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C. BLOOMFIELD

InEoduction

Improvenents gi,ving a large increase in the diffracted intensity From clays have b€en
made in the collimation of the x-ray powder diffractometer. dur initial iurvey of the
mineralogy of Nigerian soils has becn completed, and we have studied the Angurar chert
Drift soils.near the Medway valley. In collaboration with the chemistry Dep-artment we
have examined the mineralogical composition of size fractions ofsoils from the Saxmund-
ham experiment in relation to their abilities to release K. we have studied the co.p".iti,
of. insoluble Cu compounds formed in Cu-enriched superphosphate fertilisers, and the
mineralogical composition of ochre deposits formed in-fieid drains in pyritic soil ut th"
Arthur Rickwood Experimental Husbandry Farm.

We have continued our work on soil structure by investigating the applicability of Hg-
intrusion porosimetry to the measurement of the pore size aiitrrtutG of soii crumis
dried by various methods.

The relationships between the minor erement contents of soits of N.w. pembrokeshire
and their associated herbage have been studied, as well as the geochemistry or reclaimeJ
sediments from The wash. we have collaborated in the cinada certified Reference
Materials ?roject by determining major and minor elements, by physical and chemical
methods, in four standard soil samples.

- The unique collection of information and soil samples from the Rothamsted classical
field experiments have been used to develop and fit a model for the changes in the organic
carbon contents of these soils. This model, which is based on decay andlransfer be&een
five types of organic matter, should also have applications to ot-her soils and environ-
ments.

_ 
Our work on organic matter in soils ofthe humid tropics, which is now completed, has

shown_that although plant remains decompose about four times as quickly under tro;icat
as under temperate conditions, in other respects the decomposition processes are re_
markably sirrilar. We are attempting to measure the extents to which various kinds of
mechanical disturbance accelerate the decomposition of soil organic matter.

In field studies in Malaysia we have measured the pH changis that occur in flooded

223

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-1-133 pp 3

ROTHAMSTED REPORT FOR 1976, PART I

acid sulphate rice soils, in an attempt to establish lheca_use of their poor yields; this work-

[ur U"i toppf"*.nted by a laboratory study of the influtnce- of the kind and amount of
plant materiil on the pH changes undergone by flooded soils'' our study of the complexiog of minor elements by plant decomposition products con-

ti"r.t, u, a'o"t our wori on tJxic metals in sewage sludge, on the acidification of pyritic

rnin" lou.t". and on the application of infra-red spectroscopy to problems of clay miner-

alogy.--Xi 
io p."uioo, y"ars the X-ray fluorescence spectrometer has been used extensively on

behalf of other departments and outside bodies.

Mineralogy

X-rgv diftactometry of clays. Most commercial X-ray powder diffractometers are de-

,ignJa io, tt 
" "*u.ination 

Lf well-crystallised marerials, forwhich_line widths are largely

OEtermineO by instrumental functionjsuch as source width, s[t width and axial divergence'

io timit abeirations that broaden reflections the coll.imation systems supplied are un-

necessarily restrictive when a high degree of resolution is-not essential'---iecausi 
of tneir smal crystal size aid structural faults, the intrinsic line widths ofmany

nutili'rnuteriut. such as thys are many times greater than those obtained from well-

crvstallised materials such aJ quartz. By relaxing the collimation conditions it is often

plrriur. t" increase the diffracGd inteniities from soil clays and limilar materials by an

IiJir of .ug"ituO" or more. Simple, cheap and readily reversible modifications that

piouia. to.g.-in"t"ases in intensity, with littie or-no loss. of information in the pattems'

Lave been made to the collimation system of a Philips diffractometer'__ift" 
uJ"uotug"t gained are (i) X-riy patterns of better quality can be obtained in the

same time as belforJ, or patterns of thi same quality can be oblained much more quickly,

iiii[" i*t o ioten.itv allows useful diffractionpattems to be obtained from materials that

;;; ;;;.ly ;tataitine rtrat with standard collimation conditions the signal could not

L ..U"6fV lirtmhished from background variations, (ii) the inte.nsities obtained from the

clav comoonent 
-of 

unfractionaEd Joils seem to be sufficient to allow identification of the

."1" Stigt"i..A components in soils containing more than about 30/o clay' This pro-

.ir". to dut" the currently practised tedious sJparation and preparation of clay-sized

i*"tion. ,or"*ttary for X-r-ry diffraction examination' and obviates the possibility of
alieraiion of cnerrlcally sensitive clay-sized material by the separation procedures'-- 

epplication of this modification ii not restricted to soils and soil clays; it should prove

useiil'in studies of many other poorly crystalline materials such as catalysts, plastics and

other organic products- (Brown)

Minerrlogy of Saxmmlthrm soil in relation to the relers€ of potassium' The diferences

t"t*"eo fr" K-releasing properties of surface soils from the Nil and K plots. of-the Sax-

mundham Rotation I eiieriment, and of the Ca, Ca f K, and K forms of size fractions

oiin" Nilptot *.." comiared wiih differences in mineralogical composition' (See also

the Chemiitry Department section of this Report, p. 96.)

rt 
" 

gruouio."tri. and mineralogical compositions of the Nil plot surface soil are given

in Table l.
The interstratified expanding minerals of the fine and coarse clay fractions superficially

resemble the random m]ca-smictite interstratification described from a soil of the Dench-

worth series in weathered Oxford Clay (Rothamsted Experimental Slation, RePort for
1972, Part l, 67-63). However, the apparent exchange capacities of the fine and coarse

clay iractions decrease by 18 arrid 20f respectively when changing from Mg-Ca to K-
NIia exchange, i.e. these proportions of the exchange complex behave like vermiculite
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TABLE T

Gradulometric and mir'rulogical compoEitiot s of size fractiots of sarface soils from the
Saxnundham experiment, Rotdtion l, Nil ilot 

-

Size raogc (/m e,s.d.)
Wt % in soil
wr % of fraqtioD:

Quartz and flint
Alkali felspar
Iron oxid6
NaOH-soluble SiOz * AlzOr
Kaolitrite
Mica
Inlerstratified expanding min€f,als

2(m-210 2rc-m23.7 30.3

Coarse FircFractioDs saod sand
Coarse FircSilt clay clay

m-2 24.2 <0.2tt.t 12.8 22.1

0
0
5
6

t3
l0
66

t2
3
7
3

16
24
32

a
l3

I
3

l0
1

86
ll
I
0
0
I
I

98
I
I
0
0
0
0

and the remainder like smectite. when exchange capacity is measured as the difference
in the total K of K- and ca-forms, the capacitiei oftle same fractions in"r.""" ti ri 

"J30 f in comparison with those measured by Mg-Ca exchange. This suggests that 6tocting
materials, such as hydroxy Al-polymers, possibly associatid with othir cafions such ai
Mg, are-present in the clay, and that_ these-are either partially removed or penetrated
during K-saturation. In the coarse-and fine fractions, ci.poo.rt containing these ma_
terials form part of the interstratification..They may occur similarly io puri io tn" ,iit
fraction, but_they a-lso form a separate 14 A phise that is present in ite Ca and Ca + Kforms, but absent from the K form. The interstratified minerals are tt r. 

"ompi"i, 
arO

although mica and smectite are major components, vermiculite- and chlorite-ike ;om-
ponents are also prcsent. (Weir, with Talibudeen, Chemistry Department)

|nqry,g:rt ryft soils. The Hythe Beds dipslope on either side of the Medway valley
ra w€st Kent and east Surrey is covered-by a thick superficial deposit ofstony clay, whic[
hasteen mapped as Angular Chert Drift by the Institute ofGeoiogical Sciences. 'i'ie so s
of this area have many features in common with those in cray-iith-flints on the chark
dipslop" ir.ourh"m England in that thcy. have thin silty surface horizons, and deep sub-
soil,horizols composed ofreddish mottled clay with stones derived from silic"ou. oodul",
in the subjacent limestone, and they occur mainly on plateau remnants tetween valteys
dissecting the dipslope, though there is some evidence for local mass movement of the
reddish stony clay down valley sides.

Detailed mapping at a scale of I :2500 of a small area of the Hlthe Beds escarpment
north of suttoD Yalence (sheets Te 8050 and 8051) showed that the reddish mottled cly
with chert stones occurs on an eyen,_ genlly-sloping surface, which is also .*6i.; i;
places by small outliers ofthe glauconite-rich basal Sandgate 

.Beds. 
This sugg".t. ti"t th"

Angular Chert Drift was formed by weathering of a thin cover of sandgaiJ Beds in the
same way that the clay-with-flints over chalk is derived from a thin remnant of basal
Reading Beds (Hodgson, Catt & Weir, Joumal of Soil Science (1967),lg, 8f_102). We
attempted to veri8 this by anarysing mineralogicany the fine sand 162-250-pm1 rractions
from various horizons in a deep profile in Kings Wood (Te 831509), and comparing these
with the same size fractions from sampres of Hythe and Sandgate lieds. UnfortunaLly au
three deposits have the same assemblage of resistant sand minerals, and on this evidence
alone the reddish mottled clay could be derived either from the basal Sandgate Beds oi
from the natural insoluble residue of the Hythe Beds limestones. The chert 

-nodules 
and

fragments in the Angular Chert Drift are most likely to be derived from the Hythe Beds,
as these co-ntain cherty layers (Worssam, Geology of the countr! around i4aidstone',
Memoirs of the Geological Survey ol Great Bitain (1963),30), but the acid-insoluble
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residue of the Hythe Beds contains too little clay for the Angular Chert Drift to have

"rigir"t"O 
simply Uy natural dissolution of the iimestone' Thin sections from various

noilroor io tn"^ finls Wood profile showed that much of the clay, especially below 130

"- Oiptf,, it *"U-oiented and therefore derived by eluviation-from overlying deposits'

.om" ii iU"n may subsequently have been removed by erosion' The red mottles are

u"uuUy 
"tot"ty "sto"iated 

witn tle oriented clay bodies, and are caused by hydrated iron

oxides also translocated from weathered overlying horizons.- 
rrrineralogicat analyses ofthe upper silty horizons ofthe same profile showed that these

*" *-.potJJ fu.g"ly-of loess resemblingihat described elsewhere in Kent (weir, Catt-&

}1rrii"i e*a"r"*a (1971),5, l3l-l4gii which is probablv Late Devensian in age' The

iraniocation of clay and JO Uyaratea iron oxides iherefore seems to be associated with a

paoa oi*"otnAng in fairly warm, humid conditions before the Late Devensian' They

1." pateo.ot feutut i and thi ruUifiid, clay-enriched horizons-are paleo-argillic horizons
(lnEi, toi*ot of S;it Science (lg7 3), U,'lll). The chert.nodules. in the deepest subsoil

i"i..Jito"" the Hythe Beds oiten ciosely interdigitate with reddish brown, unoriented

"fii, "t 
tnougn tn" chy had formed by wiathering of the chert' The. problem-of t{-s u1-

fitif'y *""tni'.log prodss was resolved when we found that the chert in parts ofthe Hythe

Biol i. 
"r"*iiiitir$own 

in this way with a $e€o, glauconite-like clay, the weathering of
*ii"n -r.t ni""" p;duce6 the reddi;h browi clay. Red clay was also observed as subsoil

mottles in profilei on the Yery glauconitic basal Sandgate Beds, which form outliers sur-

..r"a"J Ui e"grf"r Cnert b-dft' These mottles seem to have formed rz silr'r also by

;;;tilrg' of ilauconite, and the hydrated iron oxides resPonsible for red colours

throughout the Angular Chert Drift probably origirrated in the^same way'

Wetnclude tha't the reddish stony clay iubsoil horizons of this area originated by-

p.aoiogi"uipto..rsis similar to those ihat gave rise to the-Clay-with-flints' Dissolution of
[fr" riyin" n[Ot fi.estone beneath a thin (t-3 m) cover of basal.sandgate Beds provided

;;; il ;it"h a;slocated clay and hydrated iron oxides, derived mainly from. the

[."itA.g.f gf"r-nite, could be redeposited. Apart from the chert nodules, the lime-

.i"r. *rii." i'rotably contributes very little to the Angular-Chert Drifr. Most of this

*eutn".ing 
"od 

."organisation of the deposits occurred in 
-the 

Ipswichian or earlier warm

p"ri.a. 
"Fit" 

qr"Ernary, well before the deposition of loess in the Late Devensian'

(Catt, *itU M. A. Carpenter and R. D. Green, Soil Survey)

Mh€ralogy of Nigerian soils. The initial survey of the mineralogy of Nigerian soils

i notno iia a"port for lg75,Part l,217) has been completed' As in many tropical- soils'

ii" to.ir""t Alv riioeral in most ofthe soils belongs to the kaolinite group' Previously

iittl" L-"r-6"". dine to differentiate the kaolin-rich ioil clays of tropical regio"f ; in the

cou,seoftnepreliminarysurveyweobserveddistinctdifferencesbetweenthekaolinite
-io"iats f.om Aif"reot.oilr. ThL iot"nsity and width of the basal reflections of the X-ray

Amr"Jl" patterns of oriented films viried considerably, and electron micrographs

.norr"a a *id" *og" of particle size and shape. Because differences in crystal structure

uoO p"A"te -otpf6logy-are probably associated with other differences, we are studying

tl" '"-i"tioo. in struiiure in relation to pedogenetic factors and physico-chemical

properties.' From the original 206 samples, 26 clays from dominantly kaolinitic B or deeper

horizons were se-lected to represent the range of chemical composition, and the range of
climate and parent material that formed the basis of the original sampling desi gp (Rotham'

ired Report for 1974,Pzrt 1, 195), and X-ray diffraction Patterns- of randomly oriented

powders were made to ass€ss the range of structural perfection- of the kaolinites' Many of
ihe soil clays gave pattems that were intermediate between those of the well-known b-

axis disortlired t1pe, and the hiShly disordered halloysite type, but some seemed to bc less
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disordered. Several 'indices of crystallinity' have been pubtished for kaolinites, (for
example Hinckley, Clgyy & Clay Minerals (1963),1!,229) but these apply only to maie;a[
between fully ordered triclinic kaorioite and the D-axis diiordered variity. To noa a i"uary
measurable index of degree of disorder the X-ray diffraction patterns of 7 kaolinites witi
varying amounts of structural disorder, ranging from fully ordered triclinic kaolinite to
halloysite, were studied. The ratio of the intinsity of the d20 1or 02) reflection at 4:4g A
to twice the intensity ofthe minimum ar about2.44 A Eave an indexihat could be applied
tfuoughout the entire range and that gave results concordant with the Hinckley i;dex
where this could be used. The ratio ranges from about 2.5 for halloysite to s foi r-axis
disordered kaolinites, and to 43 for an exceptionally well-ordered triilinic kaolinite from
Mexico- The index_has values ranging fr om 2.2 ro 7.1 for the Nigerian soil crays ana atroiai
a readily_ m_easurable empirical index of differenfiation that ii related to ihe degree oi
structural disorder. we are now attempting to relate the degree of structural disoider of
the kaolinite to other properties ofthe clays. (Brown and Hughes)

Rerction of added copper sdts with superphosphte fertilisers. To facilitate their uniform
application it is a common manufacturing piactice in Australia and uSA to add micro-
nutrients to a superphosphate carrier. In many instances chemical reactions between the
micronutrient salt and the fertiliser compounds occur; sometimes the solubility of the
micronutrient is increased, as with Zn, and sometimes decreased, as with cu. Little is
known of the reactions between copper salts and superphosphates, alihough several possible
waler-insoluble reaction products have been proposed. -

. - 
Some Australian copper-bearing superphosptrate fertilisers contain a slighfly_soluble

blue-green-reaction product that p€rsists foi long periods in the soil. Erectron irobe micro-
analyses of fertiliser grains recovered from soils-showed that much 

"oppe. 
i, present as

inclusions in which it is associated with phosphorus, sodium and chl,o;ne. Iih;t;;
grains carefully selected from fertiriser weie chemica[y analysed and examinea by i-ray
powder 

_difraction and infra-red spectroscopy. Their approximate structural formula wai
NacusHr(Pon)scl ' 6H2o. Their X-ray powder pattem was similar to that of the mineral,
sampleite, NaCaCusGOa)aCl . 4HzO and to those reported for the synthetic compounds
CuHPOT.HzO and Cus(POr)r.3HzO. A specimen of composition Cus.lnHs.ar(por;4HrO
was synthesised and found to have a similar X-ray powder pattem. Infra-;;d abs;rpti;n
spectra of the blue-geen fertiliser compound and the synthesjsed Cus.zrHs.sl(pOl)s.4HzO
resemble that reported for Cus(pOl)2.3H:O. These similarities between 

"niri""ilydistinct-compounds suggest that they belong to the same basic structural type, which is
probably that of the mineral lavendulan Na(CaCu)6(AsOa)aCl . 4HzO.

There i! no similarity between the x-ray diffraction patterni of the iertiliser compound
1nd_ 

published patterns of the several copper phosphites that have been postulited as
I.ikely reaction products. (Dr. R. J. Gilkei) -

The formation of ochre in ffetd rlrains. In the autmn of l9?2 a combined subsoil-mixing
and drainage experiment was set up at the Arthur Rickwood Experimental Husbandr!
Farm, inthe Cambridgeshire fens, by the ADAS Field Drainage ixperimental Unit. By
January 1975 the drainage system had almost c€as€d to be &ective and the site wai
waterlogged.

Although considerable deposits of ochre were found inside the drains, the waterlogging
resulted from blockage of the entry slots in the pipes by material consisting main! oT
gypsum, hydrous ferric oxides and some clay particles. Inside some drains the deposit had
stratified_into- an upper iron-rich ochre layer, and a pale buff aluminium-rich lower layer.
Inside other drains the deposit was etrtirely of iron-rich ochre. We are attempting to leam
more about the nature of these deposits. (Brown and Ormerod)
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Differentirt thernal analysis. Differential thermal analysis @TA) has been used to

estimate the amounts of Lao[n and goethite in clays from some Nigerian soils, by com-

paring the areas under their endothermic peaks with those of standard samples. Previous

iorkias shown that the kaolin in these clays is of the general category of b.axis disordered

kaolins, and so the Ibgu D standard kaolin was used for calibration'
An a'tmosphere of nitrogen was used to prevent the oxidation of organic matter from

obscuring thi goethite enaotherm, but despite this many of the samples gave a1-9I9-
thermic rkctio-n at 8zl0-880"C as well as thi expected exothermic peak at about 950"C'

One of the clays showed the double exotherm pirticularly well, and this was chosen for
detailed stutly. After heating the gently-packed clay to 1000"c inthe DTA apparatus- the

top of the sample was red] andlhe Lottom black. The two colour zones obtained by

heating the clay to different temperatures were examined by x-ray ditrraction. The lower

tempeiature eiotherm was found to be associated with the formation of hercynite

lFeO ' AlzO3) and of mullite, the latter forming at a lower temperaturc than usual because

of tU" pt"."no of ferrous iron' The higher iemperature exotherm was caused by the

formation of 7-AlzOs, with only a trace of mulliti, together with complete oxidation 
-of

iron to hematite. Covering the sample with calcined inert material and heating to 1000'C

under nitrogen gave a co pletely black product that contained only hercynite and mul-

tlie, uoa oo[y tni tower ofihe two exothirms. In contrast, heating the uncovered sample

in air gave only the higher exotherm, and a red product that contained hematite and

y-AlzOa.' UidJr standard DTA conditions it seems that in certain samples iron is reduced by

organic matter and then reacts to form hercynite, which interferes with the normal kaolin

exothermic reaction. (Hughes, with Dr' R. J. Gilkes)

Clry physics

soil struchre. work has continued on soils chosen for the Rothamsted Soil structure

W*Uog C.orrp. Initially the Group has been using various methods of measuring the

phyiical-state of soils that were chosen because of their contrasting behaviour in treld

iiJnagement, with the aim of evaluating these methods. our main contribution has been

to urrlr. -"i"ory intrusion porosimetry for measuring the distribution of total porosity

in the range of iores sized between 180 pm and 3 nm, both in directly dried soil and in
iol ati"Aiy soivent replacement and super-critical evaporation' The total porosity of
ihe supercriiically dried'samples was 1.5 to 3 times the porosity of the soils after direct

Jrying, the ratio'depending on the initial moisture content and hence the porosity of the

fieid-iioist soit. Also, the distribution ofporosity may depend on the drying method, pores

io th" ,uog. 300-3d nm being particuiarly susceptible to partial collapse, with lesser

changes in-pores smaller than 3-nm; this cannot be unequivocally assessed by mercury

iot-iio, porori,,etry as this tends to cause some distortion of the soil fabric, particularly

after supercritical drying-
Despite these problems of detailed interpretation, mercury in-trusion curves on atr-

dried soil seem to provide a useful empirical way ofcomparing soils. with the soils so far

sampled, mercury'intrusion did not distinguish between the Flint and Salop series soils

in the horizors sirdi"d ith" ,rppe. 
'111 

cm o1 the soils), but these two soils have relatively

little clay to this depth, and [ence much smaller porosities in the size range studied, so

that large differences would not be expected. However, for the EYesham-Denchworth
and thJHanslope-Ragdale series soils, both the Denchworth and the Ragdale subsoils

have much of their total pososity in pores smaller than 0'1 pm (100 nm), whereas the

Evesham and Hanslope seiies subsoils have a wider size distribution of pores extending

up to l0 pm or targei. This could mean that much of the water in the Denchworth and
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Ragdale series. soils is held in pores that are nor emptied at conventional wilting point
(15 bar tension) and is therefore unavairablc to plants. Because these cohesive soirisirink
as they dry, the moisture release calculated from soil moisiurc characteristics (moistuii
content as a function of water tension) is much greater than prediaed from the'p";;;;;
distribution, and it is therefore important to measure the ixtent to which these soilsshrink as they dry. We have done this and determined the moisturc content at which air
begins to enter the pore system for each horizon of these soifi. WiO"a tn"t th" cl"y;_
1",1 

i.:lhj_.1rn li"or that delays air entry, i.e. increases snrinkage on arying, tnorgh in1
:]1 lry _Tiy 

also be. importaot. Organic matrer appears ro have tbe oppo'iite efftt ofsnnemog the sott labnc and allowing air to enter at higher moisture content. (Newman
and Perrins)

Soil geochemisEy

Soil contents rnd_he age uptdre of Zn, Cu, Fe enrt Mn in N.W. pembrokeshire, Mn, Cu,Zn and Fe have been determined in top soils and pasture plants mllected in North Wesi
Pembrokeshire by Bradley and Rudeforth. @othinsted tiepoi 7or iOzO, yart t, p. ZZV
and Devonshire^and Williams (Rolurzs ted Repor, for lg\2,'p"Ji, p. Z:1. eftno,iei th"r6
was no straightforward relationship between ihe concentrations of'these elemeois in the
soils and the associatedte:!lg:, 

-their 
conteDts in both soif arJ fr"rUug" Oifi"red between

1:I:1 i:-d Y1gl"v,td 
soih (Table 2). To a certain extent the soil contenis and plant uptakeoI Mn etc. depend on the pH of the soil (Table 3). In more than half the herbage saiples

TABLE 2
Difetences betx)een mean Cu, Zn, Fe and Mn contents of gleyed and ungleyed soik

Soil
'Uneleycd cl€Fd-

Mn ppm 14,60 534...
Cu ppD 37 31.Ztppm 72 55..rFezor)( 5.9 4.1...
No. of sarnples 145 26

Fe ppm.

6-7 >7165t 1618
36 3869 68

uj., 3.5 Fe ppm

Herbage

UnSley.d
139

23
67

r37 (60)

Gl€y€d
213*lr

6*
25 ns
85 ns
29 (t2l

r UtrcoDtaminatcd samples only, numbcrs in paEnthescs
ns Not FigiiGcant
:.._Sis4ifcatrt at 0.t % h\..1.r Signifcaut at I % |;GI. Si8Di66ot at 5 % icvcl

TABI.E 3
Diferences between meot Cu, Zn, Fe gtd lyfn contents of ngleyed soils of vafious

pH wlues

pH
Md ppm
Cu ppm
Zn ppm
FezOz i4
No. of samples

>7
77
7

n
8 (3)

4-5 5-6 C7157 t74 104965
Du2t71 686f

6 (2) 6t (24) s9 Q9)

+5 5-6t392 1304
37 4t69 77
s 8 6.0862

Numbers of h€rba-ge samples in which Fe was determi!€d itr Darcnthcses
flcr@ge s,unples lrom soils ot DH 5-6_ havr- signifcaotly diffeEDt MD contlnts (p : 0.Ot ) and Zncontcnts (P : 0.05) to rhose from ioits of pH Gilother-Gt"i 

"li-i,ilifr'#&lt
the Fe and Ti contents were correlated, which indicates contamination with soil.(wilking

Herbage
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Relationship between tte major rnrt minor elem€ contents of topsolk from North Pem-

ii"r*H.".' s"-pfes of tops6il from sites on the 2|in. o.s. sheet SM 93 were investigated

to fi"d tilt futioiship between the contents of mijor and mlnor elements in 46 samples'

of *Ui"n :Z 
","t" 

troin earths (Ru6eforth & Bradley, Soil Survey Special Survey No' 6

1972).-- 
uliog u Genstat program for generating correlation matrices, it,was found that the

fofio*lTj."iutiontnips ititteO: X-witn at,k with Fe and Mn-, Al with Mn' Cu with Ni'
'"-rJCiiitf, pi. tn well drained soils the following additional relationships were found:

ii-*ltf, ri, di *lm Zr, Pb with Zn and Sr with Cu. In poorly drained soils there was a

."'i"il.rtfrii Lt*."n Br antl loss on ignition, and Zr was- correlated with Y rather than

;ith aiF;"t related to Rb, Al, Mn-and Cu (Devonshire, Perrins and Wilkins)

The geochemistry of reclaimed sediments ftom The r ash' We are continuing to investi-

g"," ?fri-g"*fr"tirittry ofsoils developed by reclamation of-saltings' Studies ofthe major

ioa *in6. element distribution in profilei taken from reclamation erojecli 9! dtger:nt

;c;;;;t;;;Aat the profile disribution patterns of most elements (Ti' K' Al' Zn'

C"r, Ni f", it and As) ari similar, as are the distributions-of Ca, Sr and Mg' However

ii iii'n io not seemio behave in a related manner, and because of the small organic

;ntents of thes€ profiles Pb and Br do not show their usual correlation'*fi;;;i;h;;g;s 
can be seen between profiles of different ages, but more profiles must

b";&i;i"aa;. a fuller picture to e.".g., u. there is a strong-particle size differentia-

iion *iini"o 
"u"n 

reclamation. (Devonshiie and Wilkins, with Robson' Soil Survey)

Deteminotion of mrjor anil minor elements in soils inte leit for use ss stt lalds. A project

;;r;;id" fil;t";a;rd analysed soils was instigaed bv theCanada Certified Reference

il;";i;h P;Gi. w; have collaborated in thiJ projecl and supplied results for major

"fi."ot., 
determined by wet chemistry, atomic absorption aod,X-ray fluorescenT spT-

iil-"i.y tXnnSl, "nd 
ior minor elements determined by XRFS As yet ours is the only

i"6..#.i i" n"i" supplied information on Y, As and Br, which is unfortunate b€'ause

*.y^i"*-it"ra".a, foi'these elements are available. (Devonshire, Pruden and Wilkins)

Soil cnenisty

Mathematicrl morlels for the turnoYer of orgrnic matter in cdtiYrted soils' A model to fit

"fr""g". 
i" it 

" 
organic matter content ofioils in the Rothamsted classical field experi-

..rrt! lru* teeo OJrised. Data was assembled on the effects of long term continued crop-

piog unJ.uno.iog on the amount and age of organic matter-, on the amount of microbial

[ioil"rt io tt. .oii, and on the rate at wiich plant residues decompose in these soils The

rrroJ"i-i. 
"n 

elaboration of the much simpler one needed to fit the changes that occur

;;;; ln;;;a;iowing the addition of rEC labelled plant material to the soil' This earlv

pr.i oi ifr,i a."uy is well-represented by two exporrential decay rates, one of half-life O'25

;;;;. "rd 
one of 8 years, 

'but 
the l4i0 year radiocarbon age of topsoil that has.been

i,iopp"a tt.uaify foi many years shows ihat there is at least one much more resistant

fraction.--i. 
ni'"ff the data and to use fractions that are as far as possible identifiable parts of

ttre ioii o.ganic matter, a model with five compartments is used' Plant carbon entering the

ioitir tut# to u of two types that decay by 6rst order processes, i e' decomposable plant

*"i".af topfO that after htting th" .od"j to the data is 83'71 of input and has-a half

tife ofO'tOS years, and resistant plant material (RPM, halflife 2'31 years)'.After decom-

position (and later decompositions of other fractions are assumed to yield the same

productsl, 80f of reacting carbon is lost as CO:, 8 ?'( remains in living microbial tissue
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lPi_O: !#[{: t'69 .tea:\?ld.t2l.and0.3 f go into two resistanr forms, physically pro-
te_cted organic matter @OM, half-life 49.5 years) and chemically resistani brganic riritter(coM, half-life 19-80 years). The model predictsiirat ir t t or pdni carbon is idded to thcsoil every year, after several thousand years a steady statd wiii ue reacned with 0.01 tDPM, 0.47 t RPM,0.28 t BIO, ll.3 r pOM and t2.l iCOM. The predicted radiocarbon
age for soil in this steady state is l24O years.

There are no serious differences between the proposed model and the experimentar
Lat1, fjvg 

faclors are unlikely ro beenolgh to rnodel the d"composition of pUnt resiJues
rn all crrcumstances-but these and other simplifying assumptions, such is that all theplant material is added at one time in the year, or ihaiall f.actioni d"compose atite, can
be relaxed when more data become avaihble. lRayuer and Jenlinson)

The decomposition ofplant materirl_in the humid tropics. Uniformly rag 66"11ed ryegrassand maize were used to follow the decomposition oiprant materiai in soils from the firest
zone of Nigeria, at the Intemational Institute of Tiopical Agriculture in Nigeria. One_fifth of the ryegrass carbon-originally added to the soiire.uinrJ uitlr or. year, and one-

::::i:h {,:L,-",:J:ars. After a year the.soil retained stightty less maize_"than ryegraisc,arbon' but the drfierence was slight and the overall patterns were similar. There *asiittle
dlnerence between the rate of decomposition in the open or under forest shade, even
though the temperatures were considerably greater in the open. fnleneral, different soils
retained similar amounts of plant carbon, with a tendency for very sandy soils to retain
a little less.

. 
The decomposition pattern was 

-verf 
siqri]a1 lpder Nigerian conditions to that pre_iously 

_otserved for the same plant material in andana\a"iiiitea neport yii 6il,
P-art- l, 74) excepr that the whole decomposition proiss was roui tiles r*L, i,i llrgi.ir.(Jenkinson, with Dr. A. Ayanaba, International institute of froplcat agricutturey - -'
The efrects of mechanical distubsnce on the rtecomlnsition of soil orgrnic mstter. Con-tinuing earlier work in which we studied the efect ofult."rori" ar.p".rioo on the decom-position of soil organrc matter (Rothq.msted Report for 1974, iuJll 

-f 

SD .'o. t uu" rru.t"dto examine less drastic treatments, e_g.-grind-ing- An arable soii'lBroadUatt, ptoi Ot,
fallowed^section) and a grassland slitlnioaaUjh WiUe-.s, gr"io section) were in-
cubated for 20 weeks so that the effects of disturbance auring's;;p[ng haa *.pi"t"ty
subsided. Grinding the moist soil to pass a I mm sieve almosi trebied o'"yg.o 

"oo'.urn;tion by-these soils during a subsequent l0 day incubation. fn" io.i"u."i io respiration
caused_by grinding portions of the same soils ihat had been ru.igut a with chloroformat the beginning of the 20 week incubation were about half thJse in tne uJumfatedportions. At the time of grinding the fumigated soirs cotrtained ouly one tenttr of tbe bio-
mass ln the_ corresponding unfumigated soils. These results suggest tlat tle grinJlng
:T1T:il:l:"..d approximatety equat am-ounts of substrate Oy ii'e titting of or;anismi
and by the exposure of nonJiving parts of the soil organic mitter to mi;robiaiattack.
(rowlsoD and Jenl(lDson)

Jhe qrgll! 
^o-f ry in acid srlphete soils. The coastal lowlands of Malaysia include at

least 140 000 ha of pyritic soils. Drainage promotes oxidation ofthe pyrite lnd the forma_
tion of acid sulphare soil, the pH ofwhlch is commonly around 3. p'yrire oxidation is in-
tublted when such soirs are flooded for single-crop rice curtivation, aDd reactioos that
occur in flooded soils tend to increase the pH; howeuer pyrite oxiiation recommences
during-the subse.I,ent dry season. Sinc€ 1970 when doubie cropping was started in the
Muda Irrigation Scheme, Kedah, rice yields have increased in most-of the 20 000 ha of
acid sulphate soil in the scheme. This is probably because thc soils are now flooded for
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most of the year and there is no longer an annua! rggenjralign of sulphuric acid during

th; ;t ;;.. However, very low iields are still. obtained in a.few of these areas and

"tt".fit" "* 
being made to Oetcrmine whether this is due to soil acidity (possibly com-

ui"J *itn ton 6xicity) or to one of several other adversc conditions that have been

iJ""tin"a io n.oa.d soils elsewhere, such as toxicity from hydrogen sulphide or organic

acids.
Soil pH measurements were made weekly during the riq erolvi-n^e season at two sites

." tfr" *ia sulphate Guar Series, where yields arc less than- half the average for the

i"n".", io *-pu.ison with measurements on another acid sulphate soil (Telok Series)'

*t,"." viaa' u'" os+O f of the average, and on the non.acid sulphate Sedaka Series. Thc

O-i:iJ- .o at the tw; Guar sites iemained between pH 4'5 and 5'5 for most of the

period,similartothetoPsoilattheTeloksite(aroundpH4'5)andonlyslightlylesst}lan
ii tt 

" 
'S"Ouf" tit" (PH 3'O-5'r. However, the pH decreased morc- sharply with depth in

it r Gour soil than ;n the otheis, to around pH 4 or less at 7'5-15 cm, and to pH 3'5 at
f S-m ".. The pH of the Telok soil was mostly about 0'5 units greater thoughout the

,.ri"a, *lttt"'S"aaka soil remained at about pH 5 at both the low-er depths' It thfle-fore-

!*-t iif"tv that the more acid conditions below 7'5 cm account for the lower yields of
ii"" 

"t 
iti br".,it s. (powlson, with Mr. s. J. Samy, Malaysian Agricultural Research

and Development Institute)

Fectors rffecting oe pH of flooded mils. The less acid reaction of the surface horizon ol
i;;il ;;td .;tphati rice soils oescribed in the previous secrion presumably relults llgT
rlh" i"flr;;; ofplant residues that accumulate- at the surface when tle soil is puddled

orioi to otaotios. To complement the Malayan field studies described above we have

Ituai"Jtt ionuioce of thi amount and kind'of plant matter on the various factors that

i;il;; th" pH of a flooded soil' The efects of lucerne and oat straw' representing

ixtremes of nitrogen content, on soil from the 18-27 in' horizon of the Geescroft

wiii"-.., t* p itot) and a Mahyan acid sulphate soil (Selangor Series) were colpared.
efi.ilm Ouy.i 

"naerobic 
incubatioo, up to t0/" of its dry weight of lucerne had no

sieDiicant effeci on the final pH of the Geescroit soil, the net effect being to increase-the

fiioi G * t orn 6'5 to 1'v7'2. However' the sequence of pH- changes during the first

3O-ZO aays' incubation was very dependent on the amount of lucerne' With vp to 5%

ariJ fo.i-" the pH increased sharply during the firs-t 5-7 days-' decreased during the

o"iitjn"".t., una then incrcased to more orless the final value by the l0th week' with
tO| io""-. tn" pH decreased steadily to 5'6 during the 6rst two weeks and increased to

i.O'6v in" fO*t,"irk. These changes wire roughly correlaled with the formation of NHr+'

*fri"fi .or" to a maximum in tG first two weeks and thereafter remained more or less

"oorL"t, 
una of organic acids, which rose to a maximum during the first 4 weeks and

A*pp"ui"O utrnott 
-completety 

by the l0th week' However, the sequence of pH changes

*".'u:f""t"a by the formation of soluble Fez+ and by exchange reactions of K, Na' Ca

"-rJ 
frag *tt, ihe clay, which r erc complicated by the significant amounts of these ele-

ments contributed bY the lucerne.
The overall effect;f oat straw was different in that with 2.5-10/" stnw the initial in-

crease in pu obtained with 0-5 % lucerne was absent, and after 15 weeks the pH ranged

from ?.1 for the control to 6'3 with l0% straw.- 
with the acid sulphate soil the sequenie was further complicated by the superposition

of sulphate reduction once the pH rose to around 5, i.e. the minimum tolerated by sul-

phate-lreducing bacteria. With no organic addition the pH remained 
^close 

to 3 throughout,

;hhough the Lncentration of dissolved sulphate increased,from 0'025 to 0'05 m equiv

fr soii. WiU S % tucerne the pH rose to 4.9 in l0 weeks, and did not change significantly

ihereafter. With l0% lucerne, pH 5 was achieved after 4 weeks and sulphate reduction
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was apparent at this point; thenceforward the pH increased steadily to 6.5 by the lsth
week, while the concentration of dissolved sulphate decreased almost to zero. The in-
cidence of sulphate reduction coincided with a releas€ of soluble K+, which presumably
resulted from the decomposition ofjarosite-type minerals in the presence ofsz-.

There was less difference between the efects of lucerne and oat straw on the acid sul-
phate soil than with the Geescroft sample. As with luceme, 5:a oat straw did not increase
the pH to the critical value for sulphate reduction. With 10,"4 straw this value was
achieved some two weeks later than with the same amount of lucerne. This work is
continuing. (Bloomfield and Pruden)

Reactiom between minor elements and orgsnic matter. We have continued our study of
the interactions between the constituents of humified organic matter and ions of trace
metals in solution. Experiments with a Cuz+-sensitive electrode have confirmed our con-
clusions that weight for weight the dialysable material of the smallest molecular size
present in water extracts of aerobically composted lucerne or peat, and chelating resin
extracts of Rothamsted topsoil, is the most active material at complexing copper, and
therefore probably has an important role in the migration ofcopper and other trace metal
ions in the soil. We have determined the relative extent ofcomplexing of various divalent
ions by these extracts using visible and near-ultraviolet spectroscopy; for all the materials
we have studied the order of complexing is

Mg < Mn < Cd < Zn < Co < Ni < pb < Cu.

In an extension of this work we found that the organic matter present in rainlvater that,
had percolated through the top 22 cm of a Rothamsted soil, on which grass was growing,
resembles that of the aerobically composted lucerne extract in both itsiUtity toiompli
copper and the molecular size distribution of the dialysable organic material it contains.

We have also studied the influence of the organic matter in these extracts on the initial
rates of oxidation ofiron (It) and reduction of iron (III) compounds in solution. The rate
of oxidation of iron (II) increases with increasing pH and increasing concentration of
organic matter for all the extracts- In the presence of concentrations oi organic materials
of equal complexing abilities, at pH 5.0 the oxidatjon rate is almost equal in the presence
of water extracts of aerobically composted lucerne, of drainage from Rothamsted soil or
ofchelating resin extracts ofthis soil; this rate is greater than that obtained in the presence
of freshly prepared water extracts of peat, and especially of extracts of anaeiobically
composted lucerne. In contrast, the anaerobically composted lucerne extracts are the
most effective at promoting the reduction of iron (II! at pH 3.5. (Bloomfield and
Sanders)

Strfr anll yisiting workem

H. H. Le Riche retired in June, after nearly 30 years in the department-
A. C. D. Newman returned from two years'leave of absence spent as Visiting Reader

at Reading University, and D. S. Powlson retumed from two years with the Malaysian
Agricultural Research and Development Institute. D. S. Jenkinson visited resiarch
centres in The Netherlands, and in August left to spend a year at The Waite Agricultural
Res€arch Institute. Dr. R. J. Gilkes returned to The University of Western Ausiralia after
spending a year studying Cu compounds formed in Cu-treated superphosphate fertilisers.

J. A. Catt attended the Quarternary Res€arch Association's field study course in south-
ern Norway, and led field meetings for the Quaternary Research Association on The
Chilterns, for the Yorkshire Geological Society in Holdemess, for the geology section of
the Hertfordshire Natural History Society in Kent, and for the Hertfordshire Association
of Geology Teachers in Buckinghamshire. He also gave lectures on Chalkland soils at
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Bristol University, on Hertfordshire Quaternary deposits at Kings Langley and on the

early history of man at St. Albans. C. Bloomfield attended the Malaysian IntematioDal
Oil ialm Conference in Kuala Lumpur, and visited the laboratories of United Plantations
BHD to advise on research programmes. He also gave a talk on acid sulphate soils to the
Perak Planters Association.
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