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The Soil of Barnfieltl

B. W. AVERY, P. BULLOCK, J. A. CATT, A. C. D. NEWMAN,
J. H. RAYNER and A' H' WEIR

Bamfield carried root crops from 1843 to 1968, exctpt for three years of barley (1853-55),

and except for some minor changes the arrangement of plots and manurial treatments
has remained the same since 1876, when the classical eqreriment on mangolds \Yas

started by Lawes and Gilbert. The latest account of the experiment, which was modified
to include sugar beet in 19,16, was by Warren and Johnston (1962), who examined
results for the 1940-59 period in relation to those for earlier periods, and gave the chemi-
cal composition of crop and soil samples taken in 1958 and 1959. We now report recent
studies on the profile morphology and composition of the soil, with special reference to
particle-size and mineralogical characteristics that refle{t its mode of origin and influence
its feld behaYiour.

The field (National Grid Reference TL !33133) extends from north to south along
the western side of the Harpenden valley, and slopes more than the other classical fields
(Fig. l). The total area ofcultivated land, including pathways and headlands, is approxi-
mately 3.,14 ha. From the south-west corner, which lies little below the general local
level of the Chiltern plateau, the land falls to a shallow re-entrant known as 'the valley',
with the lowest point at the eastern end of section 2. The ste€pest slope (about 4') is in
s€ction 3 south of 'the valley'; on tle northern side the gradient is less and the general

inclination eastwards. Sections l, 3,4, 5 and,6 correspond to series O, N, A, AC and C
respectively of the classical experiment, in which a gap approximately 30 m wide (now
section 2 plus the headland between 2 and 3) was left between series O and N.

PmfiIe characteristics in relation to hnd-use history

In common with most of the Rothamsted land, the soil of Barnfield is characterised by
a brownish loamy and flinty surface layer of variable depth over Clay-with-flints, which
in turn rests on chalk. Fig. 2, based on auger borings at intersections ofpathways between

plots, shows the variation in depth of the loamy surface soil. Over about 80 % of the
held, strong brown to yellowish red clay with scattered flints occurs directly beneath the
ploughed layer, which is mainly of silty clay loam texture, as defined in the U.S.D.A.
iystem lSoit Survey Staf, 1951,211). Soil of this type, with red, brown and greyish

mottling in lower horizons, was classed as a shallow or eroded phase of the Batcombe

series bi Avery (1964). It occupies much of Broadbalk (Avery & Bullock, 1969)' but the

topsoil there is generally a little less clayey than in Bamtreld. Chiefly confined to slopes

lo;g cultivated, it is usually replaced on level plateau sites by soil of the same series with
a thicker and less clayey (silt loam) surface layer, and grades into the Winchester series

where the Clay-with-flints thins on valley sides and spurs. The Winchester series has a

subsoil layer of reddish plastic clay with large nodular flints and black manganiferous
deposits,'but little or no red or greyish mottling (the Ctay-with'flints sensu stricto of
Loveday, 1962), which rests irregularly on chalk, usually at depths of 30-120cm. It
occurs ir, places at Rothamsted where chalk approaches the surface, but consistently
mappable areas were not found in Bamfield.

In strips 5-8 ofsection 3 and in eastem parts ofthe headland b€tween sections 2 and 3,

the flintt silt loam surface layer is 60 cm or more thick, locally with a gravelly layer at
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Dark greyish brown to brown,
llinty silty clay loam over strong
brown to yellowish red clay at
less than 30cm.

Dark greyish brown to brown,
flinry silt loam to silty clay loam

over strong brown lo yellowish

red clay at 30-60cm.

Dark greyish brown to brown,
flinry silt loam more than 60cm.

deep, locally gravelly at the base.

!l

\

O 50 l1oyards

Frc. 2. Soil fitap of Bamfield, showiDg sitcs of profl6 sampled.
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the base, and the dark surface (A) horizon is thicker than in higher parts of the field.
Soit of this character, with an upper layer apparently consisting of recent (Holocene)
colluvium or rainwash, was classed as Nettleden series (Avery, 1964). It usually occurs
in narrow strips along valley bottoms, and was grouped for mapping with the Charity
complex, which also includes other well-drained, naturally non-calcareous flinty and
silty soils (Charity series) in head (solifluction) deposits over chalk. In the higher parts of
minor valleys that head on the plateau, as in Broadbalk (Avery & Bullock, 1969), the
valley deposits rest on slowly permeable Clay-with-flints, and the lower horizons of the
profile show signs of gleying.

Elsewhere in the field, the loamy surface layer is mostly ofintermediate depth, a brown
loamy horizon beneath the ptoughed layer resting irregularly on Clay-with-flints at
30-60 cm. In a small peripheral area at the south-east corner, and in places at the upper
(western) end of 'the valley', the subsoil clay is distinctly mottled and the profile as a
whole conforms to the Batcombe series (normal or uneroded phase)- In other places
(e.g. in strips 4 and 5 of section 3) the clay is reddish with little mottling, probably
because chalk is nearer the surface, and in this respect the profiles resemble those of the
Winchester or Charity series.

Each of these profile variants has a brown or reddish weathered sub-surface (B)
horizon without native calcium carbonate, and accordingly conforms to the Brown Earth
group as defined in England and Wales (Avery, 1965). The Winchester and Charity
soils have Bt horizons-argillic horizons in the U.S.D.A. classification (Soil Survey
Staff, 1960, 1967)---{ontaining translocated clay, and are accordingly classed at sutr'group
level as sols /essivds. The Batcombe soils also have Bt horizons, but as they show evidence
ofgleying in lower parts ofthe profile they are classed as gleyed sols /essiris. The Nettleden
soils are considered colluvial brown earths with a deeplying Bt horizon as part of a
buried solum. In effect, this classification groups the Batcombe soils, which occupy most
of Barnfield, with other relatively well-drained, leached soils that have medium or fine
textured, originally acid, surface horizons and slowly permeable, finer textured subsoil
horizons. It separates them from otherwise similar soils, classed as surface-water gley
soils, that have poor natural drainage resulting in distinct gleying in or directly below the
topsoil. Most of the Saxmundham soils, for example, are surface-water gley soils. In
the U.S.D.A. classiflcation system, the Batcombe soils conform to the Paleudalf great
group in the Alfisol order.

Variations in the depth of loamy soil and in topsoil texture result partly from erosion
and deposition since the land was first cultivated. The'White books' (original manuscript
records of Rothamsted experiments) record five occasions between 1889 and 1936 when
unusually heavy rain caused surface soil and sometimes also mangold plants to be wash€d
from higher ground and deposited in 'the valley'. In 1894 there was'an immense flow of
water from the park on to the field, which ran in a continuous stream, both down and
across the land'. On later occasions excrss surface water apparently originated within
the field, and flow was concentrated down the paths, especially between strips 2 and 3,
4 and 5, 5 and 6, and 7 and 8, forming streams which bent round and ran across section 3
towards the pond on the eastern side of the field. In a detailed account of the effects of
a storm on 2l June 1936, E. W- Russell noted much movement ofsurface soil on sections
4 and 5 and down the paths. Soil derived mainly from strips 5, 6 and 7 on these sections
was redeposited over the lower parts of strips 4-8 of section 3, and the lowest part of
section 2. The deposits were up to 3.7 cm thick and on strips 7 and 8 were locally gavelly;
many mangolds were buried.

The heaviness of the topsoil over most of the field clearly results from progressive
incorporation of subsoil clay. Much sticky clay was brought to the surface in 1930, when
the land was cultivated to 30-37 cm depth by steam tackle, and the process evidently
8
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still continues, as the ploughed layer in most plots contains nodules of brightly coloured

"iuy 
in 

"u.lout 
stagei of issimilition. Measurements of drawbar pu]l by Haines and

ieln 1qZ5) showelcl that the land was lightest in the lower part of'the valley', and

.^p."iiffv heayy in parts of strip l, even ihough this had received l4'2 tons farmyard

-inrr" unnuuliy. Siip 1 is close to the western boundary of the field, which then as

now tuur -u.t"d along most of its length by an abrupt rise in the ground, suggesting

ihat the heaviness resul-ts from local removal ofthe originally loamy topsoil. As the 1843

iit6" u*".0 map of Harpenden shows no field boundary in this position, formation of
the declivity and truncation of the soit profile have probably occurred since the present

field bounrlaries were established and experimentation began. Still eallier, as shown on

ihe 1623 plan of Rothamsted estate, two enclosures called Harwoods and Upper Hagdell

were separated by an east-west boundary extending along the southem side of 'the

valley' into what is now Great Field.
Belause of the retatively heavy soil and the slowness with which it dries out after rain,

satisfactory seedbeds for root irops were always difficr.rlt to prePare in unfavourable

i"uron.. B"fo." 1876 swedes were grown for 15 successive years, but this regime led to

such poor crops that it was discontinued. According to Hall (1917) 'this was mainly due

to ttri inciOeniat circumstance that on growing the same description of crop, with the

same comparatively limited and superficial root rang€ . . . , the surface soil became less

easily wor'ked, and the tilth, so important for turnips-, was frequently unsatisfactory;

lrt itit fo. \.vant of Yariety and depth of root range of the crop, a somewhat impewious

oan was formed below'. Less difficulty was experienced with mangolds, and Hall attri-
LuteA rnis 'partly to the extended root-range of the mangold, partly also to its freedom

from insect'and iungoid attacks'. However, the 'White books' record several seasons in

lrt iit ur"u"n germination was associated with a poor seedbed, and some in which a

second sowing-was needed, apparently because heavy rain around sowing time was

followed by a dry period in which the packed surface harde-ned'

Despite ihe hiaviness of the soil and occasional crop failures attributed to excess

.urfud *ut"r, there is no record of systematic under-drainage since experimentation

t 
"n"n- 

,ftfrouelt tte field was subsoiled to about l0 cm below the usual ploughing depth

il";;a;; if,. pan in l89o and 1899, and steam cultivated- in 1930' However, there is

ii-ng 
"uid"n". 

ihat a tile-drainage system was installed earlier' Fragments of drainage

til" ;f 
"" 

early .horseshoe, type iere unearthed when a treoch was dug for an electric

"ult" 
t".ia" tt 

" 
furm road, ani a core sample extracted for our work contained a similar

il";;"i. A1.", the concriteJined pit, which was built on the site of a dell-hole pond

lrit'nin tn" originat eastern boundary of the field, receives a I 14 mm outfall pipe aligned

;;rJLii" 'thJ vattey' and two 57 mm pipes apparently- from north'western parts of the

held. After wet weather these together dischargi over 200 litres/min Effiuent was sampled

f.orn ttr" tu.g. pipe on 19 Novimber 1970 after heavy rain; each litre contained 50 mg

i.riJ *"t".iii (.i"inly fine clay), and 25 mg K, 19 mg Na, 94 mg Ca and 4 mg Mg in

"oiuiion. 
rnit composition suggests it is drainage rather than surface water' but there

is no evidence that it all comes from Bamfield.

SamPling and analPical methods

Sampting. To assess'natural' soil variability within the field on a probability balis' a

Proline 
-corer was used to extract undisturbed profiles, l5cm in diameter and 90cm

i".p, f..- iZ points sited grid-wise in interploi pathways (Fig. 2) to ayoid disturbing

ifr"if.i. 
""0 

ti minimise differences related 10 treatments' To investigate deeper layers

io-.ite vattey,, a pit 3.1 m deep (profile 13) was excavated. in the headland between

t""tio"t z ona g. rLe profites were discribed in accordance with the U'S'D'A' Soil Survey

9
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Manual (Soil Survey Statr, l95l), and samples from each horizon were analysed for
particle-size, chemical and mineralogical composition. For easy reference, surnpl". ,""."
numbered consecutively from the surface downwards. The ploughed layer (Ap-horizon)
was_ sampled to a standard depth of 15 cm in each core, and whire the loweiboundary
ofthe dark coloured surface horizon was deeper than 25 cm, the lower part was samplei
lepqllely. Other samples from the cores were taken from the whole thickness ofmorpho_
logically recognisable horizons, which were designated according to the scheme used
by the Soil Survey of England and Wales. Thin sections of additional undisturbed
samples from selected horizons were prepared after impregnation with Autoplax llo
resin, and studied to estimate the porosity of surface and directly underlying horizons,
and to elucidate soil fabric characteristics.

As the cores were taken from regularly cultivated pathways and accordingly contained
few roots, the soils were expected to difer to some extent in structure and composition,
and especially in organic-matter content, from those under crops. When extracted in
October 1970, after several weeks of dry weather, moisture contents of the clay subsoils
were near field capacity, and macro-structure (pedality) was barely evideni in most
horizons. However, diferences in the colour, structure and consistence of upper horizons
between pathways and adjacent plots were hardly perceptible after ploughing and
overwintering, and differences in organic-matter content are small compireJ with
those b€tween dunged and unmanured plots. For example, in profile 3, sitid between
two dunged strips, lhe ploughed layer-contains nearly 2)( organic carbon (Table 5),
whereas coresponding layers in profiles 7,8 and ll have 0.6_0.g l. Warren and
Johnston (1962) recorded total N in the surface soil (0-22.8 cm) ranging from 0.23
to 0,26% in the dunged plots of sections l-4, and from 0.@4.10% in other strips;
assuming.th€ C :-N ratio is approximately l0 : l, the corresponding organic carbon
contents (2.3-2.6% and 0.9-1.0/, respectively) are only slightly largei than amounts in
the pathways.

Anatytical methods. Samples weighing approximately I kg were taken from each
horizon recognised in the 12 Proline cores, dried and then sieved through a 2 mm mesh
to lnd th9 percentages of stones (>2 mm) and finer oven-dry soil. The itones (>6 mm)
in the $td6gg s6i1 $/sre also sampled near profiles l, 4, 7,9 and 12 (to give a quincunciai
pattern) by sieving in the field all the soil taken within a circular hoop of 0.32 mz area
to a depth of approximately 5 cm. Each stone was then weighed, and the size distribu_
tion_ determined ty grouping the stones according to limiti approximately equivalent
to the 

-weights 
of spheres ranging in size from -2.5 to -5.5 O (i : - loiz d,-wherc d

is the diameter in mm) and with a specffic gravity similar to that of flint (2.-60).
The particle size distribution ol <2 mm fractions was determined on i0 g samples of

air-dry soil, which were treated with 12./" hydrogen peroxide to remove orlanic matter
and then dispersed in a 0.11{v solution of sodium hexametaphosphate b/shaking for
16 hours. The 12, 2-5 and 5-20 pm fractions were estimated byihe pipette-samfling
technique, the coarse silt (20-50 pm) was separated by repeated settling in dilute aqueoui
suspension, and the sand fractions (50-2000 pm) were subdivided with tOO. Zdl ana
500 pm sieves.

Calcium carbonate was measured with a calcimeter (Bascomb, 196l), and organic
carbon by Tinsley's (1950) wet-oxidation method. The pH in I : 2.5 waier and 0.61 .pt
calcium chloride suslrnsions was measured by glass electrode, and .free iron oxide' bv a
mo-dification of Debs method (1950), shaking overnight at room temperature with
sodium dithionite buffered at pH 3'8 by acetic acid and sodium acetate. Exchangeable
K., Na, Ca and Mg were determined on samples from profiles 5 and 9 by displaiment
with M ammonium acetate at pH 7.

10
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The 2G-50 pm fractions from profiles l, 2,3,4,5,8, ll and 13, and the 5O-200 pm

fractions from profiles 5, 8 and 1 l, were separated into light and heavy fractions by flota-
tion in bromof6rm (specific gravity 2'9), and analysed mineralogically with a petrological

microscope. The fir;iilt (2-20 pm) and clay (<2 pm) fractions from profiles 5, 8 and I I

were sepirated from 20 g samples of air-dry soil by ultrasonic dispersion and repeated

sedimentation in 0'021 {v sodium hexametaphosphate solution, and analysed minerq-
logically by X-ray diffractometry of oriented aggregales. .Quartz and felspar in the -<2'
ZnO ara )O-SO p- fractions were estimated by chemical analysis of residues from
fusion with sodium bisulphate (Kiely & Jackson, 1965) or extraction with hydrochloric
acid (Reynolds & Lessing, 1962).

Additional clay fractions were selnrated from all samples of profile 5 and samples I
and 2 ofprofile 9 to study potassium release. The samples were not treated with hydrogen
peroxide, because this may modify the exchange properties ofclays. Airdry samples were

dispersed by shaking for 16 hours ia 0'Ol% flv sodium trexametaphosphate solution,
foliowed bi ultrasonic agitation for 2 minutes, and the clays (<2 pm) were separated

by repeated sedimentation in a similar solution. Cation exchange capacities were measured

by eitracting Mg-saturated clays four times with 0'1M calcium chloride solution and

determining Mg in the extracts by atomic absorption spectrophotometry; the Kin these

extracts wai also measured. Mica-K was extracted by boiling the Ca-saturated clays flve
rimes with O'lM barium chloride solution, using 2litres/g clay (Reichenbach & Rich,
1968). Mg-saturated residues from ttris extraction were divided by centrifugation into
<0'i, 0.il'5 and l'5-2 pm fractions; the untreated Mg-satuated clays were similarly
fractionated. Total K in the <0'5 and 1'5-2 pm fractions was measured by atomic
absorption spectrophotometry after digestion with hydrofluoric and perchloric- acids'

x-raf diffraCtomeGr traces of oriented aggregates of the original clays and of those

treated as described were recorded; to assist recogDition of the clay-mineral categories,

each ofthe clays was examined air-dry and after treatment with ettrylene glycol'

Morphology of representative pmfle

Fig. 3 shows distinctive morphological features of the 13 Profibs described and sampled;
pr6fles 5, 8 and 11, which were chosen for mineralogical analysis of <200 pm fractions,
are fully described in the Appendix. Profile 12 contained a frapent of drainage tile at
about i0 cm depth, but the other profles showed no evidence of human disturbance

below the ploughed layer.
Dark collourid surface horizons are designated Ap' Brown or reddish, weathered

sub-surface horizons, differentiated by changes in colour, texture, structure or consis-

tence, extend to >90 cm depth in each profile, and are designated Bl, B2, etc. The addi-
tionai sufix t (German: Ton : clay) denotes a B horizon that is more clayey than the A,
and contains translocated clay as evidenctd by argillans (clay skins) and/or discrete

concentrations of strongly oriented clay witlin peds- The suffx g (gleyed) indicates the
common occurrence of grey (chroma <3 and value 5 or more) mottles or streaks

attributable to local reduction and translocation of iron. Horizons with common red

(2.5 YR 4/G8) and/or brownish mottles, or with ped faces lighter in colour than the
iatrix Uut with few (<2'%) or no grey mottles, are denoted by the suffix (g). Roman
numeral prefixes show the o@urrence of contrasting subsoil layers not attributable to
pedologi&l reorganisation; the uPpermost layer is not numbered but layers b€neath are

numbered II, fII, etc', downwards.
Terms defined by Brewer (1964) are used to describe micromorphological fea.tures.

All the horizons studied have a basially porphyroskelic fabic, consisting of sand- and

silt-size gxains embedded in a dense clayey ground-mass ot pla-rma, the fabric of which

ll
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is further distinguished as argillasepic or sepic. In the former, clay-mineral aggregates
are largely unoriented with respect to each other, giving a fleckid extinctioi-paitern
between crossed nicols. rn the latter, the clayey plasma contains recognisable anis-otropic
patches with preferred orientation, giving a striated extinction patiern. Sepic plasriic
fabrics are further differentiated according to the size, arrangernent ard proporiionate
extent of anisotropic patches. ln a mo-masepic fabric, for eiample, they-are arranged
pardy_as a mosaic (mosepic) arrd, pafily as elongated striated zones (ma:ipic).

Within the basic fabric of the horizons are recognisable units (pedological features)
distinguishable from the enclosing material by differences in concentratio--n or u..urg"-
ment of some fraction of the plasma (e.g. clay minerals, iron oxides), or differenceiin
arrangement of the constituents. These include cutans (e.E argillans) associated with
natural surfaces, nodules rcpreselting segregations of a particular constituent within the
gro,trnd-mass, and, papules, i.e. argillaceous units with continuous and/or lamellar fabric
and a morphology incompatible with formation in a single void in the present soil
material.

Profiles 1, 2,4, 5,6,8, 9, I0 and 12 each have a thick, strong brown to yellowish red
(7-.5-5 YR 5/c8), clayey B horizon directly beneath a moderaiely flinty pioughed layer
of silty clay loam texture, and conform in this respect to the shaliow oieiodei phase of
the Batcombe series. They differ in the intensity of mottling. In l, 5 and 8 an horizon
(B3tg) with prominent red and grey mottles starts at 55-Z0cm;2,6,9 and t0 have
many red mottles but few grey ones in the deepest horizon reached by the cores, and in
4 and 12, both north of'the valley', the B horizons are more uniformly coloured, with
few grey mottles and fewer and less distinct red and brownish mottles. As alreadv indi-
cated, these diflerences are probably related to irregularities in the underlying chalk
surface, the more uniformly coloured subsoils occuring where the Clay-wiih-hints is
thin and drainage is aided.

ProfiIes i ard 7, in'the valley', have loamy surface and sub.surface horizons with
numerous flints and a clear undulating boundary to yellowish red flinty clay at about 65
and 43 cm respectively. The textural change at this boundary was interpreted as a litho-
logical discontinuity, shown by the prefix II in the designations of the lower horizons.
The clay subsoils are only faintly mottled, especially in profile 7, which in this respect
resembles the Charity rather than the Batcomb€ series (Avery, 1964).

Profiles 11 and lj, sited close together in the lowest part of.the valley', resemble those
grouped with the Nettleden series. Each has a thick Ap horizon oi flinty silt loam,
merging into a brown Bl horizon of similar texture, which becomes more flinty with
depth. In 11, a well-defined layer (fI) offlint gravel in a silty matrix rests on brown stone-
less silty clay loam (layq III) with faint to distinct pale brown and reddish yellow
mottling. Both these depositional layers evidently have a limited lateral extent wit[in the
valley, as neither is clearly represented in profile 13. At that site the loamy Bl horizon
rests with a clear undulating boundary on yellowish red flinty clay (tr82t), which has
little motding and resembles the clayey subsoil in profile 7; this rests'in tum on rubbly
chalk drift with loamy and clayey inclusions, designated IIIC.

Surface horimns The Ap horizons are mainly dark brown (10 yR 4/3) when wet and
yellowish,brown (l0YR5/4) when air-dry, except in profiles l-4 (between dunged
strips) and in 'the valley' profiles 7, I t and 13, where the moist colour is nearer l0 yR-4/2
(dark greyish brown). Recorded depths of dark surface soil range from 15-30 cm, but
may be slightly under-estimated in some profiles because a little l,oose material was lost
when extracting the cores. In the shallow or eroded Batcombe profiles the lower boundary
12
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is sharp and irregular, but in ?, I I and 13 it is gradational-and apparently b€low.current

pf"ritr'i"g depthl which suggests thJ the lowJr part of th€ dark surface layer in these

;;;;i;;p;;. pu.i or u1i or u former ploughid laver that has been buried bv recent

colluvium.--in 
ir,"-"o..t the silty clay loam topsoils of the shallow. or eroded Batcombe profiles

.rr..""I-Ji *""r,ly developed -u"ioo,-"*t" (pedality) and were firm when moist'

pfu.ti"-una ifigfrttv ,ti"ky ,"h"n ,u.t' "rd 
u"ry naia wnen dry' However' thin sections

8itrl" .oir at f3 c; depth in profiJe't -d ut-z.nl (Alp) a4 ?0-9n 
(A2p) in profile 2

;h;;d;yt;.;; of pla'nar noia. ulroaing blockv-'uniis of. l0-15 mm size with little

int."-p"aiip"...ity.'The planes mal U" pu-ttfv anifacts resulting from drying to,l lO'C'

;;ilf; i;*'. ot.ome ur" bo.d"J'bv .i..tt'.utuos, indicating that they are relativelv

stable natural surfaces. Each secttn'shows heterogeneity in particle-size distribution

""J irr"..l" 
fabilc, clearly u.to"i"t"o with irregJar incorporation of subsoil clay'

Wiifrio " 
u".i" 

"tgiitur"pi" 
po.pny.ott"lic fabric, 

-consisting. of predominantly silt-sized

gi"i"S, 
" 

*i"tfv orienieC ctai ,iutrir, put"h". of subsoil qay ippear as strongly bire-

ffi;;* il;i;.a"i.ri"ttl, ivittr a md-masepic plasmic fabric intersected bv planar

voids.'-ine 
silt loam topsoils in 'the valley' profiles (3, 7, 1t and l3).are friable when partly

drv. and break down to give fine sub-aniular bloiky and crumb-like aggregates' but these

ilf;;il;;; ii.i6a ti"u'iiv u.c-uuse few 
''Lu-d"fro"d 

peds were observed in the

;;. il."fii;; i, it una 13 the iower part of the topsoil (designated A2p) was-firmer

;;e;";;. than horizons uuo"" 
-uoJ 

&lo*, and tho*"d dufu (l0.YR4/2) channel

fitlings (pedotubules) and coatings resembling 'agricutans' as described by Jongerrus

( 1970).'' io lonn - tle 
"xistence 

ofa'pan', the porosity of the Alp, A2p and Blt horizons in

p.onf" 1-*^ ."u.ureO by point'coults oi voidsln horizontal thin sections taken at 7'

Io-"ra si". a"pihs respeitivety- rach section was scanned in two directions at right

angles; 1500 points were 
"ount"O 

in each direction, and the results averaged to^give

in"-*f"". i, f"tf" l. The A2p horizon is evi6ently viry dense; whole microscopic fields

iai"-li- e'o -nr1 often contain;a;; voids >26 pm-across, and >801 of the voids

X;;; "";;;".. !*ii"r..iin" Alp and Blt horizons had much more observable

;;;;;;,;;e ; il.gei proportion of thi voitls were iregular vughs rather than inter-

pedal planes,

TABLE 1

Relative porosity ol horizons in profile 7, given in percentdge area of thin sections

Horizon Depth (clr) voi<ls (/) vuehs* (7J channels (%) "J'fJihilg ;, 3 3 a:l :-: :.i
;*ri 1i ;'i, i'o o'2 r'8

. Relatively larSp voids, usually iregular and not normally interconnected with other voids of com-

parable size.

f.oamv subsrfice hodzors. The loamy sub-surface horizons in profi]g- 3-' designated

B[;d ir(d,; fin.i;n t"*tut" tLn the Ap ho'i"on, and contain visible concentra-

;;;i;;fiiiy;l,ourecl clav. The horizon &rectlv beneath-the ploughed laver (Blt)

il.;;;il;d 
"ouiingt 

*il irnt"o channels, and appears denser and firmer than the

h;;ili;; A, seen iithin sections at 30 and 50 cm d-epth, the fabric of these horizons

is heteroseneous and seems to consist of sitty material dirived from loess. incompletely

;ffi';fit;i;;ld;il; bd; .ot"'p"tt have an argillasepic plasmic fabric-

",ltiit-.o" "6ia 
argillans, 

"oa-ot[".t 
n."" t strongly sepic iabric resembling that of

l3
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The loamy Bl horizons in profiles 11 and 13 are brown (7'tr-10 YR 4/3-4), and more
friable when moist than corresponding horizons in any of the other proflles. They
contain many channels filled or coated with darker soil, but show no evidence of clay
illuviation, suggesting that the material composing these horizons was deposited com-
paratively recently. As the matrix of the gravel layer in profile l l has the pale, bleached

ippearance characteristic of eluvial (E) horizons in the upper part and becomes redder

ani more clayey near the base, the horizon as a whole is designated [E/B2t(g). However,

it may represLnt a residual (ag) gravel from which flne material has been partly removed

by laterai water flow. The underlying silty clay loam layer, designated IIIB3tG), contains

common vugh and channel argillans, together with embedded argillans or papules, in a
mainly argillisepic porphyroskelic matrix. Dark brown femrginous nodules and inegular
diffuse ferri-manganiferous segregations are also cornmon, the latter partly masking the
argillans. As in the similar profile (5) in Broadbalk (Avery & Bullock, 1969)' this layer
is interpreted as the B horizon of a profile that was truncated by erosion and then buried
by younger deposits. The sharp upper boundary of the flinty clay layer (IIB2I) in profile
l3 is also probably an erosion surface, with undulations that reflect irregular post-deposi-

tional dissolution of the underlying rubbly chalk drift.

Clayey sub-surface horimm. The brightly coloured clayey B horizons occurring in all
profiles except 1l are plastic or very plastic when wet, and Yery hard or extremely hard
when dry, but partty-dry specimens show a variable tendency to crumble into smaller
fragurents when pressure is applied. Discrete peds of small or medium size (<2 cm)
were seldom clearly apparent in the moist cores, but smooth fac€s of variable extent

occur in all horizons, and a network of cracks developed as the soils dried. Shrinkage
was greater in 2, 4, 5, 6,9 and 12 than in other profiles, and amounted to at le2ist 5%
on a vertical linear basis (including surface horizons). Fine or medium blocky peds were
most evident after drying in the yellowish red subsoil horizons of profiles 7, 11 and 13,

and least evident in Bl horizons directly beneath the ploughed layer and in the red and
grey mottled, clay-rich lower horizons (B3tg), as in profi.les 1 and 5. The ped faces in
ilightly mottled horizons are mair y yellower in hue and lower in chroma than the
matrix, and grey colours in the more prominently mottled horizons occur mainly around
stones and bordering inclined 'slickensided' planes, which intersect the clay subsoils at
various angles and are often of considerable extent. Most of the profi.les contain dark
agricutans and infilled channels (pedotubules), but these are less common and extend
less deeply in the mottled clay subsoils than in the more loamy materials. Secondary
manganiferous deposits, concentrated in small nodules or diffuse segregations, are
common in several horizons, notably in profiles 1 (Bl), 4 (81), 8 (B1 and B2) and 12

(82).' 
Thin sections of the B2(g) horizon in profile I atrd the B1(g) and B3tg horizons in

profile 5 showed large differenc€s in the proportion of angular and sub'angular silt
grains relative to plasma, presumably reflecting irregular incorporation of loess, as in
iome of the Broadbalk subsoils (Catt, 1969). The first is rich in silt and has a dominantly
argillasepic plasmic fabric intersected by strands of strongly birefringent clay up to
50pm thick, some of which are associated with voids or ped faccs, and thereforc result
from iltuviation. Sections from profile 5, especially from the B3tg horizon, show little
silt and have fabric characteristics resembling those in analogous horizons of Broadbalk
profile 2 (Avery & Bullock, 1969). Vughs, channels and planar voids are common in the
nt t(g) horizon, and divide parts of the fabric into sub-angular aggregates about 0'i-
I mm across, which are not readily apparent in hand specimens' Similar aggregates

occur in the B3tg horizon, but herc the voids are almost all planar. The clayey plasma in
each of these horizons is strongly oriented, giving a mo-masepic porphyroskelic fabric,

l5
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which is modifled or replaced to various degrees by pedological features, including cutans
(argillans or ferri-argillans) attributable to illuviation oistress, papules or 

"riuedd"aargillans, -and ferruginous or ferri-manganiferous segregations (nodule$. As noted in
the Broadbalk profile, there are few void argillans diiectly attributable to illuviation of
clay,_ especially in the B3tg horizon. Identification of these horizons as argillic therefore
involves assuming that at least some of the clay bodies that are distingui'shable in thin
sectior by strong preferred orientation and absence of skeletal grains, yet are un-
associated with existing voids, originated as void argillans and wereincorporated in the
matrix by pedoturbation resulting mainly from seasonal swelling and jhrinking. The
clay bodies could also have been iocorporated by cryoturbation diring pleistocen-e cold
periods. Alternatively, the bodies may be litho- or pedo-relicts that originated elsewhere
and were traDsported to their present position.

Papules are common in both the Blt(g) and B3tg horizons of profile 5. They are bright
yellow, non-pleochroic, and strongly birefringent, and resemble those found in Cliy-
with-flints layers close to the chalkjunction, which are interpreted by Stoops and Mathieu
(1970) and- Thorez et al. (1971) as the result of disruption or deiormati,on of argillans
originally formed in solution hollows. other discrete clay bodies are more granulir and
less birefringent; these may have originated either by weathering of glauionite grains
or by impregnation of strongly birefringent papules with iron oxide-

Red ferruginous areas, which are mainly diffuse and irregular and appear as red mottles
to the unaided eye, occur in thin sections of the B2t(g) horizon oiproflle I and the
Blt(g) and- B3tg horizons of profile 5. They are largest and most abundant in the B3tg
horizon of 5, where they occupy about Ql by area. As in Broadbalk profile 2, thl
densest parts are weakly birefringcnt and the less dense parts moderately or strongly
oriented' As the boundaries ofreddened areas occasionally transgress boundiries betwin
papules and matrix, the papules so affected must have originated before iron segregation.
Also, as voids traversing the reddened areas are sometimes lined with yellowish stiongly
oriented clay, both papules and red mottles seem to be relict features.'This implies th-ai
although the red mottles possibly originated by reduction and segregation of iron, they
may not be related genetically to the grey iron-depleted zones, because the grey zonei
are commonly associated with existing voids.

Particle size distuibution ard chemical data

Co11se !agme-n!s- (stones rtrd gravel). Average weights p€r acre of stones (>6mm)
and flne dry soil from sucressive 23 cm layers, quoted for the chief Rothamsted experi-
mental fields by Hall (1917,2Q, shov that the surface layer of Barnfield is on av&age
nearly twice as stony as the soil at 46-69 cm, and that it is significantly more stony th;n
the surface layers of Broadbalk and Hoosfleld, but not quite as stony as agdeli. The
concentration of stones at the surfaces probably results partly from frost action, in-
cluding contemporary frost-heaving and deep-reaching cryoturbation under pleistoc€ne
periglacial conditions, and partly from removal of finer soil by differential erosion.

Ass"ming a specific gravity of 2-60 for flint, Hall's figures give mean vatues of 14.5,
10.0 and 7.81by volume for the stone contents of the three successive 23 cm layers in
Barnfield. Corresponding mean yalues for the weight percentage of stones ari 24.9,
16_.5 all,d 13.5'1. Table 2 gives the weight percentages of stones (>2 mm) in 1 kg samples
taken from all horizons in the 12 cores. The range of stone contents eaa/) in the^ Ap
horizons (0-15 cm) gives a smaller mean than Hall's average for the frst i3 cm layei,
even though he excluded fine gravel (2-6 mm); this is probably because the laigei
stones are not adequately represented in I kg samples. However, the values show where
the major differences in stoniness occur, and were useful in representing the profiles
t6
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diagrammatically (Fig. 3). The topsoil tends to be more stony in .the valley, and on its
steeper southern slope than in other parts of the fierd, and the loamy sub-suiace horizons
in profiles 3, 7 and I I are more stony than tbe ctayey sub-surface htrizons ofthe shallow
Batcombe soils, which commonly contain only a few large nodular or broken flints-

Size distibutio of stones in the topsoil, . Fout of the five samples of stones (>6 mm)
taken from the surface soil show approximately the same size- distribution 6uUf" :y,
but at profile 12 near the north-east comer ofthe field there is a greater proportion of t(e
largest stones (> 120 g) than elsewhere. These large stones are irregularly-shaped, unworn
flint nodules or large fragments ol n9dqrell examples as large as 30 cm across are faidy
common in north-eastem parts of the field. They are derived by natural dissolution of
the chalk, and have not been moved very far; flints of this type are acrordingly typical
of rhe lowest layer of Clay-with-flints (the Clay-with-flints iersz stricto o{Loi€day,
1962), which rests on the chalk. This conirms the soil morphologicat evidence that the
chalk is closer to the ground surface in northern parts of th; fleld than elsewhere.

Cultivation, especially rotoyating, makes the stones smaller; this affects mainly the
ffints, probably because they are larger than other types ofstone, more irregularly-shaped
and more trittle. Many freshly broken or abraded surfaces offlints show afier roiovating,
but quickly become soil-stained or weathered.

Type of stones. Flint nodules and fragments are the most common stones over the
whole field, but there is also a wide range of other types (Table 4)- Most of the rarer
stones occur naturally and were derived from the Reading Beds, but others result from
human activity- The pebbles are smooth, well rounded when unbroken, and probably
originated in streams that flowed across south-east England when the Reading Bids were
deposited during Eocene times. Most of them are composed of flint and have black or
grey surfaces, but a few are white and are composed of quartzite or coarsely crystalline
quartz from veins in Palaeozoic or older rocks. One pebble, found at 50 cm depih in the
core ofprofile 3, was composed of tourmalinated quartz, which probably came originally
from a Devon or Cornish granite. The brown chert (chalcedonic silica) and sand! iron_
stone are both derived from the Reading Beds; similar materials commonlv form
cementing media around the Eocene pebbles in the .Hertfordshire pudding-stone', and
some pieces found in Barnf,eld bear the smooth, ovoid impressions of pebbles. The
chalcedony is derived from chalk fossils, especially fnoceramus, and resembles that
described by Btown et al. (1969).

The chalk fragments are small and are the remains of ground chalk applied at various
times to correct acidity. Many of the other small stones (coal, shale, iindstone, slate,
coke, clinker, brick, tile, pottery, glass, metal objects, etc.) were probably introduced
when road sweepings containing horse droppings were used as rnanure. A few of the
flints are reddened by fire, and others have a reticulate pattem of surface cracks, probably
a result of quenching. The igneous rocks occur only on the western side of the field. and
seem to be spread fairly gygnly along the dunged strips I and 2 and less regularly on
3 and 4. This distribution eliminates the possibility that they are natural (eg. glicial)
erratics, and suggests that they are associated with the farmyard manure. ihiy also
occur on ttre dunged plots of Broadbalk and other Rothamsted fields. Manv of them
are typical roadstones (e.g. markfeldite from Leicestershire, diorite and norite from
Guemsey), but they are commonly 8-10 cm across and thus too large for road surfacing.
The most probable origin is that coarse 'gravel' from roadstone quarries was used to
line cattle yards, and some was picked up with the farmyard manure.

Particle size distribution in <2mm fractions. Clay (<2 pm) contents of the topsoils
in the 12 systematically sited profiles range fuom 22-361(Table 5), with a mean value
l8
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of 30.6 + 1.4. The mean value for 12 Broadbalk topsoils sampled on a similar basis is
25.3 + 1.5 (diflerence between means significant at P: 0.05). If 'the valley' profiles
(3, 7 and ll) are excluded, the mean for the remaining Barnfield topsoils is 32.9\.

In all the shallow or eroded Batcombe profiles (i.e. l, 2, 4, 5,6, 8, 9, l0 and l2), the
clay content increases to more that 40)( at the base of the ploughed layer, and at least
one ofthe horizons beneath has more than 50 f clay. In profile 4 the main increase occurs
at about 35 cm depth, between the Blt and B2t(g) horizons. In profiles 3, 7 and l3 there
is again a large difference in clay content between the upper loamy horizorls (22-35\)
and the substrata (58-65%), but the sharp increase occurs at 40 cm or deeper. Profile
I I has a minimum clay content of 16 % (of <2 mm soil) in the gravelly layer (5G-70 cm),
and a maximum of 351i[the horizon beneath.

In all the topsoils and most of the subsoils the dominant non-clay fraction is coarse
silt (20-50 pm), and the total amount of sand >100 pm exceeds 15% only in the lowest
layers of profiles l, 3, 8 and l2 and in the gravelly layer of ll, where the coarse sand
(500-2000 pm) is mostly flint fragments derived from fine gravel crushed while preparing
the <2 mm samples.In soils derived from sediments, differences in the nature and origin
of the parent material both within and between profiles are often better shown by the

s3
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E
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,'sdtcie slze sn Panicb n2. rn
Frc. 4, DisttibutioD of pa.tictcs 2-500 Fo io s€l€ct€d hodzons of Bamfeld soils.

A Proflc 3
B Profh 8
C Prcfle 1l
D Topsoils f.om profilB l, 5, 8 and ll, aod typical lo€ss (Pcgsrcll Bay, Kctrt).
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distribution of sand and silt fractions than by differences in clay content, which can also

result from weathering ofcoarser particles or from movement ofclay. As in the Broadbalk
soils, summation curves representing the distribution of 2-500 pm particles in selected

horizons show significant difrerences (Fig. 4, A-C). Samples from the Ap and B2t
horizons of proflles 3 and 8 and from all three horizons representing profile I I evidently
have a similar particle size distribution in this range, indicating the dominance ofcoarse
silt. The similarity of the curves for the Ap and B2t horizons in profiles 3 and 8 supports

the micromorphological evidence that the increase in clay content between these horizons
results at least partly from downward movement of clay particles. Curves for the IIB3I
horizon of profiIe 3 and the B3tg horizon of 8 show that the non-clay fracfions are

less well sorted and contain more sand relative to silt than the higher horizons, indicating
a discontinuity in parent material.

As elsewhere in southern England, the well sorted silt in the surface and many sub'
surface horizons is considered to originate from loess. Fig. 4(D) compares the curves for
four of the Barnfield topsoils with a similarly constructed curve for slightly weathered
loess from Pegwell Bay Kent (Weir et al., 1971, Table l, horizon 6). The Bamfield
samples have a simitar distribution in the silt (2-50 pm) fractions but evidently contain
more sand, showing that they are not derived entirely from loess. This is also indicated
by their clay contents, which are much greater than in surface horizons of soils in deep

Ioess (Marechal, 1958, 10!-129; Weir et al., l97l).
In profile 3, the apparent discontinuity in parent material is associated with a marked

increase in clay content, but in profile 8 it is not. This could be because the main horizon
of clay enrichment by illuviation lies below the discontinuity in the first profile and above
it in the second, but probably resuls mainly from variability in the particle-size distribu-
tion of the Clay-with-flints, of which the sub-surface horizons largely consist.

Calcium csrbonaa. All the surface horizons have a little calcium carbonate (fable 5)

because ground chalk has been spread on the field; amounts decrease downwards in all
the profiles except I 1, and the subsoil below I !-40 cm depth is carbonate free. Profile I I
hasilightly more carbonate at 15-25 cm (A2p horizon) than above, which suggests that
part ofthe colluvium forming the upper horizons ofthis profile was deposited after chalk
was applied to the field.

'Iree iron oxide'. As in other soils consisting wholly or partly of Clay-\ryith'flints,
the proportions of dithionite-extractable iron (Iable 5) are larger than in many British
brown iarths of similar texture. Expressed as FezOg, the amounts range from3'0-1'59(
of <2 mm oven-dry soil, and are largest in the lower horizons of profiles 2, 4 and 6.

'Free iron'and clay content are correlated (Fig. 5); the ratio is approximately 1 : 10 in
all topsoil and subsoil horizons except the gravelly layer (sample 4) of profile I l, which
contains many sand-sized limonite concretions.

Organic cafion. Table 5 gives the amounts of organic C in profiles 3, 5, 7, 8 and ll.
Excluding profile 3 (between dunged strips) they range from 0'644'86% in the surface

horizons, and decrease gtadually with depth, so that amounts <0'2f occur only in
profiles 8 and 11 below 70 cm. The A2p horizons in profiles 7 and I I contain only slightly
iess organic matter than the corresponding Alp horizons, which confirms the supposition
that they are buried topsoils.

Soil reaion (pE). The originally acid soil of Barnfield now has a uniformly neutral
to alkaline reaction to at least 90 cm depth (Table 5), because of the chalk dressings.
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Fro.5. Relatiotrship between'f!ee FerO3'and i{ clay (<2 pm) in Barnfeld soils.

The most alkaline sub-surface layers are the A2p horizons in profiles 7 and 11, which
probably reflects the recent colluvial origin of the surface soil in parts of 'the valley'.

Mineralogy

Fine sand mineralogy. The fine sand fractions (50-200 pm) of samples from profiles
5, 8 and I I resemble mineralogically the flne sands of Broadbalk soils (Weir er a/., 1969,
83). They contain 81-95f quafiz, 2-5% fli , l-91 felspar, and small amounts of
chalcedony, muscovite, glauconite, calcite, bone fragments and various heavy minerals.
The chalcedony is optically similar to that in the Broadbalk soils, and is derived ulti-
mately from the shells of fossil lamellibranchs, brachiopods and echinoids in the Chalk
(Brown et al., 1969). The microcrystalline calcite (chalk) and bone fragments are both
remains of materials added to the soil. In profiles 5 and 8 they are fairly common in the
highest 15 cm, rare between l5 and 35 cm, and absent at greater depths, but in profile 1l
they are more abundant at 15-25 cm (A2p horizon) than in the surface horizon (Alp)
and are fairly common in the sand from 25-50 cm depth. This confirms that the top
15 cm of soil in profile 1l was derived by lateral movement of topsoil from other parts
of the field since chalk and ground bones were applied.

In profile I I the proportions of quartz and felspar and the heavy mineral assemblages
of the fine sands do not change significandy with depth, at least within 90 cm of the
surface; in this respect they resemble the fine sand fractions from profiIes 4 and 5 of
Broadbalk. However, profiles 5 and 8 have smaller amounts offelspar below 55 cm depth
than in higher horizons, and the quartz contents are correspondingly greater. At the
same depth the heavy mineral assemblages also change; whereas only iron ores, zircon,
tourmaline, rutile, staurolite, kyanite, andalusite and anatase ocrur below 55 cm, the
soil above contains these minerals together with epidote, chlorite, garnet, amphiboles,
zoisite, biotite and augite. Similar mineralogical changes occur within I m of the surface
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in Broadbalk profiles 2 and 3. As in the Broadbalk profiles, they suggest in conjunction
with the particle-size data that the soil near the surface is a mixtuie of-6o mineriogically
distinct materials, one of which is rare or absent at depth.

Glauconite occurs in the fine sands of profiles 5, 8 and I I ; in 5 and g it is most abun_
dant betweeD 15 and 55cm depth, but in profile ll it is detectable only below 50 cm.
Most of it is brown and partly weathered, but a few green unaltered grains occur in
deeper horizons. Many ofthe fine sand fractions also contain femrginous ilay aggregates,
w^hich_resist disaggregation even by mild ultrasonic treatment. A few of thes; ar;;iule;
of w-ell oriented clay, but most are either strongly weathered glauconite pell"t. oi*Lkly
birefringent, iron-impregnated papules.

C-oarse silt mineralogy and the distrib[tion ofloess. The mineral assemblages in the coarse
silt fractio-ns (20-50 pm) of samples from profiles 1,2,3,4, 5,8 and,l I (T;ble 6) resemble
those of Broadbalk soils (Weir et al., 1969,84), and, like the fine sind fraitions, are
apparently mixtures of two main components. One contains up to 93 % quartz, bui has
little or no felspar, and its healy fraction is composed mainly ofiron ores, zircon, tourma-
line, rutile, anatase, kyanite and staurolite. This resembles the coarse silt fractions of the
Reading leds.. The other component contains less quartz, and tp to l7l felspar, and
its healy fraction contains epidote, zoisite, amphiboles, cblorite ind garnit ln iOdition
to tie heavy minerals typical ofthe first component. We attribute thia to loess.

We calculated the amounts of loess in the analysed samples by three methods, two
based on the assemblages of non-opaque heavy minerals in the coarse silts and the ihird
on the proportions of quartz and felspar. First, the non-opaque heavy mineral assem-
blages of coarse silt fractions from weathered loess at Pegwell Bay, Iient (y,leir et al.,
1971) and from Reading Beds and Clay-with-flints in Sussex (Hodgson et al., 1967)
were used as standards to estimate the dative amounts of these two miterials that wouli
best fit the composition of the same fractions in the Barnfield soils. This estimate mini-
mised the sum ofthe squares ofthe differences between the observed proportions ofeach
mineral and those calculated for mixtures of the two standards. The ;stimates of the
two components were constrained to total 100 %, as the totals ofunconstrained estimates
ranged from 99 to ll1fi. The proponion of the heavy coarse silt derived from loess*T lh:l converted to the proportion of loess in the whole <2mm air-dried soil by
multiplying by twice the perctntage of coarse silt in the soil. This calculation is based on
the average amount of coarse silt (approximately 501) in the loess at pegwell Bay, and
on the assumption that the proportion of material derived from loess is the sameln the
whole of the coarse silt as in its non-opaque heala fraction. Second, the non-opaque
heavy mineral assemblages were used in a principal components calculation, and ihe
extreme values of the first principal co-ordinate (corresponding to samples gs and 3r)
were taken to represent 0 | and 100 f respectively of coarse silt derived irom loess. The
mineralogical compositions of these two samples in fact resemble those of the external
standards used in the first calculation. The proportions of loess in the soil samples
were then calculated as before. Third, the amounts of quartz and felspar in the coirse
silt fractions were estimated chemically after removing layer sitcatei by fusion with
sodium bisulphate; principal component analysis was applied graphically to give per-
c€ntages of coarse silt derived from loess, and the propottions of loiss in ihe wholeioil
were obtained by multiplying by twice the percentage coarse silt.

Table 7 gives the amounts of loess in the soils calculated by these three methods. The
first two give similar results, which are usually larger than those based on proportions of
quartz and felspar (column C), especially for the samples rich in loess. The ielspar coDtent
of the- most felspathic sample (l I a) strongly influences all the loess percentages calcu-
lated by the third method, so that the acruracy of the result depends on one felspar
26
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determination, For this reason ttre results given in columns A and B are preferred to
those of column C. However, the results obtained by the third method, which are based

on almost the whole of the coarse silt, are close enough to the results from the other

methods to justify tle assumption, made earlier, that the proportion of material derived

from loess in the non-opaqui heary fraction resembles that in the whole of the coarse

silt. The p€rcentages in-Table 7 are of stone-free soil, and therefore over-estimate the

loess conGnt of the whole soil, especially in very stony samples, such as l1r.

TABI,E 7

Loess percentages in Barnfeld soils (< 2 mrn, ait<lried) calculated from the

mineralogical compoition of coarse silt (20-50 Pn) Iractions

A. By microscopic dctemirr^tion oJ non4paqu. hcavy mh.ral,, @ld cb parison wi,h loest o'td Clay-with'
friats fiom oth.t localities.

l. 'ii iiciisiiii a"rirmination of rua-opoque heatv minerals, atd yinciryl codl,onent o"alvsis'
C. -iy 

"iii{a"tiii-rion 
of q;tartz dd|.lsptu ierceataees, and'yincipal cotryNn.nt a,alvsis'

Profile no.
I

BC
50 43
3629
38 39
442
45

54 42
54 38
l7 t6
93
22

55 47
51 39
5l 32
33

51 35
50 36
l8 18
?4

58 34
2t 24
2t t6
42

48 38
28 29
32 30
52o0
5E 43
54 42
62 52
56 5?
50 39

A
48
32
35
,to
4

5l
5l
t6

8
2

52
48
47

3

48
47
l7
6

54
m
m

3

44
26
30
4
0

54
5l
59

46

o-15
t5-25
2150
50-70
70-90

I
2
3
4
5

1

3
4

1
2
3
4

I
2
3
4
5

5l ,,

1
4

8l ,,

3
4
5

Sampleoo. Depth (co)
I O-15
2 16123-35
3 3H8
4 4a-10
5 70-90

0-15
tt23l28

23128-&
4o-74
7+90

0-15
2t 124-3s

3165
65-90

Gl5
2U2s-35

35-70
70-85

0-15
t6w3s

35-55
55-90

0-t5
t9/2r-i5

3!55
55-70
70-90

Loess is an important constituent of much of the soil of Barnfield, but no samPle

consisted entirely bf it. The percentage of loess in the <2 mm soil of the ploughed-layer

throughout the held is fairly constant (45-551 approximately), but decreases down-
wardiin all the profiles exc€pt 11, so that over most of the field there is little or none

below 60-?0 cm. A loess-frec horizon was not reached in the 90 cm core of profile I l,
11

1l
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and loess was most abundant at 2t-50 cm. The downward decrcase of loess content is
slightly-more gradual in profiles 2, 4 and 5 than in l, 3 and g. The depth in profiles 3 and g
at which the transition to soil containing little (410 /J or no loesioccuri is the same as
that indicated by the particle size distribution of 2-500 pm fractions (Fig.4). In profile 3
this transition occurs at the boundary between the brown loamy surfalce iayer and the
reddish clayey subsoil,_but in profiles l, 2, 4,5 and 8 the upper horizons of ihe brightly
coloured clayey subsoil contain l!-401loess.

The principal components calculation showed that mixing of the trro postulated com_
ponents-accounts fot 92% of the vaiance in observed mineral compositi,on of the heavy
coarse silt fractions, Second and third vectors account for 3% and Z% of the variance
respectively. This suggests that the heavy coarse silt fractions 

-of 
Barnh;ld soils contain

little or no material other than that derived from loess and Reading Beds, and that
weathering has not strongly altered these fractions.

The coarse silt fractions of samples from profile I I and the deeper layers exposed in
the_ pit (profile 13) show that materials containing loess occur to greatei depthi in .the
valley' than elsewhere on Barnfield. The reddish clay layer (sample l3r), which rested
on the rubbly chalk drift and extended to a maximum depth of l70cm in the pit, con-
tained approximately the same amount of lo€ss (20-30 Z0 as upper layers of th; reddish
clay subsoil in profiles 2, 4 

^nd 
5i also, silty inclusions withiri the rubbly chalk drift

at.280-310 cm depth contained at least 50% loess. This shows that the rubbly chalk
drift and the reddish clay overlying it (the IIB2I horizon) were deposited in .thj valey,
during or after deposition of loess. However, the profiles north and south of .the valley,
indicate_ that, although mi.xing subsequently occurred to a depth of approximateiy
70 cm, the loess was originally deposited after formation ofthe Clar-with-fli;ti that formi
the lowest horizons in these profiles.

Fine.silt mineralogy. The fle silt fractions Q-20 pm) of samples from profiles 5, g
and l.l are composed mainly ofquartz with subsidiary amounts ofielspar, mica, kaolinite,
chlorite and expanding layer silicate minerals. Differences in the ielative amounts oi
these constituents between the samples reflect mainly the changes in parent material
already discussed. The fire silts of loess-rich horizons, such as the Ap horizons ofprofiles
5 and 8 and all horizons ofprofile ll, contain approimately 2|%ielspar, 5-l0f mica,
moderateamounts ofchlorite, but little or no kaolinite, or expanding minerals. In c6ntrasi
the.loess-free horizons (e.g. tie B3tg horizons ofprofiles 5 and 8) contain 2 -31felspar,3l mica, moderate amounts of kaolinite and expanding minerals but only'iracei oi
cblorite. The expanding mineral in the B3tg horizon of profile 8 resemblei an inter-
stratified smectite-vermiculite, as it has an interlayer spacing of 16.g A when Mg-
saturated and treated with ethylene glycol.

Clay mineralogy. The clay fractions (<2 g.m) of samples from profiles 5, g and ll
contain minerals similar to those in the clay fractions of Broadbaik soils (Weir el a/.,
1969,_85-87). They are composed mainly of complex mixtures of layer silicaie minerals,
for-which there is_at present no satisfactory nomenclature. We describe them by analogy
with pure minerals of largely non-pedological origin (mica, chlorite, kaolinite, vermiciu-
Iite and smectite), which give X-ray diffraction patterns similar in part to those obtained
from soil clays, but as in Broadbalk soils (Catt, 1969) this nomenclature inevitably
involves some oversimplification.

_ 
In the subsurface clay rich B horizons of the shallow Batcombe soils (profles 5 and g)

the <2 pm frartions are composed mainly of expanding layer silicates, with subsidiary
mica and kaolinite, and small amounts of quartz and goethite. The expanding material
resembles that in the Batcombe subsoil of Broadbalk; in Mg-saturated form ii expands
28
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from 14 A to 17 A when treated with ethylene glycol, and collapses on heating to give

a l0 A reflection tailing to slightly larger spacings. It therefore resembles smectite, but

iurther study describeJ belo;showed tha, it is a complex interstrati6ed material con-

taining smectite and other layers. In these subsoil horizons the amounts of mica decrease

slightly with depth, and the expanding layer silicatesincrease.
ine'clay fraciions of the loamy B hlriions in profile 11 are also composed mainly of

expantling minerals, but contain a vermiculite component in addition to smectite. There

is'more iica, kaolinite and quartz than in the Batcombe subsoil clay, and also small

amounts of cirlorite antl felspar; sample 115 has appreciable amounts of lepidocrocite.

The loess-rich Ap horizons of all three profiles contain mineralogically similar clay

fractions to the Ii hotiroot of profile 11, but the X-ray reflectioDs from the expanding

minerals are broader and less intense, probably because the diffracting units are smaller

and the stacking sequences less regular. This difference probably results from weathering

of the expandin-g cliy minerals in ihe surface soil. However, as in the soils of Broadbalk,

the comjosition-of ihe clay fractions is determined mainly by the parent materials' The

clay fra&ions of loess-rich horizons differ from those consisting mainly or entirely of
Clay-with-flints in containing vermiculite, chlorite and felspar; they also contain more

mica, kaolinite and quartz, but less smectite.

Potassium release from thc clay fractiols

Remarking on the wide range of exchangeable potassium in Barnfield soils, Warren and

Johnston f1962, 2,l4) notedlhat the unmanured striP contains more soluble potassium

than correiponding plots on Broadbalk, Hoosfield, Agdell and the exhaustion land' Their
tests did not meaiure potassium release, so we applied recently developed techniques

that measure potassiu; release from micas and soil clays. Because lengthy experiments

were needed, only samples from profiles 5 and 9 could be examined' Core 5 probably

contains some potassium from feriilisers applied to Strip 4, but core I was taken between

strips 7 (no po-tassium since 1902) and 8 (no potassium since 1845)'

lh" urnornt of potassium in equilibrium ialcium chloride extracts of Mg-saturated

soil clays usually dicreases with successive treatments until the concentration of potas-

sium in solution, expressed relatiYe to calcium as the ratio K/y'Ca, declines to a critical
value; thereafte; nearly constant amounts of potassium are removed in each successive

extract. The criticat raiio, n1f77ea;, definedis the smallest observed value of Kl{Ca'
varies from soil to soil and is thought to measure the 'background' release of potassium

from the layer silicates. For muscovite, R is about 15 x 10 6 molr/2 li11s3-r/2, and is the

solution conctntration of potassium, relative to calcium, above which potassium is -not
released from the mica. The proportion of soil clay potassium removed by calcium

chloride solution at room temperature is small, usually <2y. of the tofal' and no change

in the structure ofthe clay is ditectable by X-ray diffraction. In contrast, barium chloride

solution at 100'C is very active, but selective for potassium in micas; it causes no detect-

able change in other minerals, and extracts insignificant amounts of potassium from
felspars. II therefore measures the total potassium that may be ultimately released by

cation exchange should the potassium concentration ratio in the soil solution remain

below R for a long time.
The ammonium acetate exchangeable potassium is greater in samples from profile 5,

expecially the Ap horizon, than in profile 9 (Iable 8), presumably because potassium

suiphate was applied to strip 4. R foi all the clay fractions is.very small (Table 9) and for
the Batcombe subsoil ctay ii similar to that for muscovite; in even the most potassium-

deficient of Barnfield soits the initially exchangeable potassium giyes a concentration
ratio at least ten times this value. Probably more is released from the Ap horizons of

29
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TABLE t
Amnonion acetate exchageable bases (mel100 g soil) in so.nples lrom

Barnfuld profiles 5 od 9

9e

0.30
0.21

x.9
0.87

I The erchatrg€able Ca of Ap hodz!trs ilcludes sooe derived from calcium carbonate.

profrle 5 because fertilisers were applied to strip 4. Therefore the amounts of readily
exchangeable potassium and of potassium in the soil solution seem enough to inhibit
the release of potassium from the soil mica.

TABLE 9

Cation exchange capacities (CEC) @rd'backgrcund' K release from clay
fractions (<2 pm) of Barnfield soils

K relcase
ltr-(K/y'G EoF/r liti€-r/t)

r10.5
18.4
17.4
15.3
26.4
n.3

@.4 10-6 72.1 77-43.29 3.07 2. 3.221.70 1.48 1.48 1-341.55 t.n r.17 1.06

Sample no. 51 5r
K 1.03 0.52Na 0.19 0.28Ca 36.1. 3l.lMg I .28 l.l7

5a 5l 9r
0.51 0'48 0.28
0.26 0-22 0.1633'2 13.7 ,{{1.4+
1.17 t.04 0.98

SaDple no.
5r

5;
5t
9r
9:

cEc
(De/lm s)

49- 5
50.7
4.9
45.8
62.4
49.8

After they had been extracted flve times with boiling barium chloride solution, mica
could not be detected by X-ray difraction in the coarse and fine clay fractions ofprofile 5.
In the coarse clays it was replaced by a venniculite-like mineral giving five or more orders
of basal reflections, which were much sharper than those from the untreated clay.
Despite the apparent absence of mica, 0.79-1.55 % K remained in the extracted coarse
and fine clays @able l0). Felspar probably accounts for a little residual potassium in
the coarse clays of the loess-containing horizons (5r-5a), but the fine clays have little or
none, and the 0.1-2pm fractions of loess-rich horizons in Broadbalk average only
0.21 of felspar potassium. Therefore most of the residual potassium probably occurs in
individual potassium-containing layers interstratifled with expanding layers.

TABLE 10

Percentages of potassium in coarse od fne clay fractions of Barnfeld
profile 5 before and after bariun chloride extraction

Sampla no. 5r 5r 5c 5r
Coarse clay (1.5-Q Fn) as'A of

total clay 17.6 I0.9 10,0 7.8
K content, K-saturat€d 3.36 3.13 2.96 2.82
K coDt€ot, Mg-saturald 2.36 2.08 1.84 1.46
K coDtent after extractiotr 1.22 l.2l O.9O O'?9

Fine clay (<0.5 ,In) as "l of tot^l
clay

K coDtent, K-saturated
K content, Mg-saturated
K content after extraction
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Weir et al. (1969, 87) expressed all ttre non-exchangeable, non-felspar potassium in the
clay fractions of Broadbalk soils as mica potassium, and did not subdivide the potassium
between micas and individual potassium-containing layers interstratified with other
layers (expanding or non-expanding). This suMivision can be made semiquantitatively
for the clay fractions of Barnfield profile 5, because barium chloride seems to extract the
potassium from micas but not from distributed potassium-containing layers. The amounts
of mica (Table 11) were calculated from the potassium extracted by barium chloride from
the Mg-saturated clays, assuming that mica contains 8.31 K (Jackson, 1956,544).
The proportions of distributed potassium-containing layers were similarly calculated
from the amounts of residual potassium, after correcting for O'2[felspar potassium in
the coarse clays of samples 5r-5s; however, this probably under-estimates the amounts
of these layers, because barium chloride may extract some of their potassium; also they
may contain <8.3%K.

TABLE TI

Percenlage mica, distributed mica layers and smectite layers in the clay
fractions of Barnfield profile 5

Saople no.
1'5-2 pE fraction

% nic4
% dis&ibuted potassium-

coDtahing laye.s
% $Dcctite laye$

< 0'5 gE fBction
%,mica
% distributed potassium-

clntailing laye6
% $oectite layers

The coarse clay fractions of each sample from profile 5 contain approximately equal
proportions of mica and distributed potassium-containing layers, both decreasing with
depth (Table 11). The fue clay fractions contain more distributed potassium-containing
layers, which also decrease downwards, but lost very little potassium when extracted
with barium chloride solution, This suggests that the fine clays release their potassium
less readily than the coarse clays. This is contrary to the views of Arnold (1960) and others
that more potassium is released by fne clays than coarse, but is supported by the results
of Doll er a/. (1965), Scott (1968) and Smith et al. (1968). Also, we find fine clay from
many other localities in England to be similarly stable to barium chloride extraction.
Assuming that the fine clay is mineralogically similar to the coarse clay but more finely
divided, the interlayer potassium should be more accessible to exchange in the smaller
particles, because the difusion path is shorter, and their larger specific surface provides
more area per unit weight for replacing cations to enter. However, the fine clay fractions
of Barnfield soils are mineralogically different from the coarse clays, and in particular
contain less mica.

The percentage of smectite layers in both the coarse and fine clay fractions of sample
5r (Iable ll), calculated from the differences in potassium content between the Mg-
saturated and K-saturated forms (assuming an exchange capacity for smectite interlayers
of 100 me/100 g), is approximately four times that of distributed potassium-containing
layers. X-ray diffraction indicates that the distributed potassium-containing layers are
not simply 10 A mica layers. Reynolds and Hower (1970) calculated diflraction profiles
for random and partly ordered interstratifications of mica and glycol-solvated mont-
morillonite layers, and showed that the position of the intensity maximum between

3l

5r 5z 5a 5r

l4 tt ll 8

12x
2

l9q

t2n

3

t4
4l

9
35

3

l3
,18

9
29

4

t4
38
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d:7.5 and 10A moves from 8.50 for l00f montmorillonite layers to 10'18 for lA0l
mica layers. For the composition 80f montmorillo te:z0%nica, the calculated peak
position was d : 8.69 A. The maximum intensity for the Barnfield clays is at 8.2 A,
which is on the high angJe side of the position not only for 80f montmorillonite but
also for l00f montmorillonite.

This position of maximum intensity suggests that the interstratiflcation involves 14 A
layers instead of or in addition to 10 A layers. Other maxima observed at d : 4.88 and
3',lo A also suggest a 14/17 A interstratification. If the 14 A layers are vermiculitic, they
cannot contain potassium, because the layer spacing of potassium vermiculite is mainly
l0 A. The interstratified material may b€ a three-component mixture of 10, 14 and 17 A
layers, but the diffraction profiles for this have not been calculated and are difficult to
predict by qualitative argument. However, if the l4A layers contain hydrolysed alu-
minium ('hydroxyaluminium interlayers'), which inhibits collapse and also flxation of
potassium and ammonium (Rich, 1960; Shen & Rich, 1962), they could perhaps retain
some potassium, the release of which would be blocked by the hydrolys€d aluminium.
Some evidence suggests that there is such blocking in the fine clay of sample 5n. Potas-
sium was removed from this fraction only by the first four barium chloride extractions
and not by the fifth, suggesting that the extraction was complete. However, extracting
the residue with 0.25M sodium citrate solution at 100'C (a reagent that complexes iron
and aluminium) released 6 f of the total Fe, 14% of the total Al, and a furthet 5%of the
residual K. This additional potassium was probably unblocked when the aluminium
and iron were dissolved by the citrate, but further work is needed to decide whether
the blocking materials are surface-adsorbed sesquioxides or interlayer hydroxy com-
pounds.

Discussion and conclusiom

Nature, origin anll deyelopment of the soils. Our work coDfirms that the soil in'the valley',
including most of section 3, differs significantly in topsoil texture and in depth of loamy
material from the soil of the rest of the field, and that significant movement of surface
soil has occurred since experimentation began. This should be considered in interpreting
experimental results.

Vertical and lateral variability result from differences in parent material, transforma-
tion and movement of soil constituents by pedogenic processes, the variable incidence
of erosion and redeposition, and from cultural treatments. Except for the chalky sub.
stratum of profile 13, all the horizons examined show evidence of post-depositional
modification, but effects of recent alteration In Jirr cannot always be distinguished from
those of earlier phases ofpedogenesis, in which the soil materials were transformed either
in their present position, or elsewhere prior to local transport.

Shallow Batcombe soils, with a dark brown loamy and flinty surface horizon over
Clay-with-flints, occupy 801of the field and are exemplified by profiles 1,2,4,5,6,I,
9, 10 and 12. They morphologically resemble soil variant A of Broadbalk (Avery &
Bullock, 1969), but generally have a more clayey surface horizon and locally (e.g. in
profiles 4 and 12) are less mottled at depth. The particle size distribution and minera-
logical composition of >2 pm fractions also resemble those of Batcombe soils in Broad-
balk and elsewhere, showing that they have developed in the same parent materials. The
Clay-with-flints subsoil is derived mainly from Reading Beds, which have been extensively
distubed, weathered and mixed with insoluble residue from the underlying chalk (mainly
flint and chalcedony from fossil shells). The loamy surface soil contains more coarse silt
relative to sand than most of the Clay-with-flints, and the mineralogical composition
of this silt shows that approximately half the topsoil is derived from loess and half from
Reading Beds.
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Most of the loess in south-east England was probably deposited during the later part
of the Weichsel Glaciation (approximately 20 000-14 000 years ago), because it resembles
mineralogically the glacial detritus of that age in Norfolk (Catt et al., l97l). The loess
might have been partly mixed with the Clay-with-flints by cryoturbation during this and
later cold periods, and the incorporation of a little loess in the highest zl0-50 cm of the
subsoil beneath the ploughed layer in profiles 1,2, 4, 5 and 8 is best explained in this
way. However, the Bamfield topsoil contains more material dcrived from Clay-with-
flints than the Broadbalk topsoil, because more of the loess-rich surface layer has been
removed by erosion, and subsoil clay is incorporated in the ploughed layer. North of'the
valley' there are more large unworn flint nodules and the subsoil clay is less mottled than
in southern parts of the field; both features suggest that chalk is nearer the surface.

The Clay-with-flints subsoil horizons have a strongly sepic plasmic fabric, probably
attributable to seasonal swelling and shrinking. They show segregations of clay, iron
and manganese, evincing much pedological reorganisation, which probably occurred
partly in a pre-Weichselian phase of profile development before the deposition and
incorporation ofloess. The extent to which the changes in clay content with depth reflect
downward movement since the Weichsel is consequently problematical and cannot be
determined from this investigalio!-

The soils in'the valley', exemplified by profiles 3, 7, ll and 13, have a thicker loamy
surface layer. In profile 3 on the western side ofthe field, the loamy layer rests on mottled
Clay-with-flints with little loess admixture, resembling that in the shallow Batcombe
profiles. In the other three profiles, horizons to at least I m depth have developed in
colluvial or solifluction deposits of differing lithology and age, all of which contain
loess. Surface soil has moyed into the lower part of 'the valley' on several occasions since
the experiment began, and the distribution of organic carbon, chalk and bone fragments
in profile ll shows that the top l5cm at least has accumulated during the last few
centuries. Comparison of future topography with that of the present (Fig. 1) may allow
the rate of soil erosion and redeposition to be calculated.

The sub-surface layers in'the valley' are probably pre-historic, but more deep ex-
posures are needed to clarify their stratigraphic relationships. The oldest deposit that
we have seen there is the rubbly chalk drift in profile 13, which probably underlies most
of the lower part of section 3. Similar chalky deposits elsewhere in southern England are
attributed to solifluction in periglacial conditions, so are at least as old as the'Younger
Dryas' period, which ended about l0 000 years ago. 'The valley' must haye been cut
through the Clay-with-flints into the underlying chalk before this date. The reddish
flinty clay (profile 13, IIB2I horizon) overlying the rubbly chalk drift differs from the
main mass of Clay-with-flints forming the Batcombe subsoil in containing a little loess
and no red or greyish mottles, and in these respects resembles the Bt horizons of soils
classed as Charity series (Avery, 1964). As it contains loess, it must have originated,
presumably by solifluction, during or after the period of loess deposition. The clay sub-
soil in profile 7 (IB2t and IIB3IG) horizons) has similar morphology and particle size
distribution, and is probably part of the same deposit. Both these flinty clay layers, and
the stoneless silty clay loam at the base of profile 11, show evidence of pedological
reorganisation and seem to have been truncated by erosion, possibly during temporary
stream-flow, before deposition ofthe layers above. In profile ll, which resembles profile
5 (variant D) in Broadbalk, the gravelly layer may also result from this short period of
stream activity. The Bl horizons of profiles t I and 13 are both part of a comparatively
recent deposit of uniform colour and texture, which was encountered in all borings in
the lowest part of'the valley'.

After the original cutting of'the valley' during Weichselian times or earlier, the most
probably sequence of events was: (a) deposition of rubbly chalk drift and flinty clay
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(13 e,7 e,7 s) by solifluction during a Late Weichselian or earlier cold period; (b) deposi-
tion of stoneless silty material (l l B) and soil development during early Post-glacial times
00 000-7000 years ago); (c) stream erosion, possibly arising from increased run-ofl
after deforestation; (d) deposition of loamy colluvium @1 and A2p horizons of profiles
I I and I 3) by rainwash from the adjoining slopes in medieval times or earlier ; (e) further
deposition of loamy colluvium (Alp horizons of ll and 13) after chalk and ground
bones were fust applied to the field. The dating of these events is tentative.

The differences in mineralogical composition of the clay (<2 pm) and fue silt (2-
20 pm) fractions between horizons in profiles 5 and 8 and I I reflect mainly the different
proportions of loess and Clay-with-flints. The Ap and other loess-rich horizons contain
more mica, chlorite and felspar in both these size fractions than the Clay-with-flints
horizons. The expanding mineral, which is an important constituent of clay fractions
from all horizons, and also occurs in the fine silts, is probably interstratified smectite-
vermiculite. Some of the potassium in the clay fractions probably occurs in the 14 A
layers, but its release is blocked by 'hydroxyaluminium interlayers' or sesquioxidic surface
coatings. The amounts of this potassium in the coarse clay fractions (l'5-2 pm) tfuough-
out profile 5 (shallow Batcombe soil) approximately equal those in mica, but in the fne
clays (<0.5 pm) it accounts for almost all the potassium in layer silicates. There is
enough potassium in the soil solution and in readily exchangeable sites to inhibit natual
release of potassium from mica, and mica weathering is not actively advancing in the
soils at present. Some potassium may be released locally from mica, for example near
active roots, where the concentration ofsoluble potassium is temporarily diminished, but
such regions are transient. The only evidence for recent weathering of clay minerals in
the surface soil is the broader and less intense X-ray reflections from the expanding
minerals. More extensive alterations probably occurred in pre-Weichselian times, but
these cannot be evaluated because the original unaltered clay needed for comparison
with the soil clays no longer exists at or near Rothamsted.

Physical qualities affecting cmpping behaviour' Our observations in Barnfield confrm
Ha['s (1917) account of the texture, structure and working qualities of the Rothamsted
topsoil. The surface of fallow ground slakes after heavy rain, and the topsoil in the core
samples seemed nearly rnassive below the upper few c€ntimetres. There is field evidence
of a plough pan, especially in the deep siit loam soils of'the valley', and this was con-
firmed by porosity measurements on the upper horizons of profile 7. Effects of gleying
which were ephemeral in so far as they were barely perceptible later in the season, were
noted in April 1971 at the base ofthe ploughed layer in shallow Batcombe soils, especially
in the dunged plots of sections 5 and 6, where gleying was clearly associated with partly
decomposed organic matter. Haines and Keen (1925) recorded a similar observation.

Slaking, massive structure and associated gleying effects in the ploughed layer, and a
plough pan, are all features that have been described as characteristic of soils where
structure has been degraded by continuous cropping (e.g. Agricultural Advisory Council,
1970), yet there is no positive evidence that their occurrence in Barnfield is associated
with loss in lelds of potatoes or sugar beet under the present cropPing regime. Morpho-
logical features related to slaking and other 'regrouping phenomena' (Jongerius, 1970)
are probably more evident in the silt loams than in the heavier soils that predominate in
Barnfeld, because the heavier soils recover their structure to a greater extent by cracking
in dry periods, and because fine aggregates produced by drying after freezing or wetting,
or by cultivation under favourable conditions, are more water-stable (Williams, l97l).

A distinctive quality of Barnfield (and Broadbalk) soils, which they share with other
fine textured gleyed brown earths, is moderately good natural drainage. Although many
more measurements (e.g. of pore-size distribution and hydraulic conductivity in sub-
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surface horizons, and of seasonal changes in moisture coDtent and tension) are neded
lor fuller understanding of the water/air regimes in these and other soils, our morpho-
logical observations are consistent with the view that the Clay-with-flints subsoils are
rather more permeable than corresponding horizons in many soils of similar texture in
Pleistocene and pre-Pleistocene clay formations, including undisturbed Reading Beds
Clay. Hall (1917,25') attributed this apparent permeability to pockets of subsoil sand
and gravel, and to thinning ofthe Clay-with flhts over buried chalk pinnacles. Intemal
drainage is evidently impeded to some extent over most of the field, but sub-surface
horizons to a depth of 50 cm show only slight gleying, suggesting that they are seldom
waterlogged for significant periods. Micromorphological studies olthese horizons showed
very fine sub-angular aggregates bounded by fissures, which are not readily apparent
to the unaided eye, but may aid circulation of air and water in the wet season. The
structural characteristics of the Clay-with-flints subsoils, and their tendency to crumble
when partly dry, may be related to their content of free iron oxide in relation to clay
(Kemper & Koch, 1966), which is significantly larger than in most British clay subsoils,
partly as a result of long continued oxidative weathering.
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Ptofrle 5
Ap 0-16/20 cm

BltG) 16120-15 cm

B2(s) 15-55 cm

B3tg 55-90 cm

APPENDIX

Profile rlecriptiom

Dark_bro_wn(10 YR 4/3) EiDry (5 10"") silty clay loam: firm when moist,
very hard when dry: wea.k medium lo coars€ blocky structurc; abrupi
irregular boundary.
Strong brown (7.5 YR 5/O clay with few (<5ZJ flints aDd faint rcddish
aDd brownish moftles; very fum when moist, very plastic when vet and
extremlly hard when dry; weak coarse blocky structurc, with brown
(7.5 YR 5/4) p€d faces and channels filted riith materiil res€mblins
horizon above; few fine black mansaDiferous nodules: E-adual bouodarvl
Slrong brown (7.5 YR 5/O clay u/irh few (<57") 6iits and comrbo;.
taint to dislinct, brown (7.5 YR 5/3-5/4) and rcd (2.5 YR 4/O mofites:
6rm when moist (distinclly morc friable tha! above). verv hara ihen drv:
weak _blocky structure, with smoo(h brown cleavagi faces; graduii

Strong bio*o to reddish yellow and rcd, f,inty (5-lO%) clay wirh few to
common, Iight brownish gley to light grey (5i l) moltles: the proDortion
of rcd (2.5 YR 4/O material increases wirh depth, becomint dominaor
at the base. and grcy motlles become increasingly prooinent, occurring
rn assocralron wilh cutans around flinls and lining planes or chaonels;
very firm to extremeiy 6rm when moist, very plasticwheD wetand extremely
hard when dry: weak coaEe blocky structurc, with some widely smced
slickensided planes inclined at acute angles to the horizontal.
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Prolle t
Ap 0-19/21 c'm

Blt l9l21-35 crtr

B2(s) 35-55 cm

83tg 55 90 cm

THE SOIL OF BARNFIELD

Dark brown(10 YR 4/3) flinty (!107, silty clay loam; fi.m whea Doist,
very hard when dry; weak, medium to coarse blocky structurc; abrupt
rrregular bouadary.
Stroog brown to yellowish rcd (7.5-5 YR 416-5lA d.y wirh few large
fliDts, faht browtrish mottles, aDd few infilled chaoDelsi very frm when
moist, very plastic when wet ard very hard when dry; weak clarse blocky
structure, mrisive direcdy below Ap; common black feri-malganiferous

Strgls broln to yellowish rcd clay with few large flints; cofixnon, faiot
to distind, fiDe rcddish aDd brownish mottles, and common (up to 20%))rownish mottles, and cornmon (up to 20%)

co[cenlrations; brown (7.5 YR 5/4) on pedblack difruse manganiferous concenlmtions; brown (7.5 YR 5/?) on pea
faces and.vherc siones are, embedded; fimi when mbist (mariganiferbus
mat€dal distiDctly more friable), plastic when wet aDd very iardivhen dry;
weak blocky slruclue; clear bouDdary.
P!9y,1 and yellowish red f,inty (10-15.J clay with common lo maDy
(with inqeasiDg depth) medium to coarse red (2.5 YR 4/O mottles anit

nodules; giadual boundary.
Strong brot n to yellowish rcd

few to comrnoh light browlish gley to light lrey motit* or streals,rew ro counon ugnl orowotsD grey fo ngnt grcy motfles ot stretaxs,
mainly around flints arld liaing planes or channeh; very firm when moist,
plastic to very plastic when wit ald extrcmeiy hard when d
coarse blocky structure, with widely spaced slickeDsided planes.

; very lrm when mo6t,
hard when dry; weak

aoarse blocky structure, with widely spaced

P"ofrta U
Alp

A2p

BT

uE/Bt(s)

0-t8 can

18-28 cm

25-50 cm

50-70 ctrr

Dark grcyish brown (10 YR 4/2 3) flinty (15-2Oy) sitt loam; friable ro
firm_wheo moist and hard whm dry; weak fine ro medium iubangular
blocky structue; clear bourdary.
Dark browD (10 YR 4/3) flinry ( 15-20 Z.) silr loam with darker (lO YR 4/2)
material associated with subvertica.l plaaes aod iDfilled chanoels; nrm
when moist aod very hard when dry; more compact thao above; weak
medium to coarse angular blocky structure; clear waw boundary.
BrorvD 0,5-10YR4/4 moisr, 5/4 dry) fliDry (lGt57J sitr IoaE wirh
darker (4/2) material in chaDnels and coaling peds: friable lo 6rm when
moist, slightly plastic wheD wet and hard when dry; weak fine subangular
blocky struclurc; common fine manganiferous nodules; clear sm-ooth
bouDdary.
Iramy gravel containing 50-70% aDsular aod suba-Dgular fli[ts and
flint pebbles, mainly srnall (< 5 cm), in a porous matrix of bro\&D to Dale
brown (10 YR 5/4 moistl l0 YR 6i 3-614 dry) sitt loam: redder (7.5 YR
4/+5/6). deDser and finer itr texlue in places near lower boundary. witb
clay skins oo stones; conrDon 6ne ferrimanganiferous nodul* and
coatiflg oD stones: cleai smoolh boundary.
StroDg browtr to reddish yellow (7.5YR5-6iO silty clay loam \ ith
com-Eon fine distinct pale brown lo light yellowish brown (10 YR 6/3-6/4)
mottles and common diffuse black ferrimangaDiferous conceDtralions:
few- flints; few channels with darker coloured infilling; firm when moist,
slightly plastic to plastic wherl wet and very hard whe; dry; weak blocky
structulE.

r[B21G) 70-90 cm
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