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SUMMARY

Althougl 1lse decomsposition of plant mareebal ja sl is an extremely complex proces, relatively simple
mkdels can give good s e the decay prces. Thus o twecampartioent ouxlel gives a chose
represeniation. aver the first few vears, of the decay of “Culabelled plant material i soil. A nndel
containing a single homogeneous humas compartment decomposing by a first-order process is surprisigly
usell foe wnl organie sitrogen over peniods measured i decades. More sophisuicated multicompartmental
muxdels are ey w itlely 1sed ta vepresent trnover in «kl, Clne ol ihese, the Renbameosd inmover mng ek,
is deseribied in detail and showe 1 give o wseful pepreentintbon of dutd from the Rothamsed [kaw-1cnm

fiel exprriments.

I. INTRODUCTION

This paper is shout muordelling the twrooever of argani
matrer in otk peer the * vearssto-centuricn” Hmespan, §
& based mainky on Rothamsted work, nnt berause of
parachialism, but because the bog-ierm ficld experi-
mients om Rothamsted and Wolwrn experlmental Lirms
provide unecpes materinl T stadving the dytmios ol
trganie mallew inosoils, In several of tiese experiments
manunng and cropping bave remained substuntially
unc hanged since the beginning, neary 150 veas agn.

2. MODELS FOR THE TURNOVYLR OF
ORGANIC MATTER IN 5QILS
(a] Single homogovwnws comparirnen’

The senpleat turnnver mudel [ Jenny 141 Wond-
rutt [$H8} posculaces thar all the acganic nifcogen n
sl ewcupies a single compartment. 1 AV is the quaniy
of wilrogen in this compartment, A the annwal inpur of
fresh oeganic niceogen and & dhe rale consant (e, the
frucrion of the sl ovganic ninoen devom posed ench
vear), then

AT = AN il
Tl andluetir of this differcomal equation, i
M= X+ N, - Vet i2)

whese N ds the midal mtrogen conteat of the soif and
Ny the equilibrium  content. For this model  the

nitrogen in the farmyard manore plot of che Hoacdiebd
vonlinuous  baibey  experiment  ar Rothamsresl s
0037 a ' able 1), Frm eqatation 2 it van he shown
that the tme required o aain 19", of a pew
vquilibrivm centent aftee o change in anuuak mput of
organk nitrogen s approsimately 3040 vears, or 97
vears in the Hoofwdd farmyard manure phot Becanwe
of this tirmescale, loager than most human Fives,
experiments are hardly ever spevidically desigaed o
lllow 1ernover ; disa on furnover processes are asuably
taken from esperiments sct up Bar quite difterent
PuUrprmEs,

18} Two-compartrment model

Curves showing the decay of plane material in soil
are Loshaped, with 4 vapid boss of carkwm coer the Risd
few tuanhs, followesd Dy o much slower ks Jeakingon
1957, Guizalee & Sauerbeck 1982, Ladd & of 1985,

Thizs the twe compuriment model
C o JIe T4 My RN o4

gave a very god seproscnration of the decay of "C-
btholied rvegrass leaves in the hedd over a lkvear
perod | Jeakinson 19775 Lo ths model the iscoming
Mant carbun is split into two compartmenis, ewch

Table | Phe turmezsr tims wf argami Rilzegen in so1f orgiaurs
Wi ler

arncver Gime’ s 148 s the average age when il perind e Yuafpe
i . : 5 700 e Layer stuched  constant e

cyuilibeiuen Tuas beoen attained is alao 1/ Bartholomow tand e Fernl S e el

& haskham 1960, This model bus been repeatediy ‘ : - : e

fiterdd to dasa (Nye & Greenlund 1950 Bariboiomew & pasturet a3 b5 (i £}

Kirkham 1960, Jenkinsnn & Johnson 1977 Bprmison arable” na 1l 0055 I8

19 feom measurements of the <hasges is soil arganic granland RUEV ] g QAT b

nitrogen brought ubout by agriculture. Table | shows  arable’ 023 113 0.1 e

some eypocal cabraluted values of &, ranging from 0028 © Russll | 960

to kD35 a b, Il:u' rorresponding farnover limes \’:f)‘ing T Burilbosiew & Kiklam (19600,

romn 2R o 35 yeaes The sare constar fin orgasic  Jenkinenn {1994
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decompasing by a Ansorder pracess. but one mmuch
mare quickly than the ocher. Alchough the model gives
Koty atvucite representlalion of the mitiu years of the

decarnposition process, an annmal input of Troal

orgamic cathon o the ol would unly  give an
cquiiibriam carbon comtent of 458 ¢, an arder nl
riagwitade ton xmali. The soil must cherclore contain
wt least one domparieent with 4 rate constant fin
sondlier tham that of the dow commgat tisesn of eguatinn
{81,

Ao even siapher Dand much tsed two comnpartmens

model was proposed by Henin & 1hupuix (19451, Inat,
elwe sineinal 'ulpm ol planl citrhen 1 A4, dh"nmpmﬁ. very
ripadly. forming 4 quantity of humus cagbon | A4,
thae i idkentcal o that alicady in the suel The G ior
£ hnawn as the sohamie ooctficient; it is comenody
wbour ¢ 5 for revdues frotn agricultural crops but much
Larger for materlals such s peat | Jansen 1988, For
thsls micded
C= fd b+ A e 14
where £ is the erganic carhnn onntens of the soil and &
is the fraction of this carhon decompomsing each vear.
Tl cquanticy o feesh plant <arbum present in the il at
any patticular gme & saumed o be pegligible
compared  with the amount of “hunms' carkson,
Equarsn 4 closely fits changes 1o soil urgaoe carbon
wver the 10-100 year peciod | Jenkinson & Johnsian
14770, wiving values of 4, thag are fie more realistisc
than i the whode plang inpet is assumed 1w join the
carboan alrcady i the sk s dn the nitrogen maodel
equatinn 2{. The reawn why 4 single compartment
madel, without an isohumic coefficiens, v adequare for
nitrngen Bus owt e carban i thay mwsd plano materialk
entering the soil have wile carbon ninogen rasios,
During tee early stages of devomepontion nitrogen i
theretore retained 1 the saal. whereas carbon is rapeadly
lest us €O

e} Mow-comparimenial decay wodely

Bosarta & Agren 19851 imtroduced the e that
decurnpstlion is 4 continuunm, orgadc matier moving
dowy a ‘qualily " seule as it decavs, tresh decompasn bie
nrganic maver having 4 high quality [« ar 1y, with
the it eesistant msatesanl present inthe system being

of zera guakity, 1o this apgeroack the peabiem of

selecting compartments and Drling raee cosstants o
them is replaced by the problem of estabdishing 1he
devay patiern for each incoming cohort of plant
riaterial as it eniers e il 2t decamposes {Apren &
Bosana 19871 Under  steackv-atite camlitmns b
amount of erganic carbon in a anil is then tiw sum ol
the conteibution frem that peiee's inpat plas the (raction
nf the previnus year's ingu remaining, plus the frastion
renaining from the yewr before that, and ws on, The
mathematics of this approach & more comples tuan
that of compurtmental models and it his nod, as ver,
twen applised W Inng runs of data from agricultural
sritla

o) Multicompuriméniul models

Many muincoempactmental models for the de-

PNE Praan B N deaw I Tuun |

Turaoses of erganic carbam umd wirtugey in sl

composition ol arganic matier oo oty e sl have
heen desceibed gver the past A vear. Most fcus on
the carly days, weeks ur months ot decay, when the
physical ane! clwmal composition ol the inconing
mintesial chomipace the pastern ed deconnpusifhod  Olson
193, Mindeaman 1968, Hum 1977; Smith 1979,
McGiall o1 ol 1981 ; Moling or ! P Van Veen # af.
1984, Andren & Panstian [987: Hadas o af. 1947
Bujannesky ¢ @f 1987, Hun e o). 1987 Houot o al.
T999:. Such model are usiadly validsed againa daca
froms licter bag experinents, labnogatoey ineubations, or
shott-teemy fickd incubaunns,

Tisere ae far fewer madels directad towards the
yrdrs-lorenturies Gmespan Rucel 1975, Jeakinson
& Ravner E977 Van Veen & Paud 1981 Viwoney of al.
19891, Parwm e 2l 193, Van Der Lindey o of 19487,
Parion o af. 1Y ; Jenkison & @ 19HT . Partee o o,
1388: Wolf v af. 1989, Three long-terim mndely are
ssualdly tuned und vafidated using dara from probonged
feld incubatiom with C-labselled organic matter, from
fntg-tevtn agronoenie experineenls or from ke
ments nn the pedolngical wale, e fian the effecny of
chimaie, vegetarian, lund wie ond =il type on dne
amonns <f onganie matter mosod In ali of them the
mialerial ina comprstimen) is wumed o decay hy firse-
orler kinetics, ws i eguation 1, s it the rare of
deconi position i a particubar compartnent is deerned
16 be u frature of the noganie madier wself, and is nevey
retarded by a lack of competent oagunisms, In mast of
these beng-termy models the mane comstants Tnr the
VAT court R ieents are muliplied by o o iewe
“rate modifiers” 1har alier the tale consiants 1o spead
decompositeon as the temperature iccases or o
divrease it as the suil dries our, et The rate moditicers
fir temperature, water conrent ofc are usuably mul.
vplied wgether CHunn 1977 Vin Veen & Paul 1981,
Jenkinson ol 1907, Van Per Laacden o of 1837
Partan er o 1908, alihougl this iy v oe meam the
only wiy of adjustng such models ow envaronmenial
constiaints {Friwel & Van Yeen 1970; Wondmansee
19781, The models are molly adjusted w0 that
decomporition is fister when sl are tilled (Parton
et vl 1UBB or, alternatively, is showed when the woil 1
covered with vegenatinn | jenkinsoen e of, D7) Oilser
things fwing equal, heavy clay solk contain rure
e watier than light-textared sandy soils amd am
wechanisiw mxlel st 1ake this into account, This
can be dene by wsing o rate modidier o desiense the
e comstuast as clay content tneneises | Parton e of,
19871 or by assuming that any devompositon produc
fnehuching the wiciobial Biomsass: that i ool sthilized
by cay is derompxiesr] very yuickly (Yan Veen & Faul
I8 1 or by deereasing the preportion of icrobial
mibistrate comverted re (0, celative to thal rematning
i thee il as clay content inoneases | Jenkinwen @ of
19487

3 THE ROTIIAMSTED MODEL FOR THE
TURNOVER OF ORGANIGC MATTER IN SO1I,

Tie Rothamsted trmover medel ileseribest i this
paper i o descendannt of eaclicl versiens | Jenkiomon &
Raymer 1957 Mot 1984 Jeakinson o of. 39870 In 1y
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Figwre 1. Flow o carban thirongh the Rothiomstod ouemonsn el coese drimmpmabile plan iatenial | nen, resistamt
g b
plant material: mu, wieeidial Licemas: wem, humne; w4, inere ormanic mateer

itigare 1| we attempt W sumubate the behaviour of sl
arganic manter by dividing it into compartments e
whicl there is eviddem m thar is inedependent of the data
10 be Niieet. Fach of these compurtenents is then
astumeid to behave as though it rontine a sngle speoaes
undergoing biclogical decomposition by a firsi-order
prowess The priming actinn b acsumed to be zem and
the prograttiong of an inpetl of naganbc mateer that s
deomposed after a4 givern time s w e
mddependens of the amownt added.
The tim: twe ol the live compartments meeded
called deconposable piant maserial s and -
sistant plame materal fwene ) sepresent plant carban
added svonthby fin peoporeions £ and £ frony ceep
rosdums. Jocoming orgunic tarben pusses  thiough
these compantmen s once cnby and all incoming carbon
is asoumed to belong o ame nr the ather, Drw and jiu
healy decomiponae o the sunwe producs O Jost from
the systeen), mviceabsal Bomas ooy, and amified
nrgank marcer (woMy Wiken subsorate iy artacked, it
assurned 1hat the ratzo of Bt to MU tormed i the same
Bor all When wuM decomposes, GO mory
mcrokial Dicmass (naee), and feesho s ace firoedd,
again in the saae progetion. The wdl is adso assumed
1o rontain a small nrgane compartment that is inect te

taken

swils.

Il a compartement in a parrivalar sl Luer contains
y ki b T b carbon, this cevlines looy e " at the end of
asprcified time fone month, when 1is e and 4 1he
cate rohslan fee this coenparoment A it matris
ini the madel converts the quanieey of arganic matter m
the compartment ac the beginning of the manch 10 tha
at the end, <o that the model does not proseed
continmnaly bt in a stepwiee Guabion. Organic matter
is likewise assumed 10 cnter the sonl monthly, siepwise,
Soil wenperature {tabes for convenesee w be the ame
ax the mean monthly air wenperaiure: ancd  sodl
wiislure content influen e decompositinn by aliering
the rate comitants, wi that devay duriny the month is
given by |1 where a iy the woprrssurs rawe
maoditying fucior, b the madsture rute moddying factor,
and 2 the plam recyinmeent faccor. Race modifiers o and
& fgnre Tane simitar i concepr bt differ numerically
from dthose waeed by Van Veen & Panl (1981
Decompssition is asamed to proceed ar the maninm
rate untl there is o waler wnsion of ~ N0 kFa e the
topsmil [mughly corresponding o a A mm moashere
delicir in the i T oem of wil e Rothamsted: Water
deficit is cahulated Trar the balarse hetween mean
monthly cvapneransparation and mean moashly rain-
G, assaming tisig the vl emeerges from winter ar field

biglogical attack (row . rapacity, with a vevs wil mossture deficic. The mnde
iy fd n el
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Figure 2 The efceen af (2 tewipdage,

Topeail Moistare Deficx (mm)

Inargune CEC of Soil (emal, kg * aob;

S wwas e, amd (0] sl sesiure one sate-mienlifylog Gatoe wad e the

Ruthometed cuenlel, ‘Lhe sniluence o inorganic <ation exchange capacity [sieen an the progidnion ol sabstcate carhod

vvodves] an £ )k
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Figuee X Dhvecwmpmition ol V'C-latefled ryegrass wisler Rekd cooditions. Salid lines i chis and i ligure 4 show the
unde] cuarpin as fnexl e the daca poants, Cuane a i fingl e decay in bar: Rodbuanseed soal (73,4 clay ., i sbaied
at Rothameced | corve b b deviay o ghiesd Rothameated soil lncahaned ar Rebiamsted, e ol lie:ng under gram soc
she Rerst 5 years (vcraimnsenl factor sce at G4 and bare foa the neat 5 Srntainmem lacmar wee an 100 Caeve ¢ i G
decay in Wobwrn soil (1.7, clav . incubared ar Hathamserd ; curve d e decay it Fghida wal | 1009, tlay,
s ulntted ae Hhadais, Nigera where e icam aniiead temspriatnee o 267G

citlenlstes 7 amd & on a monthiy basis, Fom data on
man tterathly aiv remperatuee, tainlall, aod apen pan
evapation, all tahen fiom the long-term mcweoso-
lengural recards for euch site. The plant retainment rare
modiang Tactor ¢ i sl 2t 06 feakimon 1903 when
plants are actively yrowing; when plant are nel
actively growing Jeg in e geried broseen harvis
and cwrigence of tise next vvop. v whiere e soil s
bare fablowed ; thes factnr e set at 1.

Fhee mndel is adjuseed foe soil eexion ina dilferent
wity . he rate coqaants Tor thes several comsparniments
are asimed o be wmaliereed by nexture bt the
partitinn beeween (0, cvadved and [mto -+ wew i Toomed
dunng decompoginan is asumed o depend on the
caticn cxchange capacity of the soil iorpae colloids,
The relatmn between  smorganie  catwn exchanige
copacity  abd  the ralin Cenbstrale goisg W
CO o Gsabstrate carlsan retdining in the soil as Bro
ples wus: wis obtumed  from Sorcmsen's (1953
experiments (Hgure 1) on the decamnposition of 240
Tabiellewd crllulime Qe soils of dilferent sesians, e
apgdying  the model 1o different soils,  the ratio
L0, chme 4 reows was ser at 3.5 for Rothamsted snail;
the valur eead fram figure 2 for Roathamsed sl
linoTganic cition exchange capacity 108 el kg !
woif; wan 21, wiviog o sealing fetar of 167 Thee ranios
alatarnced fow onher soils foun higure £ owere scaled by the
simt baceor. IF the imorganic ranon exchange capanty
o the sl iz pot knoan, the clay coatenr cun b
submeatted, mubtiplying perceneage clay ionzent by
UAD 16 give Swrganic ating cxchangs capacity This
shoald be nggarded 21w matter of expedieney: ration
exehane caparily s preferable as i1 gives moer weight

(LT SE TR S YR TV B 4 (0]

by $on exaanple, s maoramonllonitic thion aa kanlinivic
clay, The rate constam foe the g0 compariment was
sctoar hb a™, Irom recent mcasieemenes of the
tarmover omwe of ehe soil macenbia] hinmass wnder
Rethamsied condinagns | Jenkinion & Parry 1989,

The medicd, pogramimal in FORTRAN 77, wa
st Bteed] by iteracive adjustmens of the paramerers 1o
dara from  expenmoints  (hguee 30 i whole the
decompositon of labelled plane matenal in diflereni
snls was folluwed L B0 wears i the open under
Rothamswedl concitiows, The saloes finally selecred for
the mpur proportions wers £ <039 P =021
The rite canstanty an a™ | were ko= [0 = 0.3
and &, = 02 These eare constania are divided b 12
to give the monthly rate constans and apply a1 %3 °C
frean sl A tenperatune ae Rothanesed ;) see
hgwre 2 and al a snil nwdstaee debivit of lesg han
M mm ol waler, The value swhxud foc the caus (G
going © BlG C geang to HE'M) wag .83,

This veesinn af the Rathamamd twmsovee musdel
ahifters fooen b grevious pweded | Jenklison o0 af 1967
in twar wayy, The sarlied aplit of O wil micrehial
biornaes o oy nwgenous” and " auteckihones ' pegia-
lations is atausdeneed as Lthere are no dica sl s
sparation. The oiher difteremece 3 that the race
vorstan for the sew inglet hiomaes COM AN is
AE{nan exgennal eeasi remenes, oo, as carlice, tieaiend
as anathor pagieeter e be Bited,

(a} Model perforniancs

Predictions feom aln: model for wo of the Jong-tem
classical experimicnts are shown n tgere 4 Brmadialk

[ 56 |
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Figure 4 Organic carton inn the tep 23 0ol o Rathansied
sl (29,47, <lavi under continuway wheut  Hrosdbuik) 'The
avu plar (28 sevebo 3% Crvi ha  annually, aml the N PR
My plov B4 ke 5, B3 kg P90 kg K 2wk 122 kg Mg ka 7, all
armuaally apart ron Ballows wears, The by, applisd in eerly
b, wax assrnex] be tetain 737, of dhe carbon o the
oviginid planl mateeal fram which it was femed and e
craAin PP, kW anel wew g o Biomasad in e poogar ik
063, U3 and U3, wspectaveiy. In fallow vear, derompe-
Gnn was assumed b prex ol as usial wieh e Iresh v or
plant debniz conerang the sl The 0 cospanment
cantained 304 wa® The carbon inpuis used, afl an
tGha ™t a weee: unmanured plot 1.0 (haesdi; NPRK M
plot 33 tired |5 rva plon |9 (plant delais, fitied) + 3.0 rvg
Taenl.

crangininous wheats and igure 5 /B oadbalk waldernse .
Chganic  featie)  contents assuncd o have
attained steady-state eonditions whea both ficld experi-
mynts started. In iing the sooded e these data the
anby parameter allowred o vary was the annaal inpat
of carbon, with vontaie gualifcations scl out iy tie
figure fogrnds,

Farmwvard manune (FYMj roughly  orebled ol
organic carhen in B0 vears and this could Be cosely
matched by uw mode] prediennns gure 47, lasoganic
fertilizer abone camsed o soabler increase in orgasie
nsiter content. plesumahly by increasing the recurn of
stublile, 1001x and other plant debris to the soil. Aagiin:
the ditference briween the inorganically fertilizad plot
and  the enfevtilized conld be awadelled By wsing
plawsihbe | Jenkinson & Raywer 19720 viduoy for the
attisnal inpats of argaaic carbon. The model Chgure 3
can abo be made o gve an aceeptable Bt ot the
accumuluticn of onganic maswer in U old arable
Broadhalk sril ws i1 aeveits e wildeimes, if the annmal
inpat i Laken o b 53 cha™ a™t of carbon

One of the peoblems i modelling the tarmover of
orgamie varieon in soil s the grear age of soil veganic
matier as measured by radlocarbon dating s, fo
exarnple, Seharpensed & Sehiflmana (197700 Thas
tepranil (=23 o samplod i TR Bome the ae-
wanured plor of the Broudbalk eontisunus when
experiment, contaned 2351 ha ? of arganic carlne
Mgrare 40, with 0 measunvd eadaovarksan age ealeus
laved hack to 18881 of 1330 veaes. I the ireuldel is run
Withotl any it ed DEEINK EALICE (0N camrpariment,
ther wninputaf Lo ha™a ! of carbon wauld grve an
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Figwre 5 Avoumishstion ol mgarse carbosy oy a Rothanasted

soil (Broadbale Wildernes: that was arahle peise o FAAS
and then adluwrdd W revert s decilienas woidlamd | Jenkinson
1571}, Ihe sampling depth w 110 was Z3ow the carlwn
realty e adjosted Jor the dlececase in vl blk de iy
ilaring roversion 10M voniparteent 38 above. The modellvd
epate shown are fis plant cobwa jopurs of 30, 9 5 ol 4.0
wangicy € Ja a7, The nrawes ratie s scl st 7020 Ior te
Aot 5 wean when the deseloping wildermee was thanieiited
by et dsarenss vigeitliog, (herealter a1 2000, as rhe trees
bean b take e o L tUionnes O ha bt

B )
wmes Cha Ya®, o 0 pes it

cquilibrium carbon ¢oatent ol 2830, exactly s
ohserved, but the predicied average age weseld lne only
104 vears. Clearly soils must eontads a propeeeiog of
organke matier that is exuersely resistiand w balogiad
atgack.

Yhe ineroductaun of ao [oM companimeni s a
staniewhat arbitkary way of dealing with this peabilem
v putlating  tha:  Broacbaik vomELile
T00 Y aowevarbon aned that e annva! inpn of
lvesh phant caskarn s 143 9 ha™' a7, thre meded predicts
thiat  the soil will contain 2751 ha! of carbon
at eguilibrivm, again as nbsecved, hur now with an
average age rf 10 vears. An cislier version of the
mwoclel [ Jenkinson & Rayner 1977 solved tha problem
in i mnore clegant wiy, by pestulating that a vers small

topnil

Table 2. Menurad awd woidelled wafves foi il micrsbm!
Brmvmas s

sotl rerdeal
s
ky bromas C by
i =23 e faver)

vEpramitet pas nddniared  mcelellerd
Baactlralk unmanured 1843 gt L3
comfEn SPR My (08, o THI
wheal FYAM 2% 146y 1Hm)
Broviibalk wenpled wevidoss Piu 1624

waldder e

¢ hmshgi Wu, preosoaal communication,

P E 1Y Vanee, persaral oommirnaicalsen
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Wh NS, Jenkinson

pavtean of the incoming pling ruimerial entered o haghly
eesitant hut not et comparinenst, with & rate
vowrsean ol U 35 a7 Floweven, this version o ¢l
mrded predticted 1hae the docline in carbon conteng of
an ald geassland el browghl under the ploogh wis
much stower than sdzeeced | Jenkingon ¢ o, 1987 and
was therelore abandvawrd in fuvour of the present dos
3 mivke o sanltiLiosny

Miciolial biosnase measmirmicats peovede an in-
dependent teal of the valadicy of the madel in hgnre |
Tuble ? shows cabenlated amd neasuoed values foe the
sail 1oiciolial bisiass o the expeviments listd o
fisswes 0 ened 35 apsare Do e Gonyacd manure plol,
agerrment o toberalde:

4. CONCLUBIDNS

Mudels e g g L1oare wwlin! fur bringing
seattered duts dogether o @ cobecent aod coens
prebensible whedr, One of the aims of svientit
mewhelling is o s o elosely our deas, exprresaed as
a toewded, corvespond wath eeakity. Malliconparemenial
madely like the Rathamated surnnver mwdel are bess
wiclinl here berause the model ourpuiz are brought ine
correzpondence with realily by adpustaing the mindel
parametens o e e dexirend ik not feom indepoaden
assestne s of these parametens Mogdels Goied e s
erpiricial way  are boweser usretul for predictive
purpases, provided they have been tested over o wide
rangs of vondinnps and are oot oased osetesde thiesr
tiwiespan

T ams inleforedd to el fase | H Raymier, 10 BB S, Harr aid
n ].:,lllﬂ [l l'llll‘_, fur' hllp :-us l-‘l.‘ki\il1l: .u!ui conynl e lirlu l|:-(;
Raitlamstaal melvd ;1o 1denise Fo Phaltigy 52 the coenpilatinn
dixb comsiracrzon of tie Bgures, aend 1o A Wikl i anlvice., 1
thaik the Leveelulne Toust o suppost.
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