drought. If a soil moisture deficit of 5 in is 
regarded as a tolerable limit of water depletion from an orchard 
soil, then in the South-east of England irrigation will be needed 
four years out of five (Hogg, 1967).

Goode (1975) obtained a direct evidence of drought effect 
on apple trees. From apilot experiment in which the ground area 
of some apple trees was covered to deprive it of rain water, thé 
first indication that the covers were producing a drought effect 
was an unusually heavy ’June drop’ of fruitlets that reduced the 
retained crop to about 5>($> of that on the trees without soil cover.
The number of lateral, shoots and the leader and the lateral growth 
were all considerably reduced on the trees with covers, and later 
in the season serious defoliation occurred from the 'droughted' 
trees compared with virtually no premature leaf-fail from the 
control trees. By the beginning of August the available water 
reserves in 3 ft. depth of soil under the covers were practically 
exhausted; only 0.2 in of water remained; only 5% of the available 
reserves compared with 2 in available to the control trees.

At harvest the picked crops were weighted, fruits counted 
and graded and the marketable crop (grading 2.25 - 3 in) was
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TABLE Ç.2Ü Multiple regrasalona relating full bloom and temperatura using 1 936-71  data

Forecast date Constant 71
Coefficients of variates 

72 73 71* 75 76
#  variance 
aooounted for

1st February* 5.936 -O.IO83 -0.0933 - - - 0.06600 1<#
15th February* 1*<39U 0.0105 -0.071*3 -0.2218 - - 0.071*86 1*0#
1st March 6.211* -O.O36I* -0.0780 -O.I63O -0.1289 - O.O769I* l»6#
16th March 11*.51*6 -O.O299 -O.O717 -0.1181* -O.IO79 -O.IO33 O.O6507 57#
1st April 25.876 -0.0001 -O.O815 -0 .1031* -0.1086 -0.0850 0.05175 71#
16th April 1*0.331* -O.OI72 -0.0656 -0.0662 -O.O977 -0.0821 O.O3392 82#

V1 = accumulated day degrees 
V2 = accumulated day degrees 
73 = accumulated day degrees 
Vl* = accumulated day degrees
75 = accumulated day degrees
76 = accumulated day degrees

1*2° F, 1st*-1l*th* January
1*2° F, l5th*-31at* January
1*2° F, 1st*-1l*th* February
1*2° F, I5th*-28th* February
1*2° F, 1st, 15th, 31 at March or 15th April
1*2° F, 1at-30th June of previous year

(from Jackson, 1975)
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determined; this information is given in Table 5*25.

TABLE 5.25 Total and marketable (2.25 - 3 in) crop weights (lb) 
and fruit number per tree from partially 'droughted' 
and fully rainfedtrees (from Goode, 1975)

Marketable Marketable fruit as 
fruit % of total crop

Wt. No. wt. No. Wt. No.

Droughted 51+ 319 35 161+ 65 51
Rainfed 129 575 107 1+71+ 33 82

% reduction in 
droughted crops 58 1+5 67 65

The overall effect of drought on yield on the first season 
was 65% reduction in marketable crop. In addition to this the 
fruit from the droughted trees was severely russeted and of high 
colour; the latter was probably the result of the early defoliation 
of the droughted trees and a very reduced nitrogen supply from the 
dry soil. In the second season the cover remained until the cell 
division phase of fruitlet development was completed and then 
removed. Irrigation then eliminated soil moisture stress for the 
rest of the second season. Figure 5.10 shows the mean cumulative 
volume of ten randomly selected fruits and also the loss in volume 
of fruit as a consequence of the initial drought stress.

160-]

140- 

120-  

1100 -  

I  80-u 9»
- 60- 9 £

40- 

20- 

0 -

% vv\4/? izvv5rt \ %*% 2?a
FIGURE 5.11 Cumulative fruit growth (cc) of previously 1 droughted’

(0--- 0) and fully rainfed (0--0) trees all irrigated
during the fruit swelling phase and the percentage loss 
in volume of the fruits from the ’droughted* trees (n 
(from Goode, 1975)
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The lack of uniformity in the fruit size relationship 
during June and early July was probably associated with the 
occurrence of 'June drop'. Once the 'June drop' period was 
ended a fairly constant size reduction of about 1*0% was associated 
with the fruit on the 'droughted* trees which would seem to be 
the effect of drought on the fruitlet cell division phase.

TABLE 5.26 Total and marketable (2.5 - 3 in) crop weights (lb) 
and fruit numbers per tree from partially droughted 
and fully rainfed trees all irrigated during the fruit 
swelling phase

_ , - Marketable Marketable fruit as
° a fruit % of total crop

Wt. No. wt. No. wt. No.

Droughted 67 581 2 9 3 2
Rainfed 132 585 106 U19 80 72

% reduction in 
droughted crops h9 1 VsQ OO 98

Table 5*26 shows fruit number of the 'droughted1 and 
control trees are similar and also similar to the fruit numbers 
of the control trees in the first season (Table 5*25)* This shows 
that the relief of soil moisture stress prevented the heavy 'June 
drop' that had occurred in the previous season. The final percentage 
volume loss in the fruits from the 'droughted' trees shown in 
Figure 5«10 as l+9% agrees with the figure given in Table 5«26 for 
the percentage reduction in the crops from the same trees. The 
reduction in crop was apparently a drought effect on fruitlet cell 
division. The marketable fruit from the 'droughted' tree was 
negligible - particularly all the fruit being undersized.

Goode (1975) has also discussed crop response to irrigation 
and pointed out that studies carried out on apple trees reported as 
much as 50% increase in marketable crop due to frequent irrigation, 
(the maximum being 70%) compared with no irrigation. Although the 
amount and distribution of rainfall determines when crop limiting 
stresses develop in trees, it is difficult to determine this in 
practice (Goode, 1975)* Other factors operating on cropping and 
fruit size need to be non-limiting if the full response to irrigation
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is to be obtained. The most important of these in respect to 
fruit size is crop load and this is governed by pruning severity, 
flowering intensity and fruit setting and retention. Irrigation in 
early summer (before ’June drop’) may increase fruit retention and 
jeopardise fruit size; such practice is not safe unless followed 
by late irrigation (after ’June drop') up to near harvest time. 
Table 5»27 shows that irrigation after ’June drop' usually 
produces the best sized and quality fruit.

TABLE 5.27 Crop responses of Cox's Orange Pippin apple trees on 
MM. 101* rootstock to irrigation given early, late and 
throughout the season in 1971 (Goode, 1973)

Treatment Irrigation
(in)

Mean 
yield 

(lb/tree)

Mean
fruit size

(no/lb)

Mean
fruit no. 
(per tree)

Top
quality 

grade out

No irrigation 0 31+3 6.1* 2205 63
Early irrigation 2 370 6.3 2359 72
Late irrigation 3 1*00 5.5 2201* 76
All season 

irrigation 5 392 5.7 2221 77

Hamer and Jackson (1975) discussed the incidence of late 
Spring frosts and pointed out that practical methods of protecting 
fruit crops from the adverse effects of spring frosts vary in their 
ratios of capital costs to running costs so that the frequency of 
frost incidence is a major factor in deciding on the type of 
protection needed. They presented Figure 5.11 to show frost 
frequency in East Mailing Research Station.

Hamer and Jackson (1975) described the method of a previous 
work carried out to study the right minimum temperature at 21 sites 
in the fruit growing area of Kent and East Sussex over a period of 
15 months. Minimum thermometers were exposed at 1* ft. (it was proved 
to give the temperatures similar to the buds). Data collected on 
137 clear nights were analysed and it was found that the minimum 
temperatures were 1.5°F higher for every 100 ft. above the valley floor.
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Minimum tem perature *F

APRIL 1 MAY

FIGURE 5.12 Frost frequency and severity during the spring period
at East Mailing Research Station (from Hamer and Jackson, 1975)

On nights with conditions of high radiation loss (28 nights) 
the increase in site minimum temperature with altitude was 2.8°F 
per 100 ft. and on four nights with extreme radiation conditions 
it was 3* 6°F per 100 ft. From this data it was concluded that sites 
within 5>0 ft. of the valley floor had approx.ima.tely twice as many 
frosis as sites more than 2$0 ft. above the valley floor. The 
importance of selecting sites to avoid frost is obvious.

Modlibowska (1975) discussed the effect of frost on crop 
yield and quality of the apples grown in East Mailing Research Station 
and pointed out that previous work on the same subject concluded 
that spring frosts had led to severe loss of yield of top fruits at
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EMRS in only five seasons during the period 1929-59* Although 
losses were frequent, they were very serious when they occurred 
especially from certain varieties (Figure 5.12). Less severe 
frost which does not reduce yield hut which lowers the market 
value of the fruit by adversely affecting shape and appearance 
are more common (Modlibowska, 1975)»

Preston (1975) discussed the effect of wind on apple 
orchards and pointed out that visible damage to apple orchards by 
high wind includes fallen fruit, tattered leaves,broken branches 
and sometimes a few trees blown right over. Also, badly sited 
shelterbelts can trap cold air and consequently late spring frost 
can cause more damage to the crop than the wind. Temporary trees 
grown to fill in the wider spacings which the permanent trees 
need when fully grown prove to be more effective than shelter 
belts (Table 5.28 (a) and (b)).

TABLE 5.28 Effect of wind and shelter on fruit trees

(a) Percentage decrease in run of wind at the centre of 10 acre
orchards as compared with open grassland (13 year old trees on 
M.2 rootstock at 8 m square spacing) (from Preston, 1975)

Permanent 
trees only

Permanent trees Permanent trees
plus small plus large
fillers fillers

Blossom period 22 31 38
Post-blossom period 28 i+0 53

(b) Yield of permanent trees of Cox on M.s as affected by the 
shelter of filler trees. Cumulative yields, 28 lb per 10 
acre plot (from Preston, 1975)

11 to 13 years 1296 181+9 2205

Sharpies (1975) discussed the influence of climate on the 
storage quality of some fruit and showed that the results of 
previous work indicated that the mean storage life of the fruit
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FIGURE $.13 Effects of frost on crop yield
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(number of days to reach $CP/o wastage) at 3U°F was shown to be 
longer after warm dry weather during four weeks immediately 
preceding harvest. The data showed that low rainfall and hi$i 
temperature during this period were both associated with resistance 
to low temperature breakdown (LTB), the main cause of wastage in 
Bramley apples at this temperature.(

Jackson and Hamer (1980 and 1982) studied the causes of 
year to year variation in Cox yields and showed by regression 
analysis that high February, March and early April temperature have 
an adverse effect on yield. Hi^i late April, early May (pollination 
period) and summer temperature are beneficial to crop yield. The 
climatic factors together with a linear upward trend due to tech
nological improvement account for J&/o of the year to year variation 
in the yield of Cox apples in England over the years 19U9 to 1980.

5.2.1* Vegetables (especially potatoes)
Penman (1963) discussed the weather and water in relation 

to the growth of potatoes and pointed out that the report on ’Irrigation 
in Great Britain* stated that potatoes respond well to irrigation and 
grow best when the soil is kept close to field capacity. Applying the 
idea that best results could be obtained if irrigation is applied 
when half of the available water has been used from the top 30 "to 
1*5 cm (to prevent moisture deficit from exceeding 25 mm), it is 
desirable to irrigate early potatoes all through the life of the 
crop. Experimental evidence has shown that with main crop potatoes, 
irrigation can be economically withheld until the tuber swelling 
stage is reached in late June or early July. Penman (1963) 
emphasised varietal differences giving different response to 
irrigation. However, the results in some experimental stations 
indicated that in summers when irrigation is necessary the response 
is between 1 to 2 tons of tubers per acre-inch applied.

Penman (1963) also discussed the results of the experimental 
work concerning potential transpiration as a growth index and the 
concept of limiting deficit. It was found that for plots kept 
continuously near field capacity, the accumulated yield of dry 
matter, plotted over aperiod of six summers and five winters against 
the accumulated potential transpiration, gave a very good straight 
line. The yield plotted against the adjusted potential transpiration
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HA2I£_£122 The incidence of low temperature breakdown in Bramley's Seedling apples stored
at 32° F in relation to climatic conditions preceding harvest (from Sharpies, 1

Weather conditions during the eight 
weeks preceding harvest

% low temperature 
breakdown Season* Figure 1+ Harvest

date
Estimated

yield
(1 lb tree)

Total
rainfall
(in)

Sunshine 
(total hr)

Accumulated 
temp. °F above 

1*2® ?

0 191*9 A 23 Sept. 200 3.5U 381« 1128
0 1959 (1) L1 21* Sept. 250 1.03 1*25 1097
12 1958 (1) K1 3 Oct. 233 6.85 269 1033
26 1953 E 15 Oct. 373 1*.93 323 79!*
27 1959 (2) L2 12 Oct. 250 0.57 1*33 972
30 1955 G 11 Oct. 273 3.61* 303 911*
1*0 1958 (2) K2 21 Oct. 233 7.51 268 877
1*2 1951 C 21* Oct. 1*26 1*.62 251 719
1*5 1957 (1) J1 27 Oct. 167 5.07 266 963
56 1956 (1) H1 12 Oct. 220 l*.0l* 237 798
62 1957 (2) J2 7 Oct. 167 3.86 253 829
72 1952 I) 22 Sept. 198 3.21* 351* 979
86 1950 B 5 Oct. 191 1*.03 299 879
86 1956 (2) H2 25 Oct. 220 3.65 208 71*9
98 195U F 13 Oct. 193 2.21* 277 811

• (1) or (2) signifies first or second pick of the Beason 
+ Letter denotes identity of point in Figure 1

u ' ■ Accumulated temp. (°F) above 42*F ►'r last 8 weeks

*FIGURE b . 1U Relationship between percentage o f Eramley apples 
v;ith low temperature 
(from Sharpies, 1975)
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(eliminating periods of potential transpiration greater than 1.0 in) 
for each year also gives a good straight line (Figure 5.15).
Figure 5>.16 shows the relation between the planting date and the 
yield of main crop potato.

Radley (19&3) discussed the results of the 191+8-1+9 nation
wide survey of tuber yield in relation to husbandry practices, and 
pointed out that one of the most important factors which influenced 
the yield of main crop varieties was planting date; low yields were 
consistenly associated with late sowing (Figure $. 17). There was an 
average loss in yield of 0.7 ton/acre in 19̂ +8 and 0.1+ ton/acre in 
191+9 for each week delay in planting beyond the end of March, the 
former being a year with a high yield and the latter with low 
yields.

The results of the survey reported by Radley (1963) revealed 
that the maincrop potato acreage in England and Vales was planted 
so late as to suffer appreciable loss of potential yield, and that 
probable increase in national production, if planting were completed 
by 10th April was considered to be equivalent to about 0.5 ton/acre 
or 5% o f the total national production. Radley (1963) also studied 
the effect of planting date on the course of the leaf area development 
(LAl) and tuber bulking in three varieties of potatoes. One of them 
is shown in Figure 5«18. He pointed out that two features were 
evident:

(1) The earlier the planting date, the lower was the 
maximum leaf area index attained by all varieties

(2) The planting date appeared to have only a small 
effect on the date of senescence of the foliage. Such results 
could be explained most probably by the supposition that early 
planting date allows for the optimum leaf area index at the time 
when the environmental conditions are most favourable for m a -rf mum 

dry matter production.
Salter (1981) pointed out that on a European scale the 

major climatic factors determining the location of vegetable 
production areas and those limiting yields are:

(1) Severe winter conditions in northern countries
(2) Summer drought conditions in southern countries.

He also mentioned that the most important climatic changes 
which would effect vegetable production would be those involving:
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FIGURE b.

FIGURE $.

Total tuber weight, P, in relation to adjusted potential 
transpiration, E (A) for early (E) and maincrop (MG) 
potatoes at two rlevels of nitrogen dressings (Penman,
1962)

16 Yield of maincrop potatoes in relation to planting
date (data from Doncaster and Gregory, 191+8) (Penman, 19^3)
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(b)

0 '-------:---------1 i---------------- 1
28 March 13 April 2 May 28 March 13 April 2 May

Planting date

FIGURE $.17 Effect of planting date on (a) total tuber yield, (b) 
yield of ware O Ulster Torch, 9 Craigs Royal,
© Arran Pilot, • Ulster Chieftain (Radley, 1§63)

FIGURE 9.1 8 Leaf area index, L, and tuber fresh weight of Ulster
Torch planted ---- 28th March,------13th April,
— 2nd May (Radley, 1963)
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(1) Consistently lower temperature, either seasonally or 
throughout

(2) Changes in amounts of rainfall and its pattern of 
seasonal distribution

(3) Increased variability in weekly means of temperature 
and rainfall with greater extremes.

The most important effects would be on the absolute level 
of yields, year to year variability in yields, changes in 
probability levels for successful production of a particular crop 
in an area, leading to change in location of production areas.



PART C

THE COMPUTER-BASED LAND RESOURCES 
INFORMATION SYSTEM
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CHAPTER 6

THE DEVELOITOENT OF INFORMATION SYSTEMS FOR 
LAND RESOURCE STUDIES

6.1 General Data Base Management Systems (DBMS)
6.1.1 Development

Due to the accumulation of large amounts of information 
obtained in the past, as well as growing amounts of new data which 
must be rapidly retrieved and processed to provide a wide variety 
of reports for scientific users, planners and policy makers, 
computer technology has been called in to provide solutions for 
this problem.

The Conference on Data System Language (CODASYL 1971) 
submitted the second report of the Data Base Task Group (DBTG).
The DBTG have discussed and provided a number of features which are 
essential to develop a data base suitable for processing by multiple 
applications and which can be interfaced by multiple languages.
BBTG also illustrated the different structures (Figures 6.1 to 6.5) 
in data bases which will allow the data to be structured in the 
manner most suitable for each application without requiring data 
redundancy. A 'sequential data structure* is one in which each 
element in the structure, except the first and the last, is related 
to the element proceeding it and the element following it (Figures
6.1 and 6.2). A 'tree structure' is a hierarchical structure in 
which each element may be related to a number of elements at any 
level below, but to only one element above it in the hierarchy.
However, the highest level element is known as the root of the tree 
and only has dependents (Figures 6.3 and 6.1*). It can be seen that 
each node in the tree (except the root) has one branch or edge 
entering into it. A 'network structure' is the most general form 
of data structure. In a network any given element may be related 
to any other element. It differs from the 'tree structure' in that 
the restriction on the number of branches entering a node does not 
apply (Figure 6.5).

Jardine (197U) provided a historical account on the development 
of data-base management systems (DBMS), which started in the early 
1960s and he mentioned that the two documents presented by GUIDE/
SHARE organizations and CODASYL-DBTG in 1971 constitute the main
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FIGURE 6.1 (from CODASYL, 1571 )
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TREE STRUCTURES

FIGURE 6.3 (from CODASYL, 1 9 7 1)
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OWNER RECORD 
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NETWORK STRUCTURES

'PIGUEB 6 .S (from CODASYL, 1971)
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contribution guiding research and development in this field.
Barnett and Lightfoot, 197U* Nichols, 197U» Sibley, 1974»
Gosden, Jl97hi Joyce and Ward, 197^5 Maynard, 197U and Emery and 
Morgan, 197U have all discussed the requirements, deficiencies and 
the user requirements and experience concerning Data-Base Management 
Systems.

6.1.2 Uses and requirements
Gordon (1975) has evaluated the general DBMS for earth 

sciences and pointed out that such evaluation should consider 
organization constraints, characteristics of the user and the uses 
of the data themselves, especially when fitting general DBMS to a 
particular need. Gordon (1975) also pointed out that the DBMS had 
been primarily designed for commercial uses and the evaluation 
methods for these applications are well established, but much less 
was known about the use of DBMS for scientific applications. Data
base management implies management of complexly structured data with 
a wide variety of uses. Post retrieval processing (i.e. statistical 
manipulations or map plotting) is not a common capability of data 
management systems and the requirements for such facilities should 
be considered separately.

Jeffery (1975) has discussed the philosophies of computer- 
based data management systems, particularly in relation to data 
representation and user interface and predicted that the relational 
data-bases which reflect the natural relationships of data items and 
have a common language which will allow a rapid satisfaction of user 
demands for data on hypotheses being tested. De Heer and Bie (1975) 
have pointed out the requirements for the Dutch VIA Earth Science 
Information System and emphasized in their conclusion that the system 
needed should accept and process natural languages of variable 
lengths and structure and offer powerful input checking procedures.

Lynch (1976) mentioned that any information system for soils 
and/or related data presents three aspects»

(1) Data collection and input;
(2) Data storage and retrieval;
(3) Application, including display;

and in order to assess the feasibility of any data bank, all the 
three aspects must be considered. He also pointed out that in 
designing a computer-oriented system the following facets of data
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rcGggE, ,6.6 (a) Hierarchial data structure diagram

(b) Newark data structure diagram (from 
Mackenzie, 1976)
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FIGURE 6.7 Total data structure designs (from Mackenzie, 1976)
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input should be considered;
It is usually the most time consuming aspect.
It must be related to sources of input and the capabilities 

of storage and retrieval on the computer.
It must also be related to the end product from the system.
It can be restricted by the availability of facilities for 

input.

Mackenzie (1976) has discussed data storage and retrieval, 
and illustrated some relationships and storage structures which 
might be needed in complicated data bases of numerous entities.
The illustrations of Hierarchical and Network data structures and the 
suitable structures for data with different entities (i.e. environ
mental data) are all shown in Figures 6.6 and 6.7. Currently the 
HEMS store network structured data bases and attempt to provide 
a high level user interface through query/update languages. Most 
systems are limited in the complexity of the data model they can 
store (i.e. only hierarchical) and various data independencies force 
the high level user to be aware of the exact network structure being 
used to represent information.

6.1.3 Present problems
Mackenzie (1976) concluded that the performance requirements 

in time and cost have made the design of a large computer data-base 
a difficult problem apart from the need for maintenance and redesign. 
In order to achieve maximum efficiency certain data storage and 
retrieval operations have to be programmed in lower level data 
manipulation languages, of which advantage can be taken in detailed 
design. The needs for both high level and low level languages is 
always likely to exist. Cook (1976) emphasised the importance of 
defining a specific purpose for land resource information systems, 
without which there would be no basis for the data organization - or 
procedures for using the information system.

Moore (1978) pointed out that the area of data storage and 
retrieval. (Data Base Management) appeared to be most confused and 
unsatisfactory at the present; the main problems axe associated 
with the software. Many scientific research organizations have used 
commercial DBMs or developed their own (e.g. Fjellander Nideroe A/S, 
Oslo and the Institute of Geological Sciences in London). Moore (1978)
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also considered the use of micro-computers by the Institute of 
Terrestrial Ecology (Merlewood, Grange-over-Sands, UK) in multi
variate analysis, computing and data-base management as an excellent 
example of what many people would consider as limited computing 
resources. At the present time micro-computers should be considered 
seriously by research and service groups, due to the great improvement 
in their capabilities in relation to their cost. The micro-computers 
will allow such organizations to control their own computing systems 
which will encourage full use and high efficiency.

Cormack and Moore (1980) have discussed modelling of land 
resources data for storage and retrieval by computers and concluded 
that the computer processing of land resources data involves problems 
not only in computing but also in understanding the relationships 
between them. To use available DBMS effectively one must fully 
understand and formally describe the entity types, attributes and 
relationships types. Due to the extent of land resources data and its 
heterogeneity, it was suggested that the selection of smaller 
homogenous, clearly defined areas of data is essential for modelling 
(Cormack and Moore, 1980).

6.2 The development of Information Systems specifically for
Land Resource Studies

6.2.1 Information systems for land evaluation
Pearcy and Chapman (1968) have discussed the aspects of a 

computer-based land evaluation system and pointed out that the 
science of land evaluation requires the co-ordinated study of a wide 
variety of subject matter, ranging from the sciences associated 
broadly with geophysics and biology to economical and social aspects 
of rural and urban culture. They mentioned that the three main 
limitations ares the lack of data in computer^-compatible form? the 
lack of capacity of existing computers to handle the large volume 
of data requiring analysis; and the lack of conceptual models for 
the different processes and their interrelationships. Finally they 
suggested that data represenation appropriate to such a system would 
probably consist of hierarchies of linked lists and the eventual 
objective should be a substantial progress in quantitative land 
evaluation.

Beckett et al. (1972) have described a data bank for terrain



evaluation and pointed out that the strength of any data bank of 
information on natural resources lies in its index, which selects 
the items pertinent to a particular site and activity from the 
mass of stored information. The matching of data to site requires 
an index of terrain descriptors, or a terrain classification.
Although they described in detail the different parts of the system, 
the limited capability of the computer and the lack of adequate 
conceptual models, were still the major difficulties at that time.

Dawson and Moore (1976) have discussed and showed the 
results of the comparative costs of automated data handling in land 
resources surveys and concluded that although the study was 
experimental and involved development costs not involved in 
subsequent surveys, yet the computer oriented system proved to be 
ab efficient method of collecting, storing and retrieving data.
Teaci and Radu (1977) described the Romanian information system 
for storing and processing of data concerning the pedo-climatic 
pattern and the land evaluation. The system consists of the following 
data items:

(1) Records of all levels of agricultural land down to 
production units (farm and villages), listed according to land use 
and owners. Each pattern being separated by ecologically homogenous 
territorial unit (EHT)

(2) Analytical records of soil types, sub-types and 
varieties including their chemical and physical properties

(3) Classification of agricultural areas to several types 
of land use and crops based on ratings

(1+) Classification of agricultural land in technical 
categories, both for reclamation and for the best current methods of 
tillage land fertilization.

Teaci and Radu (1977) also described the kind of data which 
can be retrieved from this system and it seems from his descriptions 
and discussions that the Romanian SIS is one of the most comprehensive 
and efficient systems.

Moore (1978) gave a brief description of two large comprehensive 
land information systems (Canada Geographic System and NY State Land 
Use and Natural Resources Inventory) and he indicated that the 
usefulness of such systems is limited if producers, users of information
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and computer scientist do not work together throughout the 
development of the system and the subsequent operations. He also 
pointed out that the concepts in data information systems depend 
to some extent on the emergence of a better software and mass 
storage facilities. Kern (1977) described different attempts to 
develop an integrated agricultural environment system in Poland and 
mentioned that the data of the main environmental factors had been 
estimated for soil, agroclimate, water condition, relief and a 
coefficient of the whole agricultural environment. This information 
system has also an advisory system for fertilizers applications 
(Figure 6.8). Another environmental information system was also 
suggested for the future (Figure 6.9» Kern, 1977)«

Cormack (1977) described the resource information system of 
US Soil Conservation Service which was meant to organize data on land 
and water resources to be applied for the use and management of 
these resources. Soil, plant and water resource data are the major 
elements of the system. An economic data element is also included, 
as it is necessary to determine the cost and feasibility of alternative 
land uses and management options. The soil resource data focusses 
extensive information on individual land units which are in close 
correlation with important attributes of land (i.e. climate, plant 
communities, topography and geology). Water resource data were 
organized to support watershed and river basin projects of SCS (USM). 
Cormack (1977) pointed out that the data in the resource information 
service of SCS (USDA) are the basic requirement in identifying 
alternative uses of land, water and management practices required to 
achieve the desired level of production or performance and in 
predicting the consequences in terms of performance level, environment 
hazards and economic returns.

Recently data banks have been widely used in Europe to study 
many agricultural and environmental aspects, besides land resources, 
e.g. animal and plant production. The main features of concern in 
Europe regarding the data banks in agriculture are reported by the 
Centre for Agricultural Publishing and Documentation, Wageningen, 
Netherland (1977) as follows:-

Need for the data bank
Cost of setting up and maintenance



THE IDEA SCHEME OF THE NATURAL ENVIRONMENT SYSTEM
(co x a u c 'it  i»  M i n u t i  o> t o i  k i i k c i  m o  f u m i  c u t n » i » a )

GCOMMITEE 0Í SOI SOIN«
AM» m  CMtMISIfV

or rw< rouoMACAMMvorscKNCi

cCOUNCIL ro« mutuai tconOMM
U H tlA J K f

cMWUIHMC Mwisuy31F <Tlt>
)

institute or soil science ano pianti cuinv
IN PUUWV

3F3 E
data pooccsunc «nui î kj 
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FIGURE 6.9 The idea of the BIGLEB system (from Kern, 1977)



19 7

Right of the data bank owners and users
Validation and updating of contents of data banks
Interpretation of contents of data banks
Links and exchange between data banks
Role of government and industry in use and support of 

data banks
Training of experts and users of data banks.

Rosenthal, and Cormack (1980) have given an account on 
computer-based surveys conducted by Division of Land Utilization 
(DLU) of the Queensland Department of Primary Industries (DPI) and 
pointed out that the main aim of a computerized ]and resource system 
was the ability quickly and economically to sift through large 
amounts of data. They added that the system should be flexible 
enough to answer a wide range of users enquiries which could usually 
be classified into one of the three main areas:

(1) Relationships between attributes
(2) Geographical (spatial) enquiries
(3) A combination of the two.
Some of the DLU projects were described by Rosenthal and 

Cormack (1980) to demonstrate the activity of the DLU in the field 
of computer data banks. In one of the three surveys reviewed 
(Vide Bay/Bamett and Mackay) the traditional mapping system was 
used, but with the descriptive mapping unit and map region data being 
collected at three categorical levels (i.e. Land System, Land Units 
a-nri Sites) shown in Figures 6.10 and 6.11. A Land Unit is described 
by its soil type, geology, vegetation and capability classes and it 
is relatively homogenous. The soil association in this study 
resembles the Land Unit but it is expected to be more homogenous with 
more details on soils.

Scott (1980) have described the South Australian environmental 
data bank which was designed to accommodate the data generated from 
the land resource survey. The objectives of the survey were:

(1) To devise and demonstrate a suitable methodology for 
mapping and describing major plant communities, wildlife habitats, 
present land use, ecosystems and landscapes, using a test area of 
1+10,000 sq. km. of South Australia.



198

FIGURE 3.10 Relationship between land systems and map regions 
" ' (from Rosenthal and Connack, 1980)

FIGURE 6.11 Links between land systems, map regions, land units 
and sites (from Rosenthal and Connack, 1980)
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(2) To test the utility of LANDSAT imageries for this 
purpose. For obtaining the required land information, an 
integrated survey approach (Christan and Stewart, 1968) was 
adopted for the test area, and a survey team composed of geomorph
ologist, a climatologist, a land use geographer, a soil scientist 
and two ecologists was asked to carry out the study. Due to the 
time constraints, most of the data was collected from published 
reports and maps, field trips were used for checking purposes only.
A hierarchical structure of areal units was adopted for recording 
the data (Figure 6.12). A hierarchical structure and a data set 
similar to the ’Environment of South Australia' was also adopted 
for the INFOL data bank (Figure 6.13). Scott (1980) concluded 
that the data bank allowed comparisons and groupings of attributes 
and mentioned that although the information appears to be fairly 
general the land resources attributes are uniformly classified to 
the same level of generalization. The user-orientated computer 
system such as INFOL had made access possible to the users.

Emery (1980) described two land resource studies in New 
South Wales - Australia - which involved the development and use 
of information systems using a computer for data manipulation and 
display; both studies used grid cells as the basis for description 
and storage of land resource attributes instead of systems involving 
the digitization of spatial boundaries. Emery (1980) concluded that 
grid cell based data bases were a viable proposition and pointed out 
that their replacement by a digitized polygon system will be 
determined largely by cost factors and this applies as well to the 
cost of collecting the raw data.

Berbel and Eyles (1980) described the New Zealand resource 
inventory data base which contain five attributes from the inventory 
(i.e. rock type, soil, slope, erosion and vegetation). The inventory 
is based on different physically homogenous areas of land, climate 
znd other recorded data as a criterion for land evaluation.

McRae and Burnham (1981) have reviewed the studies about the 
computer processing of data for land evaluation and discussed the 
advantages and the disadvantages of the computer-based data systems. 
They pointed out that much more data can be handled, stored compactly, 
transformed and retrieved easily by computers, but they expected such 
systems to be costly and subject to rapid technical changes. However,
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FIGURE 6.12 Hierarchy of areal units adopted for the survey 
(from Scott, 1980)
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FIGURE 6.13 NEWECOSUHVEY 2 and ARID file structure (from Scott, 1980)
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McRae and Burnham emphasized that the future of land evaluation 
lies in the comprehensive information systems which link different 
types of natural data. In their conclusion they noted that 
"although the computer will surely become the usual mechanism for 
applying land evaluation systems in the future, the land evaluator 
must continue to plan the collection of data, design new evaluation 
systems and consider how the output can be best suited to the user 
and his needs.”

Dent and Young (1981) have discussed automated methods in 
land evaluation and noted that the potential gains from applying 
automated methods to land evaluation are, probably greater than from 
their use in handling of soils data alone, and added that up to the 
present this potential has been little explored. They also mentioned 
the differences in automated methods for soil studies as such and 
for land evaluation and gave examples for automated land capability 
classification and land suitability evaluation (Table 6.1 and Figure 
6.1U). The land suitability evaluation needs quite a complex 
calculation to be incorporated in the computer programs because the 
land characteristics are to be processed to give value of land 
qualities. In their discussion about the SIS and the automated land 
evaluation Young and Dent (1981) have pointed out that the use of 
computers could be a waste of time and money especially when 
developing SIS. Their use could only be justifiable in land evaluation 
where several thousands of sites are to be evaluated and the 
evaluation system needs frequent modification. The Canada Land Data 
System (CLDS) which has been operated by the Land Directorate, 
Environment Canada was pointed out by Dent and Young (1981) to be 
one of the most advanced and versatile systems for land data storage 
and retrieval.

Rudeforth (1982) outlined the ways of collecting different 
kinds of soil information, how it is organised, stored, retrieved 
and displayed for various purposes. He also reviewed the various 
national and international soil information systems and pointed out 
that the aim of such systems is to provide easy access to the 
vast amount of soil and related data in forms most appropriate to 
the users.



203

Values of limitations
b

Site Soil Soil Land c0) 8<D
</> ^ 
8 « % 0) O C ! r- % 0) O Ç Itt> Operative

no. management series capability *6«P
£
0)

o S  tr a
o S

Q. v ¿ 0 .- 0 ^
i S l S - 8 5 1

I limitation
unit class 0 1 £

1 Lilongwe Lilongwe 1 0 0 0 3 0 6 2 -
2 Lilongwe Lilongwe 2 1 0 0 3 0 6 2 gradient
5 Lilongwe Mwanjema 4 i 2 0 3 0 6 2 wetness
6 Lilongwe Kandiani 3 0 1 0 2 0 5 2 wetness
8 dambo Mbabzi 9 0 3 0 6 0 6 5 wetness

14 Lilongwe Kandiani 1 0 0 0 3 0 5 2 -
31 Thiwi Jalira 7 1 0 0 2 3 1 5 eff. depth

TA.~RT.lg 6.1 Example of output from a computerized land
capability classification (from Dent and Young, 1981)

FIGURE 6.1U Generalised flow chart for land suitability evaluation 
by computer (from Dent and Young, 1981)
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6.2.2 Rural development and planning
Tomlinson (1968) has described the general ideas behind 

the Canadian Geographic Information System for rural development 
and mentioned that the need for a conçuter-based system whereby 
maps and related data could be stored in a form suitable for rapid 
measurement and comparison. As soon as the magnitude of the problems 
of handling large amounts of data and maps was apparent, the ideas 
of Tomlinson were appreciated. Tomlinson (1968) also pointed out 
that it is impossible to examine such large amounts of data manually 
in any sensible time, much less to provide a meaningful analysis of 
the content and a situation could be reached where the amount of 
data precluded its use. In such situations also the end product of 
countless hours of survey can remain unused with the result that 
administrators do not receive information necessary for a sound 
basis to decision making. The system was described as comprising 
two parts: the data bank and the set procedure and methods for 
moving data into the data bank, and for carrying out the manipulations, 
measurements and the comparisons of the data. These two parts were 
referred to as Data Bank and The Information System respectively.
Such a system is essential to effective rural planning in any 
country and offers for the first time the possibility of rapid and 
efficient geographical analysis which has application in any nation 
where the developing economy is concerned with the natural resources.

Beem (1977) has described a computer soil suitability 
classification for urban development based on different data, i.e. 
soil strata, its composition and characteristics, the relative 
surface portion of the relevant and distinctive soil units, the 
geomorphology and geohydrology besides identifying the following 
features:

The kind of urban land use to be evaluated 
The soil requirements of the urban land use under evaluation 
The measure which must be taken to improve unsuitable soils 
The cost of the measures.

Figure 6.1 5 is tie flow chart which shows the procedures in
the system. The system stands as an excellent example which classifies

2
soils into quantitative and mutually comparable units (guilders/m ) 
using a computer data base (Tables 6.2, 6.3, 6i+, 6 3  and Figure 6.16).



Method of preparing 
the building alte Ho raising Belalng

(filling with 1 b  spouted sand)
Activities/land use 1

Soil unit 
2 3 1* 1

Soil unit
2 3 1*

I Basic activities
(fill up, drainage 10,25  
discharge)

10,00 9,25 - 17,80 6,30 - -

II Specific land uses
- roads, pavings 30,25 21* ,75 - - 2,60 - - -

- buildings - 
3 storeys 68,00 83,00 83,00 83,00 83.00 75,00 86,00 91,00

- gardens, parks 0,30 O.UO 0,50 0,60 1,00 - - -
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TABLE 6.3 Portion of surface per specific land use within a square section 
(from deem, 19 77)

Specific land use portion of surface per square section

Rords, pavings 21
Buildings - 10 storeys

- 3 storeys 15
- 11 storey 18

Gardens and parks 1*1
Sports grounds and playing grounds 5

■HAvaLE b.l* Distribution of specific lend uses over the units of the general land
use plan

Specific land 
use in relation 
to general land 
use

(from Beem,

Pavings 
roads 1Q

1977)
Specific land use 

Buildings
(incl, sewerage system) 

storeys 3 storeys 1 storey
Gardens
parks Sportsgrounds

Industrial area 2p 60 - 15 -
Residential area 1 25 - - 15 -
Residential area II 15 - 35 50 -
Parks, gardens - - 100 -
Sportsgrounds - - - 100

TABLE 6.j> Comparison of the cost to improve soil conditions for two different methods of
preparing; r L u i1ding site and for two different land use pirns (from Beem, 1977)

Method of preparing Ho raising Raising
the building site with spouted sand with 1 m spouted sand
Land use plan A B A B

Cost to improve 2Per m 2Total in Per m Total in 2Per m Total in Per m Total in
soil conditions for: in ilfl. min. Hfl. in llfl. min. Hfl. in Hfl. min. Hfl. in Hfl. min. Hfl,

Industrial area 107 61 107 61 100 62 109 62
Residential area I 67 119 67 119 71 121* 71 121*
Residential area II 1*1 36 - 1*7 1*1 - -
Parks, gardens 11 1 11 10 13 1 18 17
Sportsgrounds 11* 1+ 11* 1* 16 5 16 5

2Weighted mean per m 62 51* 65 58

Total for land use plan 221 191* 233 208

FIGURE 6.16 Land use plans A and B (fron Beam, 1977)

Land use plan A Land use plan B

jTT] Industrial area 

Y//. Residential area I

I I Parks and gardens 

I— I Sportagrounds

t !il Residential area II
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Cook and Johnson (1973) described with some illustrations 
the computer data bank which was developed for regional planning 
in Australia. They pointed out that their system differs from other 
systems which commonly use a matrix of regular grid cells as areal 
units, to which descriptive attributes are attached. The system 
they described allows data to be stored against points, lines and 
regions representing true positions, e.g. cadastral, topographic or 
biophysical boundaries. Lines and region boundaries may be as 
complex as desired. The attribute data is stored in a structure 
designed for the different applications. The broad structure of 
the data bank system is illustrated in Figure 6.17* Separate data 
bases are used for the graphic and descriptive data: the map 
data base controlled by the map system stores the map defining 
boundaries of the functional units; the attribute system stores 
the attribute data describing the propoerties of the functional 
units. The attribute system makes use of FORDATA, a general purpose 
computer data base management package, based on CODASYL (1971) 
recommendations.

Cook (1975) has described and illustrated the application
of the computer data base developed by Cook and Johnson in 1973

2for regional land use planning in an area of 6000 km in Australia. 
The area has been divided into regions on the basis of land tenure 
class, planning zone, development status and reasonable biological 
and physical homogeneity. The regions called functional units have 
been described in terms of both biophysical and socioeconomic 
properties. The region boundaries and functional units descriptions 
have been incorporated in the computer data bank. In his conclusion 
Cook (1975) estimated the total cost of developing the system and 
the cost of the storage and retrieval of the data. He also pointed 
out that increasing the scope of the data bank from local or 
regional to state or national is likely to be limited more by data 
constraints than by computer system capabilities.

The Bureau of Land Data, ADK, Ministry of Agriculture, 
Denmark (1982) has described and illustrated the different parts 
of its data processing system (Figure 6.16) which is based
on a system designed for thematic mapping. The system has been 
further developed at ADK to handle the Danish soil classification 
and a number of other subjects. The need for active planning to 
protect the diminishing tillable land resources and to develop open
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FIGURE ¿.17 Dr te. br.se system structure (from Cook and Johnson, 1973)
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FIGURE 6.18 Outline of the ADK data system (from ADK, 1982)
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land resources which are of growing interest to the public 
necessitate the study of the social, economic and ecological 
aspects so as to provide directives for land use with respect to 
urban development, traffic systems and other infrastructural 
systems, agriculture, forest and strip mining areas, preservation 
interests and areas fbr recreation. The presence of an effective 
and flexible land data system was essential for such a project.
ADK has developed an extensive data base and an electronic data 
processing system, with special emphasis on soil, forest, water 
and raw material parameters. The system has been working for five 
years and now it is widely used in public planning and administration 
(ADK, 1982)

6.2.3 Soil Information Systems (SIS)
6.2.3.1 Systems for handling soil survey data * 1

As the volume of soil survey information is rapdily increasing 
in most countries all over the world, a computer-based central soil 
data bank will provide a rapid access to an organised collection of 
soil data. Several soil data storage and retrieval systems have 
been developed for scientific and general or commerical use. Generally 
three major procedures are undertaken by Soil Information Systems 
(SIS):

(1) Data collection and input
(2) Data storage and retrieval
(3) Data representation.
Recently the computerized Data-base Management Systems 

(DBMS) have been widely used with most of the above mentioned 
procedures to develop a computer-based Soil Information System (SIS).

John et al. (1972) described the representation of soils 
data for the computerized filing system used in British Columbia 
(Canada) and discussed the possibility of a compatible computer 
filing system for regions in national or international systems.
Bie (197U) described the system used in the Netherlands for the 
representation of Geological and Soil Information within an automated 
data handling system and concluded that in spite of the problems 
in data-base management some meaningful answer should be reached 
from an automated data handling system.
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Thompson (197U) has discussed the experience in using 
a generalized file management system (INFOL) for the storage and 
retrieval of soil survey and related data and concluded that even 
with constraints imposed by the non-procedural language INFOL, it 
can be useful in processing soil data. De Heer and Bie (1975) 
have pointed out the requirements for the Dutch V IA  Earth Sciences 
Information System and emphasized in their conclusion that the 
system needed should accept and process natural languages of 
variable lengths and structures and offer powerful input checking 
procedures. Haantjens (1975) has described and discussed the input 
of site characteristics data as part of the system of preparing 
computer data files to study soils in Papua - Guinea. He emphasized 
that the production of files with elementary and interpretative 
soil data is of very limited use unless these data can be related to 
terrain. The items in the terrain data file are location, climate, 
lithology, land form and vegetation.

Jongen (1975) described some large data sets and their 
manipulation using the computer and suggested that pooling of the 
experience together with more effort to solve the interfacing 
problems are needed. Kloosterman (1975) discussed the input of 
data into a soil information system and emphasized that there was 
no ideal data entry and suggested some broad rules for the data 
input. Armstrong and Wetherby (1976) have described their 
experience in recording field observations on specially designed 
forms to allow direct transfer to punch cards, with validation 
programs to check the data and retrieval programs to describe, 
classify profiles and map the distribution of profile types.

Price (1976) described the commercial 'Computerized Soil 
Testing Service' in Queensland and discussed the difficulties 
and the future possibilities. Bie and Schelling (1977) have described 
the WIA system for soils and geological survey in the Netherlands.
The system has five main basic compartments (i.e. input, file 
organization, automated cartography, application programs and 
interfaces (Figure 6.19). McDonald (1980) showed a field description 
sheet to be used in the field and pointed out that the sheet is 
comprehensive and could be used for a wide range of purposes.
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FIGURE 6 Schematic representation of the data gathering and co-ordination
stracture of the Canada Soil Information system (from Dumanski, 1975)

FIGURE 6.21 Objectives and inter-relationships of the CanSIS system 
(from Dunanaki, 197$)
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6.2.3.2 The use of soil information as input into wider soil data
bases as a base for related studies
Teaci (1975) discussed the impact of automated data handling 

on data collection and manipulation with particular reference to 
soil science and mentioned that in order to designate the activity 
of correlating data on soil, soil-forming factors with yield of 
grain or fruit, many scientists in different fields (e.g. climatology, 
hydrology, plant techniques, biology and biochemistry) should be 
involved. An example of such concept is the system used now in 
Romania for the ecological justification of agricultural zoning using 
a prescribed method for collecting, co-ordinating, processing and 
issuing data required to solve technical and economic questions 
specific for each of the country's major agricultural zones or for 
microzones with each zone (Soil Science and Agrochemistry Research 
Institute, Romania, 1975)»

Bie and Schelling (1975) have reviewed Soil Information 
System (SIS) and concluded that the information scientists should be 
involved in developing the soil information system together with the 
soil scientists. They also pointed out that the Soil Information 
System (SIS) should have the capability of interfacing with other 
information systems on natural resources and land use planning. 
Schelling (1975) described the role of the SIS and pointed out that 
its integration with other natural systems would increase the 
possible uses of the system. Bie (1975) discussed the need for an 
integrated SIS and he criticised strongly the conventional method
ologies for the integration where the data was usually generalized 
at earlier stages of processing. For an alternative integrated 
SIS he suggested a highly modular system which can be used for 
different approaches. Using the module approach one could proceed 
from the original field data to the final interpretation map without 
data reduction before the map drawing stage.

Dumanski et al. (1975) described the Canadian Soil Information 
System (Can SIS) and illustrated the different parts of the system 
(Figures 6.20 and 6.21). All soils information contained in the 
Can SIS were structured in a hierarchical fashion on the basis of 
files, records and modules. Four basic input files were established 
for the Can SIS (i.e. soil data file, soil cartographic file, 
administrative/geographic file and performance/management file).
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Dumanski et al. (1975) concluded that although in the design of 
Can SIS an assumption was made that the soil data are essential 
for effective land evaluation, a comprehensive land evaluation 
requires a data base broader than soil science (i.e. meteorological, 
hydrological, geological and land use data). Haantjens and Bleeker 
(1975) have described with much detail the manner in which 
information relevant to soil capability and soil classification 
is derived from the basic descriptive soil profile data and 
recorded in the INFOL data storage system.

Dumanski and Kloosterman (1977) have discussed the basic 
considerations in designing the SIS and its role. Moore (1977) 
discussed the applications compatibility of data, objectives and 
the strategy of SIS with particular reference to the Australian 
experience in this field. Rozhkov et al. (1977) described the 
Russian Soil Information Retrieval System (IRS) which contains 
three categories of data (Figure 6.22):

(1) Primary data (data from field experiments, scientist 
archives, periodicals, reports, surveys, theses etc.)

(2) Reference data i.e. evaluated data with estimated 
reliability

(3) Standard data - evaluated data considered by relevant 
authorities as standard.

Lamp (1977) described the German activities concerning the 
SIS and pointed out that such activities axe concentrated on 
collection and transformation of data into a computer-readable form 
and some statistical evaluations. Ciric and Pale (1977) have 
described briefly the development of the SIS in Yugoslavia; Canade 
and Popescu; Behar; Linkes; Daskalov; Yolevski et al.; de 
Gruister; Klevtsov and Krassimir (all 1977) have described briefly 
the different SIS in Bulgaria, Romania, Czechoslovakia and the 
Netherlands respectively. Legos (1977) described the system of 
the Institute National de La Recherche Agronomique (INRA) in 
France which is a soil data bank composed of four files. The first 
and the second were developed to store, display and process soil 
profile data and the third links data related to the geographical 
pattern of soils. Korbini and KLecha (1977) described the 
Czechoslovakian information system which was based on soil data
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FIGURE

III LEVEL

6.22 Organisation levels of IRS according to the type 
of data (from Rozhkov et al.t 1977)



217

and integrated with other management and natural data. Pachepsky
(1977) described the Russian data bank intended to serve land 
reclamation projects and to check changes in the condition of 
irrigated territories.

Garboucher (1977) described the crop monitoring extension 
service in Bulgaria which was based on soil information and works 
on three levels of processes (models):

First level: determination of the 'ideal1 soil parameters
Second level: optimization of all factors determining the 

yield during a growing season
Third level: crop monitoring of the agricultural ecosystems 

in the course of a growing season.

The practical experience of some of the models in
Bulgaria has shown the necessity for the following prerequisites 
for the successful implementation in practice (Garboucher, 1977)'

(1) A well organised system for timely accurate and 
appropriate input information.

(2) Models, alogrithms and programs for the significance 
of different factors for the formation of yield in agricultural 
ecosystems.

(3) Well organised and properly co-ordinated research 
activities in agriculture.

Sadovski (1977) also discussed the position of the Bulgarian
N. Pouskarov Institute of Soil Science Information system in relation 
to mathematical, software and soil data and mentioned that the data 
base comprised two data banks having a multipurpose function (soil 
data bank and data bank for institutional management). He listed 
the following parameters in the soil data bank only:

(1) Results from soil studies
(2) Results from agro-chemical studies
(3) Meteorological observations
(U) Results from scientific experiments
(5) Land use
(6) Planning data.

Garboucher and Sadovski (1978) reviewed the development and 
the use of soil information system in Europe, and concluded that 
the Soil Information Systems (SIS) are a logical extension in 
development of soil science, resulting from the necessity of
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practical applications of soil survey and soil research. The 
systems are also used for data manipulation for soil classification, 
land use evaluation for urban and infra-structural purposes and 
for monitoring of agricultural ecosystems. Dumanski (1978) 
pointed out that the data management service is the primary role 
of SIS which differs in concept from the soil data processing (i.e. 
soil characterization and variability) in that it is broader and 
generally project independent. It also involves all activities 
and procedures of systematic soil data collection and storage, 
manipulation and analysis using standard EDP procedures. Dumanski
(1978) also mentioned that structuring of the data according to the 
DBMS for developing SIS imposes certain requirements on data 
collection and storage.

McCormack, Moore and Dumanski (1978) reviewed the SIS in 
Canada, the United States and Australia and concluded that in all 
three countries the soil survey staff have been conservative in the 
proportion of overall effort they have devoted to computerized SIS, 
as they continued to concentrate on their effort on basic data 
collection activity and emphasized that more thorough work is needed 
to outline essential function of such systems. They also noted 
that they do not advocate a mad dash to automation at all costs, 
but a solid, scientifically based effort in this direction with 
full opportunity for learning through shared experience, is clearly 
desirable.

Davidson (1980) considered the rise of the Soil Information 
System (SIS) in the 1970s as an important development in soil science 
and pointed out that credit must be given to the International 
Society of Soil Science which established a Working Group of Soil 
Information Systems which started its activity in 1975» The vital 
data input to soil information systems are soil profile descriptions, 
supplemented with careful standardization of field and laboratory 
techniques. The Soil Information Systems can be of great assistance 
in making the soil data readily available for different purposes 
(e.g. soil classification, land use planning etc.). Davidson (1980) 
discussed the use of soil data in SIS and pointed out that the 
computer-generated interpretative soil maps based on such a system 
are most useful for land use planning. He also emphasized that the 
great advantage of such an information system is its flexibility -



once the data bank obtained, maps or tables for any specified 
purpose can be produced assuming that the relevant information 
is on file. Davidson (1980) noted that this ease of access to soil 
or biophysical data should very much encourage planners to make 
increased use of this facility.

6.2.3.3 Soil data bases for research studies on soils
Rudeforth (1975) outlined a system for describing classes 

from soil and site data and assessed mean values and variability 
of properties within classes and suggested a new approach for the 
recogpiition of potential crop land. Soil and land use data was 
collected on grid bases, punched into a fixed format and processed 
using COBOL and later on FORTRAN. One of the important features 
of this system is the method for soil or land classing (Figure 
6.23). Some statistical analyses were done on the data and dot 
distribution maps were produced to show soil and land capability 
classes. Stackhouse (1976) discussed the storage and the retrieval 
of soil profile classification and morphology data and suggested 
that the structure of such files should include all relevant 
information with much flexibility so that the user could choose the 
data required for his purposes. Sleeman (1976) described briefly 
a storage and retrieval system for micro-morphological descriptions 
and discussed its uses as to show the occurrence of specific fabric 
features within the various Great Soil Groups of Australia.

Colwell (1975) described the National Soil Fertility Data 
Bank (NSF) in Australia which was developed for studying the 
relationships between soil fertility, fertilizer requirements, 
soil composition, soil type and climate. Vevers (1977) described 
the Russian soil chemical testing data bank which was developed 
to help in studying soil fertility in all agricultural lands with 
the purpose of providing objective data about land condition for 
agricultural production. Smeck, Norton and Bisham (1980) described 
computerised processing and storing of soil descriptions and 
characterization data and concluded that utilising the computer as 
a data handling device for aoil morphological, physical, chemical 
and mineralogical data is a very effective and time-efficient means 
of processing and storing large quantities of soil characterization
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D

F

6'2'j- Generalized, flow chart for soil or land classing 
by computer (from Rudeforth, 1975)

FIGURE



221

6.2.3.1+ International Soil Information Systems
Riquier (1975) pointed out and discussed the present role 

of the achievement and the future role of the FAO in developing an 
international Soil Information System based on the regional or 
national systems. He mentioned that the FAO had been waiting for 
the countries who had started such systems to prove its practicability 
and to gain experience because the FAO system should be compatible 
to those national systems. Riquier (1975) suggested that it is now 
the right moment for the FAO to co-ordinate such activities by 
obtaining an agreement on data to be registered, codification and bank 
structure and to elaborate a common retrieval system. The FAO has 
already established the following files:

(1) Soil Data File
(2) Geographic Data File and Automated Cartography
(3) Land Use File.

The following are the objectives of the FAO then (Riquier,
1975):

(1) To promote local or regional banks on soil, land use, 
geographical data.

(2) To publish a list of items, a standard codification, 
a storage and retrieval system able to adapt itself to different 
situations and constituting a common basis to local banks. Exchange 
between banks will be reduced to magnetic tape exchanges.

(3) To co-ordinate the soil information system with other 
banks, such as climatic and plant physiology, by cross reference, 
in collaboration with UHEP.

(1+) To create an international soil bank gathering the 
data of local or regional banks. It appears that the international 
bank should not only be a bank of references to local or regional 
banks, but should additionally record all the data.

(5) To develop the application programmes, which must 
justify the bank’s existence.

Riquier (1975) also discussed a number of difficulties 
which will face the FAO programme for creating an International Soil 
Information System. As most of the difficulties seemed to get more 
complicated with time, it is necessary that an action should be 
taken quickly to put the FAO programme in action.
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Riquier and Chidley (1977) presented to ISSS working groups 
a working paper entitled 'Guidelines for Coding Soil Data' which 
also has the subtitle 'Proposals for an International Data Bank'.
They discussed the needs of the FAO regarding a soil data bank 
and the need for an international data bank. With the increase 
in the use of computers in creating national soil data banks, 
the FAO might be asked to provide advice to developing countries 
in these matters. If the FAO is going to develop consistent 
standards when providing such advice, the same standard can form 
the basis for the development of an internationally compatible 
set of data on soils. Riquier and Chidley (1977) emphasised that 
the reasons for having an international soil data bank should be 
very convincing and concluded that the 'Guidelines for Coding Soil 
Data' is an effort of the FAO to standardise input data in national 
banks and to create a common format to exchange data between countries. 
The FAO activities in this field can only be convincing if the systems 
suggested are effective and some help is given to the developing 
countries to implement such systems.

Bayane and Legross (1977) discussed the ideas behind the 
soil data processing international network project (SDDIU).
Exchange of data between some French data banks, a need for the 
foreign experience (especially in Canada) and the need to involve 
the French-speaking African countries are the main reasons which 
make the French scientists think about an international soil data 
bank. The francophon international agency (ACCT) started at 
this stage and set up a working programme of four points discussed 
by Bayane and Legros (1977) who concluded that the SDPIN project 
is technically and scientifically ambitious and needs a good 
collaboration between all specialists and associations concerned.

Townshend (1981) discussed the crucial needs for a terrain 
resources information system and emphasised that the provision of 
an adequate diet for the world's population at present and for 
thousands of million of additional people who will occupy this 
planet in the next few decades are the most important reasons for 
acquiring information about terrain resources. He also illustrated 
the various needs which make demands on land (Figure 6.21+) and 
concluded that no final pattern of utilization is likely to be 
achieved in any area due to unstable balance between man's needs
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and land uses and for this reason, no complete, final collection 
of land resources data can ever take place. Furthermore, 
increases in our comprehension of behaviour of the biophysical 
environment will themselves lead to requirements of new data.

6.2.1+ Automated cartography in relation to Land Resources
Information Systems

6.2.1+.1 The concept of automated manning and its development
Rudeforth and Webster (1973) described the system they 

developed for indexing and display of soil survey data by means 
of feature-cards and Boolean maps, and they illustrated its parts 
and some of the maps produced. The system was applied to grid 
surveys in which sites at intersections of the National Grid are 
examined. The feature card grid is oriented so that it represents 
to scale the National Grid. Each feature card thus constitutes 
a map. By carrying out logical operations using cards in 
combination, 'Boolean' maps are swiftly derived.

Rudeforth (1975) developed map symbols and an outline for 
drawing on a digital plotter which improved the dot distribution 
maps produced by Rudeforth and Webster (1973)« Single properties 
scaled or simply recorded as 'present' or 'absent' were given 
symbols of appropriate density which are then located on the paper 
by grid reference of the site, to produce a map (Figures 6.29 and 
6.26).

Bie and Schelling (1975) have discussed automated cartography 
and pointed out that the computer-assisted cartography (CAC) began 
just over ten years ago using two methods:

(1) Translation of lines into a digital co-ordinates and 
reproduction of this file on a plotter to achieve acceptable results.

(2) The grid cell method by which maps are created from 
point data without boundaries being defined (i.e. SYMAP, Cambridge, 
Mass., USA).

Little progress had been made with automated soil mapping 
then, and until recently very few soil survey organisations had 
actually ventured into automated cartography.

Bie and Schelling (1975) have also discussed the slow 
progress in automated cartography and they suggested that the 
following systems are of particular interest for soil cartography:-
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FIGURE o»2k Examples of needs for land resources information 
(from Townshend, 1981)
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FIGURE 6.26 Actual and potential barley land in Pembrokeshire, 
without removing sites with extreme properties 
(from Rudeforth, 1975)
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(1) For quick low-cost maps:
A line printer mapping system implemented on a large 

computer (e.g. SYMAP). This system is expected to be replaced by 
an electrostatic plotter giving higher quality output.

(2) For high-quality maps:
An automated cartography system for higher quality maps 

with a micro-computer controlling a digitizer, an interactive CRT 
unit, a check plotter (e.g. drum plotter) and a high quality flat
bed plotter. A small disc and a small magnetic tape unit are 
necessary. The software must be capable of interactive editing 
and polygon manipulation. Drawing maps and acting as a data base 
for geographical queries must be the major task of the cartographic 
file in the land resources information system. On its own, 
automated cartography may be difficult to justify economically.

Johnson (1975) described and discussed the development of 
the automated cartography in the US in relation to the soil survey 
and pointed out that the automatic cartographic systems in conjunction 
with automated systems for soil survey interpretation can cut the 
cost of preparing of interpretive resource maps and make them 
available to a great variety of users. He also described the 
Advance Mapping System (AMS) of Soil Conservation of USDA.

Van Zuijlen (1975) has illustrated in detail the different 
instruments used and the steps to be followed to produce automated 
maps (Figures 6.27 to 6.32). He also discussed the reliability of 
the different automatic cartographic systems, their cost and the 
expected future development in this field. Cook (1975) discussed 
the two forms of displaying the data in land resource information 
system (i.e. the grid cell maps and the conventional maps) and 
pointed out that much of the utility of a map would be lost if it 
could not be related to a suitable base, yet it is not uncommon 
to see maps put out by computer for which no corresponding base map 
exists. Square cells related to a standard reference grid such as 
the British or Australian National Grids are to be preferred. These 
are based on the Transverse Mercator Projection.

Cook (1976) also emphasised that land resource data 
retrieved from an information system should be displayed in this 
projection with grid and scale corresponding to an existing base map.
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FIGURE 6,27 Cartographic digitizers (from Van Zuijlen, ^7%)
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Cormack (1976) has discussed the concepts for delineation 
and processing of area and point data, and he mentioned that the 
map information is only meaningful if some attempt is made to 
justify the correctness of data at the mapped scale. Lynch (1980) 
discussed the representation of spatial data by grid cell or 
polygon and when selecting a particular method he suggested that 
the following points should be considered:

(1) The availability of a digitiser and supporting 
software to describe the irregularity shaped boundaries.

(2) The volume of data and the degree of complexity of 
storage routines.

(3) The flexibility of the system with regard to compatability 
with other systems.

(U) The updating of and editing of the data base.
(]?) The output requirement of the system.
(6) Financial restrictions.

As for the use of the grid cell system the advantages are:
(1) Digitizers are not required for inputting the data 

into a computer.
(2) The structure of the data base can be very simple, 

with the cells stored sequentially.
(3) The updating and editing of the data base is fairly 

simple. Inserting another attribute into a data base is not a 
complex procedure.

(1+) Output, as already stated, may be on readily available 
line printers.

The main problems are:
(1) The choice of some co-ordinate systems and in particular 

longitude and latitude is not appropriate with grid cells due to
the curvature of the earth.

(2) It was very hard to locate grid cells on the ground 
when checking grid cell maps.

(3) Common cell size might be considered too large for some
users.

(U) The unnatural appearance of the grid cell map is 
considered as a disadvantage, in particular to boundaries.

As for the polygon system the advantages are:
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(1) The map component boundary is accurately represented 
in the data base (this may not be an important consideration with 
the already subjectively drawn boundaries).

(2) The ability to change from one co-ordinate base to 
another is quite easy (e.g. algorithms can be developed to change 
the longitude and latitude to other grid systems (Lynch, 1980)).

The advantages of the grid cell technique can be stated as 
disadvantages for the polygon system. Lynch (1980) carried out 
a comparison between the two systems based on two studies (i.e. 
Eurobodalla Survey-polygon, Cook, 1975 and Bathurst Orange Survey - 
grid cell, Lynch and Emery, 1977)* shown on Table 6.6. He pointed 
out that with the disadvantages of both methods of data handling, 
there seemed to be a need for a system to take advantage of the 
better features of both and that can be achieved by using programmes 
for converting from polygon to grid cell and vice versa. He also 
described Cram (1975)» which was developed in Australia, and also 
the system developed by Bie and Schelling in the Netherlands. Both 
systems can convert component boundaries and contours into cell 
data, so that overlaying of individual attributes is easily achieved 
for land capability assessment. It can be concluded from Lynch's 
(1980) discussion that the use of the polygon system was the best 
approach to data handling in the future.

6.2.1j.«2 The application of automated mapping systems
Lynch and Emery (1977) showed some of the automated maps 

produced by the computer for the Bathurst Orange Growth area 
(New South Wales - Australia) using a new computer technique. The 
automated maps were produced for an area of 21+0,000 hectares which 
was gridded into cells of 16 hectares. Aerial photo-interpretation 
was used to describe land units within cells based on four attributes 
of slope, terrain component, existing land use and existing erosion. 
Proportions (tenths) were assigned to the land units being described. 
This method has two main advantages:

(1) It gives a measure of variability for the land within 
the cell.

(2) Small critical areas such as land slips and severe 
and gully erosion are described. In other systems where points 
or predominant samples are assessed, these areas can be missed.
Update programmes had also been written for modification of cellular
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TABLE 6.6 A comparison of polygon and grid cell surveys

Area of study
Number of regions

Average size of 
region

Average number of 
undelineated 
units/region

Average size of 
undelineated unit

Eurobodalla 
survey - polygon

(Cook, 1975)

600,000 ha
3,856 functional 

units

156 ha

5.7 facets

27.U ha1

Bathurst-Orange 
survey - grid cell
(Lynch and Emery, 

1976)________

21+0,000 ha 
15,000 grid cells

16 ha

3.7 land units 

1+.3 ha

$ 50
Approximate computer 

costs of a complex 
retrieval, producing 
a labelled map

t  1+50

1 For the Eurobodalla survey the 'average size of undelineated 
units' is based on the assumption that each facet described occurred 
once in the region. This was not the case, and consequently the
true value is less than 27.1+ ha.

(Prom Lynch, I98O)



233

data or for incorporation of further attributes into the 
information system.

Lynch and Emery (1977) pointed out that locational 
information can be displayed in the form of maps. Evaluation 
(e.g. agricultural and urban capabilities) as well as resources 
(e.g. present land use, flood plains and erosion) maps can be 
produced by the computer (Figure 6.33). The initial output from 
the system is in the form of line printer maps which are distorted 
in scale and they were used for checking and enquiries where a 
cartographic map was not required (up to five maps were produced 
on one computer run).

Hotson (1978) described the CAMAP 6 computer program which 
produces grid-cell maps by a special line-printer and showed some 
maps based on the National Grid. The line-printer prints carto
graphic symbols on a one-tenth inch square grid and this is related 
to one km. sq. grid of the National Grid. CCAHC (1979) constructed 
a number of maps for Great Britain showing crop distribution by 
using CAMAP 6 system (Figure 6.3U) and for publication purposes the 
printing symbol chosen represents 5 x 5  km. sq. of the National 
Grid. The crop data was taken from parishes data.

Webster, Kirby and Hotson (1979) discussed the basic 
philosophy of CAMAP system for displaying geographic data, and 
explained the different parts of the system and its products.
They pointed out that CAMAP was devised to handle a variety of 
data, but especially those from the agriculture census based on 
annual returns and referenced to parishes. A separate version,
GRID CAMAP was written for point data from grid sampling. GRID 
CAMAP accept data on cards or in card image format, consisting of 
a pair of grid co-ordinates and a value to be mapped for each point 
on the grid. The data are followed by a simple set of CAMAP 
instructions in the form of a parameter telling the computer the 
necessary information about the map to be produced. The Grid CAMAP 
system was used to produce computer maps for grid sampling of the 
Ivybridge area, Devon (Webster, Harrod, Staines and Hogan, 1979).

Bie (1980) described the different methods of producing 
soil maps and discussed the development in producing computer-sided 
maps, which had been associated with digitizing, editing, polygon 
handling and plotting. He also illustrated most of the equipment 
used in automated soil mapping. The hardware required for automated 
soil maps is:
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FIGURE 6.33 The map, drawn by the plotter shows the slope classes 
in percent slope, the areas of each with percentages 
of the total (from Lynch and Emery, 1977)



FIGURE 6. 'ih Hectares of potatoes - maincrop for every thousand 
hectares of tillage (from CCAHC, 1979)



236

One or two digitizing tables 
A cathode ray tube 
A plotter
A magnetic tape unit 
Exchangable disc drive 
A microcomputer.

Bie (1980) also showed a number of computer-constructed maps 
(Figures 6.3$ to 6.38) and concluded that the present day soil map 
conveys too limited a proportion of the total information collected 
by the soil surveyors in its preparation. The current development 
trends indicate that both the scientific content and user acceptability 
of soil maps may be significantly enhanced by computer-aided methods 
for soil cartography.

Hatout and Hiebert (1980) mentioned that the Harvard Graduate 
School of Design described the SYMAP computer programme as a 
suitable technique for constructing land capability maps based on 
quantitative data. SYMAP is a programme that produces a thematic 
map by interpolating randomly sampled data into serial regions.
Hatout and Hiebert (1980) showed two capability maps produced by 
SYMAP (Figures 6.39 and 6.1+0).

Rudeforth (1982) in his discussions about an automatic map 
as part of the data handling considered three methods; line maps, 
sample distribution maps and block diagrams; and he illustrated 
some of the products of such methods. The distribution maps are 
widely used for displaying different environmental data. Maps 
showing direct site values; smooth site values and site values 
supplemented by free survey are the three kinds of distribution 
maps produced from spot sampling which is most used in soil surveying 
(Rudeforth, 1982). Rudeforth (1982) also showed that automatic maps 
can be used to display different types of data (e.g. Interpretive 
maps based on existing soil maps).
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FIGURE 6 .3 5  Iso lin e  map of topographical v a ria tio n  produced on 
a lin e  p rin te r (from B ie , 19 8 0 )

FIGURE 6 ,3 6  Iso lin e  map of ground wa/ter using b a rrie rs  to  
a l te r  in terp o latio n  (from B ie , 19 8 0 )
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iBaaaaaaaPBMi oooooooonooeoooooQ.|««»«o«o<*««-n>ooQwaw«o 
aaaaapapnupaaaa oooooooo-iooooooooocio o o o o o i’ooooooooooooooo

000 000

«00

aananaapnapaa*
I 
I 
I 
I 
?
I I
I MHHHHMHI« 
I Mnaaaaaaa

0<40<»X>900000i yy.1.y>T00000000000000000 8« 
0000004 *000009000000« TOOOOOOQOOOOOOOOO 
00004 M XXXI90008 00000000010000 
00804988899889 BIWIH 8000000800
oo ooooooo oooo  aanaaaa oooooo 
0000000990000 aaaaaaa oooo 

naaaaaaaaa oo oooroon ooo oo  2aaaaaa 
anRMaaaaaa oooooooooooo ooo  aaaa 
a n a p n a p ia a  oo ooo txxroo o40000e 
a a a a a "ft*a a  oqooooooooooooq 
aappnaim H a 0000000000000 
HPH ' MPIMiaa oo oo oooooo
RltfllllMMHHI
a a a ia a a a a  o oooooo o 
«aapaanaa 00000000 
aaaaaaaaa 00900000 

a.Q 800000
__ 2_________3____♦----4----*----5---------a— — ♦

aaaa WrySurttMt

Suuth
«080
QQflQ
OOOO OOOO oooo ♦ ♦♦♦ ♦ ♦♦♦ 
4444

I
I
I
I
«
I
I1
I1
I
I1
I
4

II
I12 
I 
I 1 
I ♦
I
Il1
3-
I
I
I
I♦
I
I
I1
4
I
I
I1
41
I

I
i11
I
I
4
I
I
I
I6
I
I1
I
4
I
I1

Modmitly Suait* *

StyriySMUMi

Marginal

FIGURE 6 .hO Land suitability for wheat production in West
Kilimanjaro after long-term rain (from Hatout and 
Hiebert, 1980)



21+1

CHAPTER 7

THE LAUD RESOURCES INFORMATION SYSTEM (LARES') 
DEVELOPED FOR THIS STUDY

7.1 Introduction
As this study covers a large area in South-east England, 

taking in a wide range of physical factors, it was expected that 
the amount of data would be enormous. In addition to the problems 
of size there were other data management difficulties, which arose 
due to the integration of such a wide range of data in the system 
(e.g. the time-based climatic data has to be integrated with other 
physical data and management data). The complicated nature of the 
data and its handling generated the need for sophisticated computer 
techniques of data management.

The requirements for the data management capabilities were 
considered according to the nature of the data and the objectives.
It was also considered that the structure of the data should keep, 
if possible, the natural interrelationships between the different 
subjects being studied. As the two major functions of the DBMS 
(Data Base Management System) are data storage and retrieval, the 
DBMS must provide a variety of means for updating, modifying, 
deleting and controlling the contents of the data file. The data 
retrieval capabilities should enable the performance of both simple 
and highly complex retrievals and interfacing with other computer 
programs to perform statistical analysis on the data. When selecting 
the DBMS for this study it was considered that its language should 
be simple so that it can be reasonably understood by the soil 
scientists.

7.2 SIR/PBMS for LARES system
SIR/DBMS (Scientific Information Retrieval/Data Base 

Management System) is an integrated data base management system 
that has been designed specifically for the scientific researcher 
who utilizes statistical and survey data. SIR/DBMS is capable of 
handling hierarchical and network data structures and of interfacing 
directly with statistical packages of SPSS, SAS and BMDP. All SIR/ 
DBMS facilities are intended for use in batch or interactive mode.
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The data retrieval facilities include statistical procedures and a 
report writer (Robinson et al., 1979 and Self, 1982). The SIR/
DIMS was chosen for this study with the help of the computer 
scientist at Wye College (London University) to provide the required 
capabilities for handling the land resources data (LARES) in this 
study. SIR/DBMS took advantage of the hierarchical relationships 
between data items (Figure 7*1) and structured the data accordingly. 
Robinson et al. (1979) presented SIR/DBMS (version 1.1) users* 
manual in which it was described in detail the capabilities and the 
different procedures when using the package. They defined the 
hierarchy as "a structured collection of data in which one record 
is said to own many other records in a top-down or treelike 
structure" and they pointed out that hierarchies occur naturally 
in many disciplines. In this study the hierarchy is established 
through the data and the usage of the data. In order to make a 
site belong to a climatic area, it is only necessary to indicate 
that the climatic area identifier is to be used as one of the 
identifying keys of the site records. Then to point out to a 
particular site it is necessary to specify not only the site 
identifier but the climatic area identifier as well. During data 
retrieval SIR/DEMS also take advantage of the hierarchical relation
ships built into the data and makes the retrieval function much 
more efficient in its usage of computer time. For example by 
specifying a particular climatic area the search can be limited to 
the records belonging to the given climatic area. The term LARES 
(Land Resources System) is used to refer to the entire body of 
information in this study assembled and stored by SIR. LARES 
actually consists of several partitions or files in which the schema 
definition, the actual data and the auxiliary information required 
by SIR were stored.

7.2.1 The structure of LARES
7.2.1.1 The cases

As SIR is a case oriented DBMS in which the case is a 
collection of data records of one or more types, LARES data was 
structured accordingly. The nine climatic areas in the region 
were considered to be the cases for LARES. Each case in LARES is 
identified by a case identifier value (i.e. 1 to 9) also called a



case-id. Each record in the data base contains the case id (i.e. 
its climatic area number) as part of its unique record identifier. 
Records having identical case id values belong to the same case. 
During the data input, the case id was included in every record 
read into the data base.

7.2.1.2  The records
A record in SIR as well as in LARES is a logical grouping 

of several individual data items (e.g. a short-term or a long
term climatic data items in one month, land use data for one 
parish, soil series data etc. are all individual records). The 
considerations determining the different records are related 
to the study and were made before processing the data. The 
several types of records are identified by a number called a 
record type number and optionally by a record type name. Each 
record in LARES is identified by a record key. This key is composed 
of the case id, the record type number and one or more additional 
identifiers called sort id values. For example a record in record 
type 8 has got the following key 8,1,6005,1975,6.

The sort id values are also the means by which hierarchical 
relationships are established among the record types.

Robinson et al. (1979) mentioned that SIR/DBMS language has 
deliberately patterned after SPSS language because SPSS is one of 
the most widely distributed and best known statistical packages in 
existence and therefore SPSS is well known. It is also easy to 
learn and retain because the syntax is consistent throughout. SIR 
is a free-field language as opposed to SPSS which is a fixed field.

7.2.2 Schema definition and modification
A schema definition task contains commands which describe the

data base and the types of records (Appendix I and III). All the 
record types (i.e. SHORTMET, LONGMET, PARISH, SITE, FMSUEVEY, SOIL 
FIELD, FARMET, FASEASON) were described in the schema definition.

6005
1975
6

8
1-

Record Type 8 (FARMET)
Case 1 (Climatic Area Number 1) 
1st sort id (Farm Number 6005) 
2nd sort id (Year 1975)
3rd sort id (Month June)



The commands of the schema are divided into case definition command 
and record definition commands. The cases definition commands are 
as the following:

CASE ID 
EECTYPE COL 
SEQUENCE COL 
N OP CASES 
EECS PER CASE 
MAX EEC TYPES 
MAX EEC COUNT 
COMMON LIST 
DOCUMENT

(Appendix III)

The records definition commands for each record type differ 
from record to the other, depending on the characteristics of each 
record type, but generally the record type have the following 
commands:

RECORD SCHEMA 
SORT RECORDS 
MAX EEC COUNT 
DOCUMENT 
INPUT FORMAT 
VARIABLE LABELS 
VAR RANGES 
VALUE LABELS

(Appendix II)

7.2.3 Data input, update and retrieval
For the input and the updating of the data SIE/EBMS provides 

the following commands
- add new records to the data base
- replace old records
- add and replace records
- update only certain variables in the record.

Data can also be modified or deleted in a given record.
The retrieval task allows extraction of data from one, some 

or all of the records belonging to each case. Two types of retrieval
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are available: • Retrieval-by-case1 in which it is possible to 
extract a single set of data called 'summary record’ for each 
case accessed in the retrieval and 'retrieval-by-record’ in which 
it is possible to extract a variable number of ’summary records’ 
from each case accessed.

A Retrieval Task is composed of several ’blocks' of 
retrieval commands. The blocks structure is equally well-suited 
for simple retrieval operations or highly complex searches (Appendices 
IV, V and VI). Among more important features of the SIR/DBMS 
retrieval facilities are:

- an SPSS command syntax
- a complete set of arithmetic and logical operations
- many built-in functions for searching for data across a 

record or across a case
- built in functions for performing mathematical and 

string manipulating operation.

Within a Retrieval Task the user can use the data in the 
'summary record' to:

- perform simple statistical procedures
- create an SPSS or BMDP save file
- create a new SIR data base
- produce a complex, hierarchical report.

Also SIR provides a full complement of utility programs 
for manipulating one or more data bases. Among the utility 
capabilities available are the following:

- store an entire data base on a magnetic tape or a 
local disc file

- purge a SIR data base
- create a line image copy of a SIR data base
- produce a listing of the contents of a data base
- create a new SIR data base which is a subset of an 

existing data base
- merge an entire record type from one SIR data base 

into another data base.

Figure 7*2 shows the sequence of general procedures followed 
to develop LARES system. The land resources data for this study 
was selected according to the requirements of the study and the
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availability of the data. As the schema definition is the most 
crucial part of the system, the computer program for developing 
it was prepared under direct supervision of the computer programmers.
A good definition of the schema for the whole data from the start 
would reduce the computing time by providing an efficient data 
base. It was realised that much of the time was lost in redefinition 
of the schema or schema modification, to correct the errors which 
appeared during data input. If more time was given initially for 
schema definition, it could have saved much time and effort which 
was lost later on. As the SIR/DBMS was used for the first time 
in Wye College the experience of using it has to be gained at the 
expense of losing also some time for correcting programming 
mistakes, consulting the manual or contacting the ULCC (University 
of London Computer Centre) to solve some very difficult problems. 
Because the number of computing units allotted for Wye College 
at ULCC were limited and LAKES system had been consuming relatively 
large amounts of units at the first stages, it was stopped anumber 
of times due to a shortage of units.

A basic knowledge of computing was found to be essential 
when using the data base, however, close supervision by the programmer 
was also a basic requirement when constructing the data base. The 
retrieval of the data seems to be a simple procedure and consumes 
far less computing time and units than the schema definition
and input of the data, yet it required the help of the programmers. 
Much care should be taken if two or more tapes are to be used to 
swap the contents of the data base during schema definition and 
inputting of the data. A tape label of a wrong order will lead to 
a very costly set of consequences - and the whole data base might 
be wiped off if such mistakes are not corrected immediately. A 
clear diagram showing the sequence of placing the labels and a list 
indicating the last labels used is indispensable to avoid such costly 
mistakes. The statistical analysis as usual needs to be done with 
the consultation of a statistician, but the amount of the analysis 
and effort depends to a large extent on the judgement of the soil 
scientist. Appendix III is a report prepared by S I R / U B M S  showing 
the contents of its whole data base. The records in Eec Type 8 
and 9 were created from the other record types. The rest of the 
records in Record Types 1, 2, 3» U» 5» 6 and 7 were created by
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Figure 7*3 shows the detailed flow of the information in 
LAHES system which was structured by SIR/DBMS for improving the 
agricultural land evaluation. Seven types of standard data on 
climate, site, soils, crop yield, farm management and land use were 
input into the system to create seven record types. Two other record 
types were created by the system from the standard data (Rec Types 
8 and 9)• This data was retrieved and saved in file for statistical 
analysis by other programs (i.e. SPSS and GENSTAT) or used directly 
for interpretation. Automated cartography was also investigated 
as an independent program to produce land use and interpretive 
maps using the data retrieved from LARES. The initial part of the 
automated cartography (e.g. map digitization) is the most difficult 
and needs a considerable amount of time. Once the whole program 
is set up the production of different maps will take a very short 
time.

inputting the data which was punched on 1 to 3 cards for every
record.
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PART P

RESULTS, DISCUSSION. AND CONCLUSIONS
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CHAPTER 8

COUNTIES

8.1 Results and discussion.
8.1.1 Loss in agricultural land

Figure 8.1 is a graphical representation of the percentages 
of the agricultural land in the four counties for the period 13 5k /

55 to 1980/81. The four graphs reflect a very slow decline, with 
a slight amount of variation from year to year. In East and West 
Sussex there was a considerable difference between the beginning 
and the end of the period. Beside the bottom position of the Surrey 
graph due to the lower percentages of agricultural land in the county, 
another noticeable feature is the abnormal rise in the graph during 
the period 1961; to 68 in Kent and Surrey. This reflects the transfer 
in 1966 of some highly urbanised land to the control of the Greater 
London Council. The land remaining in Kent and Surrey became 
proportionately more rural.

TABLE 8.1 Loss in agricultural land in the area (1955-81)

County
Average percentage 

of agricultural 
land

Total loss in percentage 
of agricultural 

land

Kent 67.62 6.9
Surrey U0.18 8.6
East Sussex 63.10 5.1
West Sussex 63.OO 7.2

Table 8.1 shows that Surrey has the lowest percentage of 
agricultural land and is also losing most. East Sussex is losing 
least. The comparatively high loss of agricultural land in West 
Sussex might be due to the warm attractive weather for settlement 
in the area around and to the west of Worthing.

Gains of agricultural lands by clearance of woodland and 
reclamation of marshland are almost negligible compared with the 
losses because of the increasing difficulties of reclaiming land.
Also the percentage of loss from the agricultural land in West Sussex
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in the period 1955 to 1981 is more than one and a half the percentage 
of the rough grazing land from which reclamation usually takes 
place. Also in East Sussex the total percentage of loss which is 
£.10$ (Table 8.1) is more than the percentage of the rough 
grazing lands in 1981 which is li.2$ (Chapter U> Table U.1). Afforest
ation takes place in the north and the west of the whole country 
(Best, 1959)* whereas in the south-east more woodland has been 
cleared than agricultural land afforested, indicating that urbanization 
remains the major source of loss of agricultural land in the study 
area.

Figure 8.2 shows histograms of the percentages of the major 
components of agricultural lands in the four counties. The highest 
percentages of arable lands in 1981 are in Kent and West Sussex and 
the lowest are in East Sussex and Surrey respectively. An increasing 
trend in the percentages of the arable land was revealed from the 
data in all counties except Surrey which has a decreasing trend. The 
trends in the percentages of the temporary grasslands and rough 
grazing lands are almost similar in all counties without much change 
in all of them. As for the permanent grassland the percentages have 
an increasing trend in Surrey and East Sussex, a decreasing trend in 
Kent and a fluctuating trend in West Sussex.

8.1.2 Land quality and crop production
Table 8.2 shows the distribution of three general grades of 

land for nine main soil types in the region. Soils having water 
logging problems are the most dominant soils in the whole region 
with the highest percentage in West Sussex. Soils of limited 
fertility are dominant in Surrey which might explain the decreasing 
trend of arable lands in this county because the response of such 
soils to high capital inputs is not encouraging. About 61$ of the 
best soils in the area are in Kent with 11$ and 28$ in West Sussex 
and Surrey respectively.

Table 8.3 indicates that Kent has land with a high yield 
index and low losses, but the density of population and the rate of 
increase is high. West Sussex seems to be under pressure due to the 
considerable losses of agricultural land and the highest rate of 
increase in population in conjunction with land of comparatively 
low yield index. The density of population in Surrey is almost 
three times the general average with the lowest yield index for the
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TABLE 8 . 3  P e r c e n ta g e  o f  la n d  c l a s s e s ,  p r o d u c t i v i t y  in d e x  i n  th e

a r e a  w ith  some g e n e r a l  s t a t i s t i c s  on p o p u la t io n  t r e n d s

County Kent East
Sussex

West
Sussex Surrey Total for 

whole region

Area km^ (1981) 3732 2001 1991 1693 9417
% Class 1 15.38 - 1.84 - 6.73
% Class 2 9.61 3.90 14.72 9.31 9.50
% Class 3 62.50 85.71 68.72 73.64 70.45
% Class 4 9.94 9.09 14.72 17.05 12.00
% Class 5 0.65 - - - 0.26
% Class 7 1.92 1.30 - - 1.06

*Yield Index for 
total land in 
county

3369 1805 1813 1526 8514

Total % of loss 
of agrie, 
land (1955-81)

6.9 5.1 7.2 8.6

Density of
population on 
agrie, land 
p/ha (1981)

5-95 5.93 5.52 15.49

Increase in 
population 4.5 1.3 10.6 0 . 0 3.7
(1971-81)

* For the top four classes for winter wheat
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agricultural land, but without any increase in the population 
between 1971 to 1981. The situation in East Sussex is characterized 
by relatively high rates of population increase. The tendency of 
housing elderly people in this county could be one of the reasons 
explaining the increase in population.

The calculations of the Yield Index for winter wheat were 
based on the average yield of winter wheat (FBU Management Data, 
Chapter 1+) from the four land use capability classes. The yield 
from Class 1 being the optimum yield and the indices for the other 
classes were rated to the optimum yield (Table 8.1+).

TABLE 8.1+ Yield index of winter wheat for the top four land use 
capability classes

Land use capability 
class

Class Class Class Class
1 2  3 1+

Average yield winter 
wheat t/ha 1+.51+ 1+.1+8 1+.21+ 3.3O

Yield index 0.99 0.93 0.73

Best (1959) has discussed some of the studies concerning the 
types of farming most affected by urban development in Great Britain. 
Although most of the studies generally support the view that urban 
development has taken some of the best soils, the knowledge of the 
amounts of areas lost in each class is a prerequisite for a practical 
assessment of the problem.

Although the yield of the different crops is affected by 
many factors, not only the physical, it seems that the distribution 
of the crops is almost entirely due to physical factors such as 
indicated in Table 8.5« A high percentage of cereals is cultivated 
in areas of heavy soils with their high water retention which is 
needed in this relatively warm, dry part of the country. Also a 
high percentage of intensive crops is cultivated in Kent, where 
approximately 6($ of the best soils in the region occur.
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TABLE 8.$ Comparison between area percentage of main crops and 
different major soil groups

County
Approximate % of area 

of soils
Best soils Heavy soils

Average % of area of 
crops 1971-81

Intensive crops Cereals

Kent 38.06 U7.05 25.5 57.1+
East Sussex Nil 81*. 86 6.2 75.1+
West Sussex 7.23 63.86 7.1 71+.7
Surrey 18.32 1+6.56 7.1 68.2

8.1.3 Trends in the yield of wheat, barley and potatoes in the area
Variation in the yields of crops have been dominated by two 

factors. The first is the long-term trend in yield attributed to 
changes in technology (i.e. changes in methods of cultivation or of 
cultivar) or to long-term changes in climate. The second deals with 
short-term seasonal variations in yield which are ascribed to 
variations in seasonal climate or interseasonal pest or disease 
infestation or to the timeliness of cultural practices which may in 
turn be affected by climatic variation. Long-term trends can be 
used to predict yield by interpolation. Stanhill (1976) pointed out 
that for areas with rapidly developing agricultural systems, long
term planning of production and storage should take into account 
any relationship which exists between the size of the deviation and 
the general yield level.

The long-term trend in yields is usually assessed by fitting 
the line of best fit to an historic series of yield data. The 
deviation of yields in individual years from this line may be 
analysed statistically to give the likelihood of an individual years 
crop deviating from the long-term value by a given amount. Further, 
yield deviations in individual years can be correlated with the 
deviations of various climatic parameters during the period when they 
are thought to be of especial importance in influencing yield 
(Stanhill, 1976).

Stanhill (1976) reviewed the long-term trend studies on 
British wheat yields which included yields from 1200 up to 1973 
and he reproduced a table summarizing those studies. Stanhill (1976)
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also studied the trends and the deviations in the yield of 
the English wheat crop during the last 750 years, and pointed out 
that the yield of wheat has increased more than six-fold during this 
period from 0.5 tonne/ha in the first half of the 13th century to 
3.1* tonne/ha in the third quarter of the 20th century. Present 
yield are 1+.5 tonne/ha/year representing a nine-fold increase from 
the beginning to the end of the period. More than 75% of the increase 
has occurred in the last 300 years when yield rose almost exponentially, 
doubling every 150 years. Stanhill (1976) found that most of the 
increase was in two comparatively short periods, 1820 to i860 and 
post-Second World War, and in the last 30 years the national wheat 
yield has increased at 0.079 tonne/ha/year, twice as fast as in the 
accelerating phase of the previous century.

Trends in yield of the main crops (wheat, barley and potatoes) 
in relation to weather and technology were studied using regression 
analysis (Table 8.6 and Figures 8.3 to 8.11*) based on the estimated 
yield of crops in the counties published in the Agricultural Statistics 
by the MAFF for the period 1955 to 1981. The trends of yields are 
best represented by a parabolic equation relating the logarithm of 
yield to years which accounts for an average of about 75% of "the 
variation in wheat, 72% in barley and 61% in potatoes for the whole 
area. The average rate of increase in yield is 0.029, 0.033 and 0.033 
tonne/ha/year for wheat, barley and potatoes respectively (Table 8.6). 
The increase in yield of the three crops which occurred in this 
period is mostly ascribed to the extensive use of nitrogenous 
fertilizers, new cultivars, mechanised cultivation and harvesting 
and chemical weed control.

Figures 8.3 to 8.1l* indicate increasing yields of ail the 
crops in the region. For the cereals the yields have increased almost 
steadily except in Kent where the rate of increase is slower. In the 
case of potatoes an exceptionally high rate of increase in the yield 
started in Surrey since 1965 and also there is a high rate of increase 
in yield of potatoes in East Sussex. Stanhill (1976) pointed out that 
if the current rate of increase in wheat yield for the whole country 
can be maintained to the end of the century, the national yield 
would still have reached only two-thirds of the 9*5 tonne/ha pot tial 
wheat yield calculated by De Wit (1975) for Western Europe. The limit 
of yield is set by the incident solar energy, conversion efficiency
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and the length of the growing season of the current wheat cultivars.
According to Monteith (1977) a large gap still exists 

between the potential, the record and the commercial yield for 
wheat, barley and potatoes in Britain as a whole, and the study 
region in particular. Although the area receives relatively higher 
amounts of solar radiation which makes the figures for the potential 
yield higher than other places (de Wit, 1975 and Monteith, 1977)» 
the average yields of wheat, barley and potatoes in the region which 
are U*^0, b>35 and 25 tonnes/ha respectively are less than the 
national averages. This situation is most probably due to the 
exceptional drought conditions and high temperatures during many 
summers in the region. Pons (1982) emphasized that the reductions 
in potential productivity (PP) which is determined by radiation and 
temperature are caused by inadequate land qualities and climatic 
characteristics and they determine the maximum land productivity (MP). 
He also pointed out that only on relatively small areas are actual 
yields obtained which closely approach MP and nearly everywhere 
actual yields are far below the MP due to economic, social and 
political reasons.

Kendall (1939) analysed the yields of 1+8 crops in all the 
counties in England for the years 1925» 1930 and 1935 and confirmed 
the general idea that an area producing high yield of wheat will 
produce better than average yield of other crops or in other words 
the yield of wheat is positively correlated with other cereals. 
Another method was used in this study to test the same general idea. 
From the estimates of yields of wheat, barley and potatoes in the 
Agricultural Statistics for the period 1950 to 1979 (MAFF, 1950 to 
1979)» ‘the coefficients of correlation were computed for each 
different pair of crops for all the counties as shown in Table 8.7 
and they were plotted as shown in Figures 8.15 to 8.17. The 
percentage of the positive coefficients of correlation is 93% between 
wheat and barley with an average of 0.73I 6006 between wheat and 
potatoes with an average 0.68 and 70% between barley and potatoes 
with an average of 0.61. All the average correlation coefficients 
are highly significant (P 0.01). From the three groups of crops 
the correlation between winter wheat and potatoes is the least and 
that could be explained by the relatively small overlapping period 
between the growing season of the two crops.
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TABLE 8.6 Long-term trends in the yield of wheat, barley and potato in the study region in relation 
to years 1950-79
Y = Yield tonne/ha/year; x = Years (1950-79)

WHEAT

County Equation r %
var. Grad. SE

Kent Linear Y = -0.2007 + 0.0589x 0.76 56 0.059 0.015
Quad log Y = -1.060 + 0,0l*33x 

- 0.0003 x2
0.79 59 0.01*3 0.002

East Linear Y = -1.235 + 0.0737x 0.91 83 0.071* 0.010
Sussex Quad log Y = O.6032 + 0.02989X 

- 0.0001 x2
0.92 81* 0.030 0.001

West Linear Y = -1.030 + 0.0807x 0.85 72 0.080 0.013
Sussex Quad log Y = -0.6567 ■*■ 0.0287X 

- 0.0001 x2
0.86 72 0.029 0.002

Surrey Linear Y = -1.65 + 0.07U9x 0.91 82 0.075 0.010
Quad ' log Y = -0.33U +,0.0153x 

- 0.00 x*
0.91 83 0.015 0.001

BARLEY

County Equation r
(•{/<*
var. Grad. SE

Kent Linear Y - -0.5377 + 0.06183X 0.79 62 0.062 0.011*
Quad log Y = -O .988 + 0.0398X 

- 0.0002 x2
0.81 61* 0.01*6 0.001

East Linear Y = -1.381 + 0.0758x 0.92 81* 0.076 0.010
Sussex Quad log Y = -0.826 + 0.033x 

- 0.0002 x2
0.93 85 0.033 0.001

West Linear Y = 2.311 + 0.0902x 0.88 77 0.09 0.011*
Sussex Quad log Y = 0.1613 + Q.0102X 

+ 0.000 x2
0.89 78 0.010 0.002

Surrey Linear Y = 0.1159 + 0.0l*l*2x 0.71* 53 0.01*1* 0.012
Quad log Y = 1.721 - 0.0182X 

+ 0.0002 x2
0.79 61 0.01*9 0.002

POTATOES

County Equation r Jt
var. Grad. SE

Kent Linear Y = -8.3I* + 0.5320 0.83 67 0.53 0.107
Quad log Y = -0.262 + 0,0l*3x 

- 0.0003 x2
0.85 70 ' 0.01*2 0.002

East Linear Y = -20.83 + 0.7259X 0.83 67 0.72 0.11*7
Sussex Quad log = 0.789 + O.OO68X 

0.000 x2
0.81* 69 0.010 0.002

West Linear Y = -9.385 + 0.5100X 0.75 VA VA 0.51 0.133
Sussex Quad log Y = -0.9531 + 0.0628x 

- 0.0001* x2
0.80 61 0.06 0.002

Surrey Linear Y = 0.5386 + 0.31*1*8x 0.67 1*3 0.3U 0.113
Quad log Y = 1.72 - 0.0182X 

+ 0.0002 x2
0.70 1*5 0.020 0.002
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TABLE 8.7 Coefficients of correlation between the main crops 
in the area 1950 to 1979

Year Wheat-
Barley

1950 0.99
1951 0.91+
1952 O .87
1953 0.22
1951+ 0.31
1955 0.32
1956 0.91+
1957 0.86
1958 0.81
1959 0.95
1960 0.96
1961 0.91+
1962 0.91
1963 O .69
1961+ 0.91+
1965 0.91
1966 0.22
1967 0.99
1968 O .96
1969 0.57
1970 0.99
1971 0.97
1972 0.57
1973 0.91
1971+ 0.00
1975 -0.36
1976 0.68
1977 0.86
1978 -O.15
1979 0.22

Average
number of 28+ ive
coefficients

% of + ive 9
coefficients

Average of
+ ive coef- 0.73 
ficients

Wheat- Barley-
Potato Potato

-0.76 -O.83
-0.85 -O.98
-0.36 -0.52
-0.65 0.23
-0.18 0.86
-0.85 -O.23
-0.21+ -0.1+9
0.1+1+ 0.75

-0.69 -0.38
0.81 0.78
0.71 O .83
0.77 0.59
0.93 0.98
0.88 0 .11
0.88 0.82
0.95 0.99
0.93 0.12
0.77 0 . 1 1
0.21 0.13
0.25 -O.33

-O.52 -0.1+1
0.91+ 0.99
0.98 0.71
0.92 0.69
0.00 0.1+6

-0.70 0.1+9
-0.1+7 0.21
0.1+8 0.12

-0.25 -0.12
0.35 0.51+

18 21

60 70

0.68 0.61
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8.2 Conclusions
(l) Although there are some losses of agricultural land 

and most of the area is dominated by soils with some sort of limitation, 
crop production, particularly of cereals, has increased quite 
considerably over the last 30 years. Improvement in the technology 
almost doubled the production of cereal crops and potatoes in the 
area.

(2) It seems that now the loss of some of the agricultural 
land is coupled with high increases in crop production all over the 
area. If the losses of the agricultural land cannot be avoided (e.g. 
expanding urbanization due to increases in population) it could be 
directed towards land of low quality and less economical land use 
value.

(3) There are differences between counties, Kent having 
notably better soils and more intensive cropping than the other 
counties. Considering such differences together with the other 
variable physical and socio-economic conditions, if the whole 
region is taken as one integrated unit, that will give better 
chances for rational allocation of land, i.e. county structure 
plans need to be guided by regional strategic plans (South East 
Joint Planning Team, 1971)*
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CHAPTER 9 

PARISHES

9.1 Results and discussion
9.1.1 Land use in parishes

Incorporation of the land use data from the parishes, 
integrated the data base (LARES) by providing a very reliable 
source of data to show the land use in the area on seasonal or 
long-term bases. Drawing maps by the computer (i.e. parish maps) 
will add more value to the computer based land use data from the 
parishes; as it can be displayed on the maps. Other kinds of data 
collected on parish bases can also be displayed on such maps (e.g. 
physical data). Due to the limited time given for this study it 
was realised that time did not allow the creation of a data base 
for the parish map. Accordingly Kent parishes were selected to 
demonstrate the idea of the parishes land use maps which can be drawn 
by the computer and the land use data will be supplied from the data 
base.

Figure 9.1 shows the parishes in Kent (319)» such a map 
can be produced by a computer at 1:250,000 scale which will match 
a number of physical maps to extract the information for the 
parishes. All -the land use maps will be based on such a map, but 
the parishes can be grouped and the final product can be reduced 
to a reasonable scale for publication. Figure 9*2 shows the 
distribution of the main agricultural enterprises in Kent. The map 
was produced by weighting the original area percentages according 
to a certain ratio, based on the economical importance of the 
enterprise. The weighting coefficients are written under Figure 
9.2. A parish which has an area of 50% for cereals, 25?f> for orchards 
and 25% for vegetables, will be considered as dominated by the 
orchard enterprise. The parish enterprises map shows a clear 
pattern of distribution of the enterprises which might be due to 
the physical features. The data base should be able to do such 
computation and produce such maps.

Figures 9*3» 9*U» 9«5» 9.6 and 9.7 show separate land use 
maps, each land use with different levels of intensity. The figures 
show the parish land use maps for cereals, orchards, vegetables,
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Agricultural regions of Kent

1. Central High Weald
2. High Weald Fruit Belt
3. Low Weald
1+. Low Weald Fruit Belt
5. Kent Sandy Lower Greensand
6. Greensand Fruit Belt
7. East Kent Greensand
8. North Downs in West Kent
9. North Downs Plateau
10. East Kent Arable Chalklands
11. North Kent Fruit Belt
12. East Kent Horticultural Area
13. Isle of Thanet
11+. Hoo Peninsula
15. Northwest Kent Horticultural Area
16. North Kent Marshes and Claylands
17. The Blean
18. East Kent Marshes
19. Romney Marsh
20. Want sum area
21. Upper Stour Valley
22. Canterbury Fruit - arable region
23. High Weald Eastern Arable Belt
21+. Romney Marsh fringe
2$. Dartford area

60. Tonbridge area (undifferentiated Wealden)
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Agricultural regions of Surrey

1+7* Surrey High Weald
1*8. Surrey Low Weald (Western)
1+9 • Surrey Low Weald (Eastern)
50. Surrey Sandy Lower Greensand
51. Surrey North Downs scaxpfoot parishes
52. Surrey North Downs
53* Epsom-Leatherhead area 
91+. Bagshot area
99* Surrey Thames Valley
96 Godaiming area
97. Surrey unclassified

Note; Agricultural region No. 97 is neither shown on the map 
nor described because it includes parishes which extend 
into more than one agricultural region due to their 
narrow, elongated shape
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Agricultural regions of East Sussex

26. East Guldeford Levels
27. Rye area
28. East Sussex Hi^i Weald Eastern Arable Region
29. East Sussex Hi^i Weald Central Region
30. Pevensey Level
32. East Sussex Southern Weald
33* Eastern South Downs
3U. Beachy Head Downs
35. East Sussex scarp foot parishes
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Agricultural regions of West Sussex

37* Western South Downs
38. West Sussex coastal plain (southern part)
39. West Sussex coastal plain (northern part)
1+0. West Sussex scarp-foot parishes
1+1. Pulborough area
1+2. Petworth-Rogate area
1+3. South-western Low Weald
1+1+. North-western Low Weald
1+5. West Sussex High Weald
1+6. Horsham area
58. West Sussex coastal plain (eastern part)
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potatoes and grassland. Maps based on parishes can be drawn tc 
show land quality, soil association, geology and other physical 
features. The maps for the physical features can show the dominant 
feature or the weighting method can be followed. The land use 
maps (Figures 9*3 to 9.6) show that cereals and grass are cultivated 
all over the parishes in Kent with different levels which reflect 
their tolerance to a wide range of physical conditions. For the 
intensive crops the physical factor is a basic factor which determines 
the production, and for this reason their geographical distribution 
is related to the physical conditions.

The land use maps based on land data from parishes could 
provide a valuable information for regional planning. If the computer 
is to be used for the production of such maps with the help of the 
data base, that will give them many advantages over the ordinary 
land use maps.

9.1.2 Grouping of parishes with their land use data into
agricultural regions
About 728 parishes in Kent, Surrey, East and West Sussex 

were grouped into 57 agricultural regions. The grouping was 
done based on the dominant land use and the physical conditions. 
Although the grouping was done for the whole area, Figures 9*8, 9.9»
9.10 and 9*11 show the agricultural group in each county separately. 
The figures are accompanied by legends to give the names of the 
agricultural regions coded in the maps. Grouping parishes and 
producing maps for the agricultural region can also be done by the 
computer.

Analysis of variance were carried to test the variation on the 
land use data for all parishes in 1979» before and after the grouping. 
Table 9*1 shows the result of the statistical analysis on land use 
and physical data of the parishes. The variation among the groups, 
shows the amount of variation in the data as a whole before the 
grouping (about 728 figures for each variable). The variation 
between the groups shows the amount of variation in the data of the 
groups after the grouping (about 57 figures for each variable). Such, 
if proved to be useful, will reduce the amount of data to be handled 
after the grouping and the grouping can be used for other purposes, 
(e.g. regrouped into climatic areas).

The highest variability shown in Table 9.1 is in soil parent
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material indicating the high variability in the soil characteristics. 
The land use for the orchard has also showed a high variability due 
to scarce amounts of high quality soils for such a land use. It 
seems generally that this grouping is adequate because a high 
variability was shown between the groups for almost all the physical 
and land use data. Broad regional land use maps can be produced 
based on such grouping.
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CHAPTER 10

FARMS AND FIELDS

10.1 Results and discussion
10.1.1 Statistical analysis of crop production and economical

factors in relation to physical conditions in the study area
10.1.1.1 Soil parent material

Table 10.1 shows the results of the statistical analysis 
relating crop production and economical factors to different parent 
materials. Generally the different parent materials of the soils 
in the region are related to the yield of winter wheat, spring 
barley and ware potatoes. The main cereal crops gave average and 
above average yields on most parent materials but the above average 
yields from the winter barley and spring wheat are of less extent. 
Ware potatoes gave average and above average yields only on parent 
materials giving high quality soils due to their sensitivity to 
moisture and nutrients levels.

All crops are cultivated on Brick earth and the yields are 
consistently high for all crops. Also Brickearth materials provided 
the best economical results but the expend!ture on fertilizers is 
high on such materials. The good physical properties of soils on 
Brickearth make expenditure on fertilizers quite profitable. On 
the other hand all crops on Weald and Wadhurst clays gave below 
average yields due to physical limitations of soils on clay parent 
materials. The economical figures from such parent materials are 
above average, indicating that such lands are most probably used 
for animal production.

It seemed that cereals are cultivated on all types of parent 
materials having soils of high water retention capacity, and can 
tolerate a wide range of limiting soil conditions (Table 10.1). It 
is also clear that potatoes are cultivated on specific parent 
materials which provide better conditions for plant growth and meet 
the seasonal requirements of the crop. Although the economical 
results cover a considerable number of seasons (197U/75 to 78/79) 
the sample numbers of crop yields on some parent materials are low, 
giving poor estimates of the average yield. It should also be 
realised that the economic figures are from a mixed number of 
enterprise and some or all of them might not be related to parent
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materials (e.g. poultry).

10.1.1.2 Soil and site factors
Table 10.2 shows the percentage of crop samples in six 

arbitrary ranges of farm sizes in the study area. About 80% of the 
yields of winter wheat and spring barley respectively were obtained 
from farms in the first three categories covering a range up to 
300 hectares. About 85% of yields of potatoes were obtained from 
farms of less than 200 hectares. The results of the regression 
analysis in Table 10.3 showed that the yields of spring wheat and 
spring barley are significantly correlated with the size of farm.
The availability of machinery in large farms allow farmers to 
prepare their lands properly for spring cereals. Table 10.3 
indicates that small farms gave higher income by hectare with the 
economical factors. Most probably small farms are specialised in 
animal production and intensive crops which generally have higher 
returns.

Table 10.3 also shows the results of the regression analysis 
of crop production and economical factors with some of the physical 
factors (i.e. coarseness Index - COIN; wetness class - WETCL; 
percentage of clay - POOL; calcium carbonate percentage - CAC0; 
farm height - FARH; size of the farm - SIZEHA; soil score for 
cereals - SSCER and soil score for potatoes - SSF0T). Generally 
winter wheat and spring barley show better correlation with the 
physical factors than the other crops. Yields of most of the crops 
are highly correlated with wetness class, indicating that drainage 
is one of the important soil properties limiting the productivity 
of the soils in the region. On the contrary the coarseness index - 
COIN, was found insignificant in its correlation with any of the 
crops. As the South East is relatively the warmer part of England, 
soil moisture is a limiting factor for crop production in most of the 
soils, the results proved that droughty soils (i.e. soils of high 
COIN) are not suitable for crop production in this region.

Table 10.3 also shows that all the physical factors have 
got no significant correlation with ware potatoes, indicating that 
either the criteria is not suitable to select lands for potatoes or 
probably most of the area is not used for potato production.

It could also mean that the sample farms selected for this
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study do not represent the potato crop adequately. The results also 
indicate that farms on high lands within the region have larger 
sizes, whereas low lands farms generally have smaller sizes.

10.1.1.3 Agroclimatic variables
Table 10.I4. shows the data for season 1975/76 which was 

selected for some of the statistical analysis. Table 10.5 shows the 
soil series within the soil association units of Table 10.i*. As 
the last update retrieval programmes for the data base were very 
complicated, it was realised that the eventual retrieval of the 
data as it was planned is impossible by this version of the data 
base (SIR 1.1). This version of the data base (SIR 1.1) was 
updated recently and a new version is available which is capable of 
doing such complicated programmes and can be used for such projects 
in the future. Due to this difficulty, part of the data (1976) was 
retrieved, prepared outside the data base and the statistical 
analyses were done by GENSTAT. Although a dry season like 1975/76 
might be suitable for testing the agroclimatic variables related to 
droughtiness, for a more adequate test the data should cover a number 
of years to ensure the inclusion of different climatic conditions.

Tables 10.6 to 10.8 show the results of the statistical 
analysis of some of the agroclimatic variables and the crop production 
factors. All the variables are explained in the data base, Appendix
III. It was found that the accumulated moisture deficit for winter 
wheat gave a highly significant correlation with winter wheat only 
which is the main cereal crop in the area. This indicates that the 
formulae for the calculation of this variable are only suitable for 
winter wheat. The soil moisture deficit calculations for each crop 
were based on the accumulated moisture deficit and the soil available 
water for the same crop. As it was found that the figures of the 
soil moisture deficit have got no significant correlation with the 
yield of all crops, this might indicate also that the estimated 
soil available water capacity does not represent the conditions in 
the field for all crops. The accumulated moisture deficit for spring 
crops only and the soil available water for all crops need more studies 
and modifications if they are to be used for such studies. The 
method used to estimate the soil available water can hardly give 
figures to represent the field conditions because the figures used
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TABLE 10■5 Percentage of soil series estimated in different soil associations 
shown in Table

Soil series 12 13 17 18

SOIL MAP UNIT
(Association of soil subgroups) 

19 20 22 26 27 31 35 1*1 50

1. Aberford - - - - - - - - - - - 10 -
2. Agney - - - - - - - - - 25 - - -
i*. Andover - 10 - - - - - - - - 1*5 - -
5. Batcombe - - - - - - 60 - - - 30 - -
8. Blacktoft - - - - - - - - - - - - -
9. Bursledon - - 25 - 1*5 20 - - - - - - 20
10. Carstens - - - - - - 10 - - - - - -
11. Conway 20
13. Coombe 60 1*5 -
11*. Cranbrook - - - - - 25 - - - -• - - -
15. Curdridge - - - - - - - - - - - - -
1 6. Curtisden - - - - - 35 - - - - - - -
17. Denchworth - - - - - - - 1*0 55 - - 20 1*5
18. Ellingham - - - - 20 - - - - - - - -
20. Evesham - - - - - - - - 15 - - - -
22. Frilford - - - - - 20 - - - - - - 15
23. Frilsham - - 15 - - - - - - - - - -
21*. Fyfield - - - - - - - - - - - 1*0 -
26. Gore 10 - - - - - - - - - - - -
27. Hamble - - i*o 55 - - - - - - - - -
29- Hook - - 20 1*5 - - - - - - - - -
30. Hornbeam - - - - - - 15 - - - 10 - -
33. Kingston - - - - - - - - - - - - 20
35. Newchurch - - - - - - - - - 1*5 1*- - -
36. Oxpasture - - - - - - - - 10 - - - -
1*3- Upton 10 15
1*5. Wantace - 30 - - - - - - - - - - -
1*7. Wickham - - - - 15 - - 60 20 - - 30 -
1*8. Winchester - - - - - - 15 - - - 15 - -
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TABLE 10.6 Correlation of winter wheat yield with some
agroclimatic variables (19 76)*

Variables ACWWMD EMMT SSCER WWSMD RAIN
WWheat 0.23I+1

**
NS 0.291*0

*#
NS -0.1310

U  U  l i  
A A A

ACWWMD - 0.3051+
u  U  u

0.2628
** 0.851*3

M »  w 
n w n

-0.8795
l i  u  u
71 A  71

EMMT - - NS 0.3770
U  U  l i

-0.2210
*

SSCER - - - NS NS
WSMD — — — — -O.7907

* Based on 70 samples

TABLE 10.7 Correlation of spring barley yield with some 
agroclimatic variables (1976)*

Variables ACWWMD EMMT SSCER SMD
SBarley NS, NS 0.3350 NS

ACSBMD - O .8366
U U  U

NS 0.7861
M U  u

l a p - - NS 0.611*2 
U  l i  uinnr

SSCER - - - -0.2021
*

* Based on 87 samples

TABLE 10.8 Correlation of ware potatoes yield with 
agroclimatic variables (1976)*

some

Variables ACWWMD EMMT SSPOT SMD
Ware-
potatoes NS NS 0.3356

* NS
ACFOMD - 0.5867

u  u  u  
T V w n

0.1*650
**

0.981*6
U  M U

EMMT - - 0.1*023
** 0.5695

u u u

SSPOT - - - 0.371+2
**

* Based on 26 samples
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axe averages for soil associations, calculated from soil series 
data. The yields were obtained from particular fields but the soil 
available water was an average for a larger area. Not only this 
but the concept of the available water even for certain soil types 
has provoked a lot of discussion among soil scientists (Hillel, 1980). 
As the soil moisture is a main factor in crop production it has to 
be studied for different crops assessed in relation to yield and 
weather conditions and integrated in land classification systems 
(ELingebiel and Montgomery, 1961; Thomasson, 1977» Bendelow and 
Hartnup, 1977; Hall et al., 1977» Thomasson, 1979» Rijtema, 1980 
and Hillel, 1980).

Tables 10.6 to 10.8 show that the soil factor (SSCER and 
SSPOT) is correlated with the yields of all crops, whereas the 
climatic factors are not in consistent correlation with the yields. 
This might indicate that much of the variation in yield is due to 
soil variation and in particular a property like the soil moisture 
deficit which is related to the soil and the climate.

WHEAT = 0.9329 + 0.0127 ACWMD + 0.0002 EMMT + 0.060£
SSCER - 0.0090 WWSMD

= Yield of winter wheat ton/na
= Accumulated moisture deficit for winter wheat (mm)
= Estimated mean monthly temperature (°C)
= Soil score for cereals 
= Winter wheat soil moisture deficit (mm).

This equation in which the soil moisture deficit is not 
significant explained a small variation in yield (about 1($) 
which is attributed to the other significant factors (i.e. ACWWMD 
and SSCER).

The results in Tables 10.9 and 10.10 showed that the 
estimated seasonal agroclimatic variables (i.e. ETSEAR, ETWINR, and 
DCl) are highly correlated with the yield of winter wheat in 1976 
which is a dry year, but generally (data 1974-78) the summer rains 
(ETSIMR) in Table 10.9 have got no significant effect on the yield 
of the winter wheat. None of the estimated seasonal variables have 
a significant correlation with the yield of spring barley.

WWHEAT
ACWWMD
EMMT
SSCER
WSMD
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TABLE 10.9 Yield of winter wheat in correlation with some climatic
variables (197U-7Ö)*

Variables ETSEAR ETWINR ETSUMR DCI
WWheat 

Mean STD

Winter
wheat

-0.085U8
**

-O.IO325
1/  >i u

NS -O.IO325
W W W

U.73 1.21

ETSEAR - 0.97799 0.8799
W W W

0.97799
W W W

etwinr - - 0.761U0
W W W
n J w T

1.000

ETSUMR - - - 0.761UO
W W W

Mean 1805.68 1072.79 732.88 5.89
STD 675.087 U9U.80 217.26 2.72

* Based on 691 samples

TABLE 10.10 Yield of spring barley in correlation with some
climatic variables (197U-78)*

Variables ETSEAR ETWINR ETSUMR DCI
SBarley 

Mean STD

Spring
Barley NS NS NS NS 3.63 0.99

ETSEAR - 0.97865
W W W  
n  i\ n

0.8766U
***

0.97865
W W W

ETWINR - - 0.7590U
W W W
n 7 w T

1.000

ETSUMR - - - 0.7590U
W W W

Mean 18U6.11 1102.09 7UU.01 6.05
STD 693.53 512.55 218.93 2.82

* Based on 691 samples
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The results in Tables 10.11 and 10.12 showed that the 
climatic variables such as total rainfall which are calculated 
from calendar year data have got no significant correlation with 
the yield of all crops. Seasonal data (e.g. ETWINR, ETSEAR etc.) 
based on data from October in a certain year up to July next year 
matching the growing season of the crops gave high correlation 
with the yield (Tables 10.9 and 10.10). The field capacity 
days (FCD) which is related to the preparation and management was 
found to be in a highly significant correlation with the yield of 
winter wheat.

10.1.2 Statistical analyses of crop production and economic factors 
in relation to Agricultural Land Classification (ALC) and 
Land Use Capability Classification (LUCC)

10.1.2.1 Crop production data in relation to ALC and LUCC systems 
Tables 10.13 and 10.11+ showed the mean yield from five 

selected crops within each of the first four categories of the 
ALC and LUCC systems. Tew (1980) and McRae and Burnham (1981) have 
described and discussed the structure of the ALC and LUCC systems 
in England and Wales. Although the two systems share the same 
objectives the methods of their application are different and the 
LUCC is the more recent system. The application of the first 
system (ALC) created a lot of discussions among the agriculturists 
and the planners (Hilton, 1962) which have resulted in the creation 
of second system (LUCC) but the discussions and the suggestions 
have also continued and increased (Boddington, 1978; Worthington, 
1981 and 1982). A lot of discussions are also going on among the 
European countries (EEC) looking for a better system as all have 
similar conditions (Lee and Van der Plas, 1980).

The first step for a practical and a comprehensive 
improvement of such a system is to relate their different categories 
to the yields produced on lands classified by such systems, and 
analyse such correlations. Such procedure if applied with the 
suitable amount and adequate kind of data, should indicate if the 
whole system or some parts need modification. Most of the discussion 
around the ALC and LUCC were based either on experimental data or 
unreliable commercial data. Most of the results in this study were 
based on a considerable amount of commercial data covering a large
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TABLE 10.11 Yield of winter wheat in correlation with some
seasonal climatic data (19 7U-78)*

WWheat
Variables ESTANR ACTLZ PCD Mean STD

Winter wheat NS NS 0.08372
** 1+.73 1.21

ESTANR - 0.1+5327w w w
NS

ACTLZ - - NS
Mean 101+2.38 161+.16 161+.37
STD 397.06 112.87 56.05

* Based on 691 samples

TABLE 10.12 Yield of spring barley in correlation with some 
seasonal climatic data (1974-78)*

SBaxley
Variables ESTANR ACTLZ FCD Mean STI)

Spring barley NS NS NS 3.63 0.99
ESTANR - 0.1+7161 0.09632

#-*

ACTLZ - - NS
Mean 1053.31 167.06 167.UU
STD 1+01.61 110.97 52.19

* Based on 751 samples
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area of different agricultural enterprises and for a reasonable 
number of years.

Tables 10.3 and 10.11+ showed that grades and the classes of 
ALC and LUCC respectively, are in agreement with the mean yields 
of winter wheat, which the most dominant arable crop in the region. 
The coefficient of variability in the mean yield of winter wheat 
is more between the classes of LUCC than between the grades of ALC 
(Tables 10.13 and IO.II4). However, on a large sample of actual 
yields the regression analysis which will be discussed later on, 
showed better results with ALC than with LUCC. Also in most cases 
Class 1 and 2 of LUCC have above average mean yield and Class 3 and 
1; have below average mean for all crops. As for the ALC only one 
grade (i.e. Grade 1) has above average mean yield and the rest of 
the grades have below average mean yield from all crops (Tables 10.13 
and 10.H4). The mean yield from winter cereal crops are higher than 
the mean yields from spring crops (more than 1 ton mean difference) 
which might indicate that the physical conditions are more suitable 
for winter crops than spring crops. The socio-economic reasons most 
probably favour the cultivation of spring cereals.

TABLE 10.13 The difference in the mean yield of winter wheat between 
and among the categories of ALC and LUCC

Grades or classes 
compared

ALC
Difference in 
yield ton/ha

LUCC
Difference in 
yield ton/ha

1 and 2 0.32 0.06
2 and 3 0.01 0.2l|
3 and 1+ 0.13 o . 9 k

Table 10.15 shows that the difference in the average yield 
between the first and the second class of LUCC, and between the second 
and the third class of ALC is almost negligible. Also the difference 
between the third and the fourth grade of the ALC is quite small. 
According to this result it seems that the amount of difference in 
yield between the different categories is a main problem which needs 
more studies and it should be considered when setting up new systems. 
It is very important that the qualitative or the quantitative criteria



TA
Tf

lV
R 

10
.1
6 

So
me

 s
ta

ti
st

ic
s 

on
 m

ai
n 

cr
op

s 
cu

lt
iv

at
ed

 i
n 

la
nd
s 

of
 d

if
fe

re
nt

 A
LC

 G
ra

de
s 

(s
am

pl
es

 c
ol

le
ct

ed
 f

ro
m 

20
9 

fa
rm
s 

fo
r 

fi
ve

 s
ea
so
ns
)

31U

m CQ
a <d  afi 'd  h r— ON CVJ cvj
«J a  3 CVJ C— C-— CM

«H R «H • • • •
v o ■ LA r - VO

ON r— T— v o
0 d  0

•H C\J

iH
0 ) rH t— u x O r -

•d CO Q) 0 CVJ v o 0
cd •d • • • •
R CH CO v o o n m UN

c ! j 0 id CVI r— UN

a
•H

CQ
•d > d  CQ
r—I H  f t
d) a> 0

•H •H R
!>» t>> 0 0 CO ON CVI

C— co C O C—
CQ 1— 1 rH o n —̂ r —
ft cO 1— 1
0 •P cO
R 0

O

o v
- d

O T
O

O
CO

P h • • • • •
s CVl T - CVJ U N -d

cvj T_ <(— ì—

CO ON ON T— ON
ON CO ON —̂ COFQ • • • m •

CO c o ON O VO ON
ON o n -d ON ON

i— UN 0 0 0 _dCO -d ON CVJ vo• • • • •s 0 r— O UN 0T— T— T— T_
vo CJv r- ON ON

Is CO c— T— ON OCO • • • • •
-d -d ON CO -d
t— r— C~- UN vovo —̂ UN UN c—*̂ • • m • •*5 UN vo CVI O ON
ON ON ON ON ON

R _
0  d<H -R CQ

^  e* js
T- evi ON -d . 8 ?fi) O R
<D a) © CD cd ci’d -d -d R d
cO 3 CO 3 © O HR R R R 0) H

‘ d> O C5 C5 <j © CO



TA
BL

E 
10
.1
7 

So
me

 s
ta
ti
st

ic
s 

on
 m

ai
n 

cr
op
s 

cu
lt

iv
at

ed
 i

n 
la
nd
s 

of
 d

if
fe

re
nt

 L
UC
C 

cl
as

se
s 

(t
he
 s

am
pl
es
 c

ol
le

ct
ed

 f
ro

m 
20

9 
fa
rm
s 

fo
r 

fi
ve
 s

ea
so
ns
)

315

/—\mra ara 01 fi C— m O COs co 3 CM 00 -4* -dH H ft • • • •
CO 0 M3 in 0ft ON T— -d ON

d  0
•H CM

ft rH ra /— .
O CQ iH <0 VO CM CM in01 cd CQ CM UN CM ON01 ci CQ • • • • CQPi rH ft CO T— in ON 0
O O 0 H CM - d ON E
•H „ 0
s a /'—N
h 'd CQ0) H CQ CQ 0)
CQ O 
■8 *
ft 01

•d  f t  iH O 
O FH 

•H O -d T“ in /—NS O in t— UN CQ
O Pc H o n vo _d0 1—1 rH >• Fh cd cd CD0 0 f t <HS O f t

Eh O

ft
cdFh

- d ON - d VO 0C— in CO 0 fjft • • e 1 • cd3 o\ VO CO inT“ T— 0dft
in o n VO O UN ft

ft 00 VO CM O CM 0• • • • •
CQ in ift T— O CO PI

o n o n - d co ON 0•rlftT~ m ON VO cde ON CO in 1 C*- H3 • • • • pVO T~ 0 ON OT— T— •30
ON O - d CO 0
UN ON CO in ftlO • • • 1 •in CM - d in d

•rl

r—\ •d

R
- d ON O ON 0
VO in O v o Fh•

T -
• •

- d
•

O CM £
ON ON ON CM ON •rl

0
d
O

FH

a t

O0
f t f t

CD O
f t  m d

CM ON - d f t FH cd 
O H —

CQ ra ra CQ ffl O
m CO CD CQ H .d
cd cd cd cd 0) g  h

rH rH rH rH > cd rH
0  cdO O O O << *



3 16

for the separation of the different categories include the 
factors which directly affect the yield of different crops in 
different soils in different regions.

Tables 10.16 and 10.17 show that the highest percentage 
of farms are of Grade 3 land for ALC and of Class 2 land for LUCC. 
Although for the different cereals the percentage of cropping is 
generally similar in all categories, the percentage of the potato 
cropping goes in harmony with the land quality; with the high 
categories having the high percentage of cropping due to the 
sensitive requirement of the crop. The percentage of the total 
sample from all crops in each category is in agreement with the 
figures from the farms. The figures for the cereals, particularly 
winter wheat indicates that cereals have a wide range of tolerance 
to differences in soil properties. So developing of criteria for 
separating soils according to their suitability for cereal production 
should be very difficult, whereas for intensive crops it should be 
much easier. As winter barley is usually for feeding of animals 
it is generally cultivated on soils of low quality. Spring wheat 
is generally cultivated on any type of soil meant for the 
cultivation of winter wheat, when the farmer failed to prepare it 
during the proper weather conditions.

TABLE 10.18 The results of the regression analysis showing the 
correlation coefficient between crop production and 
the land classification systems

Land Winter Spring Winter Spring Ware
classification wheat wheat barley barley potatoes

system (U79) (58) (151) (566) (210)

ALC -0.12626 - ns -0.10930 -0.21856
K W H
A A A

W W W W W W

LUCC -0.0814+6 - 
**

ns ns ns

( ) Number of samples used for the analysis

From the results in Table 10.18 it is clear that the 
ALC gave better results. This is most probably due mainly to two 
reasons. The first can be explained due to the weighting method
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used to estimate the LUCC category for each farm which penalizes 
the LUCC system. The LUCC category was estimated for a whole soil 
association on which the farm is located rather than a specific 
soil in which the crop is grown. The second reason most probably 
is due to the advantage gained by the ALC in that each tract was 
examined on the ground, including performance of crops already 
grown on particular land. The LUCC judges the land by matching 
the physical requirement for arable farming and the physical 
conditions in a certain area. It seemed that the first system 
was applied with the performance of the sensitive crops in mind 
(e.g. intensive crops and fruits) whereas the second was applied 
with the criteria for general cropping. All the results support 
this assumption because the yields of the potato crop separated the 
categories of both systems quite adequately whereas the cereals 
failed to do so.

10.1.1.2 Economic data in relation to ALC and LUCC systems and
yield data
One of the main drawbacks about using the economical data 

in such studies is that it might not be related directly to the 
physical factors (e.g. animal production) and most possibly the 
economic success represents the whole farm rather than the 
individual enterprises within the farm. The economical data 
represents about 19 fanning types of more than one enterprise.
Due to the unstable conditions of the economic factors it can 
hardly be taken as a criterion alone to classify agricultural lands. 
Despite this difficulty the economic factors should be considered 
for the quantitative assessment of different land classification 
systems.

Tables 10.19 and 10.20 show that the mean net farm income 
(NPl) only is in agreement with ALC system. This also supports the 
idea that the ALC was applied with the performance of the crops 
as the main criteria. Although the economical figures do not agree 
with the order of the LUCC, they reflect an important fact about 
the low category land. Such land might be used for other agricultural 
production (e.g. animal production or glasshouse horticultural 
production which might give higher returns than arable cropping).
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TABLE 10.19 Agricultural land classification system (ALC)
in relation to economic factors (1971+/78) in the 
whole study area

Grades of ALC
YI

£/ha
(838)

BEETS
£/ha
(838)

NFI
£/ha
(838)

Grade 1 Mean 11+8.01+ 1+2.1+8 13.69
Std. Dev. 78.32 132.1+8 6O .63
Samples 206 206 206

Grade 2 Mean 108.9U 23.92 7.17
Std. Dev. 33.1+3 13.19 11+.02
Samples 98 88 98

Grade 3 Mean 126.59 31+.55 5.08
Std. Dev. 1+9.55 18.83 1+6.07
Samples 502 502 502

Grade 1+ Mean
V * 126.36 29.78 2.38
Std. Dev. 26.00 13.65 5.61
Samples 37 37 37

Average of 
region

the whole 129.89 35.13 7.30

Coefficient of
variability between 
mean values

- - 68.12

Classes of mean value 
above average 1 1 1

* Only for values which are in order with ALC
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TABLE 10.20 Land use capability classification system (LUCC) in
relation to economic factors (197V78) in the whole 
study area

Class of LUCC
YI
£/ha
(838)

EEETS
£/ha
(838)

NFI
£/ha
(838)

Class 1 Mean 136.5U 30.86 16.75
(1.0-1.9) Std. Dev. 56.33 20.95 67.61*

Samples 160 165 165
Class 2 Mean 125.53 39.38 3.03
(1 .6-2.5) Std. Dev. 35.83 10i*.02 7.60

Samples 335 335 335
Class 3 Mean 126.06 32.1*9 7.00
(2.6-3.5) Std. Dev. 53.72 18.23 57.63

Samples 316 316 316
Class i* Mean 139.01* 80.12 26.32
(3-6-U.5) Std. Dev. 5U.26 29.65 U8.59

Samples 5 5 5
Average of the whole 

region 129.89 35.13 7.30

Coefficient of
variability between 
mean values

- - -

Classes of mean value 
above average 1,4 2,4 1,4

* Only for values which are in order with LUCC
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TABLE 10.21 The difference in net farm income among the ALC
categories (based on 
- 1971+/78)

a sample of 838 net farm incomes

Difference in Percentage of
ALC Grade mean value of difference compared with

NPI £/ha the hitler grade

1 and 2 6.52 U7.63
2 and 3 2.09 29.15
3 and 1+ 2.70 53.15

Table 10.21 shows that the percentage difference in farm 
income between the ALC is more than the percentage in yield of 
winter wheat, but it should be realised that the net farm income 
might be from more than one enterprise or could be affected by 
other kinds of production.

TABLE 10,22 The results of the regression analysis showing the 
correlation coefficient between some economic 
factors and the land classification systems

Land YI PEEPS NPI
classification £/ha £/ha £/ha

system (838) (838) (838)

ALC -O.I3OI7 ns -O.O7809
X X X X **

LUCC -0.11+956 ns -O.053IO
*

( ) Number of samples used for the analysis

The economic factors in Table 10.22 include the yield index 
which is a percentage ratio between the farm output and the standard 
output of the area. As the yield index reflects the general 
production of a farm it gave a hig£i correlation with both the 
classification systems, particularly the LUCC. The net farm income 
which considers the cost of production is also correlated with both 
systems but with less correlation for LUCC. Most probably this 
might be due to the same reasons which explained the better regression
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10.1.2.3 Land classification systems for agricultural development
and land use planning
Hilton (1962) discussed the approach to agricultural 

classification in Great Britain and noted that "there are several 
situations in which an agricultural land classification is desirable.
An evaluation migfrt be necessary because it is essential to locate 
and thereby help conserve the maximum area of actual or potential 
agricultural value in cases where maximum production is required; 
this was broadly the case in Great Britain during the Second World 
War up to the mid-1950s. Alternatively an evaluation may be needed 
for a much more selective process of locating the best production 
area in cases where the net social and economic advantage lies in 
taking land out of agricultural use. Such aisituation now exists 
in Great Britain, where land for non agricultural purposes is in 
great demand, yet where it is equally important to maintain agricultural 
production at a higjh level and where efficient rather than maximum 
output is demanded.

Due to the broad nature of land capability systems and the 
dependence of their criteria mainly on physical features, most 
efforts (e.g. Sys, 1982) are now concentrating on modifying such 
systems to suitability systems combining biophysical features affecting 
crop production and economical factors. Hilton (1962) stated that the 
difficulties involved in attempting to place combinations of physical 
features in a numerical order of value are greatly diminished if 
capability of land is considered for a limited range of enterprises 
only, and are minimal if the classification can be oriented towards 
the requirements of a single enterprise or designed to deal with some 
well defined problem. He also added that land classification is not 
usually thou^it of in this manner, but a careful examination of 
existing work makes clear that many of the most successful classifications 
do fall into this category and if physical classification is regarded 
as a tool for planning within the agricultural industry, the importance 
of grading land for a specific role is obvious. No grading of land 
according to its suitability for a specific crop such as wheat or 
barley has ever been completed in Great Britain but there could easily

results for ALC in relation to crop production than LUCC
in Table 10.18
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be a place for this kind of work in a national land classification 
programme, or as is under active consideration for the EEC.

Makin (1970) discussed the methodological problems of 
quantitative land capability assessment of upland areas and 
pointed out that a land classification for one type of farm 
enterprise may be unsuitable for another and he added that ideally 
the creation of specific land suitability classification should 
precede the synthesis of a land capability classification. He also 
pointed out that unless the specific requirements of crops in a 
particular locality are known, the land may not be divided into 
units of significance.

Hodge (1976) discussed the improvement of the land 
capability system and noted that the present land capability 
system provides a qualitative subjective assessment of land potent
iality in terms of simple numerical scale; it provides information 
for the advisor, the administrator, the land surveyor and the farmer 
seeking fresh land, although it is probably little used by the 
farmer in possession whose needs are more technical. Hodge (1976) 
also added that the system is based on an assessment of land 
potentiality defined as flexibility in cropping within the 
constraints of the physical limitations of the soil, landscape 
and climate. These limitations cannot be expressed quantitatively 
so that the definition of these classes axe qualitative on the 
judgement and knowledge of experts more than measurement and is 
thus in this sense unscientific. He also pointed out that because 
it is not possible to link values of physical soil properties 
with crop output the system seems to be unlikely to be developed in 
its present form. Hodge (1976) discussed the possibility of using 
the standard net output as a check for the land capability map 
and he also listed the difficulties of using such economical 
methods.

Many other European scientists have discussed the drawbacks 
of their present systems and provided many suggestions for modifying 
those systems or for creation of new systems (Sys, 1980; Begon and 
Mori, 1980; Lamberts, 1980; Lee, 198O5 Margaldi and Ronchetti, 
1980). Sys (198O) studied the relation between a qualitative and 
and quantitative classification and he concluded that quantitative 
evaluation finds its best application at farm level and relation 
between land characteristics and economic factors can be generalised 
to support the qualitative evaluation at a more generalised level.
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He also concluded that qualitative evaluation with socio
economic conditions in mind will probably be the most common 
form of evaluation. It has to be based on land characteristics 
or land qualities.

Worthington (1981 and 1982) discussed the agricultural 
land classification in relation to agricultural production and 
planning and pointed out that since there is no inevitable reason ■ 
for existing output to match land quality, the land’s long-term 
potential productivity (represented by ALC and LUCC) may be the 
most appropriate long-term measure of loss from the national point 
of view. He also pointed out that the policy of protecting high 
quality land as measured by the two systems should continue and 
he suggested an accurate and meaningful subdivision of Grade 3 
land. Although there is considerable support for some of 
Worthington (1981 and 1982) ideas by the findings of this study 
but nevertheless the results are also showing some weak points 
already pointed against the system.

McRae and Burnham (1981) reviewed and discussed all the 
important land classification systems all over the world. They 
also discussed the difference between land suitability and land 
capability and noted that suitability assessment has a sharp focus 
looking for sites possessing positive features associated with 
successful production or use, whereas capability must be vaguer 
and is often defined in terms of negative limitations, which hinder 
or prevent some or all of the activities being considered. Figure
10.1 shows the procedure for land evaluation and the relation 
between land suitability and capability.

10.1.3 Yield data from individual fields in relation to physical
factors

10.1.3.1 Selected fields from Wye College Farm
Fisher (1970) carried out some statistical analysis to 

test the performance of wheat on different soil series and pointed 
out that many factors usually interact to influence the yield of 
crops from certain soil types and it is very difficult to separate 
such factors. Table 10.23 shows the physical data and the mean 
yield data for 19 fields in Wye College Farm. Although the number
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FIGURE 10.1 The stages in indirect land evaluation 
(from McRae and Burnham, 1981)
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of the sample is small due to rotation practice, a positive 
relation is clear between the yield and land classess. Yield 
data from soil series (fields) is the proper level at which to 
study productivity in relation to soil properties for LUCC. The 
system is based on soil information studied at the soil series 
level. In practical terms, it is very difficult - could be 
impossible - to obtain yield data from single soil type.
Generalization of the soil information at the farm level may not 
lower the accuracy of the soil information to the extent to be 
meaningless. Averaging the data at a soil association level most 
probably may provide soil information irrelevant to the true 
picture at the farm level.

It is clear also from the table as it was already revealed 
from the regional data, that the cereals gave yields on Class 3 
soils similar to those from higher classes of best quality soils, 
also confirming that two different crops (e.g. wheat and potato) 
cultivated on one type of soil, might in most cases perform 
differently; especially in low quality soils (i.e. Class 3)* In 
such farms where the technical level of the management is high, 
crops like cereals might give yields as high as Class 1 soils, or 
higher in low quality soils of high water retention (Fisher, 1970).
The four rotation groups (Table 10.2i+) in Wye College Farm are 
located in fields, which reflect the matching of the soil properties 
and the plant requirements which is the case in most of the commercial 
farming. This also proves that the needs of the commercial farmer 
are very technical and specific so he is expecting specific answers 
(suitability) rather than general answers (capability).

Table 10.23 also shows that even in the same class of land 
the yield of winter wheat varies considerably. Such differences 
might be due most probably to local factors (e.g. microtopography 
creating a drainage problem) in which case subdivisions are needed.
It is clear that the variation in yield is higher in Class 3 soils. 
Burnham and Dermott (19&+) discussed the results of preliminary 
studies on the agricultural significance of soil series in the 
West Midlands and pointed out that the productivity of soil series 
can be assessed by both direct and indirect methods. They also 
pointed out that too much reliance should not be put on indirect
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methods of yield surveys due to the difficulty in the interpretation 
of the results, and assessing the management factor. Burnham and 
Dermott (1961+) suggested that the yield surveys should be linked 
to an economic analysis of crops, rotations and systems of faming 
on the soils concerned.

10.2 General conclusions
A large number of suggestions and proposals have accumulated 

from the numerous studies and discussions concerned with agricultural 
land classification in England and Wales. It seems that there is a 
general agreement on the need for removing the contradictions in 
the systems to provide consistent results, and to improve the criteria 
(e.g. to include a socio-economic dimension and relative physical 
factors) to answer specific questions besides the basic concept of 
the system to provide general guidelines for the agricultural planning. 
According to the results of the different analysis and the previous 
discussions the following general points might be concluded:

(1) A correlation exists between the first four categories 
of the ALC and the LUCC and the yields from some crops in the region. 
The correlations are of different significance for the different 
crops.

(2) The intensive crops axe more correlated to the ALC and 
LUCC categories than the cereals.

(3) The yield differences between some of the categories 
of ALC and LUCC is quite small. The yield difference should not
be expected to be of the same amount of importance for the different 
crops within the different categories.

(U) The different crops gave different results in relation 
to a specific land quality or certain physical factors, indicating 
strongly a need for a suitability system.

(5) The results from the economical factors can hardly be 
explained without a clear knowledge of their relation to land quality 
and other production factors related to land.

(6) The planning problems which involve land uses other
than agriculture are very complicated. The agricultural classification 
system is a tool among many tools employed to contribute to solving 
such problems and should not shoulder the whole responsibility for 
protecting or losing agricultural land or not giving a clear answer 
to non-agricultural uses of the land.
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(7) High quality soil maps are needed for the present LUCC 
system and for improving the system or producing suitability maps.

(8) It seems that both the physical conditions and the 
socio-economic factors are important for the different crops, but 
in different degrees. The socio-economic factors might have more 
importance for the cereals, in the area than the physical conditions 
which seem generally suitable all over the region. The physical 
factor is very important for a profitable production of the intensive 
crops.

(9) The assessment of agricultural land classification 
systems on a large regional scale using a considerable sample of 
data for a number of years is practicable. But the LUCC system 
should not be judged without detailed soil information from the 
large regional area.

(10) More research is much needed for study in the physical 
factors and their interrelationships. The soil-water-plant system 
is a potential area for increasing the production of crops. The 
criteria for the characterization of land quality in relation to 
crop production needs more improvement. Research studies which 
have accumulated a huge amount of results from laboratory, glass 
house and field research needs more attention by those concerned 
with land classification.

(11) The complex interrelationships between the different 
data items in this study make the computer programmes very 
complicated to manipulate the data in the data base. A lot of 
time was wasted in modification and trying new programmes. In 
some cases it was found impossible to retrieve the data in a form 
suitable for the statistical analysis. The new version of the data 
base which came out quite recently is capable of managing such tasks.
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APPENDIX I AND II

Appendix I - shows the document which explains briefly the 
whole content of the data base

Appendix II - An example of a programme for creating a
structure for a record type (e.g. Record Type 
2 Longmet). It shows the different statements 
describing different data items, the position 
of the items on the punch cards and the input 
format which is a fixed format



F IL E  NAME 
CASE ID 
RECTYPE COL 

5 SEQUENCE COL 
N OF CASES 
RECS PER CASE 
MAX REC TYPES 

'MAX REC COUNT 
10 COMMON L IS T  

DOCUMENT

15

LARES
CANUM
1
80
9
900
10
20000 
A1 TO A9
THIS IS  A REGIONAL LAND RESOURCES INFORMATION SYSTEM.
THE REGION (KENT.SURREY AND SUSSEX IS  DIVIDED INTO NINE 
CLIMATIC AREAS (CASES). CLIMATE. SOIL. S ITE  CHARACTERISTIC 
AND PRODUCTION(TYPES) ARE TO BE STUDIED FOR ABOUT 200 FARMS 
DISTRIBUTED IN  THE REGION. PHYSICAL AND RECENT LAND USE 
DATA FOR ALL PARISHES WERE ALSO INCLUDED AS A BASE FOR LAND 
USE STUDIES FOR EACH CLIMATIC AREA AND THE WHOLE REGION AS WELL.

RECORD SCHEMA 
50 SORT RECORDS 

MAX REC COUNT 
DOCUMENT 
VARIABLE LIS T  
INPUT FORMAT

2 . LONGMET
MONTH
150
THIS RECORD CONTAINS LONG-TERM CLIMATIC DATA(1 9 4 0 -7 0 ) 
CANUM, YEARS, MONTH, PT, RF. SSH, COEF, HMS
(5X. I I ,  4X. F7. 2, 3X, 12. 5X. F5. 1. 3X. 15, 3X .F5. 1 .3X. F5. 1. 2X, 13)

ACCORDING TO YOUR INPUT FORMAT. VARIABLES ARE TO BE READ AS FOLLOWS

VAR I AELE FORMAT CARD COLUMNS

CANUM I 1 1 6 - 6
YEARS F 7. 2 1 11 - 17
MONTH I 2 1 2 1 - 22
PT F 5. 1 1 2 8 - 32
RF I 5 1 . 3 6 - 40
SSH F 5. 1 1 4 4 - 48
COEF F 5. 1 1 5 2 - 56
HMS I 3 1 5 9 - 61

THE INPUT FORMAT PROVIDES FOR 1 CARDS PER RECORD. A MAXIMUM OF 61 COLUMNS ARE USED ON A CARD.
55 VARIABLE LABELS CANUM,CLIMATIC AREA NUMBER/PT. MEAN MONTHLY POT. TRANSPIRATION MM/

RF.MEAN MONTHLY RAINFALL MM/SSH. MEAN MONTHLY SUN SHINE HRS/COEF.
COEFFICIENT TO CALCULATE APPROX. PT FROM SUNSHINE VALUES ONLY/
HMS.HEICHT ABOVE SEA LEVEL FOR EACH MET. STATION 

VAR RANGES CANUM (1.9)/M0NTH (1.12)
60 VALUE LABELS 'CANUM (l)UYE (2JEAST MALLINC (O)FAVERSHAM (4IHADLOW COLLEGE 

(5>WISLEY <6»NORTH HEATH (7>PLUMPT0N (B)ALICE HOLT LODGE 
(9)EFFORD/MONTH (1)JAN (2>FEB (3)MAR (4)APR (S)MAY 
(6)JUN (7)JUL (8)AUG (9>SEPT (10)CCT (ll)NOV (121DEC



APPENDIX III

Shows the detailed structure of schema by SIR/DBMS. 
The schema defines each record type separately and gives a 
list of its contents. The record types defined are:

Record Type 1 
Record Type 2 
Record Type 3 
Record Type I4 
Record Type 5> 
Record Type 6 
Record Type 7 
Record Type 8 
Record Type 9

- Short-term
- Long-met
- PARISH
- SITE
- FMSURVEY
- SOIL
- FIELD
- FARMET
- FASEASON
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S I R  S Y S T E M (S IR  1. IF )

RUN NAME L IS T  SCHEMA
PAGESIZE 64

DISK RESTORE LARES.FILENANE=LARES
LIS T  SCHEMA DETAILED



LIST SCHEMA
FILE LARES RECORD 1 (SHORTMET) DETAILED LIST 12/10/82

(SlW 1. IF)
11.35. 2B. PAGE 1

—  RECORD TYPE 1 (SHORTMET)

THIS RECORD CONTAINS THE MONTHLY CLIMATIC DAT A (1 9 7 4 -7 9 ) .
THE VARIABLE HNS CONTAINS THL- HEIGHT ABOVE SEA LEVEI IN  METRES 
(T H IS  IS  ONLY PUNCHED FOR JANUARY 1973)

MAXIMUM OF THIS RECORD TYPE PER CASE 1000 
NUMBER OF RECORDS OF THIS TYPE ON DATA FILE  756 
NUMBER OF CARDS IN DATA RCCORD 1

SORT IDENTIFIER 1 -  YEAR 
SORT IDENTIFIER 2 -  MONTH

C l. CANUM, CLIMATIC AREA NUMBER
COLUMN 5 TYPE ( I )  M IN-1 MAX-9

1 a WYE C. W CAST MAI LING
3 B F A VER SI IAN 4 -  HAL'LOW COLLEGE
5 a WISLEY 6 NORTH HEATH
7 = PLUMPTUN 0 - AL ICE HOL T LODGE
9 =. EFFORÌ)

V I. YEAR,
COLUMNS e - J1 TYPE (I) MILE 1973 MAX=1979

1 = 1973 
3 = 1975 
5 = 1977 
7 = 1979

? -  1974 
4 = 1976 
A *= 1978

V2. MONTH,
COLUMNS 14 -  15 TYPE ( I )  MIN=1 MAX-12

1 = JAN
3 = MAR
5 X MAY
7 = JUL
9 - SEPT

11 a NOV

2 = FEU
4 C APR
6 B JUN
0 a AUG

10 = OCT
12 S DEC

V3 MMT, MEAN MONTHLY TEMPERATURE C
COLUMNS 18 -  22  TYPE (F S .2 )

V4. ADD, ACCUMULATED DEGREES DAYS ABOVE 6C
COLUMNS 25 -  27  TYPE <I )

V5. TMR. TOTAL MONTHLY RAINFALL MM
COLUMNS 30 -  34  TYPE ( F 5 .2 )

V6. SSH, TOTAL MONTHLY SUNSHINE HOURS
COLUMNS 3 7 - 4 1  TYPE (FO. 2 )

V7. ST10, SO IL TEMP. AT 10 CM DEPTH
COLUMNS 44 -  47 TYPE (F4. 1)



L IS T
F ILE

SCHEMA
LARES RECORD 1 (SHORTMET) DETAILED L IS T

(SIR 1.IF)
12/10/U2 n. 35.28. PACE 2

VO. ST20.
COLUMNS 50

SOIL TEMP. AT 20 CM DEPTH 
-  53 TYPE <F4. 1)

Ve?. HD.
COLUMNS 56

WET DULB TEMPERATURE C 
- 59 TYPE (FA. 1)

V10 DU,
COLUMNS 62

DRY DULD TEMPERATURE C 
-  65 TYPE (FA. 1 i

V I I . RW,
COLUMNS 60

RUN OF WIND l(M 
-  73 TYPE ( I )

vi;

vu

HMS.

COLUMNS 76

HMS,

HMS= 0. 0 
TYPE (F )

HE IOUT OF
ABOVE SEA I L'VFL ) N ML TK! S 

- 00 TYPE <Fb. 1)

HEIPHT OF
ABOVE SEA LEVEL IN  METRES

NEH OROLOG 1C AL STATION

METEOROLOGICAL STATION

vi ; HMS,
(YEAR EO 

TYPE (I )

HEIGHT OF WYE 
ADOVE SEA LEVEL IN  METRES 
1973 AND MONTH EQ I AND CANUM EO 1 »HMS--56. 0

TI! I L OROL.OG I CAL STATION

vi; HMS,

(YEAR EQ 
TYPE (F )

HEIGHT OF EAST M A I L I N G  
ABUVE SEA LEVEL IN HE IR1 S 

1973 AND MONTH EQ 1 AND CANUH FQ 2>HMS=32.0

METEOROLOGICAL STATION

HMS,
(YEAR EQ 

TYPE d )

Hl IOHT OF F A V E R S H A M
ABOVE SEA LEVEL IN  METRES 

1973 AND MONTH EQ 1 AND CANUM EG 3)HHS=--A0. O

METEOROLOGICAL STATION

vi; HMS,

(YEAR EQ 
TYPE (E )

HEIGHT OF H A D L O W  C O L L E G E  
ABOVE SEA LEVEL IN  ME TRl-S 

1973 AND MONTH EQ 1 AND CANUM LQ 4)HMS---76. 0

METEOROLOGICAL STATION

vi: HMS,

(YEAR EQ 
TYPE (E >

HEIGHT OF w i s l e y  
ABOVE SEA LEVEL IN  METRES 

1973 AND MONTH EQ 1 AND CANUM EQ 5)HMS=35. 0

METEOROLOGICAL STATION

V II HMS,

(YEAR EQ 
TYPE (E )

HEIGHT OF N O R T H  H E A T H  
ABOVE SEA LEVEL IN  METRES 

1973 AND MONTH EQ 1 AND CANUM EO 6>H M S-21.0

METEOROLOGICAL STATION

V12. HMS,

(YEAR EQ 
TYPE ( E >

HEIGHT OF Rl u m p t o n  
ABOVE SEA LEVEL IN  METRES 

1973 AND MONTH EQ 1 AND CANUM EQ 7)HMS=30.O

METEOROLOGICAL STATION

V I2 HMS,

(YEAR EQ 
TYPE (F )

HEIGHT OF A L I C E  HOLT L O D G E  
ABOVE SEA LEVEL IN  METRES 

1973 AND MONTH EQ 1 AND CANUM EQ B)HMS<*115. 0

METEOROLOGICAL STATION



LIST SCHEMA
FILE LARES RECORD 1 (SHORTMET) DETAILED LIST

(SIR 1.IF)
12/10/B2 11.35.38. PAGE 3

V12. HMS,

(YEAR EQ 
TYPE ( F >

HEIGHT OF E F F O R D  
ABOVE SEA LEVEL IN METRES 

1973 AND MONTH EO 1 AND CANUN EO

METEOROLOGICAL STATION 

9>HNS=16. 0



LIST SCI»MA (SIR 1
FILE LARES RECORD 2 (LONGHEI) DETAILED LIST 12/10/82 11.30.28. PAGE

—  RECORD TYPE 2 (LOHOMCT)

THIS RECORD CONTAINS LONG-TERM CLIMATIC DATA<1 7 4 0 -7 0 )

MAXIMUM OF THIS RECORD TYPE PER CASE 150 
NUMBER OF RECORDS OF THIS TYPE ON DATA F ILE  100 
NUMBER OF CARDS IN DATA RECORD 1

SORT ID E N T I F I E R  1 -  iTU N II i

C l. CANUM. CLIMATIC AREA ¡MUMPER
COLUMN 6 TYPE >1) M IN-1 MAX'V

1 = UYb 
3 = FAVERSHAM 
5 = WISELY 
7 = PLUMPTON 
9 = EFFORD

r! ■■■ EAST MAILING 
/I - HADLOW COLLEGE 
6 = NORTH HEATH 
3 « ALICE HOLT LODGE

VLV MONTH,
COLUMNS 21 -  22 TVi-r i l )  H )H -1  MAX- 12

1 - \*AN a  ■- FE 11
3 = MAR 4 = APR
u -  MAY 6 -■ vH IN
7 -=■ JUL 8 = AUG
9 = SEPT 10 - OCT

1 1 = NOV 12 =■ DEC

VI YEARS,
COLUMNS 1 1 -  17 TYHE ( F 7 .2 )

V3 PT, MEAN MONTHLY POT. TRANSPIRATION
COLUMNS 20 -- 32 TYFE (FO. 1)

V4 RF, MEAN MONTHLY RAINFALL MM
COLUMNS 36 -  40 TYPE ( I >

V5 SSH, MEAN MONTHLY SUN SHINE HRS
COLUMNS 44 -  40 TYPE (F5. 1)

V6. CDEF. COEFFICIENT TO CALCULATE APPROX. PT FROM SUNSHINE VALUES
ONLY

-  56 TYPE <FS. 1>

IF  > 
1

COLUMNS 52
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LIST SCHEMA (SIR 1.
FILE LARES RECORD 3 (PARISH) DETAILED LIST 12/10/02 11.35.28. PAGE

—  RECORD TYPE 3 (PARISH)

THIS RECORD CONTAINS PHYSICAL AND LAND USE DATA FOR PARISHES

MAXIMUM OF THIS RECORD TYPE PER CASE 150 
NUMBER OF RECORDS OF THIS TYPE ON DATA F ILE  720 
NUMBER OF CARDS IN  DATA RECORD 2

SORT IDENTIFIER 1 -  PARNUM
SORT IDENTIFIER 2 -  FARNUM
SORT IDENTIFIER 3 -  YEAR

C l. CANUM, CLIMATIC AREA NUMBER
CARD 1 COLUMN 6 TYPE ( I )  MIN=1 MAX-9

1 = WYE 2 ■= EAST MAILING
3 » FAVERSHAH 4 «= HADLOW COLLEGE
5 = WISLEY 6 «= NUN1H HEATH
7 = PLUMPTON 0 =■ ALICE HOLT LODGE
9 = EFFÜRD

VI. PARNUM, PARISH NUMBER
CARD 1 COLUMNS 9 - 1 2  TYPE (I) M IN -1000 MAX-4200

V2. FARNUM, FARM NUMBER
CARD 1 COLUMNS 15 -  IB  TYPE ( I ) MIN 0 MAX-6300

V3. YEAR.
CARD 1 COLUMNS 21 - 22 TYPE (I)

VA. CE0GR1, IST GEOLOG 1 CAL GROUP
CARD 1 COLUMNS 25 - 26 TYPE (1) MIN=0 MAX-17

1 = SHINGLE AND SALT MARSH 
3 = ALLUVIUM -WORSE DRAINAGE 
5 *  BAGSHOT AND BRACKLESHAM BEDS 
7 -  LONDON CLAY 
9 -  PLATEAU DRIFT 

11 « CHALK
13 « RIVER GRAVELS .
15 « ALLUVIUM -BETTER DRAINAGE 
17 -  BRICKEARTH

2 = WEALD AND WADHURST CLAY 
A = SANDY LOWER GREENSAND 
6 « HASTINGS BEDS SANDS10NES 
0 = GAULT CLAY

10 *= HEAD IN  CHALK LANDSCAPE 
IP  •= VARIED PARENT MATERIAL 
14 = RAGESTONE AND HASSOCK 
16 = LOWER LONDON TERTIARY

V5. GE0GR2. 2ND GEOLOGICAL GROUP
CARD 1 COLUMNS 28 -  29  TYPE ( I )  M IN~0 M A X *!7

1 = SHINGLE AND SALT MARSH 
3 = ALLUVIUM -WORSE DRAINAGE 
5 ■ BAGSHOT AND BRACKLESHAM BEDS 
7 -  LONDON CLAY 
9 ■= PLATEAU DRIFT 

11 *  CHALK 
13 « RIVER GRAVELS 
15 *= ALLUVIUM -BETTER DRAINGE 
17 = BRICKEARTH

2 -  WEALD AND WADHURST CLAY 
4 ■= SANDY LOWER GREENSAND 
6 ■= HASTINGS BEDS SANDSTONES 
0 -  GAULT CLAY 

10 *  HEAD IN  CHALK LANDSCAPE 
12 -  VARIED PARENT MATERIAL 
14 = RACESTONE AND HASSOCK 
16 *= LOWER LONDON TERTIARY

IF)
1
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V6. GE0GR3. 3RD GEOLOGICAL GROUP
CARD 1 COLUMNS 31 -  32  TYPE ( I )  M IN -0  MAX'--!'/

LIST SCHEMA (SIR 1. IF)
FILE LARES RECORD 3 (PARISH) DETAILED LIST i P / 10/83 11.35.28. PACE 2

I  -  SHINGLE AND SALT MARSH 
3 *  ALLUVIUM -WORSE DRAINAGE 
5 «= BACSHOT AND BRACKLESHAM 
7 = LONDON CLAY 
9 *• PLATEAU DRIFT 

1 1 = CHALK 
13 = RIVER GRAVELS 
15 -  ALLUVIUM -BETTER DRAINAGE 
17 = BRICKEARTH

P  « WEALD ANI) WAPHUR5T CLAY 
/| -  SANDY LOWER GREENSAND 
A HASTINGS BEDS SANDSTONE 
CT -  GAULT Cl AY

10 = HEAD IN  CHALK LANDSCAPE 
IP  -  VARIED PARENT MATERIAL 
14 -  RAGESTONE AND HASSOCK 
J6 -  LOWER LONDON TERTIARY

V7. AVH. AVERAGE PARISH HEIGHT M
CARD 1 COLUMNS 35 - 37 TYPE (I)

V8. TAREA, TOT AL AREA HA
CARD 1 COLUMNS 40 - 45 TYPE (F6. 1)

V9 CRF. PC 01- LAND FOR CROPS AND FALLOW
CARD 1 COLUMNS 4Ö - 51 TYPE <F4. 1) MIN-O. MAX-100.

V10. VEG. PC or- LAND FOR VEGETABLES
CARD 1 COLUMNS 54 - 57 TYPE <F4. 1) MIN-O. MAX- 100.

VI 1 QRCHi PC OP LAND FOR ORCHARDSCARD 1 COLUMNS 60 - 63 TYPE <F4 1) MIN-O. MAX-100.
V12. CER, PC OF LAND FOR CEREALSCARD 1 COLUMNS 66 - 69 TYPE <F4 1) MIN-O. MAX-100.
V13. POT, PC OF LAND FOR POTATOESCARD n COLUMNS 6 -- 9 TYPE <F4.1) M1N=0. MAX-100.
V1 4. HOPS. PC OF LAND FOR HOPS

CARD 2 COLUMNS 12 - 15 TYPE <F4 1) MIN=0. MAX-100.
VI 5 GR, PC OF LAND FOR GRASS

CARD 2 COLUMNS 18 - 21 TYPE <F4. 1) MIN-O. MAX-100.
V 16 LAB. LABOUR - 100 HA

CARD 2 COLUMNS 24 - 26 TYPE (I)
V I7. ALC1. 1ST AGRICULTURAL LAND CLASS

CARD 2 COLUMN 29 TYPE ( I )  M IN -0  MAX-5

V ie  ALC2 I 2ND AGRICULTURAL LAND CLASS
CARD 2 COLUMN 31 TYPE <I> MIN=0 MAX-5

V19. ALC3, 3RD AGRICULTURAL LAND CLASS
CARD 2 COLUMN 33 TYPE ( I )  M IN -0  MAX-5

V20. NFARMS. TOTAL FARMS-PARISH
CARD 2 COLUMNS DO -  51 TYPE ( I )

V 21. AGREG, AGRICULTURAL REGION FOR THE PARISH
CARD 2 COLUMNS 54 -  55 TYPE ( I )  M IN-1 MAX-60

1 = CENTRAL HIGH WEALD BELT 
3 » LOU WEALD
5 *  KENT SANDY LOWER GREENSAND

2 « HIGH WEALD FRUIT BELT 
4 « LOW WEALD FRUIT BELT 
6  -  GREENSAND FRUIT BELT



L I S T  SCHEMA
F I L E  LARES RECORD 3  (P A R IS H )  D E T A IL E D

7 = EAST KENT GREENSAND 
9 = NORTH DOWNS PLATEAU 

I I  = NORTH KENT F R U IT  BELT 
13 = IS L E  OF THANET
15  = N .WEST KENT H ORTICULTURAL AREA
17 = THE BLEAN
19 = ROMNEY MARSH
21 = UPPER STOUR VALLEY
23  = HIGH WEALD EASTERN ARABLE BELT
2 5  = DARTFORD AREA
27 = RYE AREA
29 2 EAST SUSSEX I I .  WEALD CENTRAL 
3 2  2 EAST SUSSEX SOUTHERN REGION 

. 3 4  s  BEACHY HEAD DOWNS 
3 6  = NEWICK H ORTICULTURAL AREA 
3 8  2 w .  SUSSEX COASTAL P L A IN (S O U T H )  
4 0  « W. SUSSEX SCARP-FOOT P A R IS H E S  
4 2  2 PETWORTH -  HOGATE 
4 4  2 N .W ESTERN LOW WEALD 
4 6  2 HORSHAM AREA 
4 8  = SURREY LOW WEALD 
50  = SURREY SANDY LOWER GKEENSAND 
52 2 SURREY N.DOWNS SCARP-FOCT 
54 2 BAGSHOT AREA 
5 6  = G pD A LK IN G  AREA
58 2 W. SUSSEX COASTAL P L A IN  -  EAST

= NORTH DOWNS IN  WEST KENT 
2 EAST KENT F R U IT  BELT 
= EAST KENT H ORTICULTURAL AREA 
2 HOO P EN IN S U LA
2 N .  KENT MARSHES AND C LAY LANDS 
= EAST KENT MARSHES 
= WANTSUM AREA
= CANTERBURY F R U IT  -  ARABLE REGION 
= ROMNEY MARSH FRINGE 
2 EAST G U ILFO R D  LEVELS 
= EAST SUSSEX HIGH WEALD REGION 
2 PEVENSEY LE VEL 
2 EASTERN SOUTH DOWNS 
2 EAST SUSSEX SCARP-FOOT 
2 WESTERN SOUTH DOWNS 
2 W. SUSSEX COASTAL P L A IN  (N O R T H )
= PULBOROUGH AREA 
2 S .W ESTERN LOW WEALD 
2 WEST SUSSEX H IGH WEALD 
2 SURREY H IG H  WEALD 
2 SURREY LOW WEALD -EASTERN  
2 SURREY N.DOWNS SCARP-FOOT P A R IS H E S  
2 EPSOM/LF.ATHEHHEAD AREA 
2 SURREY THAMES VALLEY 
2 SURREY -  U N C L A S S IF IE D  
2 TONBRIDGE AREA U N D IF F E R E N T IA T E D

(SIR 1. IF)
ST 1LV10/B2 11.35.28. PAGE 3L I

8
1012
14
16
18
20
22
24
26
28
3 0
33
3 5
37
39
41
43
4 5
47
49
51
53
55
57
6 0
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LIST SCHEMA
FILE LARES RECORD 4 (SITE) DETAILED LIST

—  RECORD TYRE 4 (S IT E )

THIS RECORD CONTAINS THE SITE  CHARACTER I STICS TOR EACH FARM

MAXIMUM OF THIS RECORD TYPE PER CASE SO 
NUMBER OF RECORDS OF THIS TYPE ON DATA FILE  209 
NUMBER OF CARDS IN DATA RECORD 2

(S IR  1 . IF )
1 2 /1 0 /0 2  1 1 .3 5 .2 8 .  PACE 1

SORT IDENTIFIER 1 -  FARNUN

C l. CANUM. CLIMATIC AREA NUMDFR.
CARD 1 COLUMN 5 TYPE ( I )  MIN=1 MAX-9

1 = WYE 2 = EAST MALLING
3 -  FAVERSHAM 4 - HADLOW COLLEGE
5 = WISLEY 6 - NORTH HEATH
7 = PLUMPTON 8 = ALICE HOLT LODGE
9 = EFFORD

FARNUM. FARM NUMBER
CARD 1 COLUMNS 0 - 1 1  TYPE ( I )  M IN -6000 MAX-6300

V2. CONUM, COUNIY NUMBER
CARD 1 COLUMN 14 TYPE (1 )  h j N - 1 MAX'-4

1 -  KENT 2 = EAST SUSSEX
3 « WEST SUSSEX 4 -  SURREY

V3. NACRID, NATIONAL GRID
CARD 1 COLUMNS 17 -  18 TYPE ( I )

61 = TR
41 = 5U
50 = TV

V4. GRIDREF, GRID REFERENCE
CARD 1 COLUMNS 20  -  25  TYPE ( I )

V5. FARH. FARM HEIGHT M
CARD 1 COLUMNS 28  -  30  TYPE ( I >

51 -  TO 
40 -  SZ

V6. GEOGR. GEOLOGICAL GROUP
CARD 1 COLUMNS 33 -  34 TYPE ( I )  M IN -0  MAX-17

1 -  SHINGLE AND SALT MARSH 
3 -  ALLUVIUM-WORSE DRAINAGE 
5 -  BACSHOT AND BRACKLES 
7 -  LONDON CLAY 
9 = PLATEAU DRIFT 

11 -  CHALK 
13 -  RIVER GRAVELS 
15 -  ALLUVIUM-BETTER DRAIAGE 
17 -  BRICKEARTH

2 -  WEALD AND WADHURST CLAY 
4 -  SANDY LOWER GREENSAND 
6 -  HASTINGS BEDS SANDSTONE 
B -  GAULT CLAY

10 -  HEAD IN  CHALK LANDSCAPE 
12 -  VARIED PARENT MATERIAL 
14 -  RAGESTONE 4- HASSOCK 
16 -  LOWER LONDON TERTIARY

V7. SLOPE. SLOPE IN  DEGREES
CARD 1 COLUMN 37 TYPE ( I )  M IN-1 MAX-25
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1 =• LEVEL 0 -1  DG 
3 » MODEPATELY SLOPING 4 - 7  DG

LIST SCHEMA
FILE LARES RECORD 4 (SITE) DETAILED (S IR  1. IF )

1 0 /1 0 /0 2  1 1 .3 5 .2 0 .  PACE 2

2 «- GENTLY SLOPING 2 - 3  DG 
'1 -  STRONGLY SLOPING 8-11DG

VB SAUNIT . SOIL ASSOCIATION
CARD 1 COLUMNS 4 0 - 4 1  TYPE (1 )

10 S 343 H J 1 a. 36U A
1 2 * 31 1C 13 X 5 1 1Y
14 57 in n 15 B 571 D
16 B 571 E 17 = 571 W
10 a 571 X 19 572 C
20 e 572 R ;.m TS 501 Z
22 582 B 23 A VJ 1 u
24 711 0 • *5 e 7 J J (■
26 = 71 1 T 27 « 712 L
28 = 712 K 27 B 013 I
30 — 013 Y. 31 B 814 E
32 - O l*  H 33 iS 841 K
• J A ■J • = 343H-511 C 35 S 343 H-582 n
36 = 511 C -571 U 37 S 51 1 Y -3 '".' a
35 = 511 Y—502 13 39 = 3 : i V -7  ; z c
40 = 57U H -013  I 4 J s 57 i ¡ ib - / 11 T
42 = 571 X -582  B 43 ti. 072 R-814 II
44 = 571 R -013 D 45 S 572 R -7 11 T
46 x 501 T -5 0 2  B 47 B 631 N-712 E
40 = 711 Ü-U41 E 49 B 711 T-841 K
50 = 711 U -712  E 51 - 04 1 F
52 = 571 N 53 - 55U C
54 a 631 D 55 = 631 N

V9. 5SER1. 1ST SO IL SCRIES
CARD ) COLUMNS 44 -  45 TYPE (1 )  MIN--0 MAX=50

1 = ADERFUUD 2 AGNEY
3 B ALTHORNE 4 i r ANDOVER
5 = BATCOMHE 6 =- BEACH BANK
7 = BERKHANSTED 0 B BLACKTOFT
9 e BURSLEDON 10 B CARSTENS

1 1 * CHARITY 12 B CONWAY
13 = COOMBE 14 B CRANBROOK
15 B CURORIOGE 16 B CURTISDEN
17 ■ DENCHWORTH 10 B ELLINGHAM
19 « ENBOURNE 20 SS EVESHAM
21 a FLADBURY 22 B FRILFORD
23 s FRILSHAM 24 B FYFIELD
25 B GIVENDALE 26 B GORE
27 SS HAMBLE 28 S HOLIDAYS H ILL
29 m HOOK 30 s HORNBEAM
31 B HORSHAM 32 B ISLEHAM
33 B KINGSTON 34 B MARLOW
35 a NEUCHlirtCH 36 S OXPASTURE
37 = PANHOLES 38 B PARK GATE
39 * SHABBINCTON 40 B SHIRRELL HEATH
41 B SWANWICK 42 B THORNE
43 » UPTON 44 B WALLASEA
45 a WANTAGE 46 B WATERSTOCK
47 s WICKHAM 48 = WINCHESTER
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49 ■ WINDSOR 50 = WISBECH
VIO. SSER2. 2ND SOIL SERIES

CARD 1 COLUMNS 47 - 48 TYPE (I) MIN=0 MAX=50

LIST SCHEMA (SIR 1
FILE LARES RECORD 4 (SITE) DETAILED LIST 12/10/82 11.35.28. PAGE

1 = ABERFORD 2 a ACNE Y3 ALTHORNE 4 a ANDOVER5 BATCOMBE 6 a BEACH BANK7 = BERKHAMSTED » a BLACKTOET9 a BURSLEDON 10 a CARSTENS11 * CHARITY 12 8 CONWAY13 = COOMBE 14 = CRANBROOK15 s CURDRIDGE 16 a CURTISDEN17 * DENCHWORTH 10 a ELLINGHAM19 * ENBOURNE 20 8 EVESHAM21 = FLADBURY 22 a FRILFORD23 a FRILSHAM 24 a FYEIELD25 a GIVENDALE 26 a CORE27 HAMBLE 28 a HOLIDAYS HILL29 = HOOK 30 a HORNBEAM31 — HORSHAM 32 a ISLEHAM33 KINGSTON 34 a MARLOW35 NEWCHUHCH 36 a OXPASTURE37 a PANHOLES 30 a PARK GATE39 a SHABBINGTON 40 a SHIRRELL HEATH41 a SWANWICK ' 42 a THORNE43 a UPTON 44 a WALLASEA45 a WANTAGE 46 a WATERSTOCK47 a WICKHAM 48 a WINCHESTER49 s WINDSOR 50 8 WISBECH
V I I .

1 « 
3 = 
5 = 
7 » 
9 = 

11 =  

13 = 
15 = 
17 = 
19 = 
21 =  
23 - 
25 - 
27 = 
29 = 
31 = 
33 = 
35 - 
37 - 
39 = 
41 - 
43 *= 
45 - 
47 « 
49 -

SSER3, 3RD SOIL SERIES
CARD 1 COLUMNS 50 - 51 TYPE (I) MIN=0 MAX=50
ABERFORD
ALTHORNE
BATCOMBE
BERKHAMSTED
BURSLEDON
CHARITY
COOMBE
CURDRIDGE
DENCHWORTH
ENBOURNE
FLADBURY
FRILSHAM
GIVENDALE
HAMBLE
HOOK
HORSHAM
KINGSTON
NEWCHURCH
PANHOLES
SHABBINGTON
SWANWICK
UPTON
WANTAGE
WICKHAM
WINDSOR

2 = AGNEY 
4 = ANDOVER 
6 - BEACH BANK 
8 = BLACKTOFT 
10 = CARSTENS 
12 ^ CONWAY 
14 = CRANBROOK 
16 = CURTISDEN 
18 «= ELL INGHAM 
20 - EVESHAM 
22 - FRILFORD 
24 - FYFIELD 
26 - GORE
28 « HOLIDAYS HILL 
30 « HORNBEAM 
32 *= ISLEHAM 
34 = MARLOW 
36 - OXPASTURE 
38 » PARK GATE 
40 - SHIRRELL HEATH 
42 - THORNE 
44 = WALLASEA 
46 - WATERSTOCK 
48 = WINCHESTER 
50 « WISBECH

IF)
3
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LIST SCHEMA
FILE LARES RECORD 4 (SITE) DETAILED LIST 1 2 /1 0 /8 2

(S IR  1
1 1 .3 5 .2 8 . PAGE

)12. SSER4, 4TH SOIL SERIES 
CARD 1 COLUMNS 53 -  54 TYPE ( I )  MIN- <D MAX-50

1 « ABERFORD 2 s AGNEY
3 - ALTHORNE 4 c ANDOVER
5 B BATCOMUE 6 e BEACH BANK
7 m BERKHAMSTED 8 B DLACKTOKT
9 = BURSLEDON 10 B CARSTENS

11 = CHARITY 12 SB CONWAY
13 * COOMBE 14 B CRANBROOK
15 SB CURDRIDGE 16 B CURTISDEN
17 = DENCHWOKTH 18 B ELL INGHAM
19 » ENBOURNE 20 B EVESHAM
21 m FLADBURY 22 B FRILFORD
23 « FRILSHAM 24 B FYFIELD
25 ■ GIVENDALE 26 B CORE
27 ■ HAMBLE 28 B HOLIDAYS H ILL
29 ts HOOK 30 B HORNBEAM
31 « HORSHAM 32 B 1SLEHAM
33 f. KINGSTON 34 B MARLOW
35 = NEWCHURCH 36 B OXPASTURE
37 = PANHOLES 30 = PARK GATE
39 SHABBINCTON 40 B SHIRRELL HEATH
41 - SWANU1CK 42 — THORNE
43 B UPTON 44 B WALLASEA
45 SB WANTAGE 46 B WATERSTOCK
47 SB WICKHAM 48 B WINCHESTER
49 * WINDSOR 50 B WISBECH

V13. PCSSER1. pc OF 1ST SOIL SREIES
CARD 1 COLUMNS 57 -  58 TYPE ( I )

V14. PCSSER2, PC OF 2ND SO IL SERIES
CARD 1 COLUMNS 60 -  61 TYPE ( I )

V15. PCSSER3, PC OF 3RD SO IL SERIES
CARD 1 COLUMNS 63 -  64 TYPE ( I )

V16. PCSSER4. PC OF 4TH SO IL SERIES
CARD 1 COLUMNS 66 -  67 TYPE ( I )

V17. SH. SHALLOWNESS CLASS
CARD 1 COLUMN 70 TYPE ( I )  M IN -1 MAX-5

1 -  VERY SHALLOW 630 CM 
3 -  MOD. DEEP 6 0 -9 0  CM 
5 -  VERY DEEP >120 CM

2
4

SHALLOW 3 0 -6 0  CM 
DEEP 9 0 -1 2 0  CM

V18.

0
2
4

V19.

STO. STONINESS CLASS
CARD 2 COLUMN 5 TYPE ( I )  MIN=0 MAX«

• EXTREMELY STONY >70 
« MOD. STONY 16-3K  PC 
« VERY SLIGHTLY STONY

1 -  VERY 5TÖNY 3 6 -7 0  PC 
3 -  SLICHTLY STONY 6 -1 5  
5 -  STONELESS 61 PC

TEX. TEXTURAL CLASS
CARD 2 COLUMN 8 TYPE ( I )  M IN -1 MAX-4

IF)
4



3 6 h

AVERAGE PC OF CLAY IN SITE

LIST SCHEMA
FILE LARES RECORD 4 (SITE) DETAILED LIST 12/10/8? 11.35.28.

COARSENESS INDEX OF SITE 
COLUMNS 16 - J9 TYPE (F4.2)

AVAILABLE WATER . FOR CEREALS MM 
COLUMNS 2? - 24 TYPE <I)

AVAILABLE WATER CAPACITY MM 
COLUMNS 27 - 29 TYPE (I)

EASE OF CULTIVATION AND STABILITY OF STRUCTURE

V20. PCCL.
CARD 2

V21 : COIN.
CARD 2

V22. AWCER.
CARD 2

V23. AWC.
CARD 2

V24. ESS,
CARD 2

1
3
5

V25.

= IMPOSSIBLE 
= MOD. DIFFICULT 
= MODERATELY EASY

? = D1FFICUT 
4 *= MODERATE 
6 = EASY

WETCL. WETNESS CLASS
CARD 2 COLUMN 34 TYPE <I) MIN-1 MAX-6

= PERMANENTLY WET 
= COMMONLY WET 
= SELDOM WET

2 = USUALLY WET 
4 = OCCASIONALLY WIT 
6 = RARELY WET

V26. DIH.
CARD 2

V27. CACO.
CARD n

V28. LUCC.
CARD 2

V29. SUBLUCC
CARD 2

DEPTH TO THE IMPERMEABLE HORIZON CM 
•INS 37 - 38 TYPE (I) MIN-0 MAX-90
CALCIUM CARBONATE PC

LAND USE CAPABILITY CLASS 
INS 47 - 49 TYPE <F3. 1) MI
1ST LUCC LIMITATION

1 ■ SHALLOW OR STONY 
3 = CLIMATE 
5 = STEEP SLOPE

DRAINAGE
EROSION

V30. SUBLUCC2. 2ND LUCC LIMITATION 
CARD 2 COLUMN 54 TYPE (I) MIN=0 MAX=5

• SHALLOW OR STONY 
= CLIMATE 
= STEEP SLOPE

2
4

DRAINAGE
EROSION

V31.

1
3
5

V32.

SUBLUCC3. 3RD LUCC LIMITATION 
CARD 2 COLUMN 56 TYPE <I> MIN=>0 MAX-5

« SHALLOW OR STONY 
= CLIMATE 
= STEEP SLOPE

2 - DRAINAGE 
4 - EROSION

ALC,
CARD 2 COLUMN 59 TYPE <I) MIN-0 MAX-5

(SIR 1. IF) 
PAGE 5



V33. AWPOT, AVAILABLE WATER FOR POTATOES MM
CARD 3 COLUMNS 63 -  64 TYPE ( I )

V34. SSCER, SOIL SCORE FOR CEREALS
CARD 3 COLUMNS 67 -  68  TYPE <I )

V35. SSPOT, SOIL SCORE FOR POTATOES
CARD 3 COLUMNS 70 -  71 TYPE ( I )

V36. FATYPE, FARMING TYPF.

CARD 2 COLUMNS 73 -  74 TYPE ( I )

1 = PREDOM. MILK C60 HA 
3 « PREDOM. .M IL K  >120 HA 
5 -  PREDOM. ARABLE 1 0 0 -2 0 0  HA 
7 -  PREDOM SHEEP-CATTLE <100 ha 
9 '  FREDOM. PICS -POULTRY 

11 = MILK AND ARABLE >200 HA 
13 *  SHEEP-CATTLE-ARABLE>100 HA 
15 -  MIXED FARMS WITH PIGS/POULTRY 
17 *  INTENSIVE ARABLE-HOPS/FRUIT 
19 = UNCLASSIFIED

LIST SCHEMA (SIR 1.1F)
FILE LARES RECORD 4 (SITE) DETAILED LIST 13/10/82 II 35. ?0. PAGE 6

M IN-1 MAX-20

2 = PRI-DOM. MILK 6 0 -1 2 0  HA 
4 ■= PREDOM. ARABLE «130  HA 
6 -  PREDOM. ARABLE >200 HA 
0 = PREDOM. SHEf-P -CAT TJ_E. >100 HA 

lO  = M ILK AND ARABLE «200 HA 
12 « SHEEP -CATTLE AND ARABLE 
14 = MILK-SHEEP-CATTLE AND ARABLE <100 
16 -  INTENSIVE ARABl E -  FRUIT 
10 = INTENSIVE ARABLE -  FRUIT VEG.
20 = DIFFERENT TYPES OF FARMING
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LIST SCHEMA (SIR 1. IF)
FILE LARES RECORD 5 (FHSURVEY) DETAILED LIST 12/10/02 11.35.28. PACE 1

—  RECORD TYPE 5 (FMSURVEY)

THIS RECORD CONTAINS FARM MANAGEMENT SURVEY DATA

MAXIMUM OF THIS RECORD TYPE PER CASE 500 
NUMBER OF RECORDS OF THIS TYPE ON DATA F IL E  062 
NUMBER OF CARDS IN DATA RECORD 3

SORT I DENT IF  IFR 1 -  FARNUI-I 
SORT IDENTIFIER 2 -  YEAR

C l.  CANUM, CLIMATIC AREA NUMBER
CARD 1 COLUMNS 6 - 7  TYPE ( I )  M IN-1 MAX-9

1 -  WYE 
3 = FAVERSHAM 
5 -  WISELY 
7 -  PLUMPTON 
9 = EFFORD

V I. FAHNUM, 
CARD 1

FARM NUMBER
COLUMNS 10 -  14 TYPE ( I )

V2. YEAR, 
CARD 1 COLUMNS 17 -  19 TYPE ( I )

V3. SIZEHA, 
CARD 1

SIZE  OF FARM IN  HECTARES 
COLUMNS 22 -  28 TYPE (F 7 .2 )

V4. WWHEAT. 
CARD 1

WINTER WHEAT TON PER HA 
COLUMNS 31 -  34 TYPE ( F 4 . 1)

V5. SWHEAT, 
CARD 1

SPRING WHEAT TON PER HA 
COLUMNS 37 -  40 TYPE (F4. 1)

V6. WBARLEY, 
CARD 1

WINTER BARLEY TON PER HA 
COLUMNS 43 -  46 TYPE ( F 4 . 1)

V7. SBARLEY, 
CARD 1

SPRING BARLEY TON PER HA 
COLUMNS 49 -  52 TYPE (F4. 1)

V8. WOATS> WINTER OATS TON PER HA
CARD 1 COLUMNS 55 -  58 TYPE (F 4 . 1)

V9. SOATS, SPRING OATS TON PEH HA
CARD 1 COLUMNS 61 -  64 TYPE ( F 4 . 1)

VIO . WAREPOT, WARE POTATOES TON PER HA
CARD 1 COLUMNS 6 7 - 7 1  TYPE ( F 5 . 1)

V I 1. FRIESIAN. FR IESIAN  MILK L ITR E  PER COW 
CARD 2 COLUMNS 6 - 1 1  TYPE (F 6 . 0 )

V12. GLUAFH. GRAZING LIVESTOCK UNITS PER ADJUSTED FORAGE HA
CARD 2 COLUMNS 14 -  17 TYPE ( F 4 . 1)

2 -  EAST MALLING 
4 -  HADLOW COLLEGE 
6 -  NORTH HEATH 
B = ALICE HOLT LODGE



I
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LIST SCHEMA
FILE LARES RECORD 5 <FMSURVEYI DETAILED LIST 12/10/02 11.35.28.
V13 GLOAFF, GRAZING LIVESTOCK OUTPUT * PER FARM FORAGE HA

CARD 2 COLUMNS 20 - 24 TYPE <F5 0)
V14. TEO, 

CARD 2
TOTAL ENTERPRISE OUTPUT * 

COLUMNS 27 - 33 TYPE <F7. 0)
PER HA

VI5. SO,
CARD 2

STANDARD OUTPUT % HA 
COLUMNS 3 6 - 4 1  TYPE (F6. 0)

V 16. YI,
CARD 2

YIELD INDEX HA 
COLUMNS 44 - 49 TYPF <F6. 1)

VI7. FERTS, 
CARD 2

EXPENDITURE ON FERTILIZERS * PER 
COLUMNS 52 - 57 TYPE (F6. 1)

V18. RENT, 
CARD ~2

RENT * PER HA OF TENANTED 
COLUMNS 60 - 66 TYPE (F7. 1)

FARMS

V19. NFI, 
CARD 2

NET FARM INCOME 
COLUMNS 69 - 74 TYPE <F6. 1)

V20. CEREALS, 
CARD 3 PERCENT LAND FOR CEREALS 

COLUMNS 6 - 9  TYPE <F4 0)
V21. HOPFRUIT, PERCENT LAND FOR HOPS AND 

CARD 3 COLUMNS 12 - 15 TYPE (PAO)
FRUITS

V22. FORAGE. 
CARD 3

PERCENT LAND FOR FORAGE 
COLUMNS 1B - 21 TYPE (K4.0)

V23. OTHERS, 
CARD 3 PERCENT OF LAND FOR OTHER 

COLUMNS 24 - 2/ TYPE (F4.0)
CROPS

V24. FALLOW, PERCENT OF DARE FALLOW LAND

(SIR 1. 
PAGE

I F )
2

CARD 3 COLUMNS 30 - 33 TYPE (F4.0)
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LIST SCHEMA (SIR 1
FILE LARES RECORD 6 (SOIL) DETAILED LIST 12/10/82 11.35.28. PAGE

—  RECORD TYPE 6 (S O IL )

THIS RECORD CONTAINS DETAILED SO IL SERIES INFORMATION FOR 
THE SELECTED FIELDS WITHIN EACH FARM (REC 7 . F IE L D ), SO THAT 
CROP YIELDS FROM THE FIELDS CAN BE STUDIED IN  RELATION 
TO DIFFERENT S O IL ‘TYPES( SOIL SERIES). AT THE PRESENT SUCH 
INFORMATION IS  ONLY AVAILABLE FOR WYE COLLEGE FARM.

MAXIMUM OF THIS RECORD TYPE PER CASE 50 
NUMBER OF RECORDS OF THIS TYPE ON DATA FILE  6 
NUMBER OF CARDS IN DATA RECORD 2

SORT IDENTIFIER 1 -  FARNUM 
SORT IDENTIFIER 2 -  SSEK

C l.  CANUM, CLIMATIC AREA NUMBER
CARD 1 COLUMN 5 TYPE ( I )  M IN -1 MAX-9

1 3» WYE 2 - EAST HALLING
3 = FAVERSHAM 4 - HADLOW COLLEGE
5 = WISLEY 6 = NORTH HEATH
7 = PLUMPTON 8 = ALICE HOLT LODGE
9 = EFFORD

V I ,  FARNUM, FARM NUMBER
CARD 1 COLUMNS U -  11 TYPE ( I )  M IN -6000  MAX-6300

V2. SSER, SOIL SERIES NUMBER
CARD 1 COLUMNS 14 -  15 TYPE ( I )  M IN -0  MAX-50

4 = ANDOVER 
13 = COOMBE 
26 = GORE 
29 = HOOK

10 = CARSTENS 
17 ■= DENCHWORTH 
27 = HAMBLE

V3. PCSSFA, PC OF SOIL SERIES IN  THE FARM
CARD 1 COLUMNS 18 -  19 TYPE ( I )

V 4. SH, SHALLOWNESS CLASS
CARD 1 COLUMN 22 TYPE ( I )  M IN -0  MAX-5

1 -  VERY SHALLOW 630 CM 
3 = MOD. DEEP 6 0 -9 0  CM 
5 = VERY DEEP >120 CM

2 » SHALLOW 3 0 -6 0  CM 
4 -  DEEP 9 0 -1 2 0  CM

V5. SLO, SLOPE OF SOIL SERIES
CARD 1 COLUMN 25 TYPE ( I )  M IN -0  MAX-5

V6. STO, STONINESS CLASS
CARD 1 COLUMN 26 TYPE ( I )  M IN -0  MAX-5

0 = EXTREMELY STONY >70 
2 « MOD. STONY 1 6 -3 5  PC 
4 = VERY SLIGHTLY STONY

1 ■ VERY STONY 
3 -  SLIGHTLY STONY 6 -1 5  
5 -  STONELESS 61 PC

IF)
1
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L I S T SCHEMA
FILE LARES RECORD 6 (SOIL) DETAILED LIST 12/10/02
V7. TEX, TEXTURAL CL*S5

CARD 1 COLUMN 31 TYPE (I) MIN-0 MAX“5
V8. PCCL, PC OF CLAY

CARD 1 COLUMNS 34 - 35 TYPE (I>
V9. COIN, COARSENESS INDEX

CARD 1 COLUMNS 3 8 - 4 1 TYPE (F4 2)
VIO. AWCER, AVAILABLE IWATER FOR CEREALS MM

CARD 1 COLUMNS 44 - 46 TYPE (1)
VII. AWC# AVAILABLE WATER CAPACITY MM

CARD 1 COLUMNS 49 - 51 TYPE (1)
V12. ESS. EASE OF CULTIVATION

CARD 1 COLUMN 54 TYPE <I> Î11N“1 MAX- 6
1 « IMPOSSIPLE r* = DIFFICULT

(SIR 1
11.35. TB. PACE

3 = MODERATELY DIFFICULT 
5 = MODERATELY EASY

•1 - MUDERAI E 
A = EASY

V13. WE'!CL, WETNESS CLASS
CARD 1 COLUMN 57 TYPE ( I )  IT1N 1 MAX= 6

1 = PERMANENTLY WET 
3 = COMMONLY WET 
5 = SELDOM WET

2 = USUALLY WEI 
A - OCCASIONALLY WET 
A «= RARELY WET

VIA. DIH, 
CARD DEPTH CF IMPERMEABLE LAYER CM 

COLUMNS 5 - 6 TYPE (1) MIN=0 MAX”VO
V 1 5. CACO, PC OF CALCIUM CARDONATE

CARD 2 COLUMNS 9 - 1 2  TYPE (F4. 1)
VIA. LUCC, LAND USE CAPABILITY CLASS

CARD 2 COLUMN 15 TYPE <I) MIN^=0 MAX-7
V17. SUBLUCC1, 1ST LUCC LIMITATION

CARD 2 COLUMNS IB - 19 TYPE (I) MIN-O MAX-5
1 = SHALLOW OR STONY 
3 = CLIMATE 
5 = STEEP SLOPE

2 = DRAINAGE 
4 = EROSION

VI8. SUBLUCC2. 2ND LUCC LIMITATION
CARD 2 COLUMNS 21 - 22 TYPE (I) MIN-0 MAX=5

1 = SHALLOW OR STONY 
3 - CLIMATE 
5 * STEEP SLOPE

2 = DRAINAGE 
A = EROSION

V19. SUBLUCC3, 3RD LUCC LIMITATION
CARD 2 COLUMNS 24 - 25 TYPE (I) MIN-0 MAX=5

1 = SHALLOW OR STONY 
3 = CLIMATE 
5 = STEEP SLOPE

2 ■= DRAINAGE 
A -  EROSION

IF)2
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V20. AWPOT. AVAILABLE WATER FOR POTATOES
CARD 2 COLUMNS 31 -  33 TYPE <I>

V21. SSCER. SO IL SCORE FOR CEREALS
CARD 2 COLUMNS 36 -  37 TYPE <I )

V22. SSPOT, SOIL SCORE FOR POTATOES
CARD 2 COLUMNS 40 -  41 TYPE <I>

V23. FD1. 1ST F IE LD  WITHIN SOIL SERIES
CARD 2 COLUMNS 44 -  45 TYPE ( I )  MIN'--0 MAX=20

LIST SCHEMA (SIR 1
FILE LARES RECORD 6 (SOIL) DETAILED LIST 12/10/02 11.35. PB. PAGE

1 NORTH SI DELANDS 2 B SOUTH SIDELANDS
3 = GORE 4 1= WALLOWAYS
5 = PICKERSDANE 6 B BANNFIELD
7 DUNSTAN 0 B COOPER
9 = RUSSELL AND WILSON 10 « KING AND HALL

11 = PARK 12 s WELL
13 = FORSTAL 14 ET OAK
15 = CRABS 16 B SHARBROOK
17 = MIDDLEDIELD 18 S i JOHN ACRE
19 = S1URDES FOND

V24. FD2, 2ND FIELD  WITHIN SOIL SERIES
CARD 2 COLUMNS 4G -  49 TYPE ( I )  M IN -0  MAX' 20

1 = NORTH 51 DELANDS 
3  = CORE 
5 = PICKERSDANE 
7 = DUNSTAN
9 = RUSSELL AND WILSON 

11 = PARK 
13 = FORSTAL 
15 = CRABS 
17 = MIDDLEFI ELD 
19 = STURDES POND

2 = SOUTH SI DELANDS 
4 WALLOWAYÜ 
6 -  DARNFILLI)
0 "  COOPER 

1 0  ■= K IN G  AND HAI L 
12 = WELL 
14 = OAK 
16 = SHARBROOK 
18 = JOHN ACRE

V25. FD3. 3RD FIE LD  W ITHIN SOIL SERIES
CARD 2 COLUMNS 52 -  53 TYPE <I> M IN=0 MAX=20

1 = NORTH SI DELANDS 2 B SOUTH SIDELANDS
3 = GORE 4 8S WALLOWAYS
5 = PICKERSDANE 6 e BARNFIELD
7 = DUNSTAN 8 B COOPER
9 = RUSSELL AND WILSON to B KING AND HALL

11 m PARK 12 B WELL
13 * FORSTAL 14 B OAK
15 » CRABS 16 e SHARBROOK
17 B MIDDLEFI ELD 18 B JOHN ACRE
19 B STURDES POND

V26. FD4. 4TH F IE LD  WITHIN SO IL SERIES
CARD 2 COLUMNS 56 -  57 TYPE ( I )  M IN=0 MAX=20

1 = NORTH SIDELANDS 
3 = GORE 
5 = PICKERSDANE 
7 = DUNSTAN 
9 = RUSSELL AND WILSON 

11 = PARK 
13 = FORSTAL

2 -  SOUTH SIDELANDS 
4 = WALLOWAYS 
6 -  BARNFIELD 
8 = COOPER 

lO  = KING AND HALL 
12 -  WELL 
14 » OAK

IF)
3
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LIST SCHEMA
FILE LARES RECORD 6 (SOIL) DETAILED LIST 12/10/82 11.35.28.

15 = CRADS 1 6  = SIIARUROOK
17 = M1DDLEF1EI D 10 = JOHN ACRE
19 = STURDES POND

V27. FD5. OTH FIELD WITHIN SOIL SERIES
CARD 2 COLUMNS 60 - 61 TYPE (I) I1IN-0 MAX= 20

1 = NORTH SIDELANDS 2 - SOUTH SI DEL AND:
3 - GORE 4 - WALLOWAYS
5 = P1CKERSDANE 6 - BARNFIEl l>
7 = DUNSTAN 0 COOPER
9 S RUSSELL AND WILSON 10 = KING AND HALL
11 K PARK 12 BS WELL
13 = F0RSTA1 14 = OAK
15 = CRABS 16 SHARBROOK
17 SB MIDDLEFIELD 10 - JOHN ACRE
19 = STURDES POND

V28. FD6. 6TH FIELD WITHIN SOIL SERIES
CARD 2 COLUMNS 64 - 65 TYPE (1) MIN=-0 MAX=20

1 = NORTH 5IDELANDS nc = SOUTH SIRELAND
3 = GORE 'l - WALLOWAYS
5 = p i c k e r s d a m:: r- BARNFiri L>
7 = DUNS TAN 0 =r. COOPER
9 = RUSSELL AND WILSON K) - KING AND HAl.L
1 1 or PARK 12 WELL
13 = FORSTAI. 14 r.* OAK
15 = CRABS 16 = SHARUROOK
17 = MIDDLEFIELD 10 =- JOHN ACRE
19 = STURDES POND

(SIR 1. IF) 
PAGE 4
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LIST SCHEMA (SIR 1
FILE LARES RECORD 7 (FIELD) DETAILED LIST 12/10/02 11.35.28. PACE

—  RECORD TYPE 7 (FIEI D)
THIS RECORD CONTAINS THE YIELD DATA FOR FIELDS PER FARM

MAXIMUM OF THIS RECORD TYPE PER CAGE SO 
NUMBER OF RECORDS OF THIS TYPE ON DATA FILE 19 
NUMBER OF CARDS IN DATA RECORD 3

SORT IDENTIFIER 1 - FARNUM 
SORT IDENTIFIER 3 - SSER 
SORT IDENTIFIER 3 - FINUM
Cl. CANUM. CLIMATIC AREA

CARD 1 COLUMN 5 TYPE (I>
1 = WYE 
3 = FAVERSHAM 
5 = WISL.EY 
7 = PLUHPTON 
9 = EFFORD

NUMBER 
MIN“ 1 MAX-9

V “ EAST MALL 1NG 
4 <= HADLOW COLLEGE 
A  ̂ NORTH HEATH 
H = ALICE HOLT LODGE

VI. FARNUM. FARM NUMBER
CARD I COLUMNS Ü - 1 1  TYPE (I)

V2. SSER. SOIL SERIES
CARD 1 COLUMNS 1 4 - 1 5  TYPE (I)

4 -  ANDOVl-R 
17 - DENCHWORTH 
27 - HAHBLE

13 = COOMBE 
26 = GORE 
29 = HOOK

V3. FINUM. FIELD NUMBER
CARD 1 COLUMNS 18 - 19 TYPE (I) MIN=0 MAX=19

1 « N. SIDELANDS 2 *= S. SIDELANDS
3 GORE A sc
4 = WALLOWAYS 5 sc PICKERSDANE6 = BARNFIELD 7 = DUNSTAN
B COOPER 9 = RUSSELL AND WILSON10 = KING AND HALL 11 ss PARK
12 SS WELL 13 = FORSTAL
14 = OAK 15 ss CRABS
16 « SHARBROOK 17 ss MIDDLEFIELD
18 = JOHN ACRE 19 e STURDESPOND

V4. ARHA, AREA IN HECTARES
CARD 1 COLUMNS 22 - 26 TYPE (F5. 1)

V5. CROP174.
CARD 2 COLUMNS 5 - 6  TYPE (I) MIN-0 MAX-11

1 m WWHEAT 2 IB WBARLEY
3 ss SBARLEY 4 as LUCERENE
5 *= MAIZE-SILAGE 6 «= LEY
7 35 BEANS 8 «= KALE
9 = TURNIP 10 ss GR. MAIZE
11 SC SWHEAT

IF)
1
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LIST SCHEMA
FILE LARES RECORD 7 (FIELD) DETAILED LIST 12/10/02 11.35.28.
V6. CR0P27A.

CARD 2 COLUMNS 10 -
1 - WWHEA1 
3 = SBARLEY 
5 = MAIZE SILAGE 
7 = DEANS 
9 = TURNIP 
11 -- SWHEAT

11 TYPE <I ) MIN: 0 M AX-11

2 = WDARLEY 
A  = LUCERENI- 
6 =- LEY 
0 = KALE 
JO = GK.MAIZE

V7. CROP 17ii.
CARD 2 COLUMNS 16 -

1 = WWHEA'I 
3 - SDARLEY.
5 - MAIZE-SILAGE 
7 = DEANS 
9 - TURNIP 
11 - SWHEAT

17 TYPE (I) MIN-0 MAX-11
2 = WDARLEY 
0 = LUCERENF 
6 = LEY 
8 = KALE 
10 - GR. MAIZE

V8. CR0P275,
CARD 2 COLUMNS 21 - 22 TYPE (I) MIN-0 MAX-11

1 = WWHEAI - WBARLEY
3 SBARLEY A = LUCERENE
5 = MAIZE -SILAGE 6 --- LEY7 = BEANS 8 = KALE
9 = TURNIP JO = GR.MAIZfc.1 S SWHEAT

V9. CROP 176.
CARD 2 COLUMNS 2/ - 28 TYPE (I) MIN=0 MAX-11

1 « WWHEAT 
3 = SDARLEY 
5 = MAIZE-SILAGE 
7 = BEANS 
9 = TURNIP 
11 = SWHEAT

2 « WBARLEY 
A - LUCERENE 
6 = LEY 
8 = KALE 
10 » GR. MAIZE

V10. CR0P276.
CARD 2 COLUMNS 32 - 33 TYPE (I) MIN-0 MAX-11

1 - WWHEAT 
3 = SDARLEY 
5 «■ MAIZE-SILAGE 
7 = BEANS 
9 = TURNIP 
11 - SWHEAT

2 = WBARLEY 
A *= LUCERENE 
6 - LEY 
8 - KALE 
10 «= GR. MAIZE

Vll. CR0P177.
CARD 2 COLUMNS 38 - 39 TYPE (I) MIN-0 MAX=11

1 * WWHEAT 2 cs WBARLEY
3 S SBARLEY A ts LUCERENE
5 m MAIZE-SILAGE 6 b LEY
7 m BEANS 8 B KALE
9 m TURNIP 10 B CR.MAIZE
11 B SWHEAT

(SIR 1.IF) 
PAGE 2
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LIST SCHEMA (SIR 1
FILE LARES RECORD 7 (FIELD) DETAILED LIST 12/10/02 11.35.28. PACE
V12. CR0P277.

CARD 2 COLUMNS 43 -
1 =■ WWHEAT 
3 = SDARLEY 
5 = MAIZE-01 LACE 
7 = BEANS 
9 = TURNIP 
11 = SWHEAT

V13. CROP 178.
CARD 2 COLUMNS 49 -

1 = WWHEAT 
3 = SBARLEY- 
5 = MAIZE-SILAGE 
7 = BEANS 
9 = TURNIP 
11 = SWHEAT

VI4. CR0P278.
CARD 2 COLUMNS 54 -

1 = WWriCA‘1 
3 = SEARL.EY 
5 = MAIZE-K1LACE 
7 .= BEANS 
9 = TURNIP 
11 = SWHEAT

44 TYPE (I) MIN-0 HAX=11
2 = WBARLEY 
4 =- LUCERENE 
6 ~ LEY 
8 = KALE 
10 = CR.MAIZE

50 TYPE (I) MIN=0 HAX=11
2 = WBARLEY 
4 = LUCERENE 
6 = LEY 
8 “ KALE 
10 = GR. MAIZE

55 TYPE (I) MI N:'0 HAX-11
2 = WBARLEY 
4 - LUCERENE 
h = LEY 
0 = KALE 
10 = GR. MAIZE

VI5. CROP 179,
CARD 2 COLUMNS 60 - 61 TYPE (I) MIN-0 MAX=11

1 = WWHEAT 2 &S WDARLEY
3 = SBARLLY 4 = LUCERENE
5 = MAIZE -SILAGE 6 B LEY
7 = EEANS 8 = KALE
9 = TURNIP 10 B GR.MAIZE
: l = SWHEAT

V16. CR0P277,
CARD 2 COLUMNS 65 - 66 TYPE (I) MIN-0 MAX-11

1 = WWHEAT O S— WBARLEY
3 = SBARl.EY 4 B LUCERENE
5 - MAIZE-SILAGE 6 as LEY
7 = BEANS 8 B KALE
9 = TURNIP 10 B GR. MAIZE
11 - SWHEAT

V17. YIELD174,
CARD 3 COLUMNS 5 - 8 TYPE (F4. 1 I

via. YIELD274.
CARD 3 COLUMNS 10 - 13 TYPE (F4. 1)

V19. YIELD170,
CARD 3 COLUMNS 16 - 19 TYPE (F4. 1 )

IF)
3



LIST SCHEMA
FILE LARES RECORD 7 (FIELD) DETAILED LIST

«SIR 1. IF)
12/10/02 11.35.28. PAGE 4

V20. YIELD275,
CARD 3 COLUMNS 2 1 - 24 TYPE <14 1 )

V21 YIELD 176,
CARD 3 COLUMNS 27 - 30 TYPE ( F4.  1 )

V22. YJELD276,
CARD 3 COLUMNS 32 - 30 TYPE (F4. 1 )

V23 YIELD177,
CARD 3 COLUMNS 3 3 - 4 1 TYPE (F4. 1 )

V24 YIELD27V,
CARD 3 COLUMNS 43 - 46 TYPE (F4. 1 )

V25. YIELD170,
CARD 3 COLUMNS 49 - 02 TYPE ( F4. 1 )

V26 YIELD27H,
CARD 3 COLUMNS' 04 - 57 TYPE ( F4 1)

V27 YIELD 17V,
CARD 3 COLUMNS 60 - 63 TYPE <F4 1 )

V?ii YIh'Lr,377,
CARD 3 COLUMNS 60 -  60 TYPE (F4.  T )



LIST SCHEMA
FILE LARES RECORD 8 (FARMED DETAILED LIST 12/10/82 11.35.28.

—  RECORD TYPE 8 ■(FARMED
THIS RECORD CONTAINS THE MONTHLY METEOROLOGICAL DATA 
PER YFAR FOR EACH FARM

MAXIMUM OF THIS RECORD TYPE PER CASE 20000 
NUMBER OF RECORDS OF THIS TYPE ON DATA FILE 31446 
NUMBER OF CARDS IN DATA RECORD 3

SORT IDENTIFIER 1 - FARNUM
SORT IDENTIFIER 2 - YEAR
SORT IDENTIFIER 3 - MONTH
Cl. CANUM, CLIMATIC AREA NUMBER

CARD 1 COLUMN 6 TYPE (I) MIN=1 MAX-9
1 = WYE 2 C EAST MALLING
3 » FAVERSHAM 4 cs HADLOW COLLEGE
5 = WISLEY 6 Si NORTH HEATH
7 = PLUMPTUN 8 = ALICE HOLT LODGE
9 = EFFORD

VI. FAR NUN, FARM NUiTHLNCARD 1 COLUMNS 9 - 12 TYPE (I)
V2. YEAR,

CARD 1 COLUMNS 15 - 18 TYPE (I) MIN-1973 MAX- 1979
V3. MONTH,

CARD 1 COLUMNS 21 - 22 TYPE (I) MIN-1 MAX=12
1 « JAN 2 FER
3 = MARCH 4 X= APRIL
5 - MAY 6 e JUN
7 * JUL 8 *= AUG9 - SEPT 10 cs OCT

11 - NOV 12 *= DEC
V4. TMR, TOTAL MONTHLY RAINFALL MM

CARD n COLUMNS û - 11 TYPE (F6.2)
V5. ADMMT, ADJUSTED MEAN MONTHLY TEMP

CARD oc. COLUMNS 14 - 19 TYPE (F6. 2)
V6. ADSSH, ADJ. SUNSHINE HOURS

CARD n COLUMNS 22 - 27 TYPE (F6. 2)
V7. PT, POTENTIAL TRANSPIRATION

CARD 2 COLUMNS 30 - 35 TYPE (F6. 2)
V8. SSH, SUNSHINE HOURS

CARD 2 COLUMNS 38 - 43 TYPE <F6. 2)
V9. COEF, COEFICIENT FOR CALCULATION OF PT

FROM SUNSHINE HOURS ONLY 
CARD 2 COLUMNS 46 - 51 TYPE (F6. 2)

376

(SIR I. IF) 
PACE 1



LIST
FILE
VIO. 

VU. 

V12. 

VI 3. 

V14. 

VI 5. 

V16. 

V17. 

VIO.

SCHEMA
LARES RECORD 6 (FARMET) DETAILED LIST

(SIR 1
12/10/02 11.35.28. PAGE

EMOR. EST. MONTHLY RAINFALL
CARD 2 COLUMNS 54 - 59 TYPE <F6.2)

EMMT. EST. MEAN MONTHLY lkMP.
CARD 2 COLUMNS 62 - 67 TYPE <F6. 2)

ESSH, EST. SUNSHINE'HOURS
CARD 2 COLUMNS 70 - 75 TYPE (F6.2)

ESSPT. ESTIMATED SUMMER POTENTIAL TRANSPIRATION
CARD 3 COLUMNS 6 - 1 2  TYPE (F7. 2)

EPMD. ESTIMATED POTENTIAL MOISTURE DEFICIT MM
CARD 3 COLUMNS 15 - 21 TYPE (F7.2)

EXMWR. ESTIMATED EXCESS MONTHLY WINTER RAINFALL MM
CARD 3 COLUMNS 24 - 30 TYPE (F7.2)

WWMDi W. WHEAT MOISTURE DEFICIT
CARD 3 COLUMNS 33 - 39 TYPE (F7.2)

SDMDi S. BARLEY MOISTURE DEFICIT
CARD 3 COLUMNS 42 - 40 TYPE (F7.2)

POND, POTATOES MOISTURE DEFICIT
CARD 3 COLUMNS 51 - 57 TYPE (F7.2)

IF)
2



LIST SCHEMA
FILE LARES RECORD 9 (FASEASON) DETAILED LIST 11- / 10/02

(SIR 1. IF) 
11.35. ZB. PACE 1

—  RECORD TYPE 9 (FASEASON)
THIS RECORD CONTAINS THE SEASONAL AND YEARLY 
METEOROLOGICAL DATA FOR EACH FARM (ONE VARIABLE PER YEAR)

MAXIMUM OF THIS RECORD TYPE PER OASE 1000 
NUMBER OF RECORDS OF THIS TYPE ON DATA FILE 1463 
NUMBER OF CARDS IN DATA RECORD. 3

SORT IDENTIFIER 1 - FARNUM 
SORT IDENTIFIER 2 - YEAR
Cl. CANUM, , CLIMATIC AREA NUMBER

CARD 1 COLUMN 6 TYPE (I) MIN=1 MAX=9
1 * WYE
3 - FAVERSHAH 
5 = WISLEY 
7 = PLUMP TON 
9 = EFFORD

2 = EAST MAILING 
4 = HADLOW COLLEGE 
6 = NORTH HEATH 
0 = ALICE HOLT LODGE

VI FARNUM, FARM NUMBER
CARD I COLUMNS 9 - 1 2  TYPE ( 1 )

V2. YEAR,
CARD 1 COLUMNS 15 - 10 TYPE (I) MIN=1973 MAX=1979

V3. TANR,
CARD 1 TOTAL ANNUAL RAINFALL FOR MET.

COLUMNS 21 - 27 TYPE (F7.2)
STATION

V4. ADTANR, 
CARD 1 ADJ. TOTAL ANNUAL RAINFALL FOR 

COLUMNS 30 - 36 TYPE (F7.2)
MET STATION

V5. ESTANR, 
CARD 1 EST. TOTAL ANNUAL RAINFALL FOR 

COLUMNS 39 - 45 TYPE (F7. 2)
EACH FARM

V6. ACWWMD, 
CARD 1 ACCUMULATED MD W. WHEAT 

COLUMNS 40 - 54 TYPE (F7. 2)
V7. ACSBMD, 

CARD 1 ACCUMULATED MD S. BARLEY 
COLUMNS 57 - 63 TYPE (F7.2)

V8. ACPOMD, 
CARD 1

ACCUMULATED MD POTATOES 
COLUMNS 66 - 72 TYPE (F7. 2)

V9. WWSMD1, 
CARD 2

WINTER WHEAT SOIL MOISTURE 
FROM AWC MM

COLUMNS 6 - 1 2  TYPE (F7. 2)
V10. UWSMD2. 

CARD 2
W. WHEAT SOIL MOISTURE DEFICIT 
AWCER MM

COLUMNS 15 - 21 TYPE (F7. 2)

DEFICIT

FROM

Vll. SBSMD1, S. BARLEY SOIL MOISTURE DEFICIT FROM AWC
CARD Z COLUMNS 24 - 30 TYPE (F7.Z)
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V12. SDSMD2. S. PARLEY SOIL MOISTURE DEFICIT FROM AWCER MM
CARD 2 COLUMNS 33 - 39 TYPE (F7.2)

V13. POSMD1. POTATOES SOIL MOISTURE DEFICIT FROM AWC MM
CARD 2 COLUMNS 42 - 48 TYPE (F7.2)

V14. P0SMD2. POTATOES SOIL MOISTURE DEFICIT FROM
AWPCH MM

CARD 2 COLUMNS 51 - 57 TYPF (F/.2)
V15. DRWW1. W. WHEAT DROUGHTNESS CLASS FROM AWC

CARD 2 COLUMN 60 TYPE <I)
VI6. DRWW2. W. WHEAT DROUGHTNESS CLASS FROM AWCER

CARD 2 .COLUMN 63 TYPE (I )
V17. DR5B11 S. DARLEY DROUGHTNESS Cl ASS FROM AWC

CARD 2 COLUMN 66 TYPE (I)
VI8. DRSB2, S. BARLEY DROUGHTNESS CLASS FROM

AWCLR
CARD 2 COLUMN 69 TYPE (I)

V 19. DRP01, POTATOES DROUGHTNESS CLASS FROM AWC
CARD 2 COLUMN 72 TYPE <I)

V20. DRP02, POTATOES DROUGHTNESS CLASS FROM AWPOT
CARD 2 COLUMN 75 TYPE (I)

V21. WWIR1, W. WHEAT IRRIGATION NEED FROM AWC
CARD 2 COLUMN 78 TYPE <I)

V22. WWIR2. W. WHEAT IRRIGATION NEED FROM AWCER
CARD 3 COLUMN 6 TYPE (I)

V23. SBIR1. S. BARLEY IRRIGATION NEED FROM AWC
CARD 3 COLUMN 9 TYPE (I)

V24. SBIR2. S. BARLEY IRRIGATION NEED FROM AWCER
CARD 3 COLUMN 12 TYPE <I>

V25. P0IR1. POTATOES IRRIGATION NEED FROM AWC
CARD 3 COLUMN 15 TYPE (I)

V26. P0IR2. POTATOES IRRIGATION NEED FROM AWPOT
CARD 3 COLUMN 18 TYPE <I)

V27. ACTLZ. ACCUMULATED AIR TEMPERATURE LESS THAN ZERO
CARD 3 COLUMNS 21 - 26 TYPE <F6. 2)

V28. FCD. FIELD CAPACITY DAYS
CARD 3 COLUMNS 29 - 31 TYPE <I>

V29. ETSEAR. EST. TOTAL SEASONAL RAINFALL
CARD 3 COLUMNS 32 - 38 TYPE <F7.2)

V30. ETWINR. EST. TOTAL WINTER RAINFALL
CARD 3 COLUMNS 41 - 47 TYPE (F7.2)

LIST SCHEMA (SIR 1. IF)
FILE LARES RECORD 9 (FASEASON) DETAILED LIST 12/10/82 11.35.28. PAGE 2
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LIST SCHEMA
FILE LARES RECORD 9 (FASEASON) DETAILED LIST - 12/10/B2 11.35.2
V31. ETSUMR, EST. TOTAL SUMMER RAIN

CARD 3 COLUMNS 50 - 56 TYRE (F7.2)
V32. DC I. DRAINAGE CLASS INDEX

CARD 3 COLUMNS 09 - 63 TYPE <F5. 2>
V33. MWD. MACHINERY WORKING DAYS

CARD 3 COLUMNS 66 - 6B TYPE (I)

(SIR 1. IF) 
0. PACE 3



APPENDIX IV

Shows an example of a programme (update retrieval) 
to create short-term climatic records from the meteorological 
station (Record Types 1 and 2) for the farms (Record Type 8 - 
FARMET)
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S Y S T E M  1 . 1  (S IR

RUN NAME FARMET RETRIEVAL
PAGESIZE 64

DISK RESTORE LARES,FILENAME-TAPE1
RETRIEVAL UPDATE

5 FOR EACH CASE COUNT-1
HEADING "CANUM", 2X, "FARNUM", 2X, "YEAR", 2X, "MONTH", IT>;, "FT ",  

5a. "SSH". 3X, "CCEF"FOR EACH REC
MOVE VAR LIST MONTH,PT,COEF,SSH

1 0 COMPUTE T1-MONTH
COMPUTE T2=PT
COMPUTE T3=CCEF
COMPUTE T4=SSH
PROCESS REC e

1 5 S E L E C T  REC I F (MONTH EOTli
MOVE VAR LIST CANUM, FARNUM. YEAR, MONTH, PT, COEF. SSH
COMPUTE PT-T2
COMPUTE C0EF-T3
COMPUTE SSH=T4

2 0 WRITE 2X.CANUM( 11), 5X, FARNUKI14), 3X. YEAR<14). 3X. MONTH( ] 
4X.PT(F5. 1 ) .2X, SSH(F5. 1) ,2X. COEF(F5 1)

TAFE STORE FILEMAME-TAPE2

R> J 9 / 0 3 / I W
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APPENDIX V

Shows a programme (update retrieval) to create short-term 
climatic data records (on yearly and monthly bases) for Record 
Type 8, FAEMET; using data in other record types (Record Type 
1* and Record Type 9)

Note: This update re trie veil program is very complicated to be
done by SIR 1.1, but it is possible by the late version of 
SIR. However, the data was retrieved in parts and the 
final calculations were done by the disk calculator and 
the statistical analysis by GENSTAT
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c I R S Y S T E M  1 . 1  (SIR 1. IF)

RUN I4AI^ U P D A T E  RE T R I E V A L
PACESIZE 6'1

DISK R E S TORE L A R E S . F I L E N A M E “TAPEl
RETRIEVAL UPDA T E

5 FOR EACH CASE
FOR EACH REC 4
COMPUIE F N = F  ARK'JM
MOVE VAR LIST CAtVJM. FARNUfl. FARH
PROCESS REC 9.UITH(FN)

10 SELECT PEC IF (YEAR EO 1977;
LOVE VAR LIST ESTANR
PROCESS REC 8 . UITH(PN)
SELECT REC IF (YEAR EQ 1977)
LOVE VAR LIST YEAR. MONTH. ACMMT, ADSSH. PT, SSH. COEF, EI1MT, EMOR.

15 ESSPT. EMMO, U'vIID, SBMD, P u MD. EXMWR
COMPUTE EMIU-ATlMm-O. 6*FARH/1C0 0
IF (MCNIH LE 3 OR MONTH CE 1 0 )ESSH=AD S S H - 0 . 1 1 * F A R H / 100.
IF (MONTH CE 4 AND MONTH LE 9 > ESSH«=ADSSH-0. 18-»FARH/100.
IF (MONTH EO 1)EMGR=0 14;EST A N R - 3 3 . 9

SO IF (MCNIH EO 2 >EMQR“0. 1C<ESTANR-21.2
IF (MCNIH EQ 3>EM0R*G.G73»ESTANR-9. 1
IF (MCNIH EO 4)EM0R=G. G51*ESTANR+9. 4
IF (MCNIH EO 5)EM0R«0.0 4 1 . E S T A N R + 2 1 . 9
IF (MCNIH EO 6>EI10R»0. 027«ESTANR+29. 3

25 IF (MCNIH EQ 71EM0R-0. 019*ESTANR*43. 9
IF (MCNIH EQ 8>EM0R=0. 0 t 3 * E S T A N R + 2 1 . 4
IF (MCNIH EQ 9)EI10R-0. 07*ESTANR*8. 9
IF (MONTH EQ 1 0 )EM0R“0. 109*ESTANR-9. 1
IF (MCNIH EO 1 1 >EMOR«0.146*ESTANR-22.4

30 IF (MCNIH EQ 12JEM0R-0. 154*ESTANR-39. 1
IF (KCNIH CE 4 AND MONTH LE 9)E S S P T « P T - ( C O E F * (SS H -ESSH
IF (MCNIH LE 3 OR MO N T H  CE 10>EXHWH«EM0R-PT
IF (M O N  1H CE 4 ANO MONTH LE 9) EPMD-»ESSPT-EMOR
IF (KONIH EQ 4IWWKD-0. 67«EPMD

35 IF (MONTH EQ 5 CR MONTH EQ 6>WWMD»EPMD
IF (MCNIH EQ 7IWWMD-0. 5«EPMD
IF (MGNIH EQ 4JSBMD-0. 42*EPMD
IF (MONIH EQ 5)SBMD«0.67*EPMD
IF (KONIH EQ 6ISBMD-EPMD

40 IF (KCNIH E Q  7ISBMD-0. 5«EPMD
IF (KCNIH EQ 4>POMD*0. 17*EPKD
IF (KONIH EQ 5IP0MD-0.42<EPKD
IF (KCNIH EQ 6IP0MD-0. 67*EPKD
IF (KONIH EQ 7 OR KONTH EQ 8JP0MD-EPM0

45 TAPE STORE F I L E N A H F - T A P E 2

08/12/8
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APPENDIX VI

Shows a programme (update retrieval) to create seasonal 
(yearly) climatic data records for Record Type 9, FASEASON; 
using data in other record types (Record Type 4 and Record 
Type 8)

Note: This update retrieval program is very complicated to he 
done by SIR 1.1, but it is possible by the later version 
of SIR. However, the data was retrieved in parts and the 
final calculations were done by the disk calculator and 
the statistical analysis by GENSTAT
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S I R  S Y S T E M ( S I R  1 .  I F )  2 3 / 0 8 / 8 2

RU.\' N A M F U P D A T E  R E T R I E V A L
P A C C S  I Z E  ¿ 4

D I S K  R E S T O R E  
R E T R I E V A !

5  F O R  E A C H  C A S E  
F O R  E A C H  R E C  
C C M P U I E  
M O VE V A R  L I S T  
C OM F1) I E  

1 0  C O M P U I E  
C O M F U I E  
C C M P U I E  
P R O C E S S  P E C  
S E L E C T  R E C  I F  

1 5  MOVE V A R  L I S T  
I F  
I F  
I F  
I F

2 0  P R O C E S S  R E C  
S E i  E C T  R E C  I F  
MOVE V A R  L I S T

2 5  C C M P U I E  
C O M F U I E  
C O M P U I E  
C O M P U T E  
C C M P U I E

3 0  C C M P U I E  
C O M P U I E  
C C M P U I E  
C C M P U I E  
C C M P U I E

3 5  I F  
I F  
I F  
I F  
I F

4 0  I F  
I F  
I F  
I F  
I F

4 5  I F  
I F  
I F  
I F  

• IF
5 0  I F  

I F  IF 
I F  
I F

5 5  I F  
I F  
I F  
I F  
I F

6 0  I F  
I F  
I F  
I F  
I F

6 5  I F  
I F  
I F  
I F  
I F

7 0  I F

T A P E  S T O R E

L A R E S . F I L E M A M E = T A P E 1  
U P D A T E

FN-FARNUI1
CANUM. FARNUI1, AWC. AWCER, AWPOTTI-0
T2=0
T3=0
T 4 = 0
8, WITH(FN)
(YEAR £0 1977 AND MONTH GE 4 AND LE 9)
YEAR. MONTH. EMOR,WWMD. SBMD, POMD 
(MGNIH CE 4 AND MONTH LE 9)T1=T1+EM0R
(MONTH CE 4 AND MONTH LE 7>T2-T2+UWMD
(MONTH CE 4 AND MONTH LE 7)T3=T3+SBMD
(MONIH CE 4 AND MONTH LE 8>T4=T4+P0MD
9 ,  N I T H ( F M )
(YEAR EC 1977)
YEAR. ElSUM.R, AC WWMD. ACS3M0. ACPOMD, WWSHD1. WWSMD2, SBSMD1, SDSMD2, 
POSMOI, PGS.TD2, DRWW1, DRWW2, DRSB1. DRSB2. DRP01. DRP02,
WWIR1. I . V I R2 ,  S E I R 1 ,  S E I R 2 ,  P 0 I R 1.  P 0 I R 2
ETSDMR—T1
ACIvi'MD T2
ACS3MD T3
ACPCI1D T4
UWSMOl-ACIvWMD-AWC
WWSI1D2-ACWWI1D-AWCER
S3SMH1-ACSBMC-AWC
SBSM02-ACSBMD-AWCER
P O S M O I - A C P O M D - A W C
P0SMD2-ACP0M0-AWP0 T
(UWSMD1 CE 50)DRWW1=1
(UI.-5MD2 CE 50) DRWW2=1
(WNSMDI CE 0 AND LT 50)DRWW1=2(WI.-SMD2 CE O AND LT SO)CRWW2—2(WWSMD1 LT 0 AND CE —50)DRWW1—3(WWSI1D2 LT 0 AND GE -SO)DRWW2-3(WNSMDI LT —50)DRWW1-4(WWSI1D2 LT -50ÍDRWW2-4
(S3SMD1 CE 50)DRSB1=1
(S3SMD2 CE 50)DRSB2=1
(SBSMD1 GE 0 AND LT 50)DRSB1=2
(S3SMD2 CE 0 AND LT 50)DRSB2=2
(SBSMD1 LT 0 AND GE -50DRSB1-3
(SBSMD2 LT 0 AND GE -50)CRSB2-3
(SBSMD1 LT -50)DRSB1=4
(S3SMD2 LT —50)DRSB2-4
(P0SMD1 CE 50)DRP01=1
(P0SÍ1D2 CE 50)DRP02-1
(P0SMD1 CE 0 AND LT 50)DRP01-2(PGSMD2 CE 0 AND LT 50)DRP02-2(P0SMD1 LT 0 AND GE -5ODRP01-3
(P0SI1D2 LT 0 AND CE -5ODRP02-3(P05MD1 LT -50)DRP01-4(P0SMD2 LT -50)DRP02-4(WNSMD1 QE 75>WWIR1=1( U'ivSMD2 CE 75)WWIR2=1(UWSMDl LT 75 > WWIR1=0(WWSMD2 LT 75 > WWIR2=0(SBSMD1 CE 75)SBIR1-1(SBSMD2 CE 75>SBIR2=1(SBSMD1 LT 75>SBIR1=0(S3SMD1 LT 75)SBIR2=0
(PGSMDX CE 75ÍP0IR1-1
(P0SMD2 CE 75>P0IR2*1
(POSMDI CE 75JPOIR1-0
(PC-5MD2 LT 75)P0IR2-0

F I  LENAt F  « T  A P E 2



APPENDIX VII

A statistical report produced by SIR/DEMS giving 
some information about the data base and some statistics 
on each record



388

L I S T  S C H E M A  ( S I R  1 . I F )
F I L E  L A R E S  S T A T I S T I C A L  R E P O R T  1 2 / 1 0 / 8 2  1 1 . 3 0 . 2 8 .  P A C E  1

S I R  F I L E  S T A T I S T I C S .

S I R  F I L E  NAME L A R E S
D A T E  O F  C R E A T I O N  1 6 . 3 4 .  1 Ö  2 0 / 0 1 / 8 1 '
D A T E  O F  L A S T  U P D A T E  1 0 . 0 9 .  1 5  1 0 / 0 8 / 8 2
D A T E  O F  L A S T  A C C E S S  1 1 . 3 5 . 2 8  1 2 / 1 0 / 8 2
NU M B ER O F  U P D A T E S  9 7
NUMBER O F  A C C E S S E S  1 5 0
M A X I M U M / C U R R E N T  N U M B ER O F  C A S E S  9 / 9
M A X I N U M / C U R R E N T  N U M B ER O F  R E C O R D S  4 5 0 0 9 / 3 5 6 0 6
C U R R E N T  L O A D I N G  F A C T O R  . 5 0
NUMBER O F  D A T A  F I L E  I N D E X  L E V E L S  3
MAXIMUM E N T R I E S  P E R  I N D E X  L E V E L  1 2 7
I N D E X / D A T A  D L O C K  S I Z E  I N  WORDS 2 5 5 / 5 1 1
A C T I V E / I N A C T I V E  I N D E X  B L O C K S  3 9 / 0
A C T I V E / I N A C T I V E  D A T A  B L O C K S  2 3 7 8 / 0
K E Y  S I Z E  I N  B I T S  4 7
M A X I M U M / M 1 N I MUM R E C O R D  S I Z E  I N  W O RD S 2 4 / 3
NUMBER O F  COMMON V A R I A B L E S  1 0
COMMON I N F O R M A T I O N  R E C O R D  S I Z E  I N  W O RD S 4
MAXIMUM I N P U T  C O L U M N S  0 0

RECORD TYPO CONTENT I

R E C O R D  T Y P E N U M B ER O F MAX 1 MUM T O T A L  I N L E N C T  H
NO. NAME V A R I A B L E S P E R  C A S E D A T A  B A S E ( W O R D S )

1 . ( S H O R T M E T ) 1 2 1 0 0 0 7 5 6 9
n ( L O N G M E T  ) 7 1 5 0 1 0 8 5
3 . ( P A R I S H  ) 2 1 1 5 0 7 2 8 1 1
4 . ( S I T E  ) 3 6 5 0 2 0 9 8
5 ( F M S U H V E Y ) 2 4 5 0 0 8 6 2 2 3
6 . ( S O I L  ) 2 0 5 0 6 6
7 . ( F I E L D  ) 2 8 3 0 1 9 1 6
8 . ( F A R M E T  > 1 8 2 0 0 0 0 3 1 4 4 6 1 6
9 . ( F A S E A S O N ) 3 3 1 0 0 0 1 4 6 3 2 0


