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The Soils of Wobum Experlmental Frrnr
II. Lansome, White Horse and School Fielrts

J. A. CATI, A. H. WEIR, D. W. KING, H. H. Ir RICHE. c. PRUDEN
atrd R. E. NORRISH

IrEoduction

we continue our detailed description of the soils of woburn Experimental station with
lhose 9lf +! fields extending south-westwards from the farm buildings as far as School
Lane (fable l); Mill Dam Close II and III are included with Lansoire, but Mill Dam
Close I is omitted, as it is not used for arable crops or experiments.

ThJ boundary between the Lower Greensand and Upper Jurassic clays lies immediately
south and west of the laboratory and farm office (Fig. i), and gives risi to strong spring;
in_thl_lowest part of Lansome (previously Mill DamClbse ll)ind at the weste; side;f
Mill Dam Close I. Ilowever, the clays are covered by seveial metres of made ground
beneath and west of the laboratory, and do not appeai at the surface here. All th; fields
south-west of the boundary are underlain by Lowii Greensand, which is in turn covered
by Chalky Boulder Clay on the south-western side ofschool Field.
. From the lowest part ofLansome adjacent to the laboratory (at 84 m O.D.), the ground

rises souih-v€stwards to just over 92 m O.D. on either side ofihe hedge between -o' 
insome

and White Horse Fields, then declines to a dry valley running SSE-NNW obliquely to the
boundary between White Horse and School Fields, before rising again tojusfovir 9l m
O.D. at Husborne Crawley School. Another shallow dry valey heads-in the south-
eastern corner of White Horse Field and runs SSW-NNE along the south-eastern side of
Lansome, where it joins the slightly deeper valley that crossCs Butt Furlong and Butt
Close and heads on the south-western flank of Great Hill (Catt et a1.,1975, Fig. 2). Both
this and the dry valley along the boundary b€twe€n White Horse and School-Fields
probably originated as tributaries of the Crawley Brook, which earlier flowed some
distance to the north and west of the farm but now ocrupies a closer and largely artificial
course. However, in past periods both valleys ended temporarily in small lakes or marshy
areas, which at their maximum extent encroached on to the lowest parts of the fields wL
are considering. A mill pond on Mill Dam Close is shown on maps up to 1850, which
were made available to us by Mr. J. Collett-White of the Bedfordshire County Records
Office, Bedford, but does not appear on the 1884 edition of the Ordnance Survey, and
was therefore drained some time between these two dates. Although it may havi been
partly supplied by the springs issuing from the base of the Lower Greensand, the
early maps show it was also fed by a stream diverted from the Crawley Brook and
originally entering the pond at its north-western end. Following enclosure about 1800, the
feeder stream was diverted to run along the present north-westem boundary of Lansome
and along the hedgeline (now removed) between Lansome and Mill Dam Close, thus
entering the somewhat enlarged pond from the south. By 1850 a second smaller pond
north-west of the main one was being supplied by a new feeder stream from the north-
w€st, but by 1884 both ponds had disappeared, and water from the springs was being
diverted to the north-west of the laboratory area. The main field boundaries shown in
Figs. I and 2 were established around 1800, before which time the area considered was
largely in strip cultivation.
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TABLE 1

Areas of the fields of Woburn Experimental Farm described. in this PaPer
ha

LansoEe (including Mill DaIn Clos€ II and Itr)
White Hors€
School

4.95
2M
I .66

Geology

The Lower Greensand beneath this part of the farm is generally a brown sand or loamy
sand with occasional thin (< 1 cm) grey clay layers. Redder, more ferruginous layers are

irregularly distributed through it, but are most common either above or below the clayey
horizons. Beneath the lower parts of White Horse Field and on the north-western side of
the adjacent part of Lansome, it is a true greensand with a moderate glauconite content.
Although part of the glauconite in this occurs as sand-sized pellets, microscopic exami-
nation shows that most occurs only as coatings on quartz sand grains; this feature is
probably responsible for the pale green colour (near 5G 6/2), as sands containing abundant
irue glauconite pellets are much darker green. Locally beneath White Horse Field the
pale green sand is cemented with silica to form a hard green sandstone; this has not been

found ,n rrr, but two large blocks ,10-50 cm long were found at the edge of the freld and
several small pieces were also found in the surface soil. A thin section cut from one of
the large blocks showed that the microcrystalline (chalcedonic) silica was deposited
between ttre glauconite-coated quartz gmins, and also had extensively intergrown with
ttre green fibrous glauconite, as though deposition of the two materials was partly
contemporaneous. Parts of the rock with almost all the spaces between sand grains filled
with this mixture of chalcedony and glauconite were almost vitreous in the hand specimen,

but other parts with many spaces unfilled were more granular. It is impossible to decide

whether the porous parts of the rock were once more completely c€mented or not, but in
their present condition they commonly show incipient alteration of the glauconite

coatings to a brownish clayey mixture probably containing hydrated iron oxides. Further
oxidation of the coatings would give sand grains with a completely brown ferruginous
clay coating, similar to those which constitute the brown sands that are more tlpical of
the Lower Greensand. It is therefore Iikely that, as originally deposited, the Lower
Greensand was green throughout, but has subsequently been made brown by oxidation of
these coafings on the sand gains through the action of aerobic gloundwater. The small
amounts of clay found in the Lower Greensand (0'3-12'9%, Catl et al., 1915, Table 2)
probably arise mainly from disruption of the oxidised glauconite coatings, and almost
certainly these play an important role in the chemical behaviour of soils on the sands

themselves and on the superflcial deposits derived largely from Lower Greensand.
The outcrop of Lower Greensand with < 80 cm superficial cover is restricted to the

crest and upper slopes of Lansome Hill, the high ground on the south-western side of
Lansome Field (Fig. l). Elsewhere the Lower Greensand is covered by considerable
thicknesses of glacial gravel, Chalky Boulder Clay, colluvium, lacustrine or alluvial
deposits. Glacial gravel with erratics of flint, quartzite, vein quartz and occasional
igneous and metamorphic rocks underlies sandy colluvium on the western flanl< of Lan-
some Hill;it also occurs beneath Chalky Boulder Clay and colluvium on School Field
(Fig. l), where it was previously worked in pits at the western end. The Chalky Boulder
Clay at the western end of School Field is overlain by up to l'6 m of crudely bedded
stony sand, clay and loam, which is probably a Head or solifluction deposit derived from
the boulder clay and Lower Greensand by dowlslope movement of soil material in
periglacial conditions. This thins eastwards, so that on the north-eastern side ofthe school
calcareous boulder clay is often reached wittrin 60 cm ofthe ground surface.
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The lacustrine deposits occupy two small areas, one in the north-vestern parts of
School and White Horse Fields, and the other at ttre north-eastern end of Lansome Field
(previously Mill Dam Close II). In both areas a typical succession is pale grey silty clay,
often with fine ochreous mottles, over a thin well-humif.ed peat or humose clay, over
gravelly sand, which rests in turn on gleyed Lower Greensand. Radiocarbon dating of a
humified peat from a depth of 105-118 cm near the boundary between White Horse and
School Fields (National Grid Ref. SP 960359) gave the age 3085 -[ 85 years B.P. (Birm.
761), which suggests the lake there was in existence, possibly surrounded by forest, up to
the Middle or Late Bronze Age, but was silted-up soon after. Alluvial deposits occupy a
narrow zone along part of the western side of Lansome, but are almost entirely overlain
by colluvium. As colluvium has also encroached orler most of the lacustrine deposits in
white Horse Field, it is difficult to draw a boundary between these and the alluvium, so
they have been grouped together in Fig. l. Elsewhere in the area under consideration
colluvium of slightly stony sandy loam or sandy clay loam at least 80 cm thick mantles all
the lower slopes and partly fills the dry valleys; in the central parts of the valleys it is
2-4 m thick. A thin layer also overlies marginal parts of the lacustrine deposits at the
north-eastern end of Lansome; this must have been deposited after the lake there was
drained in the mid-nineteenth century and testifies to the extremely recent origin ofmuch
of the colluvium as a result of soil erosion.

Soils: ilishibution antl pmfle morphology

The distribution of different soil types was determined by augering at closely spaced
intervals, and the detailed morphological features of profiles representing the main soil
series were examined in monoliths taken with the Proline corer. Fig. 2 shows the distri
bution of soil typ€s, and descriptions of the representative profiles are given in Appendix
A.

Welldraineil soils otr Inwer Gre+nsand, The distinction between Cottenham series
(a brown sand on Lower Greensand in situ or on sand or loamy sand colluvium derived
mainly from the Lower Greensand) and Stackyard series (a brown earth in sandy loam
or sandy clay loam colluvium overlying Lower Greensand at depth) recognised elsewhere
on the farm (Catt et al-,1975,11-12) has also been made in the present work. Cottenham
series occurs on the crest and upper slopes of Lansome Hill and a subsidiary knoll at the
south-eastern end of White Horse Field (Fig. 2). However, it is probably only on the
crests that the soils are developed in Lower Greensand rz Jilr; the broad tongues spreading
down the marginal slopes below the crest of Lansome Hill are largely in colluvium which
becomes slightly loamier downslope, and the transition to Stackyard series is drawn
where more than half the top 80 cm of the profile is as fine-textured as sandy loam. In
some parts ofLansome where Cottenham series in loamy sand colluvium is shown low on
the marginal slopes, the colluvium becomes distinctly heavier with depth, probably
because the more recent phases of soil movement on the slopes have involved erosion of
the Lower Greensand with no Ioamy coyer near the hill crest. The almost complete
absence of Cottenham series in White Horse Field south-\Yest of the hedge that crosses

Lansome Hill suggests that most of the less loamy colluvium has been deposited since that
hedge was established. Stackyard series has also been mapped in areas where loamy
colluvium overlies glacial gravel, in particular on parts ofSchool Field and the south-west
corner of Lansome. Monoliths representative of the Cottenham and Stackyard series

were taken fiom either end of the area occupied by the Market Garden exlrriment
(1942-7q on Lansome (profiles 1, SP 962359 and 2, SP 962358 respectively).

9
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InFrfectty aLsined mils in colluvium. Soils grouped with the Flitwick series occur on the
dry valley floors where the colluvium is thick and soil drainage imperfect despite thc
presence of Lower Greensand at depth. The field distinction between Flitwick and
Stackyard series is based upon the presence or absence reslrctively of distinct mottling
within 90 cm of the surface. In some of the Flitwick prof.les (e.g. profile 3, SP 963358 on
the Market Garden experiment) the mottling is weak at ,10-50 cm depth and becomes
stronger with pale grey colours at 80-90 cm, whereas in others (e.g. profile 4, SP 963359)
the mottling is more obvious with reddish brown and grey colours appearing just below
40 cm. The more strongly gleyed proflles occur in strips in the lowest, central parts ofthe
valleys, where ttre colluvium is tlickest and often slightly less sandy below the surface.

On part of the north-western side of Lansome, on some ol the lower parts of White
Horse and School Fields and near the north-eastern corner of Lansome, Flitwick series
is mapped in relatively thin colluvium over alluvial or lacustrine deposits. In these areas
the subsoil horizons at 60 cm or below are distinctly finer in texture and are more poorly
drained than in Flitwick profiles elsewhere, but separation of these soils as a distinct
series is not justified, because the areas involved are small, and they may be regarded as
an intergrade between the Flitwick and Ridgmont series.

Poorly drained soils in lacustine deposib. These soils, which occupy the Iowest areas
where small lakes once existed, have dark brown clay loam to sandy clay loam surface
horizons, and usually dark reddish brown or grey clay loam subsurface horizons. How-
ever, there is locally a fairly abrupt change to very wet, mottled loamy sand or grayelly
sand at 30-50 cm (e.g. proflle 5, SP 964360). The deeper proflles (e.9. profile 6, SP 960359)
have black, humose or peaty clay subsoil horizons, often with a thin, brown, wet gavelly
sand below, resting on Lower Greensand usually at depths greater than 1'3 m. In some
deep profiles on the north-eastem part of Lansome (formerly Mill Dam Close), a thin,
pale grey silty clay with ochreous mottles occurs between the peaty horizon and the
reddish brown clay loam above.

Pending correlation with similar soils elsewhere in Britain, we propose to call this
cambic gley soil (Avery, 1973) the Ridgmont series. Its clay loam surface and subsurface
horizons have a moderately well-developed and fairly stable fine subangular blocky
structure, and are slightly sticky and plastic when wet. In these respects it difers from the
less clayey soils already described, and it is important that the diferences in soil work-
ability are emphasised by recogdtion of a different series.

A small area of an imperfectly (i.e. better) drained variant of the Ridgmont series has
been separated on School Field (Fig. 2), where thin, marginal parts of the clayey lacustrine
deposits overlie glacial gravel and/or Lower Greensand, generally with no intervening
organic layer. These soils have uniform brown (IOYR 5/3) subsurface horizons, and
show no evidence of gleying within at least 75 cm of the surface.

Poorly rLaineil soils in Ilead over Clalky Boulder Chy. These soils, which we name the
Husborne series, occur only towards the south-westem corner of School Field, and can be
divided into deep and shallow phases depending on the depth at which calcareous
boulder clay is reached. The de€p phase, exemplifled by proflle 7 (SP 960358), has brown,
slightly stony surface and subsurface horizons of sandy loam or sandy clay loam texture,
and mottled subsoil horizons which are generally finer in texture and more stony; these
rest on grey and often olive-mottled calcareous stony clay (Chalky Boulder Clay) at
depths of 1.0-1.6 m, sometimes with intervening horizons of crudely bedded altemating
sandy and clayey layers. The shallow phase has somewhat finer textured surfacc and
subsurface horizons ttan the deep phase, and Chalky Boulder Clay occurs at 40-100 cm
depth.
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In central pa s of School Field the area mapped as Husborne series includes at its
m€rgrn a narrow zone of imperfectly drained stony soils with sandy clay loam to sandy
clay subsurface horizons but no calcareous boulder clay at depth. These probably occui
where the Head overlaps the eroded feather-edge of the boulder clay to rest on glacial
gravel. Eastwards they give way rapidly to the somewhat coarser textured, well-drained
soils in colluvium over glacial grayel that have been included with the Stackyard series.

Soils: particle size distribution

Table 2 gives the particle size distribution of soil samples from prof.les I (Cottenham
series), 2 (Stackyard), 3 and 4 (Flitwick), 5 and 6 (tudgmont) and 7 (Husbome). The
samples were decalcified where necessary with acetic acid buffered at pH 3.g, and tieated
with.l2 f hydrogen peroxide to remove organic matter. The clay ( i2 pm) and five silt
fractions (2-{3 pm) were determined on 10-l5g subsamples by'the pipette sampling
lechniqug after dispersion in dilute (0.1f {v) sodium hexametaphoiphate solutionl
fi1e. sand- fractions (63-_2000 pm) were determined on l5G-200 g iubsimples by dry-
sieving after ultrasonic dispersion.

The maln component of all horizons in the Cottenham, Stackyard and Flitwick
prof.les is fine sand, which is largely in the 125-250 pm range, but tails into the medium
sand range_(250-500 pm). The Lower Greensand often has the same particle size distri_
bution, and this is undoubtedly the source of the sand in these profilei. The amounts of
clay in most samples from profi.les 1-4 are also within the range found in the Lower
Greensand (Catt et al., 1975, Table 2), but amounts of silt are generally greater. The
exceptions are certain horizons of the Flitwick proflle (4), which contain more clay than
ttre Lower Greensand, and some of the deeper horizons in all four prof.les, wbich do have
almost as little silt as the Lower Greensand. This suggests that Lower Greensand with
little or no admixture of other material is reached in all four prof.les, probably at zl4 cm
in the Cottenham, 124 cm in the Stackyard, 84 cm in the Flitwick profile 3, ind, 172 cm
in the Flitwick profile 4, and tlat some parts of the colluvium in Flitwick profile 4 either
contain some clay derived from a clay-rich deposit (e.g. the Chalky Bouldei Clay) or have
been slightly clay-enriched by water-sorting during transport and deposifion. 

- -

I-n the two Ridgmont profiles tie lowest horizons, below 3 I cm in t[e first (5) and below
146 cm in the second (Q, have particle size distributions similar to the Lowei 

'Greensand,

but overlying horizons contain much more clay and silt, although their diminished sand
fraction is usually concentrated in the range (125-500 pm) typical ofthe Lower Greensand.
I3 th.9 H.usbgmg profile (7), one deep horizon (4Cg, l3t-153 cm) has a particle size
distribution similar to that of the Lower Greensand, but all other horizons again contain
more clay and silt. Nevertheless, their sand fractions tend to be concentrated=in the 125_
500 pm range in all the horizons except th€ Chalky Boulder Clay below 153 cm,
suggesting that at least a little of the sand they contain is from the L'ower Greensand.'

Soils: mineralogy

Anatyticd methods. The fine sand (63-250 pm) and coarse silt (1G63 rm) fractions of
samples from most horizons in all the soil profiles except the Cottenham were analysed
mineralogically by the techriques outlined by Catt et al. qelS,16). Their methods were
also_ used for the analysis of clay fractions (< 2 pm), except that oriented aggregates were
made from Mg-saturated instead of Ca-saturated clays, and iron oddes andhyd.ated
oxides were removed by treatment with sodium dithionite in a citrate buffer; however,
untreated clays were also examined by X-ray difractometry to identify the iron minerals.

rABLE 3 OPPOSITE:
Mineral composition of fine sand fractions (63-250 pn) from llbburn soil profiles (light
minerals as percentage of total fine sand, non-opaque heavy minerals as parti pir thouslodd

(i/) of heavy fraction: opaque minerals omitted)
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[ine sanit mineralogy. Comparison of the composition of light and hea]T fractions of
the fine sand from the soil samples (fable 3) with those of the Lower Greensand and
Chalky Boulder Clay (Catt et a1.,1975, Table 3) shows that almost all can be interpreted
as mixtures ofsand in varying proportions from these two deposits. In the upper horizons
of the Stackyard and two Flitwick profiles up to abo,rt 25% of the sand is from the
boulder clay, but in the lowest horizons, below 95 cm in the Stackyard, 84 cm in one
Flitwick profile (3) and 119 cm in the other (profile 4), the proportion is much smaller.
Two of the subsoil horizons of the more poorly drained Flitwick prof,le (4) contain
vivianite, an iron phosphate mineral that has formed within the soil as a result of anaero-
bic conditions; the most likely source of ttre phosphate in this mineral is the component
of the colluvium derived from Chalky Boulder Clay, as this often contains easily weather-
able phosphate minerals, such as collophane and apatite.

The composition of the sand fractions in the two Ridgmont proflles also indicates
mixing of material from the Lower Greensand with about 25\ sand from the boulder
clay. The proportion of boulder clay material is possibly slightly less in the lowest
horizon of each profile, but not as small as in the lowest horizons of the Stackyard and
Flitwick profiles. The gypsum in subsoil horizons of profile 6 seems to have formed rz
rira, as it occurs mainly in unabraded concretionary rosettes; the peaty lacustrine deposits
may originally have been slightly calcareous, and glpsum could have formed by reaction
with sulphuric acid generated by oxidation of pyrites derived from the boulder clay. The
lowest horizon of the same proflle contains small amounts of sand-sized weathered
volcanic ash or lava fragments, and also a volcanic clinopyroxene resembling pigeonite.
Some of the other heary minerals in this and other samples could also be derived from
volcanic sources; for example, some of the sphenes are perfect monoclinic euhedra, and
many ofthe amphiboles are large, freshly broken and extremely angular fragments. Some
of these volcanic minerals could have been derived from ice-transported erratics in the
boulder clay, but their abundance in the lowest horizon of profile 6, which from its
relatively small felspar, flint, epidote, chlorite and biotite contents seems to contain less
sand derived from the boulder clay than many other samples, makes this explanation
unlikely. The oDly alternative is that the volcanic minerals are derived from the Lower
Greensand, and some support for this is provided by the conclusions of Hallam and
Sellwood (1968) that Fuller's Earth deposits like those in the Lower Greensand near
Aspley Guise are formed from accumulations of volcanic ash.

In the Husbome profile (7), a larger proportion of the fine sand is from boulder clay
than in any of the other soils. Approximately half that in the Ap, 3Cg a"nd 4Cg horizons
is so derived, and an even greater proportion in the intervening horizons. As the propor-
tion of sand derived from boulder clay is $eater in the more clay-rich horizons and the
proportion ofsand from the Lower Greensand greater in the more sandy horizons of this
profile, it is likely that these two components, which form in varying proportions all the
horizons above the undisturbed Chalky Boulder Clay below 153 cm, have been mixed by
processes of deposition involving little or no dispersion and resorting of their constituent
size fractions. This implies mass movement of Lower Greensand and weathered boulder
clay material, and as the surrounding slopes are not very steep, solifluction in periglacial
conditions is the most likely means of transport. The Ap horizons of tlis profile and of
the Ridgmont profile (5) both contain small amounts of sand-sized dolomite, which has
been added recently to the soils to counteract magnesium deficiency.

Coame silt mineralory. Comparison of the mineralogical composition of the coarse silt
Q6{3 pm) fractions of the soil samples (Iable 4) with those of the Lower Greensand
and Chalky Boulder Clay (Calt et al.,1975,Table 4) shows that most are derived largely
from the boulder clay. In many horizons a small proportion ofthe silt is derived from the
t4
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TABLE 4

Minerul composition of coarse rflt fractions (1643 pm) from Woburn soil profiles (light minerals as
percentage of total fine satd, non-opa4ue heavy minerals as parts Per thousand (/*) of heavy fraction;

opaque minerals omitted)
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Lower Greensand, but it is only in the lowest horizon (178 cm+) of the Stackyard
profile (2) and the lowest two horizons (l 34-1 70 cm) of the Flitwick profile (3) that the
silt is entirely from this sourc€. The fine sand fractions of these subsoil horizons are also
derived entirely from the Lower Greensand, but the slightly higher subsoil horizons ofthe
same profiles and also the subsoil horizons (below ll9 cm) of the Flitwick profile (4)
that contain sand derived entirely from the Lower Greensand, have silt fractions derived
mainly from the boulder clay.

-The 
amounts of partly weathered glauconite in some horizons of the Ridgnont proflle

(6) on White Horse Field are greater than would be expected in silt derived largely from
the boulder clay, and probably come from the glauconite-rich beds in the Lowir Green-
sand, which are buried beneath the colluvium on parts of this field adjacent to the old
lake. This suggests that the lacustrine clays overlying the peaty horizons in this profi.le are
derived partly from colluvium, which was carried down the sunounding slopCs into the
lake and was then washed and sorted to some extent.

Small amounts of biogenic opal (mainly grass phltoliths) occur in the silt fractions of
molf_ samptjlq, and are especially abundant in the buried peaty horizon of the Ridgmont
profile (6). Howcveq they are absent from the deep subsoil horizons of the Stackyird (2)
and Flitwick (3) profrles that contain only silt derived from the Lower Greensand, and
also from all the subsoil horizons @elow 38 cm) of the Husborne profile (7). Therefore,
although they are associated with many horizons in which the silt ii derivedlargely from
Chalky Boulder CIay, they did not originate in the boulder clay but were incorp-omted in
surface soil horizons containing boulder clay material; their occurrence in some subsoil
horizons of the Stackyard, Flitwick and Ridgmont profiles implies that these soils are
composed at least partly of transported surface soil material.

Clay minerelogy. As the clay fraction (<2pm) of the Chalky Boulder Clay contains
moderate amounts of kaolinite and that of the Lower Greensand little or none (talr- et al.,
1975, Table 5), the occurrence of this mineral in the clay fractions of tne soiti 6abte Sj
may be used to help identify the source of the clay in each horizon. Most of the ioil clavi
contdn 5+0%kaolinite, and therefore seem to be derived largely from the boulder clay.
However, the amounts in the lowest subsoil horizons of thi Stackyard, f.tt i"k uoa
Ridgmont profiles are less; below 178 cm in the Stackyard (2), g4 cm'in one Ftitwick (3)
and_172 cm in tle other (4), the clay is probably derived entiiely from the Lower Greenl
sand; below 146 cm in the deeper Ridgmont (O it is probably a mixture ofclay from both
sources. In some subsoil horizons composed of colluvium (e.g. the Cl of the Stackyard
pgofile), th_e total amount of clay is < l0l, the amount usually found in the Lower
Greensgnd, yet the proportion of kaolinite indicates derivation miinly from the boulder
clay; this suggests that some sorting of particles orcurred during deposition of the
colluvium, the clay from the Lower Greensand being largely removedand replaced partly
with clay from the boulder clay. Removal ofthe clay derived from the Lo*". G.""nrurd
probably involves disruption of the femrginous coatings on sand grains, and during the
incorporation of clay derived from the chalky Bouldei clay it is lossible that kaof,nite
is con^cenkated to some extent, probably as relatively coarse tlay particles. Kaorinite may
therefore be an over-sensitive indicator in the colluvium ofclay-dlrived from the bouldei
clay.

In most horizons of the Husborne prof.le (7) the amounts of kaorinite are the same as
in the boulder clay, which confrms ttrat much of the Head in which the upper horizons
are developed is derived from that deposit. However, somewhat smaller amoJnm (7_10 ifoccur in the more sandy A, Bw (0-3S) and Cg (98-153 cm) horizons, which'contiin
somewhat less material derived from boulder clay than other horizons.

The other layer silicate minerals in the soil clays are illite (identified by its l0 A basal
l6
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spacing) and interstratified illite-smectite, with traces of chlorite. The changes in illite
content are difrcult to interpret because the clay fractions of the Chalky Boulder CIay
and Lower Greensand coDtain approximately the same amounts, but the upward decrease
in amounts evident in prof.les 2, 3, 4, 6 ar;d 7 may result from weathering proc€sses,
which remove potassium and allow the alumino-silicate sheets to expand and disperse.
The interstratified minerals, which comprise 60-901 of the layer silicates, are most
simply described as random illite-smectite interstratifications. In upper soil horizons they
are ofIS type (illite layers exceed smectite), but in the middle horizons ofeach prof,le they
are SI type- This change may be caused by the translocation of potassium-depleted,
weathered clay from upper horizons to lower, as the translocated flne clay would contain
more smectite-like particles than the coarser, less altered clay remaining in the upper
horizons; however, it may result from the addition of potassium at the surface, some of
which is fixed in smectite-like layers and collapses them to form iliite-like layers. Both
these processes could have occurred in the profiles, because naturally acid conditions in
periods before the use of agricultural lime would have resulted in relatively rapid clay
weathering, and more recently there have been large additions ofpotassium to at least ttre
surface soil horizons by fertiliser application.

Table 5 also gives semi-quantitatiye estimates of goethite and lepidocrocite contents
in the soil clays. Goethite is common in the Lower Greensand, and rare or absent from
the Chalky Boulder Clay; traces of it occur in almost all the soil clays, but it is slightly
more abundant in horizons formed mainly or entirely from Lower Greensand. Lepido-
crocite also occurs in the Lower Greensand and not in the Chalky Boulder Clay, but its
distribution in the soils is less even than that of goethite; it occurs mainly in the Cg
horizoas ofthe Flitwick profiles and somewhat higher horizons of the Husborne, probably
because it forms pedologically in drainage conditions giving a certain balance of reducing
and oxidising environments.

Soils: chemislry

Anelytical methods, Amounts of total K, Na, Mg and Ca in samples from most horizons
of the seven soil profiles, and also in four samples of Chalky Boulder CIay and six of
Lower Greensand, were determined by atomic absorption spectrophotometry ofsolutions
prepared by the dissolution techniques of Pruden and King (1969). Exchangeable K, Na,
Mg and Ca were also determined by atomic absorption spectrophotometry after extraction
with M ammonium acetate solution (pH 7). Total Fe and P were deGrmined by the
colorimetric methods of Pruden and King, and organic C by the Tinsley III method of
Kalembasa and Jenkinson (1973). Dithionite-extractable Fe was estimated by ttre method
outlined by Avery and Bascomb (1974,3'1-i8). Total S in most samples was determined
by X-ray fluorescence spectrometry (Brown & Kanaris-Sotiriou, 1969), but in those with
yery large amoults the titrimetric method after digestion with nitric acid and magnesium
nitrate solution, as described by Bolton et al (1973,559), was used. pH was measured
in 1:2.5 mixtures of soil: water and soil : 0.01tu-CaCI2 solution by glass electrode, and
calcium carbonate was determined with a calcimeter of the qpe developed by Bascomb
(1e61).

Total amounts of some trac€ elements (Ba, Co, Cr, Cu, Ga, Mn, Mo, Ni, Pb, Sn, Sr, Ti
and V) in the Chalky Boulder Clay and Lower Greensand samples were determined by
optical spectroscopy and extractable amounts of those elements plus ZD and. Zt werc
determined by the same method after evaporating to dryness the solutions obtained by
treatment with o.5rrr-acetic acid, acidified hydrogen peroxide and ammonium oxalate
solution (pH 3'3) in ultraviolet light.

t7
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pH and calcium carbonate. Amounts of calcium carbonate in the four Chalky Boulder
Clay samples range from 6.3 to 18.5 %, but the Lower Greensand samples and almost all
the soil samples, except the 5C(g) horizon of the Husborne proflle (7) and some of the A
horizons of other profiles, contain none. The 5C(g) horizon ofprofi.le 7 is weakly weathered
but still calcareous boulder clay, and the surface horizons of soils in many areas have
received ground chalk and/or dolomitic limestone. Most of the soils are consequently
near neutral in reaction, but weakly acid conditions occur in some subsoil horizons ofthe
more poorly drained profiles, and more strongly acid conditions (pH approximately 4)
exist even quite close to the surface in the Ridgmont profile (6). The pH values in cal-
cium chloride solution are 0.1-l.l units less than those in water, and probably rcflect the
semi-permanent variations in soil reaction better than the values in water, which are sub-
ject to some local and seasonal variations. The differences b€twe€n pH in water and in
calcium chloride solution are least in some of the Chalky Boulder Clay samples and
in the more acid, humose,2Cg horizons of the Ridgmont proflle (6), a feature which
probably results from the occurrence of g]?sum, as ttris is weakly soluble and slightly
increases the natural salinity of horizons containing it.

Organic carbon. The A horizons of the profiles saudied contain 1.ll-3.94% organic C;
the subsurface and subsoil samples contain rather less, except in the Ridgmont proflle (6),
some ol the deeper horizons of which are developed in humose or peaty lacustrine
deposits. Lower Greensand samples taken from well below the surface contain almost no
detectable organic C, but the Chalky Boulder Clay has 0.29-1.051, probably in fairly
inert'kerogen' compounds derived from the Mesozoic marine clays that form much of the
f.ner glacially transported material. This organic matter may persist in many of the sub-
soil horizons of the Stackyard, Flitwick and Husbome series, which contain some material
derived from the boulder clay, but the amounts of organic C in the B and Cl horizons of
the Stackyard profile (2), the B, C(g) and 2Cgl horizons ofthe Flitwick profile (3), and the
B and Cg horizons of the Flitwick proflle (4) are probably too large to haye come entirely
from the boulder clay. In these horizons the large amounts of organic C (compared with
horizons at comparable depths in many other English soils) probably reflect derivation
of the soil material from eroded surface horizons.

Totel r l extractrble iron The iron in the soils that is extractable with dithionite occurs
as goethite, lepidocrocite (Iable 5) and X-ray amorphous hydrated oxides. Mineral iron,
the difference between total and extractable Fe, occurs in illite and interstratified illite-
smectite in the clay fractions and in uaweathered glauconite and some of the heavy
minerals in coarser fractions (fables 3 and 4). Yalues of mineral iron for the Chalky
Boulder Clay range from l.l5 to 1.931, and for the Lower Greensand from 0.17 to
1.42%: h, rtle soils the amounts range from 0'14 to 2'01z,, and are therefore similar to
those in the parent materials from which they are derived.

Amounts of extractable iron in the Chalky Boulder Clay range from 1.61 to 2.75y",
and in the Lower Greensand from 0.93 to 2.89%, but the soils contain a wider range
(0.4V6.72/), s\owing that there has been much movement of iron within or between the
soils. The accumulatior of extractable iron in some of the more poorly drained proflles
(3-7) results from fluctuations of the water table, the iron having been reduced, mobilised
and brought into ttre prof.les during periods of high water table level, and then re-
oxidised and precipitated on ped faces and in voids when the water table was lower.
However, in profiIe (6) the large amount of extractable iron (6.58 f) in the 3Cg horizon
may have been derived partly from the organic 2Cg horizons above, which contain little
(1.97 and 1.06 )d), as organic decomposition products may have reduced and complexed

19

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-11 pp 19

ROTHAMSTED REPORT FOR 1976, PART 2

U.*E

Bia

o5

t\

Rr iv-

E

I

oj

<J

a
BHEHEHEEHH

-E
'=EdE

iie " - E€F!-,1ie E iE E EBEE

!:EE _!EE:.i i:=38=
s;;; -!e:.iE gi gBgB

lrrlC3;36;6669999'.i. oOOF cr FF F kF kC cr Dr Dl

\)
s-:
lq

s
U\

=
'.1

d
,a S,
riS
.oL
ri :a\

s
E.
P'

I

.a

;
"E

\
e
V)

6
3

E

a
Vi

s
ui

a
g

I

dI

U=:

"11
;J .-..-€ 38 

= 
8 88 8 9e F8

Ei

.ie

o
EEEEEEEEEE

.E

-'o ;5 95
iE. ' Ee E -aEEE
vNq iL:?-;Eoooo

E3;.i EE:3-A! gi sssF
.s.: 3 5; Ea;;a;;5.E.E,t:rrEE6i666566i99!
A aOO FA F FF F FF PlAcl cl

20

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-11 pp 20

SOILS OF WOBURN FARM. II

e

6+ o e639 S9 S 88 8 833 3e

3dr

o'i
';;oo+; -SFX: :

!3 - - o*9 3FS 888 3; S Se

Rg

AJ

E

a

+ o o5I3e:38I8fi 3 *3

.9oJ

a

,,?!.E"'EE.3...i..
EEEEEEEEEE

.E
.:E3E

n! - cE a't
XE" -. -Ee E EEEE

g= I a -9{ !- P.2 E liti;r;; i EEie-BE Ei 3,sF$

:dEa f 6;6;;3 B 6 9 I I 9'A AUOF AFFFF F F.Irl !1r'rer

E

o

€ o o ii6 n-;3R 3 8 n d €.

o-.5e:nE38ggse;S.-"v-- d v

N6ooFs$gpA€g!y;E
NV

o* oBE sqE g8 8 8F: R8

^ ^. ^rr Pr: N 388 889 SA R

--oBnBasgRggElBE
Foood;

E

o
I

o

e",!€BGgsgggg*F:gFFsoN-;9-6t

:rr$6Fi$EE399sE3:-*s

I
"!esq3grRgERE33fi

r:rF5xR?EEFHEeSFFFroc_F J*ee

e

o

9P9Pg!99!9

6E " - g€t!
,1ie : ie ! E9EE

EIEf -!iEE,: g,:AEE?
::;i eEii-cE Ei SSFB

EE"E6;638;689999A.iOOF FFFFFt.lllqrCci

2t

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-11 pp 21

ROTHAMSTED REPORT FOR 1976, PART 2

iron, allowing it then to be mobilised to lower horizons, where aerated gtoundwater from
the Lower Greensand could have caused re-oxidation and Precipitation.

Total sulphur. Amounts of S in the soils range from 24 to 3750 mg kfr @pm), and

increase with increasing amounts of organic C, which suggests that most of it is associated

with the organic fraction of the soil. Three of the four Chalky Boulder Clay samples have

very large S contents and much larger S: organic C ratios than the soil profile samples;

these probably result from the occurrence of pyrites (FeS2) in the boulder clay, which is
derived from Mesozoic marine sediments, such as the Oxford Clay.

Total phosphorus. Amounts of P in the soils range from 100 to 1730 mg kg:l. They
generally dectease downwards in the profiles, but are rather variable in the deeper subsoil
horizons. This seems to reflect partly the addition of P at the surface, either in fertilisers
or farmyard manure, and partly the fact that amounts inherited from the Chalky Boulder
Clay are likely to be somewhat greater than those from the Lower Greensand' Most of
the P in the boulder clay occurs as calcium phosphate (apatite and collophane) in the
sand and silt fractions, and although these minerals are easily removed by weathering,
they do occur in many of the soil horizons containing material derived ultimately from
weathered boulder clay. The Lower Greensand contains alnost no phosphate minerals,
and most of the P in it (108-5,10 mg kg:l) is probably fixed in association with the
microcrystalline and amorphous iron oxides and hydrated oxides that coat the sand
grains.

The addition of fertiliser P to the surfac€ soils has increased their total P content by
about 50-100%. The largest reserves tend to occur in the surface horizons of the more
poorly drained profiIes, such as the Flitwick and Ridgnont series, but the upward increase
is least in profiles 5 and 7, possibly because they are from headlands near field boundaries,
and may have received less fertiliser P than more central parts of the fields.

Total and exchargeable potassium. In the soils potassium occurs mainly in illite and the
interstratified layer silicate clays and in felspar and glauconite in coarser fractions. In the
sandier horizons derived mainly from the Lower Greensand, felspar and glaucodte may
contain an appreciable proportion of the total K, but in horizons of the Flitwick, Ridg-
mont and Husborne series containing much material derived from the boulder clay total
K varies according to the amount of clay. Total K in the boulder clay ranges from l'4 to
1.9%,, md 2-51 of this is exchangeable; the Lower Greensand contains much less
(0.24.6% total K), so that although a larger proportion is exchangeable (2.5-13%) the
actual amounts of exchangeable K (20-50 mg kgl) are less than in the Chalky Boulder
Clay (50-200 mg kfr). In the soils total K ranges from 0'35 ro l'45%, and the pro-
portion exchangeable from 3 to 9%. The amounts of total K in the soils are therefore
within the ranges of tle constituent parent materials, and to a large extent the diferent
amounts reflect varying proportions of the parent materials.

Amounts of exchangeable K in many of the lower soil horizons are a small proportion
of the total K and generally reflect changes in clay content, but in the surface and many
subsurface horizons the additions of K from fertilisers and manure have increased
exchangeable K considerably. The values given in Table 6 should be compared with
values of 5,1-74 mg kg:r for unmanured topsoil from Stackyard Field (Johnston & Chater,
1975). Treatments have added ttre following approximate amounts ofK either as fertiliser
or in farmyard manure: 16 700 kg ha-l for profile l, 12 000 kg ha-l for proflle 2 and
l5?00k9 ha-r for profile 3 in the period 1942-:72; ap$oimately 5l0kg ha I for
profiles 4 and 5, and < 185 kg ha-l for profiles 6 and 7 in the three years (1972J,
immediately prior to sampling. In the Cottenham profile (1) at least 50% ofthe exchange-
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able K in the Apl horizon must be residual from the large applications made up to lg7},
and a rattrer smaller percentage in the Ap2 and Bl horizons is probably fronthe same
source, having been carried to a maximum depth of 44 cm down the profile. In the
Stackyard (2) and one Flitwick profile (3) approximately 25% of the exchangeable K to
depths of 25 and. 47 cm respectively seems to be attributable to the fertilisers added
between 1942 and 1972. However, in the other Flitwick profiIe (4) the amounts of ex-
changeable K are extremely large even as deep as the Cg5 horizon (l2Gl47 cm), alid
cannot be explained in terms ofthe soil parent materials; at least 60 % of the exchangeable
K throughout almost 1.5 m of soil must have been derived from the fertilisers applied
during the three years prior to our sampling or perhaps partly at earlier times. In the
Ridgmont proflle on Lansome (5), the sharp decrease in exchangeable K below the Ap2
horizon results partly from the decrease in clay content, but to some extent may also
reflect the failure of fertiliser potassium to penetrate any deeper; relatively large amounts
were applied to the soil in the three years before we sampled it, but either very little
penetrated deeper than about 3l cm, or the small amounts that did were not retained by
the sandy subsurface horizons. The other Ridgmont profile (6) has large amounts of
exchangeable K to approximately 1 1 8 cm, and at least 60 f of it must have been added as
fertiliser K, even though the application in recent years has been quite small; adjacent
parts of School and White Horse Fields had 185 kg ha-r du:iing 1972 75, but the appli-
cation at the precise site of proflle 6 was probably less, as it was in the hedgeline until the
winter of 1975. Finally, the Husborne profile (7) has smaller amounts of exchangeable K
than the Ridgmont proflles, and those in all horizons except the Ap (0-12 cm) can be
explained in terms of the natural exchangeable K content ofthe boulder clay component
in the soil; even in the Ap horizon 20 f or less is attributable to fertilisers added.

The main conclusion to be drawn from this data is that the poorly drained soils in low-
lying areas (e.g. prof.le 6 on White Horse Field and prof.le 4 on a fairly lowJying part of
Lansome) act as sinks for much ofthe unused potassium appiied as dressings not only at
the profile site but also in other parts of the fields. During heaty rain the flow of water
across the soil surface, which Catt e, a/. (1975, 23) discussed as the cause ofsoil erosion on
Butt Close but also occurs on many other flelds, carries away in solution part of the
fertiliser K applied to higher parts of the fi.elds. The water accumulates as temporary
ponds in low lying areas a.nd eventually penetrates the slowly permeable soils there. This
slow penetration allows the soil to absorb much ofthe K in solution, and as the exchange
sites in the surface horizons become filled the K is absorbed by successively lower horizons
until a considerable depth of soil contains large amounts of exchangeable K.

Total anil exchangeable sodiun. Amounts of total Na are much less in the Lower Green-
sand (< 100-200 mg kg r) than in the Chalky Boulder Clay (1100-1800 mg kgt),
probably because the latter contains more felspar. In the soils the amounts range from
< 100 to 2400 mg kg 1, and are small in horizons derived mainly from the Lower
Greensand and somewhat larger in tlose containing more material from the boulder
clay. The amounts of erchangeable Na are very small (generally < 10 mg kg1) in most
of the soil samples, less than in either the Chalky Boulder Clay (25-45 mg kg-1) or many
samples of the Lower Greensand Q.4-24 mg kg-1); this is probably because of acid
leaching of the soils under natural conditions before the use of agricultural lime. How-
ever, the amounts of exchangeable Na in the organic 2Cg subsoil horizons of the Ridg-
mont prof.le (0 are much larger than in any of the other samples analysed; because of
their humus content these horizons would have a much higher exchange capacity than
others studied, but tle large increase in exchangeable Na is not matched by similar
increases in other exchangeable cations, so its cause is obscure.
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Total anrl exchangeable magnesium. Total Mg is more abundant in ttre Chalky Boulder
Clay (0.4A4.71/) than in the Lower Greensand (0'03-{.14 l), probably because most of
it orcurs in the silicate clay materials. In the soils it ranges from 0'05 to 0'68 %, and thus
reflects the spread of values in the two parent materials. Exchangeable Mg ranges from
12! to 342 mgkg-lin the Chalky Bodder Clay Q-51of the total Mg), and from 20 to
105 mg kg 1 in the Lower Greensand Q..5-131of total). In almost all the subsurface
and subsoil horizons the amounts of exchangeable Mg are probably explicable in terms
of the different proportions of the soil derived from Chalky Boulder Clay and Lower
Greensand. The Ap horizons of proflles I and 4 show only a slight increase in exchange-
able Mg over the subsurface or subsoil horizons, but the Ap horizons of profi.le 2 and
the Ap and B horizons of profile 3 have rather more exchangeable Mg than subjacent
horizons of the same parentage; apptoimately 25\ of their exchangeable Mg seems to
be derived from previous magnesium dressings. On the same principle, the A horizons
of the Ridgmont and Husborne profiles (5-7) contain yet larger amounts of Mg from
fertilisers (probably 501 or more of their exchangeable Mg).

However, the figures given in Table 6 should be compared with the values of 17-24 ag
kg_r exchangeable Mg for unmanured surface soil on Stackyard (Bolton & Penny, 1968),
and 1l mg kg-1 for acid topsoil (pH 5'1) on Stuckyard, which had been fallow for two
years (Bolton, 1970). This suggests that some ofthe exchangeable Mg in the Cottenham
profile (l), even in deeper horizons, may have been derived from the applications of
fertiliser and farmyard manure made between 1942 and 1967, but that it has been more or
less evenly distributed down the profile, at least to 80 cm depth. The same could apply
to part ofthe exchangeable Mg in the other proflles, in which case the additional amounts
(over subsoil leyels) present in the Ap horizons of profiles 2, 3, 5 and 7, the A horizon
of profi.le 6 and the 81 horizon of proflle 3, may result only from the most recent Mg-
containing dressings.

Total rnd exchangeablc cslcim. The Chalky Boulder Clay contains much more total
Ca (32 000-96 000 mC kg-1) than ttre Lower Greensand (100-2000 mg kg_l) mainly
because of the chalk fragnents it contains. In the soil samples total Ca ranges from
700 to 41 000 mg kg-r, but the amounts do not accurately reflect the mixtures of soil
parent materials, as the boulder clay component in most ofthe samples has been decalci-
fied either naturally or because of the applications of acidifying fertilisers, such as
ammonium sulphate. Amounts of exchangeable Ca in the Lower Greensand range from
100-940 mg kg t,26_100% of the total Ca contents. The amounts of exchangeable Ca
quoted for the Chalky Boulder Clay and calcareous soil samples were determined without
prior removal of calcium carbonate, and therefore contain an unknown amount extracted
from the carbonate. This makes the pedological interpretation of the exchangeable Ca
figures difficult. Nevertheless, it is clear that the smallest amounts of total and exchange-
able Ca occur in sandy subsoil horizons derived mainly or entirely from the Lower
Greensand, and that the largest amounts are generally in the surface or subsurface
horizons, which have been influenced by recent chalk or dolomitic limestone dressings,
even though (as in profiles 6 and 7) insufrcient of these dressings remains to be detected
with the calcimeter or to give the soil a pH greater than approximately 6.

Other Eace elemen8. These were studied only in six samples of Lower Greensand and
four of Chalky Boulder Clay, the deposits which constitute the ultimate parent materials
of the soils described in this paper. Table 7 gives the means and ranges of the total and
extractable amounts of each element studied. From this it is clear that the Chalky
Boulder Clay in unweathered form contains more total Ba, Cr, Cu, Ga, Mn, Mo, Ni, Sr,
Ti and Y than the Lower Greensand, and also more extractable Cu, Mn, Mo, Ni, Pb,
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Sr and Zn; however, it contains less extractable Cr, Ti, V and Zr, and approximately the
same amounts of total and extractable Co and of extractable Ga. The larger amounts of
many elements in the Chalky Boulder Clay result mainly from its greater clay content,
and the fact that most of its clay is probably derived from Mesozoic formations (e.g.
Oxford CIay) deposited originally in an anaerobic environment on the sea floor; in
addition, two of the trace elements in which the boulder clay is conspicuously rich @a,
Sr) may be associated with its carbonate fraction.

Although we have not analysed the trace element content of the soils, it is nevertheless
possible to predict from this data the likely qualitative trace element status of the different
series. The Cottenham series, with little or no Chalky Boulder Clay component, is likely
to have only small available reserves of many important micronutrients (Cu, Mn, Mo,
Ni and Zr); the Stackyard and Flitwick series probably have onty slightly larger reserves
than the Cottenham, but the Ridgmont and Husborne series probably have greater
reserves and are less likely to suffer from deficiencies.

Discussion arl conclusions

As on some adjacent parts of Woburn Experimental Farm (Catt et al.,1975), all the soils
on the Lower Greensand in Lansome, White Horse and School Fields are afected to
some extent by admixture of silt and clay derived from weathered Chalky Boulder Clay.
In the Cottenham series the amounts of this additional material are small and usually
affect only the uppermost parts of the proflle, so that at least half the top 80 cm is loamy
sand, the same particle size class as the bulk of the Lower Greensand itself. In the Stack-
yard series, which is more widespread on the fields considered, the proportion of fine soil
material from the boulder clay is slightly greater and affects a greater depth of soil, so that
sandy loam textures persist from the surface to depths of 60-200 cm.

Although both the Stackyard and Cottenham series are rnell drained soils, the slight
textural difference betwe€n them is likely to result in significantly different available water
capacities; estimates based on data given by Hodgson (1976, Table 19) suggest that the
difference is about 30 f. Previously we predicted this might affect crop growth in periods
of prolonged summer drought (Catt et al., 19'15, 22), and this was conflrmed by crop
yields during 1976, when spring and summer rainfall was extremely small. The most
extreme example of yield difrerences was provided by potatoes; Maris Piper grown on
Cottenham series at ttre south-westem end of Lansome (near the summit of Lansome Hill)
yielded as little as 5 t ha-l, whereas Pentland Crown on Stackyard series in White Horse
Field yielded 25-35 t ba-t- Some of the Stackyard soils may also have slightly larger
reserves of some plant nutrients (Mg and some trace elements), but the diferences are
small and unlikely to aflect yields much. It seems to be mainly during dry periods that the
Stackyard soils perform appreciably better than the Cottenham.

The sandy loam drift in which most horizons of the Stackyard series are developed
seems to have been deposited mainly by downslope soil movement during the last few
thousand years, probably since deforestation and the start of agriculture in the Middle or
Late BroDze Age. This implies that much of the higher ground, such as Lansome Hill,
previously had a thin cover of weathered boulder clay. The erosion of this on Lansome
Hill has exposed the Lower Greensand around the summit, so that the Cottenham soils
there are developed on Greensand ln sira. However, further recent erosion on this part of
Lansome has resulted in the formation of sandy rather than loamy colluvial tongues on
the surounding slolrs, and these have also been mapped as Cottenham series. The
absence of similar tongues on White Horse Field, and the persistence of loamy colluvium
almost to ttre highest point ofthe field, suggest that much of the erosion into the Green-
sand on the summit has occurred since the hedge between Lansome and White Horse
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Fields was established during the enclosures about A.D. 1800. The hedge and the long
period during which White Horse Field was maintained in pasture prior to 196l have
iogether prevented the most recent soil erosion from affecting the field; now it is arable,

removal of the hedge would almost certainly result in increased erosion there, and could
ultimately change the mapped distribution of the two soil series.

The shillow dry valleys that cross the south-eastern side of l.ansome and run along the
boundary between Wtrite Horse and School Fields may have contained small temPorary
strearns within historic times, and there is some evidence for slight water-sorting of the
deposits on their floors, in which imperfectly drained soils of the Flitwick series occur.
However, most of the material in the two Flitwick profiles studied is texturally and

mineralogically similar to the colluvium in the Stackyard series, and the areas maplrd as

Flitwick are the main sites of deposition of soil eroded from surrounding slopes. The
surface run-off has also transferred potassium from fertilisers applied to the Cottenham
and Stackyard soils to the valley floors, and this has considerably increased the potassium

reserves in many of the Flitwick soils. The available water of the Flitwick soils is at least

as large as that ofthe Stackyard series, and for much ofthe year is probably much greater.

Much more clayey and organic deposits, in which soils of the Ridgmont series have

been mapped, occupy the lowest areas where lakes occurred, probably until the Late
Bronze oilron Age on School and White Horse Fields, and until the mid-nineteenth
century on Lansome (Mill Dam Close). In both areas the clay was probably derived

ultimaiely from weathered Chalky Boulder Clay via a colluvial phase on intervening
slopes, and was concentrated by water-sorting; since the sites were drained there has been

further encroachment of colluvium, which has not been sorted and clay-enriched to the
same extent. Because they occupy the lowest areas, some ofthe Ridgmont soils have been

enriched to a considerable depth rvith potassium from fertilisers in the same way as some

of the Flitwick profi.les.
The only hig[ ground which relains a cover of Chalky Boulder Clay lz srra is on ttr- e

south-wesiemiidi ofSchool Field, but here it is buried beneath a variable thickness ofa
slope deposit formed probably during a cold period or periods before approximately
10'000 yiars ago. Thii slope deposit is again a mixture of material derived from the

bouldeiclay and the Lowei Greensand, but there is generally a greater proportion- of the
boulder clay component than in the colluvium, and the mass movement of material in the
partly frozin condition has resulted in less dispersion and sorting of the constituent
particles. The resulting soils (the Husborne series) are approximately as clay-rich and as

poorly drained as tha Ridgmont series, but are more stony throughout and are less

organic and less acid at depth. All the relatively clay-rich soils probably contain larger

res-erves of many plant nuirients and micronutrients than the sandier Cottenham and

Stackyard soils.
Many of the chemical and hydrological differences between the main soil types are

likely t; be important in the intarpretation of results obtained from agricultural experi-

menls on this part of the farm. For example, the Market Garden experiment' as laid out
on Lansome i; 1942, included three soil series, the plots of Series A being largely on
Cottenham soils with some Stackyard, and those of Series B on Stackyard soils with
Flitwick series near the south-eastern margin. The final phase ofthis experiment involved
growing spring tick beans in 1968 and 1169 on aU plots (without further additions of
ilunrr4, to aisess the residual value of the previous treatments with bulky organic

manureJ and inorganic fertilisers. Although yields were good in 1968, and were larger on

the plots which had received organic rnanures, they vr'ere much smaller in 1969, especially

on ihe Series A plots. Differences between plots previously treated with organic and

inorganic marures were stitl apparent in 1969, but the overall decreases on Series A
comiared with Series B could notbe related to earlier treatments. Johnston and Wedder-
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brm (197, tentatiyely attributed these to larger amounts of water on Series B, although
they assumed uniform soil type across the exp€rimental area. The soil differences,
involving larger amounts of available water in the Stackyard and Flitwick soils of Series
B compared with the Cottenham and subsidiary Stackyard soils of Series A, certainly
support their suggestion, and seem to be the only way of explaining the yield differencei.
Other plots have also been laid out across soil boundaries, and have ttrereby introductd
unnec€ssary complicating factors in the ultimate interpretation of experimental results.

Crowther (193Q attempted to explain the frequent lack of response to potassium by
crops growr at Woburn by suggesting that the weathering of glauconite supplied enough
potassium for crop requirements. Microscopic examination of the glauconite in the
profiles we have studied showed that, although most ofthe pellets in fine sand and coarse
silt fractions are green and unweathered in lower horizons, and that some ofthese b€come
brown in higher horizons through oxidation, generally they do not decrease in abundanc€
to$,ards the surface. Electron probe microanalysis of typical green and brown pellets by
Yl,M. A, Carpenter (Department of Mineralogy atrdl petrology, University 

-of 
Cam-

bridge) using a Si(Li) detecror pulse processor (Statham, l97O ihowed that;eathering
decreases their K content from an average of 6.831to an average of 5.771. As the
amounts of glauconite in most ofthe profiles range from l-51 of the total soil;the total
K rele€sed by this weathering has been of the order of 0.01-0.05% of the soil, i.e.
300-1500 kg ha-t, assuming the top 23 cm ofsoil weighs 3 x l0o kg ha-l. Spread over
even as short a period as the I00 years since experiments began at Woburn, this amount
is clearly much-less thanthecrops would have required. I-arger amounts ofpotassium may
have been.lost from profile 3 (Flitwick series), in which there is a fairly -oiirt"nt upr"".d
decrease in the glauconite content, but this was the only profile showing such a
decrease.

_,Comparison ofthe exchangeable K contents of Lower Greensand and Chalky Boulder
CIay samples (Table 6) with their clay contents (Catt e, a/., 1975, Table 2), shows that the
I,ower Greensand 

-supplies 
approximately I mg kg-l more exchangeable-K for every lol

clay thgn the Chalky Boulder Clay. However, the Lower Greensind samples containin!
more than average amounts ofsand- and silt-sized glauconite do not have more exchangei
aile K than the less glauconitic samples. This suggests it is the clay fraction ofthe Lo;r
Greensand rather than the glauconite in its sand and silt fractibns which is the main
supplier ofexchangeable K. Nevertheless, the evidence for glauconitic coatings on quartz
g4 g.4ns preserved by diagenetic silica cementation in the green sandstone found on
White Horse Field suggests that much of the clay in the Lowir Greensand was derived
from 

-the 
coatings by intrastratal oxidation (deep subsurface weathering). The clay may

therefore resemble the glauconite pellets in mineralogical compositionltut is protatty
able to supply more potassium because it is in small particles rather than pelleti.

We conclude that the main natural sourc€ ofpotassium in the sandy soili (Cottenham
series, and_possibly also Stackyard and Flitwick ieries) is the small amount ofclay derived
from the Lower Greensand, which may originally have come from glauconitiicoatings
on sand grains, but that in the more clay-rich soils (Ridgmont and Husborne series) this
source is far outweighed by the large amounts of clay dirived from the Chalky Bo;lder
CIay, even though this has a somewhat smaller potassium-supplying powei per unit
weight..The relatively small amounts of glauconite in the soils play liitli or no part in
preverting crops from responding to applied potassium. The lack of response Crowther
noted was probably due to the fact that the clay fraction could supply enough potassium
for_ the small crops grown at the time. Since then nitrogen drisiings haie increased,
lelds have been larger, and responses to applied potassium have been noted. We would
expect these responses to appear first on the Cottenham and Stackyard soils, which have
the smallest amounts of clay and therefore the smallest potassium reserves, and only
28
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later (or not at all) on ttre clay-rich and low-lying soils which have been enriched in
potassium washed from higher areas.
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APPENDD( A

Proffle rlesrriptioos
I Coltcalwn seies

Ircation: I-ansome (SP 962359).
I-and use: Market Garden experiment, plot 2.

Apl Mcm

Ap2 6-22cm

Dark brown (7'5 YR 3/2), very friable, slightly stony, loamy sand ; medium
subaDqular flints: weakly developed medium subangular blocky struclure
fatlitrito crumbl abuDdanl fine 6brous rools; sharp smooth boundary.
Dark-reddish brown (5 YR 3/2). very friable, very sligbtly stony, loamy
sand: small subangular fliDts and carstone fragments; weakly developed
medium subangrrlar blocky structure; common fine fibrous roots; abrupl
smooth boundary.
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Bl D-4@

BZ 44-57 qt
C 57-80 c0

2C 80 cm +

2 Stockyod series

Location: l,atrsome (SP 962358).
Land use: Market Cardeo experiment, plot 7,.

Dark rcddish brown (5 YR 3/2), very friable, very slightly stony, loamy
sand; small lo medium carstone fmgmeots; very weakly developed coarse
to m€dium subangular blocky structure: few 6re fibrous roots; abrupt
smooth boundary.
Brown (l0YR 4/l), loose. very slighdy stony sand; medium carstone
fmgments; structureless, single grain; abrupt smooth boundary.
Yellowisb red (5 YR 4iO, loos€. very slightly stonysand; medium carstoDe
fragments; structueless, single gain; abrupt smooth bouodary.
Light olive brown (2.5 Y 5/4), loose sand,

Apl 0-7 cm

Ap2 7-25 cm

Bl 25-51 cm

82 5l-76 cm

83 76-95 gfn

Cl 95-l24.c[r.

2A 124-178 c-r-it

2C3 178 cm +

Very dark peyish browo (l0YR3/2), very friable, saDdy loam: weakly
developed medium subangular blocky structure falling tocrumb; abundant
fine 6brous roots; abrupt smooth boundary.
Vcry dark greyish brown (10 YR 3/2). very friable, very slightly stony,
sandy loam; small subaDgular flints: weakly developed coars€ to medium
qubangular blocky structure; many fine fibrous ioots; sharp sftiooth
boundary.
Dark brown (7.5 YR 3/2), very friable, very slightly stony, sandy loam;
medium to small carstone, flint, quartzite and vein qurrtz fragments;
we3kly developed coarse to medium subangular blocky structure; few
medium fibrous rools: smooth clear boundarv-
Brown (7.5 YR 4/2), very friable, moderately stony, s:lndy loam: sub-
angrrlar sandstone, flint and quartzite fragments; weakly develop€d coarse
to medium subangular blocky structure; few medium fibrous roots;
smooth clear horn.lary
Brown (7.5 YR 4/O, f;abb, very slightly stony, sandy loam; subrounded
carstone aDd quarlzite fragments: weally develo@ coarse to 6ne sub-
angular blocky structure; abrupt smoolh boundary.
Brown (?.5 YR 4i4), friable, very slighlly stony, loamy sand; carstone
lragments and a quartzite dreikanler: weakly developed medium sub-
ang!lar blocky strucluel abrupl smooth boundary.
Brown (l0YR4/3). very friable, loamy sand; very weally developed
subangular blocky structure: sharD smootb bouDdary.
Crels-h browr (i.5Y ,2\,loose sand. with commirn dislinct yellowisb
brown (10 YR 5y'O bands.

3 Flitvick series

LocatioD; Lansome (SP 963358).
l,and use: Market GardeD experimeDt, plot 80.

Apl 0-7 cm

Apz 7-25 crn

B 2547 cm

C(c) 47-84 ctn

very dark brown (l0YR 2/2). friable, sandy loam; moderately developed
fiDe subangular blocky snucture faltiirg ro-crumbi abundant-Ene 6brbus
roots; abrupt smooth boundary.
Dark brown {7.5 YR 3/2). friable. very slightly stony, sandy loam; medium
to small subangular BiDts and subrounded caEtone fraenreDts: weaklv
developed coarsi to medium subangular blocky srrucur;; coruiroo fia-e
fibrous roots; sharp boundary.
Dark yellowish brown (10 YR 3i4), firm, very slightly srony, sandy loami
medium to small subangular flints; weakty developed coarse to mediuni
sutungular blocky sbucture; few fine fibrous roots; gradual boundary.
Dark yellowisb brown (l0YR4/4), friable, very slightty srony, s6ndy
loam, with many very fine dark reddish brown (5 YR 3/3) moftles ; mediuril
to small subangular flints, and subrounded cA6tone and quartzite frag-
ments; modeJately d€veloped coarse to medium subangular blocky strua-
ture, with slight tendency to platyness; few fine fibrous roots; gradual
boundary.
Greyish brown (2.5 Y 512) loarny sand, with very many coarse. distinct
reddish brown (5 YR 4/3) mottles: single grain; ilear smooth boundary.
Olive brown (2.5 Y 4/4) loamy sand, with many coarse, distinct banded
brown (l0YR 4/l) mottles; single gxain: gradual boundary.
Greyish brown (2.5Y 512\, very friable, Ioamy saDd, wirh few faint
yellowish brown (loYR5/4) mottles: weakly developed medium suh.
an8ular blocky structure; clear rmooth bouDdary.

2c.Al 8+ll2 cm

2Cc2 112-134.:m

2Cg3 134-159 crn
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2Cg4 159-170 cm

1 Flt*ick serie*

Location: Lansome (SP 963359).
Land use: Arable.

Apl 0-7 cm

Ap2 7-21cm

B 2l--4O cm

B/€) ,lo{7 cm

Csl 67-88 cm

Cg2 88-104 cau

CS3 104-ll9 cm

CS4 I 19-126 cm

Cg5 126-147 crn

C86 147-172 cm

2CB 172 qt +

5 Ridgmo seriet

SOILS OF WOBURN FARM. II

Olive browo (2.5 y 4141, very friable, loamy sand, with commoo coaNc
reddisb brown (5 YR 4/4) mottles coDcentrated io a centrat band; wrakly
develop€d medium subaDgular blocky structue.

Dark brown (7.5 YR 3/2), firm, very slightly slony, sandy loam; small
suttangular ffin6; moderately developed coarse lo medium subaogular
blocky sructure; few 6ne fibrous roots; gradual boundary.
Very dark greyisb brown (10 YR 3/2), friable, very slig.htly stony, sandy
loam; small subangular frints; weakly developed coarse to medium sub-
angular blocky structure; few fine fbrous roots; smooth shaD boundary.
Reddish brown (5 YR 4/l), firm, sandy loam; weakly developed coarse
to medium subangular blocky struclure; few 6ne fibrous roots; smootb
clear boundary.
Dark reddish grey (5 YR 4/2), firm, sandy clay loam, with many fine faint,
dark reddish browD (5 YR 3/4) ard g.ey mottles: weakly developed coars€
to medium subaDgular blocky structure; few 6ne fibrous roots; abrupt
smooth boundary.
Dark greyish brown (10 YR 4/3), friable, sandy loam, with maDy v€ry
fine, distinct dark rcddisb brown (5 YR 3/4) aod grey monles; weakly
developed coarse to medium subaDgular blocky structure; gradual
boundary.
Da* geyish browD (10 YR 4/2), friable, sardy loam, with many very fin.,
distinct mottles in shades of Erey and brown ; moderately developed coaase
to medium subangular blocky sffucture; clear smooth boundary.
very dark greyish brown (l0YR3/2), friable, sandy clay loam, with
common, very 6ne, faint mottlq io shades of grey and brown; ochrc-
stained sandy pockets and p€d faces; a few small carstone fragments and
large subangular flints al base of horizon; moderately developed coarsc
to medium subangular blocky strucnrE; abrupt sfiooth boundary.
Very dark grey (10 YR 3/l), firm, very slightly stony, clay loam, with lew
fine brown mottles; rounded quartzite fragments; moderately developed
medium subangular blocky structue; sharp irregular boundary.
Greyish brown (10 YR 5/2), fi.m, silty clay loam, with common medium
distinct yellowish brown and grey mottles: some sandy ped faces;
moderately developed medium subangular blocky structurci few fine
woody roots; abrupt smooth bouDdary.
Greyish brov/n (2 5 YR 5/2), v€ry friable, very slightly stony, sandy loam,
with very many coarse promioent strong brown (7.5 YR 5/8) motrles;
small carstone fragmeots; abrupt smooth boundary.
Loose loamy sand, fainrly mottled in shades of grey atrd brown.

Location; I-ansome (SP 964360).
Land use: Arable (headland).

Apl Mcm

Ap2 6_3l cm

Dark brown (?.5 YR 3/2), firm, sandy clay loam; moderately developed
medium to fine subangular blocky structurc, falling to crumb; many fine
fibrous roots; sharp smooth boundary.
Dark blown (7.5 YR 3/2), 6.m clay loam; moderately developed mediurn
to coarse subangular blocky structure; cornmon fine fibrous roots; abrupt
smooth boundary.

BCg 3l-.48 cm Browr O0 YR 4/3), friable loamy sand, *,ith coomoa 6ne faiot yellowish
b.otxn (l0YR5/8) .nd sofie grey mottles; *eakly developcd Dedium
subaDeular blocky slructure; abrupt smooth boundar:y.

2Cg 48-67 cm Brown (loYR 5/3) loose sard.

6 elfoma rcriat
Location: Whire Horse Field (SP 9@359)-
I-and use: Arable (old hedep line).

Dark brown (7.5 YR 3/2), friable, clay loasr; ffoc subanSular blocky
structure falling to clumb; common fnc fibrous and some medium to

3l

A 0-23 cm

coaBe woody roots; diffuse boundary.
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BSI 23-40cin

BS2 ,(}-56 cm

Cg 5G105 cm

2cgl 105-l 18 cm

2Cs2 ll8 1,16 cm

ICS 146 cm +

7 Hasborue series

Location: School Field (SP 960358).
Land us€: Arable (he.dland).

Dark reddish browtr (5 YR 3i l), friable, clay loaE; 6nc subangular blocky
structuie falling to crumb; @urmon medium fbrous roots; difusc
boundary.
llark reddish browo (5 YR 3/3), frm, clay loaE; medium subanSular
blocky stlucture; common f-ne fibrous roots; gradual boundary.
Yery dark Br.y ( l0 YR 3/l). 6rm, clay loam, witb ma[y distinct extremely
6oe, yellowish brown (l0YR5/6) mottles; clarse prisma{ic fallinS to
medium subangular blocky structule; common fine fibrous roots, mainly
on sEucture faces; sharp boundary.
Black (2 5 Y 2i0), humose clay; 6ne subanSular blocky structure; common
6ne fibrous roots, gndual boundary.
llack (2.5 Y 2/0), peaty clay: 6ne subangular blocky srructure; few fine
tibrous roots; sharf, boundary.
BrowD to dark brown (7.5 YR 4i4), 6ne gravelly, loamy sand; coomon
medium, subrounded aDd tabular sandstoDe fragments.

Ap 0-12 cm

AB 12-23 cn

Bw 23-38 cm

2B8l 38_80 cm

2Bg2 80-98 cm

3CS 98-139 cm

Dark brown (7.5 YR 3/2). slightly stony, 6rm, sandy loam; very small
subangular and tabular fliots; 6ne subaDgular blocky structure; few fine
Gbrous rools; gradual boundary.
Brown (o dark brown (t0YR4/3). slighrly siony, 6rm, sandy loam;
medium subatrgular flints; medium subangular blocky structure; few fine
fibrous roots; clear smooth boundary.
Brown to dark hown (10 YR 4/3), stony, firm. sandy loam to sandy clay
loam-i medium subangular f,ints: ccarse subaogular blocky structure; few
fine fibrous roos; clear smooth bouodary.
Greyish brown (2.5Y 5t21, stony, firm ciay, with common, distincr, very
fine, stroDg blowD (7.5 YR 5i O monles; medium rounded carstoDe and
flint fragments: coa$e subangular blocky structure; conmon roundcd
ferrimanganiferous conqelions; clear smooth boundary.
Cr€y (2'5 Y 5/0). sliChtly stony, firm clay, witb commo; distinct, very fine
strong brown (7.5 YR 5/O mottles: medium subrouDded f,ints; coarse
subengular blocky structurc; clear smooth bouDdary.
Grey (2.5 Y 5i0), very slightly stony, sandy clay loam, with sandy and
clayey bands, and many distinct, very fine, yellowish brown (10 YR 5/O
mottles ; many med ium, angular, su bangular atrd platy flin ts: weak medium
subangular blocky structurc; cl€ar wavy boundary.
Grey (5 Y 5/l). loose, loamy sand; clear wary boundary.
Dalk grey (2.5 Y 4/0), slightly stony, calcareous clay, wifi many faint,
extEmely fine, olive brown (2.5Y4i4) moltles; small subangular and
tabular flints. chalk and sandy lim€stone fragments; a few i[e8ular, soft
secotrdary carbonate concretioDs.

4cs
5CG)

139-153 cm
153 crn +
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