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Report of Dizcuszsions

Morning Session 24th September,1956

In the Cheir: Mr.D.J.BIRD.

Ir. GRANDGEORGE, Tresident, (Franos) ( Interpretation): Gentlemen:
Ofce aeain we are holding our meetings in the monih of September;
two years agc the Agrononmic meetings toock place in Bordesux, and in
1955 the technicians met in Aasrhus. Those present at emch of thege
meetlngs willl remember the ocomilong very distinetly ec that there
is no need for me to remind you of the detalls; but 1t 18 Mr.Bird's
inttintive which has brought about thege Joint Technical-Agronomlc
Veetingso. wa are baglnning these meatings with thils Conference at
Laucenne, and in tha name of the Aszociation I should like %o thank
Mpr.Bird for inltiating these meetings which, I believe, will be ver
valunble in the development of the superphos hate industry. Indee
it 12 not alwaye easy %o mix the work of techniciens end = ronomists
in the sems working seceilon, but the fmct that Mr.Bird iz the
president of the Joint Technlcal-Agronomla Committes encures ite
gartain succedd.

There azre two days of working seseions, seperated by a whole
day aeronomic cxcursion, and thig is & very pleasant programme in a
country like Switzerlend, which is #o hoeplitabls. I knew that you
will all be most interested in the werk and that you are not afrald
of difficult problems of modern physlce, &g I sea from your prograInme .
that one of jour Sections deals with the actlon of 1lsotopes and with
the problems which these powerful rnew mathods oring to those
interected in physical preblemd.

[ hope, therefors, that your work will be profiteble and I
am coertaln that the conclusions you draw will be very useful to
members of our Aptociation for the development of ocur industry.
Being neither technlclan nor arronomist, I am going to =8k Mr.Bird
to preside, convinced that under his cheirmanship your work will
progrecp in a wost pleasant ond interesting way and that your
conclusione will be beneficiel. (Applause).

The CHAIRMAN: Mr.Freoldent and Gentlspen, firet of all I
should 1ike To Ihank you very much for the kxind referance which you
made to my prrt in thia ldea of a joint conference of acronomlete
and techniciens.

0n behalf of the delegates, S1r, I should like to thank you
for your greaenae here today. 411 of we ¥now that you are a very
buey men indeed, and your beins here is & sreat encouragement to
myself, to the Chelrmen oif the Agricultural and the Technical
Committees, and to the delegates,

I am sure the delegates would mleo wish e to convey to you,
Sir, our very cincere and hearty songratuleations upeon your recent
appointment ss en Orficer of the Leslon of Honour. '
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Gentlemen, ‘I BT Euﬁe you would wish me, on your behalf, to
congratulate 2r. Mervilla™ on hio recovery Irom his recent very severs
illnesa. Although he i net rolng Lo take too motlve a pert 1n our
discusglone, becmuse both his doctor and his very charming wife have
forbidden him to . do o, we are delirhted to have him with us.

The Fregident in his addreos made oome brief reference to the
reason for this Confarence. It iz true that | mede the orisinal
Buggestlon to the Touncll, but I think it ig the Council who must take
the cradlt lor having taken the decialon, It arcze from the tact that
when I sttended, durine rmy term of office, conferences of the technic=
lens and the ﬂngﬂONiﬂtS, it was colear that on o number of cccaslons
pointe arose which could only be ancwered by the cpposlte side: in other
wordg, in souc of the aeroncmic discusaions 1t was gquite clcar thet the
onewer lay with the techniciang, and at the rmeelingo of techniclens
1t wno gqulte clear that before they could take a decision they weould
have to have the sdvice and cpinion of the asronomlsts.

I think it is enccuraging that al the first Joint Conferencs
we hove ot some zoventy workerd, and if we include the charming
ladics the tolal nunber preszcnt ia over 110,

We maluc hoves four ~uects whom I zhould like to welcome in your
name: Mr. Arnold of the Union des Dyndicats Agricoles Romande: M.
Gladlger of The Ztmntlon federele d'esgais ot de Recherche; Mr.Shantz
Trom Canedlan Chenleal Industries; ond Ir.3cubiees of the Staticn de
Hoeherche Asronornlgue at Toulouds, yeu will rencrber, Gentleren,
that after our epricultural conference at Bordenux aome of us went on
down to Toulouse and visited the works of the "Orfice Nationul
Industriel de 1l'Azoto"and 1t's Research Station of which Mr.Soubies
1a the director. -

Ar Chalrmen of thile Conferonce, I do wish to thenk nost
gincerely Mr.Marville snd hic Committee and Kr, Stevenius-Niclsen and
his Comrtttes for all the work which they have done in sdvence of this
raeunlon, They have sclected the gpeskers and arranged to set the
pPEPBYL. I am mosgtl grateful £ o then and aleo to M. Cherllere and the
Agrononde Advicory Ccommissicon,

Pinally, ¥ wisgh to thank those merbers who have produced the
papers, beceaude those of us whoe have been regporsgible tor organloing
thle nmesting renllse that 1t dees peoan a tremendeus lot of work and
effort end it 18 much apprecinted.

How I ohould just like 1o gay o word asbout proccdure belore we
start. At thisz reunicn we are goins to Try san oxperlwent and we have
prranged focr Two paople te introducce eack subject, one being en
agronemizt and the other belne s technicion. The pepers will not be
reod, bul we hope that the wrlliers of the papers will be the first
cpeakers wlter the two introducars, Then each group of papers will
be open for pgeneral dilacusedion. I would ask, 1t poceible, for
gpeakers to bresk up thelr remarks intc —hﬁzt groupa ¢f Fentances 9o
thot they cen be tronclated as we go nlong, rather than haeve & long
gpeech and then try and wive o swmiary WhiPh may miss out gcome of thc
mere ecsentlel polints.

Te reallse that one of the main values of o (onference of
this kind i@ to get out the reporits as gulekly ap poecsible after the
meeting hase finiehed. Tith that object in view, we have sppointed
four reporters who huve volunteered to prepare o swusary of the
digcuszion on cach of the four groups ol paupers: they will endeavour
to check up thelr reports with Lhe apesmkers before we brenk up oIl
Thursday. I will not read the nanes of the four reportersa: section
1, Mr.Haesa]les of Helland: section 2, Me,llark froo African Explomivem;
aectlon 3, Mr.larsen of Fleaons: snd section 4, Mr. Carpentler of
L.:2.W, A, I gperkers will co-opernte with these reporters it will
emable ug to got our guniarised repert ocut withdn oo motter of a few
wecks, |

I o toling tha Chalr for Lhe firet ot of papcra;  Mr. ‘
stevenlus—-Nlelsun will preaoide thls ffternoon, Mr. Dior on Wadnesdoy
for thae third get of prpore 2nd Mr, Charlicrs Tor the Tourth ot
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gentlemesn, we now CORE to the firet gection of our fonfercnce,
nThe Influence of Tadio-aelive Iaoleoped CIL wartiliser Technolosy."
There ares six DRPEI'R, and thore is a clicht alteration to the
programne: the opening speaker Irom +ne tecnnicel gide will be Nr .
Licrton and not Vr.Sherwln.

Mr. 4. L. COLEMAN (United Kinsdcn): Mr.Chalroen, DRy [ be
permitted to raloe | er arising from youlr addreas? You have Tes
ad cpted our croditional formala ot maklng ug to be hrief, but the neod,

navertheleos, remaind. T hove aslculated that if cach nenpber of the
Gonference were 1o rive ono @Zpoken corcent about each papal, he would
have to restrain himaelf to fiftesn ceoonds. The procrame o thet

bazio 18 indeed conpeated one, end [ wonder whether The arrangenents
that we have enablo w9 1o do full juslice to Lhe varions intercdtd
invelved. The aulthors nre &ood cncugh to be here; the coMpanied

are good enough to permit uz to have the infornetion which ip esainsd
from months, end conetines yosrs, of investlrztion; the gommalttes hes
the onug of deciding what arrangeLents are heet for an internaticnal
confercnce. vou have relfzrred o the difficultico vouroolt, Sir,

and they are very egreat for o conforence sobracing such @ wide ncetion
of the sclencef.

Laot but not lemst, I wonder whzther the arrancernents enabls vl
to do juetlee to oureelved, MThis concested progloiile, I wugocot, 1u
one which dces not cnable uo to benefilt o the fulleet poocible extent.
I Leok into the future pnd I s=¢ that we shell goon bhave to hring each
nig cwn pet brain machine ond compunicnts wilth cach other electronionlly
put then there ars custons’ forpalities fo think shount.

T would aok, in view of the meny d5fTiculties that do griet on
thage cccupicng, that armference procedure Ay be given on
sppertunity for dimeunoion ot conforence lsvel,

; - In enower to Mr.Colensan T would essure hin that
the difficutties whleh he had centicnad hove been borne in nind by the
(rganizing Comaltioe and that 18 Oné 0t fthe reszons why we Gre gues el -
ing that the papcerd thenoelves ghould not be read, but thalt we phould
oonfine surseives to havings en opensh rron each side mnd then a
diccuncion. T on gqulte =surc we do merse with you, thet we Ao &8k
gpeakers b spoak briefly and to the particolar puint which they wieh
to ralae.

T pnow call on Mr.Horbon 10 openkt on the firat caction, MNr.
Hoprton 13 speaklng ag o teohnician from the Tnited Kinedoil.

Mr,Q¥E.H?§TCN (United Kinedor) s Fr, Chalrnar, delepetes, 1
propese to divide Ty reparks into two pprtes the first will be aune
goneral Lheervationsg on the gubject mmiter ot our neetingg and the
fepond will be one or Two quettlons tn the cuthore of the papers with
awhich I hope they witll be snle to deal in due CcoUr3Is.

Te have oct down bolore ue &b the object of this nae ting, RO
vou ¥now, 1o dl=cuge "The Influence of Tedio—actlve lTaotopcd on
Tartillser Technclogy.” We pre given three hepdings: Tiretly,
noontrol of Troftaoctlion™; cecondly, vanalysic' . and, thirdly,
nItitication® .

We oxo saach Spdeb ted to the auvhors ot the very able papers
before ug. In relativn to the Agende, you will notlce that we hRve
one papcr which ralls under the headlins of noentrol of Troduction,
we hove saveral papers which are a.ncerned with lhe utilisation of
fertilisers, but T do not think we are =c far In posgezsion of any
new infeormation on the wos of radilc-active Lootopes for the purpoded
ot anelysld.

Tha problels that face The teehnoloesiat and the asronondst in
cur cublect are very ¢ld, mnd they have bopn tackled by the
traditicnel procedures of eheniotry, physics and blelogy., There 18
n vast literature dexllng with 1he atterpto to understand the
trunclocation of Leng and the VEIy ccuplex collodial gyctern which



o4 - LE/843

exlats between the plent, the roote, and +the salts end acll ayaten.
Since the war we hove bean procentad with 2 new turl; n freoh teol
or toechnigue 1e always of w#reat rimmificance in any Solencg:
evelution proceeds by stops and the Introduetion or dilscovery of =
new technique is $he etartings point of o whole flood of fresh
infornation and new ideas, Thi= 1 trus of Jur gwn subject and
the avallablility of what we call lepclled slencnts. Theoe
elements new have, or can be given, a charscteristic such ng redio-
actlivity or particular muss which enables us to follow thor and
track them through thoir life history, This neturslly hes opensd
up entirely rnew fielde ¥ cxperiuent und thought.

lany elcments with whiok we are cuncirned sre noew avallebls
in a radlio-active Forrm, One o thew io of particular intersst to
ugzn rhoapherus — end i+ 1 Toprtunote “hat v radic-active forn,
P2, i3 available for 1t has nseful and eanlly condrclled mnd
m%giﬁulated characteristics from an expEricental point of view,
- hae a half-life of 14.2 daye so that it 18 poseible to. conduct
cxperdnents without beine too deprocaed by the tine Tactor, end =t
the other end there iz 5o insuperabvle problen of dilsposing of the
dangercus product becausc itg Life i too long and too intenpe.

It 18, hoewever, classcd aw ong of the dangerous lactopes ‘
from 2 health point of view and, therefore, congiderable olaborutions
of tachnigue ure neccatnry in handling 1% safely,

The e¢lerent, Ijg, can ba Qurchased in Americe and in England
and 1n zther places, It 13 obleilnable in the forn of eny coronly

veed phosphorus coopound, I't can then be Incorporatcd, nixed, with
the normral ingcotive fertiliver, and 1t is obvicus thot there 10 g
probien of dilution and o f mixture, Tou xuest heve n dilution which

is cuffleient to take carc of the Level of radiation oo 4hat 1+ 1is
ot excesslve fron the point of view of injury to. plantg esnd, at
the swe time, you ouct ot o parfectly even dlstribution of the
aetive radic leotupe thriushout the sntire mass,

Durlng +the lasgt ten yeara a vary large numbar of
experinmente in pmerlesn end ip Durcpe have been cerried out, with the
result thuat we now know a great deal obout the pﬁgeautiona whlch are
casential o get cound results fron the uga of Pie, It 12 obvicus
thet you just ensure that the rediation from the schive raterinl
fhall net be =sufficient to disturd the biolusical 1lifc that you mre
exanining; otherwiss ysur rcault will be vitiated,

It 19 obvicusa too that ¥ou lwst actabldiah that the product
Incorpoerating the radic—active nterial heheves bionloglerlly Exachiy
the caue as the inert oteorinl.

It im wlso very desirabls, we have found Trem experimen¥g,
to do your experiuento atl Hﬂf% then one level of intensity of E2<.
preferably, Tfirstly with no T2, gecindly with o cortein level, and
thirdly with & higher level. From three points 5f that sort on o
CUrve you ean draw Lore velld conclunicons than from twe,

Although creat work has beon done, 1t is the ecruon belilsf
that the zubject lo in ite infaroy, thet there iz roon for 1nprova-
ment of techniques and for wider applicaticn in the study of nearly
all the fundauental guestione which biloplnty end aercnonlsts have
been asking, the process by which 1ong met lrensferred from sclution,
through the plant roote Into the rlant leaveo, Te are at the
begliming of this wubjoet, end 1t 18 the beller of ue teochniclens
that it 15 o fruitlful subject and that meet lergs rocearen
wreanlentlons will find 16 profiseble o have facllities fur handling
ralic-gctive leotopes in thelir sxperlioental wLrk, The=s ey not
nly be phecsphorus, but Lany of the mincr eleuments, snd when we aome
te nitrogen we nzy have aguip cursalves to use not the radio-
actlve focility, but the nnses Gpectroeraph eflfect which can be handled
and used when we have vaileble niltrogon 15,
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Tn view of the shortness of the time, T think 1t would be hest
1f I deferrcd ny ocpeoific guegtimsa =n the popero to o latew atagre,
particularly 1in view of the fact that delognteo mey wish To reise
gimilar pointe to thoese L have ip mind and nay Themeslves do 9z,

The CHAIRMAN: I now eo=ll upon M, Haaojes fron Holland, who 18
the cpenind fpoaker ITerl the polnt of view ~{ the agronomist.

M K.H.5. HAADJED (Hellend): When discussine the influence of
the use of TENIS-RCGLVe Lactopeld Upon the technology of fertilisers
we are desline with e topic whileh coverss only & spell port of the wlde
rield of possibiliticu frr the application of 1. Topes in nodoern
research. It can be seld that the use of fgotopes and especlally of
radio—nctive ieutepes hao made 60D revolutionary proaregs during the .
1aet ten years; Just ol the uge o1 varirus typos ~f plastics hed
progrecoed {or ell sorto of purposes in nodern acclety. T+ 1z hardly
poseible to nentlon = cethed nf npplieaticn of these riaterials which
haes noet yet beern axplored, or whickh i2 not beoine gxplored at the
menent. we mll know froq Lur oWk experience in the tactory and the
laberatory thet theoe plustles nave enabled the nman in the factiry nr
in the laborotery te solve ialy technicsl problens and tTo lnprove
sxioting ayzteme which d4d not work as porfectly as walb decired,

sirdler conciderations spply in commection with the used of .
lsntopes. I+ 18 not =y tack to edseds In thie intrcducticn the value
of 1gotopes ln the technleal {ield, such B4 ipprovement of production
setheda, develvopuent of new producta, checokiny of the production )
procoss, cheirlcal snalysis cethods, ato. 1 have to¢ confine ny#elt
to a few recerks on the qzefulnessz of radin-sctive iactonee in
agricultural resesrch, which 1z part nf the limense field of
bizlogical and phyaiclogical regsarch. Being Dainly interesoted in
the influence of fertillser applicatimn on plant growth snd eraop
roductivn, Iy Ienarks fodny will be kept within the more NArrow

irite of problens and rencarch recarding the effcotlveness of
fertiliaere.

Mogt of the papers to be dipcupsed will deal with the use of
radin-active phuaphorud in regenrch on fertilisers. This ie not due
to the faet that we sre azeting epch othcr herc as auperphosphate
manufacturers or reselrch workera connected with the industry havineg
only a limited intercel in Cfertilicers other than thoge we
panufacture curaclvead. Tt isht ve that the technical man 18
puppoeed to have an gll-riund knowledge con ltend concerning hile own
plent and in adaitdlon on frese of eorreopondins planis with sinilar
production proceiies. mhe arroncidst, howsver, would be ugelees 1T
he only knew cverything about hib own products, The probler of
fFortility and fertllisation 1e 5o compliceted end tied up to such an
axtent with other problema of cron production that hig knowledge hag
1,0 cover large parts of the cntire Tield of agricultural sclence.

Tt 1o 1in this lisht that the aub jcct which will be dizcussed
during thils Joint Mo chnical-Agr cnoiic reeting sust be geell. The
agronuniot has to deal with subjecte beyond the acope of phosphates
Ly Nevertholees, the resegsrch @ phosphates 1n fertiliser, =oll
pnd plant will be pophaglsed here. Lg I have nmlremdy saild, thig
w111 not be done becaupe the arronopist confined hingell tc phoa-
phates cnly. The readson can be found in the subject itoelf. It
will be seen that nesi of The recpprch hae been carrled ottt with the
aid of radiz-woeiive pheophoruaé. uvidence of this can be Teund in
the internaticnal literaturs oo e wea oF radio-active lsct.opes for
agricultural recesrch [UCpHOASs. The lact is that radlo-—getive
vhuaghﬁruﬁ was one of the tirst lsotopes which was widely aveilable
n adequete guantitics, Vere.ver, ito physical properties arc
Fether sulteble and congequently 1t h%g beon used on w larxze ecole.
411 thils haz led to the regult that F2O has played an inportant part
in agricultursl rescarch, all the ore b cince photphote is one of
the ain plant autriente and the hahavlioue 5t phosphats in poeil oand
plant has f.r & 1ong: tise becn a pop etery In aony reopects. Thanko
to the fret thet radio-pctlve phroephoruy becale available scome ol
these pyoteries hnve been ~olved mnd the gilution of others 18 woll
A Vg wWRY .

T T
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It 18 the intantion of Lhe Avecskers to give you today a Tew
Bxanples of what ocould he attained through the uac of radio-active
isotopes. Tt will be clear that on the one hand 23< cnebles the
AEronomiat to arrive et the aclutiown of 8 prouvlem much quickey than
with the cxiating conventions] nethods, and on the sther hand +to
Bolve problems which could not porsibly be solved ot mll with the
oldar methods., In this lattoy respiet, one of the mogi: gtriking
Brauplea is the determination of 1he perecntages of the total P-
content in a plant, which oome Irom the phosphorona alroady proaent
in the native go0il and from the fertiliser applied to the goil,
furthermore, it ig now possible to determine what sourco of phoa-
Phate the plant prefers in ite various growlng giagss, sven when
mixtures of phosphaetic Tertiliasrs of differcont evallabllity sre
applied. Theae points and Deiy other very intercsting gubojecta
will be dewlt with, such ag methods of application to the soill i
to the leavag, Pelivabion, detevmineiicn of Gvallerble z2oill P,
uptalte of P, effectlivencsa of < fertiiiesrs rvelated to gize of
particlieas, cte,

Hoat of the ciperimenta which WooaAre going to  digcuss hove
one thing in copmon, newely  that the resesrch worker had to work
out his own maotheds and to Tind his own ways to wreat the gacrets
from mother nature, because he wad g2tving hie foot upon new raths
by using new metiods.

Thanka 1o their pereistoney, results have been obtained which
willl enable our induetry Lo imvrove tac effectivencas of our
producto and which will Fupply our commercoisl deyartments with duts
To be used either to inform e customsr about the use of 4hepe
producte or for advertising vurposes,

Wi hiEve tacse objects in view when carrying out experiments,
put cannct prevoent results 2eing Lecaog favourable then wa would like.

Lt 19 wish omeh pleasure that my collaggues are gulng Yo apeak
0f their cxperinents and those of other workers on the noe of
radlo-active L8ctopes in fortiliccr regearch,  We hope that the
discuzsaions will be cnlightening and will yicld some azpects which
may be uaelul Tor future wiorls,

VIS CUAIRMAN:  Than' you wvery much, IMr. Hacsjes,

T am now going 4o dhrow thim opern ror general discussion. T
would suggeat that if possible Bpeakers frame their romarks in She
form of opuegbtions on the actunl poapers which we havo got belore us,
and they can then be anawsred by the writcrs of the rpapera.  If we
do it thet way, we shall got down more to actusl deotalle and avold
gencral, rather wide discussion on this very comploy matier.

Phoum WOWT60 - “RADIO IB0T0245 .6 4 TOOL IN 3yUDYING MIvTHe LETEODE
by T.8. FROWNLIN (imited Kingdom)

Mr. A.Z. CODENAN (United Lingdom): May I conment on Mr.
Drownlia's taper? I found 11 to he extromely 1otercating., Tt doas
aet out-in un c tremely aimplo way the organisation end proocsdurss
whletr arz meccssery to cnable investigatlong of this kind to be
comienced, I think it gives us Sroat reagaurance becapasae gome of
us oy have folt s little worried about thase radie lootopea, what
they would do to uo if we vere not looking, Mr., Brownlie, in al'tfcet,
aays one should take tne right precaubicns and there isg no riek.

1 ahould 1i%e to nak o specific question about the part of Lir.
RFrownlde's experliment which is concerned with the tagging operation.
At this stasc he gaye vhat hae has dlsesolved the radio-zotive modium
carbonate in solukion wnd apraycd i1 on to a minor additive 1in g
peddle mixer, It seemna to me that such ch ocheration of 1tacll neoad
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not be periect ag 1 mlysure . Therelforc, in the Ttabulationz oD the
penultinate gnee, mablc I, the variations of counts reported rny
roflect in part e variationz of imperiect mixings in.the tagglng
operauion. ‘ : ' '

Mit. 1.4, AEOUNLIE (Unlzod mingdon): i, Chalrhar, in anawer o
that gucstion, L hoaTd like o day lhal in the Lapel I have not
gypecifically mentioncd tie zpolicasvion of the rwdioc isotope 1n the
conoentraotzd stage. o2 ard trirly satiolicd Fiaet the methoeds we
used were oufiteionily good by doing a olmllar axperinent on o
ampllcr secle with o morce dilute activity, Firat of =ll apreyindg
the redic isotopo o To Lhe ebeoinl in the small nixer, ond than
doing a sinllar Tyws ol nrnelyoiz on that cnd being able o dedilc
from that, that dne rirel alecn was, 1n Teot, guod snough %o allow
ng hto o v To Ghe accond onc.

. WL, UTLALIOHD (Belgiaﬂ)(Intoxprct&tiom): sfter roading Mr.
BrowalieTe pawvcr, 1 oellve thal the proposed method of noing radio-
igotopes Tor studylng nixing is perfectliy ahawn 1n the problem which
ig dally hecomlng more loportant - the introducticn of STioe
elencnte into macro oclementd. T ghouid like to asy {he suthor of
the paper 1f the godiun carpunate uged in hig expelinenTE can Serve
28 o gencral example ol iptroducing trace slementd.

In other words, can 1u 00 gnld Lhmt @ omlxvure which 26e€ms
narfecs by lthis e tlhod apould hoe sgually aultable when we lntroduce
the trace-clencntg whicll are widely uged in oracties, duch as
gopper, Line, nichkel, lrun, cohalt 2T, and 2mond thago elenentd,
ig 1t posoible to ude cny of lThew -8 saolily as tre Tracer Na<h uzed
uy the aathor. I repoas Ly guestlon: T shoutld 1ike to know it
thig mothod con be cxtepasd o drnee-clznents such ab those which
pre offoen uped in practice - copper . iron, HIRG, nickel, cobalt,
ste. and aroe radio-lsotopes of thooe cleoments mvailable, and which
n¥ thowr czn oe uased?

Mot. T.oa. AROTNLLIT (Uniled ringdom): T would ony that thers is
no cagh Tor uaing realo Laobopos wher yoil have elenenta which can
be sasily chendeslly analysed.  We hove in thias psrticular & xanple
in the paper guoted radlo Loolopes for mixing puch things as antl-
bviotiog agnd vitamiaa Lo VeEry emell spounto, pscouse the runber of
testd which we had to do and tae difficuliy of analycis would have
mzde bthe lengtnh of time rieguired for the irnvestleation very long
and unceonomically abttractive 50 that for zach particular case I
think you heve ot to oum up the pooition and make oure whether it

ig pdvontageoud, who bier i 1 owind, ol soonomle groundd and on
Momlth grounda, Go g0 ahead with cadlo Lavtopen 1n plact of the
cotoblighed chenlcal noethnods .

e, T, PLeURY (Wrance)(Interpretation): T should like toc asx
[r. Arowoliz a guodtion.  ROw ewll o poale can he used ToT tnis
proceas atill to e uselulr . Srownlie i ille experinents
mentions a sample of 1 10. out of 100 kgs., and the lopulzed wre
counted in lonis aaaple. woul A4 bhe wrocgsdg be just as valid for very
small guantitics, and aould we Iind out, [or gumaols, whether each
grunals in o granulntod vaytiliger contrina fhe aname quantity of
traca-clencote, as M. Mrurd lers @nlid?

L, 1.4. BROVOLLL {United whangdon) s The aomple aizo haz Lo ha
detetmin®a Lor each particuler investigatlion, In the cage we have
gquoted it wao & prmple of 1 pound i.e, 453 grems. The 21z€ of the
pample deternines the setivity which you st uge in the investlge-
Lion und thcre 12 o reagon, as Dar as T ¢oan 9ec, wiy  you could
not go down ab 1rast to o nunber of granmalag poriapa not 1, but
say 1C orv 2C. LU nay e that when you have coleulstad the arnount
of activity to be nacd, 1t would ne rathizr dangerous Lor +he people
dolng the job, 90 thal Bhe only Aifficualry with the size of grmple
T think, ie in the madionl hawarnd of walng the rodic igelopc.
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ME. P. CRAVEN (United Kingdom): I have two questlona with
refcrinod to Mr. Frownlic's paper. The firat one deals with Maeble TT.
Iam not guite clear heow 4t ig that one czh aggsume thet method A is
net as good ma method B, when vha S-pound geaple gives a probability
of 99,97 and there g, therefore, oaly o« dlfiTfercaes of 0.17 which
would nct anpear to oo algrifloant al thoet gteee, alibough in e
cree ol Lhe l-pound ganale there 1o n definlite difference. Whather
or not that is due to the ganple slze or the nixing method docas nos
nEpear oloezy Lo sz, acfereing 1o Table L, in nixing metkhod A,
agouning that iz nol ac good, oneg does got Shia general patiern of
an increzse in counting, in thils caoge Fron approximately 200 up +to
LO00 for sumple &, dropping off slightly, up to 2000, wnd bhen
dropping down again. In other worda, do aot {hese counte yathor
inler That a certain amowns of seirefaiion ia occurring? That ig
question one,

tiestlon two 1 vhether ar nmos wr, Jrownlie could Fmive mny
SugEeslions on how thig leehaicque could he Eobiied G0 gramilation
plante wherc we nave much larger tonnages involved. 4 would not
EADCEr G0 be astialactory vo BRray A larse jonnage due vo the fact
thot In drying it ofr, possinly ro-~preparing it. one is f0lng to get
3 dlfverence 1n aige alsiribusion which wlll of iteelf lead to
further segre.acion?

ot T.oa. PROTILIZE (United Fingdon): 0On <he fipal puestion
regaralng Tadlc™ 1T and Tahl - L. whe rosson for nethod A approsching
nettod I odn fhe Lzat colwn 1g Lhat you are doilng two things: you
are teking, firsl of all, = lorger samglo dn the czgs of the S=nound
ganple, cnd you are taxing a widey probability 1indt of 90 to 110.
Therefore your rosulis hove cona 1 close together a2t that peint,
Tow would not 2e ablo 4o 84y, 1t you had adopted thoow condltions,
that method o wos approclenly worae than method B, e {ipe when
1t does booore poor is when FOuogo to whe nore rigid limits ol a
i-pound ammplce and 9% 4o 10% par ceat linite. Tha vceulto in Tepble
I werce put in juogt as o genaral exonsle, T 2o nol want you fto vploce
too much wisnifiounce on whatliier therc yas Aegragation or net,
It 1s poweivle that vou can do. that pe of thing from theae resulug,
and dizcover whether vou are autting segregetion, but it 1a rut in
here morely os an exanble of thoe type of results hat you can goty
for cxamsle, the cort of rags of activities you get, renge of
counte per sauple duce to the nature of redilo-active counting, Therc
are T ey ey et this Ppoint, slotlstical nsthods of determining
whethey any porticular rosull 1s out by . ulle s Lot due not to the
pixding or to the msaterin) YOUuoare walrgey, ot fue Lo o rendom Fault
DCCUrring in your counting aystan,

Tith regord to tho other wasation, the apnlication to Froanila-
tlon, wo have 1ol speeifleally venviocned in the hapor paricicul ar
epplications o Tersiliucrs, but thore ore various things which one
nigot do. 1 do not thinkt fheore g any marticular reszson why vou
ghould notv npply thizs pethod T o grenulation. It may oo thet you
would find chenionl nethods wmoro pluraeiive for a specilic nroblern,
in granulotion you are nermially dcaling with macro conslituents in
the mix, but you say have ocoarion to uge trace slensnls or, for
example, antiblotica in the Terlilipecr craaules, I guggeat 4t
Might become more of iractive 4o nas 1t in thal caso,

There 10 one olhor posgibility, thal you might get nway from
tie mixing aspoel and atudy such things as the growthh of small
granules In granulotion procedure. It s polintie bit difficalt to
gae just how the pranulos arc building up: tor example, therc may
ve the Tecling that amall cravivles of w ocertaln siso - what you
wight call pin-hends - do not tongd to arow very rapldly in the
granulaotion and cireulate in T avatin, and yen might think it worth
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whiite to epply thiw fLeonnlous O gludying = particulesr granule 21Lé.
Wa SUOUTITES (Mranc@j(lnierpfﬁtttiOHF: T should like t0 Aok a
[OIe Eencril wesusion.  In <he fertliliscor induztry, what ie the
1ipit in the uas ol radlo—igotopes? (N gensrally hoped, Ty the
wge of raglo-lsowopes — 2t Jesath secording To corlain qoocounta - 1O
he aoLe w0 Ldoatily snd SO Aoterine in the shoophoruas which the
plant abooros, whe mart which comls s traom he  Feouililscr pnd that
coming Tyom the soil, ShuE ono Conlo with (ueoations of locallsation
qud of utilisation of Tartil lacrs over ond of gevEeral YOors. Zut
hero therc 1s o questlon of ciatinguishiag b Twoen the vhoaphoric
aold Jrom Une fertitiscr and that Jrol Fhe scil,  If the fertviliaer
romaing well isolated in The aoll, wra il ke phogphorus — OF av
lenat the pacio-nctivity 1n whe phoﬁphorus - in the fertiliaer dowd
not nix with the phoaphorag 1in +la goil, then @it 18 pooalble o
diatinguich helwacn the smount whilch comes Trom Tha fortiliser and
the amount whieh comes TTol the zoll. In thia onse, the technique
ig porrvect. But L ihers o nd igotouic excliongs Lefween the
phoapnorua in the fTertilisor and Shatin the soil, thon we nlé WIrong
o neagure tho finel vadio~-netivity. In thig cage, wt Cohl only 1RE
the radto-isotope metiod to measure tho total quentity of gxohange-—
able phouphoric acld in the moil. Thie would ne all right.

T »put this question o ihe tecohniciana and AFTOTOMLAGH pregent.
What i@ thelr position when faced with this soner el problen?

WR. 5. TALELN (TTnd ted Kingdor): Tho cugshion of cnchange
betwéen he wpplied labelled wphosphabe, pnd Lhe soll phogphate 18 &
very big cueation, snd wo move not golvad il yet. Dut there mat

be an oxcnlge: wWo cennct mvold 1. Therefore 3L we are aolng to
do exporinents with laboiled phos hate, it 1a betur Lo bave 2
conplete exohanze thun to have o part exshings. for examplie, in

an suxpoeriment whero wo nix the pnoaphale yhroagaout tho zol1l, in
order to gt mn even Alguribution, we #iedl noe the besl facilivlcs
for n conpleate cxchnngs. Tyt L0 we 2re dolng f1eld experinents for
Coympple TOo COIPATE wlacling tie prosphabe in rows with brondcaal
applicavion, we Fhell in the firet cesc, nove little oppurtuﬁity

For exehonre, in ohe auaond czzc the npportunity will he hetrer

pnd that will ave JOne hesring own the roaults obtained.

1 would algo add that The cxolange process Lukeg Lime, and 1
will be three wooka - conybe @evernl weiks - nwefore we have an cgul-
1ibhrium.  We need o recch A certodn ghote of cquilibriun hefors wo
ean dreEw SY conelusion Trom the cyper iment. L think thoat snewers
tha quantlon.

MR, A0UBIES (FImﬂcu)(Interpretntion): vou did nol completely
angwar tae gueation., I ahorld like to know the Linite of utiligation
af P32 in ths regcarch o fertilizcers. You cnid thoit you can have
5 complete exchlonic, ot slat reans that you cab delernine the Total
cuantilty of P3¥ which exigtud in ke aoil plue the guantity Lrought
by the foptiliper,  Put you cannodt 1dentify Lhe P32 from the
fertiliosr,

(. 5. DAnSLI (Unitcid Angdoc): I avouid liwe to lmow the
1iniTETion Lyacli - N&T @ why woe arg going To Ao some exporimenta
on Lhs provlea.  Rut ¢hal T oo conccrned with 13 the isotope dilutior
in the acil., L think Aigtinguishing Lo Twonrn the Mfferent pourctd
of shosphoraa 1o “me zoill 1ls vailer gifficurt. I T wonld wxpress
myacl d1n ay way G badmieing, ) owoudd suoak aboul an cvallable pool
o[ phosrloras in ez ogoil. By odding soluble phosphate TO the goll,
“hip smolublo ohodphas? w111 rooed with the s0il and esxchange with o
cartain part of fthe goil phmoophorud. ‘This reaction will Ok
cxpressed 1n the izotopic a4 latdon or, atrictly gpeaking, 1in the




Speclfic concoentration of ©35 i reletion to 231, Thatl 1z the only
ULETEY Wwe can g, Mo emnnot Say for certaein that we are Taking up
o coriadn smount of oupr Fhosohorus couing Tron the fartiligey ad a
certain amount coning Irom the anil. whet we owun say is thet ihe
plant 1p Talking up o nigture of The two {epes of phoaphorus, and the
ratlo of thie nixture 1g Bxpresgod in the speoifio actiivity of the
plosphorua in the ploat or in ths 20141 Cxtraction,

THE CriaT0ITA Y Gentlomen, I told YOu wien we atnrted thet thie
Wil 1n soie Ways an experinent.,  hat T wourd ougrest, if I moy,
aubicet 1o your APPTOVEL | 13 Ghat we invite acsEtions on the various
BPRPETS 30 a8 10 40r0 or lesa conlrol the dizcussion. T will now aal
11 theére are ony nors duestions on poper Li/7T6H0 prescented by Ir.
Brownliev?

MR. K. POLL (Helland): Mr. Chairman, Iov, Frovnlic has written
on page 4 of Wla roport:

"We have tried to ghow thot redio-isotopes congtitute an
elficicnt tool which oy will be applied mors widely in
the Terdilisar and allied Industrieg.n

Mey I ask shother v, Brownlle has any idern avout the coste and the

“ast ol nandling in practice of the fertiliserg?

LT, Ui, BROWHLIZ (Unissq Kingdon): I can probably best spenlk
for {MECoaTm o The United Kinsdor mnd azsune that they wiil apply
pretuy wencrally ail over, The cost of the radio lsotopae 1toelf ig
not largs. ror g partieular serics of experiments you can get, sry
“ne gram of sodium 24 og sodiun carhonate . from Atomio Fnergy,
Harwell, Ffor T think, ahout 23. PR unit.  That 4n +he particular
BXDarinents wa wore doing. could oe dpplicd to soeveral *ons of
material end last for porhape  one set of Caperimenva.  So the
actunl coat of Lre i80tope i not hilgh, The Initiel cost of
cpparsius for doing experiments ig  in our cage , avout £150, That,
of ocourge, can bo apread ovor the whole gyaton of erpcrimental worlk.

A8 Tar az other costs are concerned, they would be sinilar to
norinel dinvestigotions.

There im just one other Tactor: we dealt with the cogt mide of
1t, but on the gaving @ide of 1t thore ey be guite a subgtantisl
gaving in the {ime which would heve beon fLaken normally in cneniecal
work., L maan, the particular pection lhat we have concerned ourselveas
with, would have talen ug perhops five or giv dimes A8 long to do the
one.iical analysis. 8o theve ia oEaving as well.

MR, K.i, oHEZ TN {(Unitcg Kingdom): The point 1 should like to
have TIE Wee 0ot 4 cuestlon on the paper, but on the application of
remarks node in connéction with granul ntion,

Ve anve had 8 1little Grocriocnes in uwaing radic-isotopce for
Biudying the behaviour of sroduction planta mAaRing granuler fertili-
gaerg. I abiculd like +to gy lhot there arc distinct Limitations to
the anawera you nay &el eazily, IF you are intercested 1n gome
gEpect of the timc of throughpat of certmin parta of -the plent, you
can get o Falrly satlalying peak-type curve showing the tinc st whiah
a fertiliaer mixed with +he tracer which you odded ot aome carlier
gtage. You zun Zet thia hunp at other pavia of the plant and theraby
doduce the rate of Passagc totweon the too volnts.  If you wish to
apply this techaique 1o granules of sartical sy glzea, then 1 think
you would have Lo separals ganpics of maserinl into [ractions
&ccurding to ceriain definite mize Tabiged  =2nd ¢stablish the amount
ol zotive clement in them. Then I +think you could Ferhaps detormine
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differential retos of pasvage [or the different sizes of meterinl.
You then come Lo oo cusation of statistics wihcn you wish ko inter-
2vetl the accouracy of vhe anawer. I would alac add thict if you ume
& conglderable quantity of tracsr, you get a general lovel of
gebivity in the ,lant, in the buillding and in the gtorceshed which
nas to be lLaker into account. S

B, T.4, SROWYZIZ {(United Tingdom): On Lhe autjcet of ueing
radio-iaotoprs In gramulation pleonta T think the nain point of
this paper has beon to illustrata Lhe poasibilivy of uaing isotopes
on 4 leogs desle. T beliove thore has been, until the pregent time,
& natural reluctancs to use thom becouse of tha cueation of the
dangzr.  Wo hnve trizd to show thiat thege dangers can, in facl, be
control.o=ad,

Mr. sherwin has mentionsd the Tmel thot weing 1t in a granula-
ticn »plen® would involve the alfificulty of spreading ilsotope
material Lhroughout o fouetory in dangerous anounts. Ve have bean,
in fuet vory eonscious of irot Siffdoul by, and in cur own experi-
ments wa have woeen able to control it in such Roway laat the tosta
on nnEie uszed on pwoplo working theore haove been almnogt nil.

Thercfore, noy I just curmarilase by geying that if the naper
hes achicved the object of cneouraging people to think in terme of
ualng radio-igotorua JSor their partieular problens, then 14 will
heve ackieved somcthiinsg. They mey ©ind, aller they have assesaed
#ll the dif{icultlcs of fha srocedure that 1t ig now, in faect,
worth while, but I think if we et thouzhto moving along Thae lines
of ncw techaigues we ahall fpvo accoapliohed somet.ing worth while.

LR, 5.0, BROCE (Umited Kingdom): IIr. Trownlie, in answer o
B previous questlion, aoid he Lliought his proeecces could be appliad
to Tinding the srowth of franules in the granulation plant. I
should like to ask Mr. Prownlic 17, when using activated sodium
carbonate aclulilion, he would wxpect to find dicfercpnt radico-petivity
in grunules of different olecs medc in the procega? I therc ware
ne difference in radiv-activity, how would ne prorpoas wo study the
growtsn of the grunule ailze itoelf?

Mit, I, A. BROWILIE (Uaited Kingdon):; In answerto Ir. Brook,
although we have not zctually noplied this tochnigue, I think the
way o do it would be, at the beginning, when you heve the recyele
of small materizl in (e granul stion plant, bfo apuly the radio-
lzosope to thalt parbiculsr glze, and then, instead of considering
ctho wetivity aweoctatcd with various sives of granulse, to dotermine
the time rosudred for the netivity in the plant, togo down to a
prefty sma.l valuc;  dn phet way you would have sone Lden of whather
lhe smell aatecdinl wag, in Tace, bulng built upon by fresh naterial
comlng on or whether it waas merely fgolng round end round the plant,

PAFRR NO.150. - MAGRICULTUIAL APPLICATIONS OF RAVIC-ACDIVE
SOOI By K RAITDE (Fustelia)

iz, N, CHARLIEQRS (Belpiun)(Interpretation): . I should like
to wsk whither hers is correlnlion betwoen the curven of abgorpiion
or desorption of eloments by the plant snd the yicld, becauss for an
BEXONONLaT the main point is to Tind the influence of the wow ol a
fertilisger on the yicld o = CYOp. Tecking ne a beels the
penetlration, the up-take of the nulritive clements in the plant, you
nay perheps Cind cut the yield which woula corr<apond to that up-take.
1t would make greel progress {or +he ngriculsural rescarch,

In other words, is Lheres anybody whe L2 doing regsarch on
up-take of plant nutrients either wiih ochemical nethods or thoge
naing radic-igotopes who oan gy whether fthore 1g o correlation
betwoen the ocurve of up-taks or of deacrption of plent nutrients and
the ylelds they obiaine
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PEOF, A, FRUHSTCRFER (Germany): There is not always a4
rolation beciusc the up-take depends on the time of application. If
vou usne & fertilizer vary late in tha spring or in the summer - for
instance, at the cnd of June for potatoss - then you get a very hlgh
up-take of phospheric acid, but 1t is not reflected in the yield,
But I must say thet is an excoption. Az a rulc the up-take of
mitricnts and the yield go in the same direction, but there are
exceptions.

MR, 5. LARSEN (United Kingdom): There must always be aome
corrélation hotween absorpticn of nutrients and growth ol the crop,
stherwise why use lertiliser 2t all, The incressc in up-take of
Autricnta is aimost a straight line up to a certain level. The
vield dcos not lncrease proportionateﬁy beyond a certain polnt on
the up-tzke curve and this means thal, you can have an lncrefse in
up-take without a corruesponding increase in yield., This is what
13 called luyury congumptlol. :

MR, N. CEARLIERS (Belgium){Interpretation): Do the research
workers siwhys niink of -the correlation betweon tha up-take of plant
mitrients and the yicld?  Most people think therc is a correlatlon
votween the up-take and the yield. Thia le not always the case,
Thore can be o specific deficiency of one clemant in the soil simply
because another clemant has besn added. There might be & deflclency
which could glve risc tc the consumption ol another element; for
example, the relatlon betwesn magnesium and phosphorua.

MR. SCUGTES (France) (Interpretation): From the theoratical
polnt ol view, the queation raised by Mr. Charliers 1a of course, very
clear, but there 1ls rot always & correlation beotween the nitrogen
up-take and the yielo from the practical polnt of view; there 1ia
happily a perfect correlation between the phosphorus up-take and tha
yleld, which means that you can apply pheosphoric fertiliseras in
sdvonce ang without wastoge,

ME. F.R. SCHOFIRELD {(United Kingdom}: Spoaking as & techniclan,
may I nuk whother 1t has besen showr without doubt that the plant 1s
not selective in any way in its performance to the radio-active
material, and the non radio~actlve phoaphorusa? Alsoc, has the

rodio-active potassium, which may also be present, any affect on the
up-take of the radio-active phosphorua?

MR, N. CHANLITES (Belgium) (Interpretation): In his paper
My, Larsen answaored tn2 quaostion you ralsed. There is no selective
absorption of active phosphoric acid or of inart phospheoric acld,
The cssential thing is not to have teo high a concentration of
laballed phosphoric acid 1n the seil in order to avold radiation
damage which could falelfy the results, That iz why Mr. Larsen
recommends applying labelled phosphoric acld %o the scil and not
to the fertigiser.

ME. C.E., HOWYON (United Kingdom): I ehould like to refar to
page 7, Iipure k. Lt is fdgure 4{b) al the lower part of the page
which purwnles me, Tt locks from the dlagram that the up-takc of
the fartiliscr at the first harvest is very amall, and I wondsred
whether esny explanation cculd be ziven for that rather Mzzling
result, would particularly ask whether it 1s possible that 1t
could be due to this undesirable concontration of radic-activity that
can somebimes happen and vitlate cxperizments of this type.

FR, LARSEN {(Unltead Kingdom): in t e gbasenco of Mr, Kaindl,
T would say tnat thia could be due to the localisatlon of the
rertiliser, os the intenaity of radic-activity might be tou high at
the beginning in the zone where the fertiliser was localized to
gllow the plants to absorb tho fertilizer. Lz time prRasos, so the
radio-activitly of the fertiliser diminishes, because the radio-active
olement decays and at thls point, the plant can then take up e
Ffertildaaer.

[ e o s
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PAPER NQ, 149 - "THE AFPLTICATION OQF RADIQ-TISOTORES IN THE STULY
QF QI FuR[TIITVT by §, LANGEN (United RIneaddm)

DE, B. RATSTRICK (United Binedom): I should like to ask
Mr, Larscn three questions. Piratly, towards the end of his
PEper he suggests the canlbllity of putting rodic-sctive
phosphorus lnto the soil, sffecting an exchange there and then
comFﬂring the up-tako from a non-radio-nctive applied fertiliser .
with the radig-aclive phosphorus taken uy from tho soil, 1 should
like to ask him 10 the treatment of the acll to meke 1t radio-azetive
in this way affects the phosphorus state of the soil and, therefors,
are the results usefyl?

Mit, 3. LAHSEN (United Kiggdnm}: lhe relevant question 1s
Whether T Ios T ation of 13 plus & certain amount of P31 will
influence the phesphnte sbatus of tho aoil. A3 we all know, it 1is
posalbie o haXe P32 practically ag a purae element;  that means
without any P31, That is what we csll 'earrlar-free P32', Byt

that solution or salt - it could he s 52t - 1s very difficult to
handle, Therefore, we are forced to add some carricr as a cartailn
amount of P2L, This can be done in such - way that the added amount
of phosphorua will be nogligible cumpared to the amount of phosphorus
alroady present in tho soll. Thercfore, my answer would be that
therc will be no signilficant siteration of the phosphate status ol
the so0il by uging nearly carrier-frec p32,

DR, B, RATSTRAICK (Unitod Kingdom): My secor question, Mr,
Chailrman, concerns Che section of bhe paper in which Mr, Larsen
discussos tha case whore rock hoaphote 1s irradiated in a pila
tocawert soms of the P31 +q ng_ lle then goes on to say that,
in his cpinicn, the failure of crapa to take up any at all of this
P32 15 due to tho concentrated radilo-sctivity in some of ths fine

marticles,

A lobt of pepors have bean published on this subjoct, and hig
opindon is at variancs with the oplnicns of other pecple: I
certalnly do not subscribe to 1t nyself, But | sugpest that Mr,
Larsen has the means in his own hands to solve the problem because,
if the fallure toc take up prhosphorus 15 duw to bhe radio-activity,
all he has to do 1a to repent the exporiment next year when
according to my aaleulation, the radio-activity will bo reduced by
100,000,000 approximately,  That is true, of course, 1f P32 i3 the
main btrouble, It it 1is caleium 45, that problem can be zoived Just
Aa oasily by doilng a comparable exporiment witch, say, 1rradiaterd
sodlum phosphate and pul.bing P22 in there, so thet ithe caleium doss
not affect the issuc, Therefore, it ia falrly eaay teo solve tho
proolem, ihat 13 my suggostion, I ehould like t.o know on what
evidence Mr. Larsen buscs his cpinion, that the failure Lo takae
up any phosphoruz at all 1is due to the radio-activity in the rock,

MR, 3. LAFSEN (United Kingdom): Tho evidaence is to be seen
in Table I In my paper where I compare three calcium phosphates,
monocaleium phosphate, dicaleium phosphate and hydroxyapatite., In
the experiment 1 used twe lovels of b £, 0.01 and 0.1, Looking
at the ocxporiment with hydroxyapﬂtitﬁ, you will notice thers is some
very markad differonce hetwoen Lhe ubllis=ztion of whuat you would call
the 'hot! phoaphate containing 0,1 millicuries [3@ per gram P31 and
that contalning only 0.01 millicuries, That 1s my evidonce, But
I must say that the field vperiment, with rock phoaphate labelled
by this particular techhique was & shot in the dark; 1t is a rather
old experiment and I sow no resson to repeet it,

LR, B. HRATSTRICK (United Xinedom):  Me, Chinirman, befere T
ask my Iinal question, I should like . say that I think Mr, Larsen's
ovidence in Table 1, cculd boe used to fupport the alternative view,
that the phosphorus is being carried to a lower state of oxidation,
The ovidence could be held fo support the slternative view just as
aaally as he thinks it supports his view,
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M. ©. LAKSEN (United Kingdom): Dr. Relstrick apolke aboutb
SR IOTC Lo, "ap g lLowsr vphosphate compound produccd in tha pilev
Wane that your question? :

Dr. B. EATSTRICK (United Kingdom): 1 zno thinking of tud altvarnative
e LT LhE Toliure to take uD phozphats from irradiated rook may
e dus to converaionm of ths ortho phosphote in fluoroapatite to =2

forr auch oo hyporhosphatc.

Mr. §. LAASEN {United Kingdom): I dimcusscd thia point with
cenvlemen fron the Danish Fertilieer Company, Mr. Cerlsen and |
Yr. Hormehdij-Mglier. e got in touch with Harwell and they told
va that 1T we hostad ths rock phoaphata os racelved from the plle

wa would have 3 Lair chanco of converting 1t back into ortho phosphata.
That may be trus or may nod bs True; 1%t ig not reelly nroved. I
knew bLhe problem very well, dbut 1t doss not apply in this cxperi-
ment beczuse the phosphate wes actually gynthetlscd from diemlecium
phoaphate, and the dicaleium phosphatls waeg producad from ortho-
phosphoric aoid. TIn ordasr to be aafe, the irradiawcd phiogphoric
acld comling from lerwell which wag suppoedsd to be 100 per cent

ortho phosphoric ncid wag digested with concantrated nitric acid,

Tn that ezse, 1 can ezy I =i gulic surs that 1t was ortho phoegphoia,

Tr. L.C. SCHEEL (Germany): I nave made several exporiments with
Hydroxyapatlite and with ather subginneces, znd I found thot the
applicatlon of aetivated phosphates had no dlazdvantoges 1n con-
nectlicon wilh ecrors. Wo mave gone so far adg to npply O.5 milii-
curics per gron of subsltenco, and have alaoc gons =0 far in othar
cxporimenta =a to apply 2 milllcuries pcr gram cf P05 wilthout
finding whny deletericua rogults ng Tor ag thd orops wore concarned.
T would refor to the apparent grest difference, and to the very
prall cpplicaticon ¢of 0.03 nilllcurlca per £ran of subztoncy. 1
wondear whsther thilg difference la dus to an error in acasurencnta,
a8 guch o anzll guoentity of radio-wctlve matorizl waa applied.

In our own experimenis wo have found thnt the netlon of hydroxy-
cpatite on tha crops woa =& VOy emall one indesd, which lact T
think alsgo agrecs with the results found by Mr. Loraan,

Mr. 8. LARSEN {(United Xdnglor): I connot rproducc the cvidenoo here,
Tt 1 have got it eleoswhers and there ia no qusatlon about it. I
would Llilke to strsas that oply under certaln conditions can you
mengure tho influcnce of P3¢ 4n hydreoxyopetito on the up-taks of
phosphorue from that sourca. This point is dilacussed in scveral
papera;  and I would only nurllion the work of Dr. Scott Ruesell of
Oxford.

Dr. B. RAISTRICE (United Kingdonm): Mr. Choirmen, I should like to
TIE Y. LoToon what form of dicnleiun phosphate ho uses 1o the
gxperinenta. Diczleiun phosphate ia 2 very lmportsnt chemical in
fartliiger praoctlce now. Tho coming of nitro-phoophates over tho
past few ysars and cmmoniaticon, of courad, converts supayphosphate
lnto diealclun phoaphata. 4 gront denl of work has boon dona by
pacple who juet describs tho product s "dicealeiwn phoephnte™.

Tha anhydrous compound cxists zs well as the dlhydrote. Faople
eall anything "dicalcium phosvhate" which has o phosphorus calcium
ratio of 1 ¢ L. The state of hydraticon ds pretty lmportant. An
analogous eyeter to dicalelur phosphato is caleiwn sulpnatc, of
coursa. Anybody who hag lried to make Plaster of Paris with
aither tha anhydroua compound or with the dihydrate will know 1T s
impogsible, wherons the hemi-hydrale glves you = good plastsr,
Thet 1s anzlogous 1n my opinion,

I do urgs znybody who works with diealelun phoaphats to do two
things: to say what kind of diczleiuwn phosgphate, ond To glve some
idea of the purity of the ratsrinl that they usc. A great doal of
work hos nlrendy bacome uacless because different forms have been
woed and we cannot afford to spend yoaro and ysars of regearch and
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‘marpowar with tuople working with sither undefined or Llapurc
mataricls,

Kr., $. LARSEN (Unlted Hingdom): I ecan give vou the formula lor
dlealelun pHDRphote - 14 1o CaHPO,RH20. e worksd oul o mothod
of properipg thia form of dicaleiwm phosphati yocara 2go, I hove
glven o full degceription of the moethod closwhere, but T 2pologlsa
for not having nentionncd 1t herc, T en oin fuli agroument wish
you: wa hove to know what we arc golng to werk with., It may be
memoealeiun or dicaletwn phoaphatve or hydroxyapatltsa.

THE CGUAIRIMANG e will lake paper PA/1531 by Dr. Schecl now. Are
thers cny quostions wnyone wiskes to rolac on this poper?

PAPTA No, TA/151 - QUARTIAWATIVE DETLRITALZTION BY WEAN
Mm1T N o T \;r 1_]?‘__19[)_1 T . T _
by L.C, ECUETL iGermmhy

THE CEAZREMANG  No gquastions? Trn that coze, we will procecd o

TF. rruhatorfer's prpur PL/152. bre thore nny guestions on that
papert

= LLTL INATICH QF TH
gm AT A MTT f-:[!-;\ S1T0T
vy 4. FRUDSTCORIGEL

2 T
S
YTATTY

Gurmany

EFrof, A. FRUESTORFZR (Gormany): Thers is on Appondix to my paper,
MEyhe you risscd the link botwecn the amppllication of powdered
gupcrphosphate and the ~ppliestion of granuloted supcrphoaphate
plroed 1n o loyer. Tho link lz the =zpplicotion of granulated
phoaphats broadeosgt wnd distributed inte the soil.

Mr. Chalrmzn, you will find an oxpoeriment with those thrue
forms of appllication. In our regezrch statlon the application is
thc naln task and for namy yuors we heve been working on the
Influaence of application. defore wo used Jaoctople PpOg,; we lound
that the dlstreibution, the brozdessting ol PolOs in 2 phosphote which
is gcluble n water is not good for the up-take hecouse we promotho
fixctlion., wWa bonve found fthat ths up-t ke by nenno of cetivatod
auporphoaphste gosa 1n tho some way, Yw found that the up—-tike
of powdercd and broadenst superphosphote 1o inlCertlor lo the appli-
ontlon of the gronulated form, and thls application is inrcrior to
tho applicmtlon 1n layer; hut we found that the time of the
afficicney voridoad. The powder oupcrphosphale hag thoe boat
alfflelenecy ot first. Altor two wesks the officlilency of the
granul,tad far gurpaesos the powdcres form, =nd a~flar four woelks,
the placemsnt in the loyer is ths beat.

In this study wa 4id not tnke into aceount the cxchengs. You
saw that in the up-toke the sxchange of 2 granuls is not wo good aze
the exchiangy of powdersd phowphntea which iz well digtributed into
the =oil. Lus 1t is iy opinlon that we are not interested in
exchinge; I think we ~re intercstod in avelding exchangoe and in
avoidling fixation, Thia 1g fthe reomon why we make uae of granulsa
bscauge thoy connot  roenet with tha 20ll so aulcitly as powder
superphosphita,

The CIUATRMAN: Although, in some waya, this fa linkcd up with the
digoudsion this aftcrnoon, I think il thers zre any questions,
recleting nainly fe the radio-netive dsctope nepect, we might denl
with tha now,

M, L. LIDIFER (North ifrica)(Interpratation):  hat is tho pE of
The 2011 you waed?

Prof. L. FRUISTCEFER (Germany): The pi of the scil 1a ~boub 5,
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M. L, DIDILR (North Africe)(Interprctotion): I think the so1l which
Wi U3ed "WIh vory aclic znd, therafors, the conclugion nrrived at wos
to be cxpocted.

Irof. A. VRUESTOEFER (Germany): You scec, 1n our country most of
the Solls have o pil between & and 6, and our 2rablse aocils in
Northern Germzny mugt hoave this pH valuo., it we hove o hilghex
valug than 5.8 or &, thon we get o deficiency of mangnnesa.
Tharefore in the raglon of Tuneburg most of our solls have 3 middle
vzlue, pH wvoluo of & Lo 5,6,

Mp. E.i, SHERWIN (United Kingdon): Mey J nck the suthor whether
shore wig any sgpeelal ruaacn for not applylng powder fertiliser in
banda?

Frof. A. FRUHSTORFER (Germany): Yeou mean the application ox peladil
dared guperphozpnate 1in layers. Wo oenrrisd out 2 large expariment
and the aifflculty of working with isotopcs 1p graat, Wa hove fo
meke thousaunds of counts and we arc not ready with thoss sxpsrimenta.
But I can auewsr your qusation. From our Tormer experlcnee when

we worksd without isotopea, wa found cur hest roaults were whon we
usad powdersd superphosphnte in laysrs. When we ussd gronulated
superphosphate 1n layers, thoe gronulated supsrphosphote was batter
then powdarad when broadezst nnd distrioutcd in the ooll,

M. SQUBIES (France)(Interprotution): I should likec to ask the
~T5Llowing question; 4t 1s gnid thif granulnted supcrphosphote is
mors afficacious thon powdercd superphosphute mixcd with the soil;
but in the paper I hove before me, it swamse 1o me that the powdarad
guperphoaphate is mixed with the soil, whila the grapuloted super-
phosphete 1s applied in layors. Iz this difference 1rn yield
czuead by the different applications of fertilisors or by the
gronuleted fertllisers oo opposaed to powdered fertilimera?

Prof. 4. FRUHSTORFER (Gorreny): I heve given you an sppendix and

the answer Ie In Tho appendix. Yo now hove three rows: the sccond
row is granulated ond brosdeast: the third is granulatad and applied
in layera.

Mr. C.L. HORTON (Unitod Kingdom): M. Chetirmon, I should 1likc o
dfaw eTtention Tc an important stotencnt ot the bottom of rage 1,
paper Pi/l52, Ihe lesty sontonece thers soys:

"Water~-soluble phoaphateas, thersfors, are meore at n
dlpadvontags then at an ndvantoge on acid soila ~nd
on golls with o proncuncsd power of Tlxotion!,

L wonder if the zuthor could guots or describe any concretc flsld
evidenco for thot statoncnt.

Prof. A. PRUESTOUFER (Germany): [ think it ie knewn thet acid aolls
hava The ability To Tix phoaphoric acid. IT you have » form of
phosphoto such as guperphoanhate which is cnuinically very active,
this fixatlon goes very quickly. I you have an inscetive onc auch
28 baalc alag, the [ixation is rcotarded. Thiz 1s the rcason why
guperphogphate in pot expurimonts is noatly inferior fo bosic alag.

Mr, D.E. SIMF3ON (Tmited Kingdon): It 1s necceanry to diatingulsh
batwean sxperimonts in pota nnd iz the ficld in thls connceetion.
Wnen fertilissr is broadenst 1in the field it 1s pot ao Intinmately
mixed with the soil as 1t 1a in pot gxXperinanta.

The CHATAMAN: Gentlcmen, 10 Lherc wre no nors qucgtions on thage
papars, we come to the finnl paper this morning which is o reviow
proparced by Mr. Cuapenticr of poapers preosuntced lost yeoar a4t the
Ganowvn ConTorence on Lhe pesceful uses of ~tormilce snergy. 1 think
you will nll agres thul it 1s 1 very gomprehcnaive dogument. Are
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thore any quoations noybody wishes to ralae on Mr. Corpontlcr'ao
pPATIGT T

PATDER Ho, PA/194.-

Mr. T.J. CAGRPENTIER (7.8.10.%.): 4ll the poapera mcntloncd in nmy
Tovicw oro avallable ~nd memborgs wishlng to sce thernn should 2pply
to thoe ITaris Office of T.3.1M.0.

Mr. N. CEARLIZLS (Belgiun) (Interprointion): I should like to mrke

o very auall conment®. You ooy, on pogs 3 of your swnmnary,

nFurther, resecrch corricd out wlth 532 on roots plzcad

1n woter howve enobled wse to recllse that the goncantration
of iong of tho cxtarnal port of the roots 1s the asame e
{that in the surrounding moediuwm". '

Toua this not scem to contradicet whzt wo hove proviously notcd with
regnrd to the luxury congumpticn of sulphates in the papdr we pré-
pared gome tinc 2gc. e havae o curve of comparative mbsorpiion

of the ions vhich showe = luxury consunpiion and the some finel
exterior -nd ilntcrier concontrotions, whilst in the specinl oocs

of the S04 lon wa do not find The ammo concentratlon. Your statew
ropnt Soema to be ot variconce wiih whot hos vecn found using

another nethod.

Mr, L.J, CARPENTIBE (I.3.M.4.) If I rcmonber rightly, 1 think
TS Btotoment reterrcd te one of the popers where the author was
investignting theo jonlc concentrations on the sxternal root aurfaca
and 1n the aurrcounding nodium. T think It is = queestlion of
momentory aquilibriunm,

Tha CHATRMAN: Gentlemon, if thers aro nc other guestlons on MNr.

Corpantier's prper, I will closge this sosslon.

Before you leve, I should once again like to thank the cuthors
of thasc papcras, z2nd I would ask Them to convay to thoelr companias
our appreciction of the companisa' allowing them to publish the
papers and to come nnd gpenk to ug ot this goathsring. T hope you
wlll agrec with ma thot we bave hed a very uameful morning's work,




THE INTERNATIONAL
SUPERPHOSPHATE MANUFACTURERS' ASSOCIATION

AGEICULTURAL COMMITTEE CENTRAL OFFICE
1 AVENUE FRankLIN D). ROOBEVELT 44 RUBBELL SOUARE.
PARIS (8r LONDON W.C.1
TEL. BalLzac B7-28 TEL MUSzum 8927
LE/5434

Dapoember 30th, 1956
JOINT TuCHELOAT— (ROUNOMIC CONFLRENCY

TAUSANI.  24th-261n Saplember 1956,

Report of Discussiona

Afternoon Sesaion 24th September, 1956,

In the Cheir: Mr. H. Steveniue-Nisiscn.

THE Lo fIZIAT . We will now gtart on Seotion 2. 1 think you are

oware thnaf Gnis section lg compoacd of three pausrs, and you will

bs mpwarc That these throe papers ore divided into +two sub-sectiona.
The Tiyet oaper is “Granular Corpound fertilisers”. The third

one 18 "Moilsture Content and the hardne=a of Granules": thia ie

al@o a teelnieal paner which tells ue of the hardness of grenules,

Tn the middle ia the agricultural part, "Eilect ol Tartlcle Size

on the effcotiveneos of Lertiliscra’.

T tihink you are aware that Ir. 5impson's mper i ¢loaely
conncated witih goms of the probleme we discueced this morning. I,
therefore vropoas that, if some of you would like to contlnue the
Adiacusalon of papers 1LHEZ and 101 fyon This morning, wc could taks
it in eonnection with uaper 145 this afternoon.

T will now call upen Mr, Sherwin who 1e our firat introeducer.

MR, T.A. SHERWIN (Unitved Cingdon).: Mr. Chalrman, Gentlemen, I
nggumed thot tne intention of the Commictet wad that the papers
given under tais gection would have some inter-relasion, and That on
one mide we would have technileal papera (rom the agronomic peopls
telling us cxachtly wred gige of granuie fthey went, and on the
other olde we would have the atory [rom the producers telling them
what sive they would geb, |

T loolked =t the throe papcre with this in mind and I would
like , therefore, To mentlon Ir. Simpson's papelr firat bhecpuse he
ig the ome who shonld give the lead to the manulazrturers. What I
nope to show e that the sizé 18 very mich in the handa of the
manutacturers for a2 number of reanons which are shown up in the
PANBTE .

M. Simpson's paper guotes i Bumilary of another peaper by aone
Americong and lac @uOTes S AuUMNary of mome experimental work of
1.C.I. I{ [ may be permitted tg spumuarisc his own sumcary of sll
that, the rcault is, I think, that gencrally spsaking whers you
have nitro-phosphate or dicalcium phoaphats there 1s #ome eyldeance
that tae up-ltake off 7205 im sdvergely affeoted by increasing the
granule size.

on lhe other hand, where solublc shoaphates are concerned,
theres g no gencralisation poseible excent Go gay that granules
are really uaTavourable but, in apecific oamco, they are definitely
betlar. I sugoesh gpeckers in the Aiacuegcion might talke me up on
that, but that is how T read it from the point of view of ‘the
ceohnicisng wio arc reaponsible lor maliing thesc tiings=.
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o Prom thestschiical podinl of Vi&Wg-Hr;;ﬂrqqhﬂﬂ_papﬂr,\I thinic,
glvece a very zood indication of thie difficultics of making thia
type of compound fertiliger within gpeelfie olwe rongea. But I
o Bugetst that <he srohlem iz broader Than that and btagt we might
have gome comparioon between other melhods ol paking compound
Tertiliscrs or fortiliacrs of .ny kind in spceifilc aizes,

L should lihke teo 1liustrute this by referring firut of =211 %o
wiC munncactire of supsrshosch Se by the DO proceeas as helng one
eXtroms An fdae nenuicoture wnd, on the olhar hand, teo Iir. Brosk's
own paper ccaling with fertilizsrs commencing with solic moteriala,
that 1o auperphosphaltc, trivic-auverplicaphate and other salta.

The triple-supceryhogvhate roccss starls with o glurry, resulting
from the reaction of phosphoric acid and roek phosph.tc. The
provleq, a3 1 sce 1t, i1a to extend this Slurry overy e gufficicnt
arss to be able fto dry it in some kind ol mpparatus andé end up with
a reapectable looking product.

Now tne DURR proccss 1s go srianged thet it apesrys the glurry
on o the surizee ol a larges uantity of orevicualy-nanufactured
material which hus beon broken down 4o os Tine = condition og
poseible. In other words, +Yhe production of fine meteriele 1o at
o prenivm in this osrocess, One . Thorefore  would gxpect that the
procasa would reault in o very close range of pertlcle gize 1in theo
finisghed producet. I woulid cven 20 60 Tar as to aay that 1t would
be dlificult in this process to make granules thet hove not o
2loac ronge of gize or oven S0 make granuies ol a rolatlvely lacge
‘8izz.  You are very iucl consrollod by the nccd to veciroulste
perhaps Dlfteen tlocw The oroduct ratc at <she beginalng of the
proceas Lo provide the surfuce neczaaary,

If you will turn to the sutject of Mr, Brook'a paper, we ore
sludying thore the granulation of nateriala which are Initially
skl @olids ond which are wrought togethor by wetting snd agglonsy-
ated.  Im tals process fines arc produced neceasarily and they hzve
to bz absorbed by returning thom tc the beginning of the mixing
wroccss and fthey bzoomne sn enbarrasemsns.

. Srook's paper ghowa o acthod of 1ilussranting the slze
diztribution of s gronular fertiliser -nd this 1g he type of
dlagzran whlch you can e in (Mdgure 130 Curve 1 indicntes +hat
such end auch 2 Jvoporlion of material would Pag3 o gcrecn of
particuler aize, and i+ sives a cmmmi-~tivae GUINTLTY nnsging the
aize of screen. Thie ip plotued with n lognrithmie bagce. I we
produccd 1t 1o the right of 1ls present position it would represent
material geomctrieally sicdlar.

Curve 1 in wae papey rcsulsts [rom using T.15 par cant of
moieture and it gives 2 mean sisze;  that is, 50 rer cent of the
matcrral pasace thrcugh 1.7 millinetres, 49 the water content is
increcascd to 7.0 - thot is o very enzll incresse - the moaan ailue
inereames to 2.7. I the water i increraesd 1o 5 psr cont -
At1ll only o smallish inerec-sc - the meswn give boeomes 4.7, 1.7,
2.7, 4.7 Tor an incrczsac in waser fromn TlE oup le L. 80 the nmeon
81lzc 1a very susocytible to the wnount of water added,

Another fealure 1s that o the curve e noved tu the right by
adding wotlcr, =o the ahnpe -~iltora. These ore not sgeonetrioally
aimdlar, naod the best curve is the one haviag the gtcepest central
portion, thot dis the best curve in the geries., Ae the sizo
inervunses Jurlbier, oo the 9lops bacomces more horizontal, wilch
neang theb n emallor guantity of forbiliszser g producced within the
wohbod 8ine ronge. " Tals method, I thinl, should he used by thosc
who are ptudying the "granulehilisye if T rny use that word., of
daterizale and onc should not sturdt with o preconcelved ides of
glecd to wiich you inuwend to work,
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Tet us put thiz anothsr way: o meterial which hng, ory, OO
per met of its %otal betwoocn gay, a 3 to 1 ratio of silze willl

Five o presonteble loo.dng uxoducb 1 sugzeat Lhas 1f you wors to
worl with the third olops, vouv 3 Lo 1 ratio would rosult 1n A
very nuch omellsir vertical intercopt. Ir cther words, you huve o

emallicr omount of product ovailable for the [irat prodede.

Obvioasly, from lic manafzeturers’ puint of view, curve 2 18
the onc o wor's on because the noximum product will ba made within
a glven range or siae - #oy, 5 wo 1, Mt iz why we tend o work
To thet in gracltiles. '

Wow on the controry - I ouat hring thie a 1ittde outoide fthe
firet peocr, ond go on roather to tho third onz - wo have to con-
sider not acrely the production rates, but we hove to conglder
ghether or not during ssorags Lt 1s ad'nntngeoua Lo mako qrqﬂulra.
Thiz is not impor bant on the econcile gide, but 11T 13 importznt ©o
the monufactarer znd thoe uvaser olike,

e bolrd paper in the series, I, Brook's, louches on the
hardness of grenules in relation %o melgburd sontent and  showa
that over = cerlein vonge the relatlonenip 1 nore obf 1es88 linzay.
I'e alao drawa n concelusioa, I think, bhat noardneas and the
undesirable guality of eaking may be related, 1 thinx 1t 1a also
gencrally undoratood by wovlers In thig fleld that noislbure conlent
geama to relpte Toalrly well Go cnkxdng, 90 Lzt you oy hovo gome
lriple relablonsiin tnere oolwesn hqrdﬂean ceking ond mol2ture
content., Focalbly this would be Cruitful For Aiseusdion,

drom the mpnufeclurers' point of view, I think thal on eizc of
graaule itecll, it woudd be an adeqontogs o mmke lergs gronulss Lo
redvco Ghe amount of caking but, on the other nand, the drying of
thege lorxe granulos would be core diflfiouls so the 4 vou mightl

expact o nlgher nolaturs convent which night perhope vitiate th
advaniage of A largcr silzc.

ancther aswveet in wnich slze comes into account 1 in the
applicntion. Thie Conlfercrncee hod not token peaount of vhe types
of feriilicer appliancs. I have rensell S0 ocllevu thav the
posuracy with which fertiliscr crn b“ cpplivcd io inproving as
pomifocturcrs Levrove Lholr machincs:  theoy have probably roacihcd
o etens of wrogrees which 1o Dumuhﬂﬂt shead of he roquircnoents of
the goronomisis. v, Cooke of Rolhangtod had nade o niva for
implu"inu The roliabilily of machines rathor Thon obuaining high
o urney. In thie respeet T osubmlt that fhe 2dlzos of gramiles
witich we arc cugtomarily wmaling are guito reasonanle cholocd,

If I nay now just surmarise the points, ihe namfaciurer 59
the pergon who wicl dscide the size ol granule for o nomber ot
praciiceel rengone,  Thoge vre, tarvably, to cxeluds Auut: obviously
this iz o coneral aulsance and conlributes 0 all kinds of calking
and other hendiing probhlems. The gizc of granulcs madl will tend
to be on thy small side and the lower Llimit of 2ize will be
governed by the sizo of the scroening dovies which 1t 19 nrectical
to oporate. I sugnesty about 1oto L onillimetrea,

The uppei limit will be thres Ti50s 8 lorge , marcly from bho
point of viecw of satielfying toe Tortililcer ARpoarancse and
Tur ther point whlch T have not yeu nontilonoed, Lo reduct BOETEgAuIOon.
uLFquﬁthH loade to varistion in chouleal dnﬂlyJiD ci the typo of
fortiligers mode by lhe proceas descricced by Mr. Jrool,

Tha aean 91sc, or the mvoonge gind, will dond <o be definad
by those Hwo limile and thero 1o noe indlcoaticen from whe agroncmist
that we nocd to rajsc 1t any norc. The zxeeption Tto thiz wlll be
the old slurry proccss starting Crom liguid on the basle of the
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'ﬁtriple—auperphomphaté sranule thot I described.

o If T may just add one Furthsr pownt which I touched on in o
queetlion this morning, I wonder whether sufflecient importance hasg
besn glven to the poseibility thaet powder fertiliser would be ag
cPfective as ¢ oranular fertiliger if placed in hande end not
broadcasat. This night cause us 1o tﬂlnk carefully about the reasons
for TLPulwtl O,

DR, . GTUTART (United Xd nwdun): Ir. Chalrman, Gentlemen, I
heve now to grve the agronomilc ressons for svanulatlon: or should
L ooy that 1 have 4o zstete the egronomic reasona Tor and agalnet ite

One mant recognise thal the lmporvance ol granulaticon is bound
to vary in diffcrent countries. Thoge countrics which use most of
thicir fertiliszscers in <he Torn of straight fertilisers will not be
very mioh concerned wilth gramulation, with the cxcention of +the
pos31Lility of wusing grinuler suserphogphate in the ploce of
ordinary powder, Thosge coutriries whielh acrs in the habit of uging
moRT ol thoir fertiliscr in the form of mizcd M-0-K compounds are
very delinitoly dinterested in this aubjoct of gronvlation,

Loy wecond polnd on this - anag t5id I think, 18 perhacs the
moest imporlznt - 1o thod ons connol speak of granulation in ganeral
terms - ome enn only npoak of the wranvlq-tion of a partloenlar
foertiiiaer or fc rtlliapv mixture The results which are obtained
by thne use ol pgranular Jorws of one mo.orinl will not necepdnrily
ADPLY To vhe age of o granuler {orm of snother mstertol. T wollld
1ike to suggeat thot there sve al least Tour geparete pogaivilites,
e have, [Mrat of »ll, glraight superphoaphate: gacondly, straisht
phos 1&11u@ coniaining an loeoeluble forw of vliogphale such as
dicaleium phoayh&nbj s1ltner anhydroue or, usuully, dihydrate;
thirdly, = =& conpounds contoining solublic o0 - Tourtnly, N-P-I
cempounds containing cithér all ingolubla, or “at least gome
inaclunle, Polg. The advantagcs or dloadvantages of grenulastion
are julte likely o vary between thoss Taur categories

The only pascr frow the cgronomle cide that we have before us
thia afternoon’is that by Mr. Simpson. You will find +that he doals
with the results of cxperimenis carried out oy 1.0.1. al Jealots's
Hill, comparing granular and powder phoapnates, e revorte
axperinenls couparing the eoflecl of grinulotion of hoth hydrated
end anbydrova dleglelum phosphatc, snd he reports exveériments
comparing granular and powdered nitreo-phosphatss convaining sone
ingoluble 2u0g. Mr. Simpeon's paper gtates the results of those
gxperiments 1h genersl terms  and poarticularly whether Lthore weaa
a signiricant dlflerunoe beiween the variousz materislis. One i
entitled vo asi woat is the mognitude of the dilfercnce one can
axpect vetyeen, 2oy, o oranmalar Torm of the matoerial and o powder
form. '

In the $ims available, T have not been able to look out chy
cxtenzive dala on this  point  but just berorc I left Fngland 1
0% the proeliminuary rosults of one of the experviments carvied out
by our own rogoorch deparinent thig yesr. Thig wag an cxupsriment
in which o pronulor N-P-E compound wos cpplicd to the surfacs of
eatebliched groscliand. un-of-frcihory material, +that iz normal
matmrinl, wos uded  and alao filve size (ractions separated [rom
thal frctory-made material. The siges werpe 3.18 to 4,75 for the
lorgesy, 1.6 to 3.18: 1,00 to 1,68 0.5 o 1.00; and lcsa than
O . _J TN '

‘ In one cwperiment the following yields of dry natter from one
et of hay were obtained: - for the above gize fractions - 5215
49.4; 55.%: 538.1: and 49.4 cwta. por acre This wna .a randorised
plot cxperiment and: tae gtatistical anulyais shows a slgnificant
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diffcrcace of 7.2 hundredweights per acre. That mesna thalt fners
was no regilar veriation between the mupxinum end minimum in olze,
hut the diff{ercncs beswocn the lowegt yileld and the higheat yizld
Wag .7 lundchWVthi per acre of hay ond was gigniflcaznt.

Thal is of very definite cconomic lmporvance to the Farner.
At curront orices that would bu gomewkors in ne vegion oi 2h. o
£6. in terms of lnglich meney if he weye gelling that hay. 1T 1s
sooaible to get diflerences of (ho order of magnltude of 1O por
cant or morc lhrouwgh the usge of differcont granule alzewe, and theae
orce cconenieal ly sipnificans, :

Thin exonerizent alegoe brings forward anctner woint, and that
ig how we mhould asscas the efficiency of the foriilieer. In moat
cmass one 18 content to teke ho yleld of vhe crop, gemotimes
eynrowacd in tevne of dry watber ser acre or per hecvare. In thig
porlicular enge  where the (ertiliser weo being applled to the
eraselond soth the yisld and Lho guality of the arwsa were of
importanes to the Tarmev., “then the crude protein Aeterminstions
wire moac on the srose serules Crom these varicus treatmenta, tho
yvields canc ouv v reathor u Jifferent ordew. The yields of crude
protein werc 3.52. 5,73 3.96, 3.63 and .92 cwts. per acre. Uhe
size woilcn gove the uj‘iuum Vl“lb of dry malicr was thoe 0.% to 1.00
rm. aizc. The oice which esove She masximum yleld nor acee of crude
protain was the gizc gbove it.  The Llarpgsat yicld of crude
arotein wag from the elizbtly larger materisl. Thiat, no doubt,
wog duc Lo the particular offoet of ths prosphete on the clover
i tho gixwed oo 9ture . Thorel(ors  ono aas act to e a lifule carce-

f1ul @ Lo how ones should aswcos the erficicney of tho fertiliser.

My, Simpocen‘s paper roporbs o review of the elTects of
gremulalion as determined by cxpsriments in a numbar of different
countrica. I iould like o Tinieh by jusgl brisefly sumnarising
the agrononic svidencs asfnr ad we lnow ket present. Flrast of
nll, aa regards olasa 1, that 1a, -anulaled superphosphate or
triple—-supershoaphate asz ouch; o tglnk the evidence cones to
thio, thet granulazr form 1s not always betzer than ths powder
form, but 1a very scldem inferlor. It ig freguoantly bstier on
acid soilo particularly =eld a=nds auch &t Irofessor fruhatorfer
1 working with 1n North Germany. Il nay show up special
advantogoa with roegard o corbtiin croos. JTherd lg 2one cyidence
that crops waich have o short growing goapon or a poor roobing
system recaire tholr phoophate carly wm thelr growts oycle, ard
if <hnt is nol available  the yicld gulfera. If tooge ars grown
on o s@eil with v nigh fi.ation power, thiere is scme ovidence that
granulation iz a definite advantage. Therefors holn lhe Tyne of
poll and the tyoe of cron you are worclag with mey determine the
value of sranuianiot,

With fcrtilisers of the gecond catogury, that 19, sither
granulz=r dicolecium phoaniiave lhoeolf or Hﬁpmrphosphatms which have
been hignly mrmoniated ao thet nost of the phosphate has reverted
ﬁo f@ah.furm the eavidencee as far me 1t gosz, 1a that sranulzstion
i4 H%Qﬁﬂt alvays o disadvantase and thet tho maximun cfficisncy
i3 obvuaincd cither witl very r'ine granular naterisal or with
powderod material, =nd when you can intimately rix that fertilissr
with C(ic woil. '

Tith regard to the third category, that iz, compounds bazed
on aoluble P0f, the poaition aecng Lo oo puch the game ns for
auperproaphiate,  Therce is no consiatent dlsedvantage or advantoage
and granvle gice is, therefore, nol of any great conacguence.

_ On thls guestion of alze, onc would not sxpect aize to be
lnportant unleas the phygical opcration of granulatlion by fteelf

producad a lerge effect.  Since 1t docs not Iroguenltly produce a



-6 - L3/8434

large effcet for this type of material, it 18 not very likely that
gize 18 poling 1¢ be criticaol. - :

With regard to the fourth catcgory, that is compounds
ccontalning either some or oll of tne phosphate 1n an insoluble
form, again the evidencec 1e much zg for the insoluble phosphates.
Granuletion 18 freguently not desirable. In przetice one does
not got meny N-P-K conmpounds with all the phomphatos as insoluble
phosphate. Moet of the procesace: guch as the niltro-phosphate
type of process, the mumoniation of supervhosphate with " a high
degryee of ammonilation end so on, 1cad Lo a compound contalning
some soluble phosphate =nd some inesoluble, and 1t 1e quite a
tricky point to decide agronomically what is the desirable
pooportion of water soluble Tp0q in a compound of that category.

I have only two further small points +to make:. the Firet is
with regard to the hardness of the granules. Ir. Brook's peper hag
dealt with the problcme of menufacturing herd granules at low
molaute contentdy. Cne must amdnit that the agroncmie experience
in thie direction is, at the moment, quite negligible. it scems
a falr guese to assume thet hardness 19 not golng to bc veary
loporvant uniess there is formed on the surface of the granule a
surfece gkin which iupedes diffusion of soluble constituents from
- the ingide of the granule.

The finel point regsrding phyelcel propertles.ia one’ on which
again we lmow very 1little, snd that 1o the spsed wilth which the
granuls breaks down in contect with the acil molature., One might
call it the 8lsoking property of the granule. There is a little
evidcnoe thet for compounds of this type - that is, contalning
ingoluble Po0p - it 13 en adventage if that granule immediately
or gquickly alakes in contect with the soil onolgturc, in that 1t is
no longer a granule and thors 1s a larger surface of Tthe 1naocluble
nmaterial exposed to the plant roots, Thoerefore. the breakdown of
the granule in the goll may. under those circumatancea be g
factor which might have mome mgronomic eisnificance.

I have confinvid my remsrke to the agronomic aspsct but, in
conalusion, there ere one or wwo puroely agriculbural adpects: of
Phyaical properdies with which you are moatly familiar, Farmera,
on the whole, prefer to liandle a material which 1a not dusty:
they prefer to hendle it in gramulner forw rathar than in nowder
form. That by ditwclf could be gufficient justification for
providing the matcrial in granular fopnm,

There is alsc the gquestion which was mentioned, I think, by
Hr. Sherwin in his rewmarks, of the case of drilling, the manner in
whioh the fertiliser will pass through the farmer's machines for
application. e have the cxtreme case of the grenular ammonium
nitrate which 'is produced in the United Stetes and Canada, which
19 produced by a different ftype of granulaticn procoge and gives
B very nearly spherical gronuie of very uniform particle size.
With many egricultural drills that type of materisl of uniform .
gilze and emooth surface flows througn the drill much too repidly,
anc 17 i difficult in the field and on the farm to control the
rate of applicetion. “That does not apply to the same oxtent with
gronular conpoundsa made by the other procceses of ‘wetting and
caggregation and 20 on, beecwusc they are mainly 8lightly engular
end have a rangs of particle size, : ‘ '

CHE CHATRMAN., - Thank you very much, lir. Stewart.

I sm sure we are all very obliged to our introducera, lr.
Sherwin and Mr. Stewsrt, for what they have t0ld us, This,
together with the papers of Iy, Brook snd Mr. Simpaon, forms an
axoeilent vese for the coming discussion,  Perhaps it would be
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ugeful to may vthat we ahould in Lhis dilacussion postpone the pure
tecnnical guestions and periaps confine cur remerks to the
intereat of agriculture in tho granulated fertiliser, Puch
questions ad the agronomi st can put forward to the technical
peopla, and vice verdsn,
PAT NO.PA.L145

GEELCY OF TARTICLE 3TAL O CRE 150 "GSTTTNEES OF UERTILISERS by

D.T. Simpson (uUnited Kingdom).

M. L. DIDIER (North Afriea)(lntcrprétution): Iir., Simpaon,
on page 7 ol hig paper, sayas SIpn the cooe of nitrophosphats and
dicaleciwr phoophate {(Jealott's Hill pyperiments} TLerc wad a
tendsncy for the reapohlos o tnese lertilisers — 1n terksa of
yield and upteke of Fols - to dearvade with inersasing particle
sive. NWot unewpoctedly’ las pll of The soil appeared to have a
maried effeet on officlency, Lhess lertllisera belng mioh les3s
efficlant on calcarecud than on aoid solla’., 1 should like to
refer to Lhe cxpesriments carried out in Tunizia Tor thres y2uara on
cnlearcons 00il with sn allicline pli of ., where the granular
guparphoaphnte sy eopt when ground 5O L mm., or below, waa inferior
to tho powderaed supcrphoophats . On uhe contrary when the 8oil
was podgolic, the granules wire hatsor than the powdcr. The
cxplanntion wae orovided hy the ceronounlc service. "In the clay
coloprsoud setla with an allkeline pi, the sesquioxidee in a
preciplitatsd forn are hWermlood. They aro, on the cther hand,
drownod -in o veory laige guentity of 1-imeslons il 1g the Llat-er
whnich plrys o role. [+ conbincs with menocalediun phoaphate to
give dicalciunm rhosohats gater—inacluble hut which planta can
Take 1. Thether you moke hlg or microscoplc granules, you
will mlways obtain available dicalciun ohoaphatd., Therelore,
the advanteee of granulstion bucomes ncn-existent.”

IE. D.I. SIMPSON (United Kingdon): Hr. Chalrmon, Gentlemen,
the CONCLUBLONS lLyom LYy Dapsr werd buged largoly on the worl dons
et Jealott's hill, Al though they conloria pretty alomeely with the
conciuaione arrived at by Iherman and Hardesty. I 4o not think
there waa any particular difference hotween zrarular and powder
gupsrphogphate. AR You will hmve gesn, They wore carried outw ol
a range of amoile, calcareoud, noutral and acid  2nd there wad 1o
significant difference, I do not think, between the different
types of soil. In facd, in cxperiaent ILT the uo=tale of
phoaphorus was gipnilflicantly less from superyhosphote on ncutral

o

and coid soils, but not slenificantly o on calerrcoud acila.

"o Go have o thing cailed syxperimontal error coilling in,
giidch I think nr. Stewerd reforred to,  ~and while T an on my Faetl,
I should 1ile 4o thank hiw vory pueh for hie very full and
nde,uste exposttiorn. ‘

T pm afraid I have not with wme «ll The mass of detail on
wl-ich thig prpcr wat baaod, 80 thet T cennot give flgurcs as to
Lhe differsnecs beoween & powmlersd and pranulor superphoaphate.,
I appreciate his fooling that gome of thesge AifTercnces, awithough
thoy wri o67T glznirlicont oy Ccarrty & trond in e certain dircotion.
We cen only moke Thesc gigntricant 1f we oagrry out a zufficlent
aumber  of trisla, bus I think L can =ty gpeaking from memory,
that therc was not cven a trond 1in the Jealott'es Ti1l exporinents
between pewdsrod ond wranuler fertilisera,

T should like to enmphasiszc thal obviously theae cxperiments
which I gquoted do not cover CVeTy 01l or type of so0il, and 1t 1°
known that the soll chnracteristlos can have an importznt
intlusnce on phoszilate up-tnke, npart from other things auch as
tomperaturs, waley supply .nd @o Torth. I an not puggesting
that the cxperisents guoted cover all sella.
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Oi. K.G. BCHEEL (Garmany)(Intmrprctamiun); Bpecking aa a
chemiat, perhaps 1 an likely Lo be abls to  ace the difficulties
morec oloarly. One of thea dlftficultics ig thot  whan tertilising
with phb@phates; onc nas to teke into account Ghe variouwa roactionsa.
the spead with witich the Phosphorice meld i Soken up, and the
Cixation of the pliosphoric acdd In the soil. '

T shouléd lilke %o refcr 1o A tnlyd point, wihiech 1a the
washing cut of phoasvhoric aeid from the aoil, Although people
gRY Thad 1t dowg not toks pLnce  with tho aid of tiracers it hag
been confirmcd 4ihat phospaoric anid 1a actunlly washed out of the
B0ll to & ceriain extont,

e gosirllation of plont mulriens dopends Piretly ion 1ie
Type of ulanv whethor the Llorh Mag g long. porded oy agrowth:
pecond.y, upon ihe living conditiona of 4he planl:  thirdly,
upon she other nutrient elonents  and wlso upon the moisiurs,
the tenmperature, vhe Lighy, cia,

The accond resetion = i Yixalion of +4he phoaphcric acid 4in
e woll = g cond: tioned by Luite & numbor of ClroumEtiancea,
There s not only the moil Tunclion vut thers 1w zone ovher
conditicn of weoier, go fo siucnle, we 20 not oven have an inkling.
It 19 2luo o qucatlon of whsther a anil is anlloidal, snd this
depands upon Lhe anount of humic subatance in the aolil, The
Lization of phoosrthovic acid in the soil alao doepends ugon the
tonperature of the smoil - Whetesr the 80l da worn when the
filxntion nprocteds more reptdly . or vhether the seil ig atom Lower
tempcraibure vien the [antion is scumewlial reiavaco - the molsture
centent of the aodl «to,

T lencnilng of phosnluicrie weid in “he Scil  of coursoe,
depoinds 1n the aading, on 1ts molatur s sontent,” that 18 on the
wEaster conditions. In lais realm It jm o sonewhot oasior fo JRESEER
that all thoge vari oas factors exigl  bus it wlao dopends on
whether you dssrl with the cRpLotriate plaats and ths appronriatc
typwe of 2oll to be opl- to say whothor groanul=tion Jisa wora
advan sngeous thon 4oe powdersd Tornm of rertiliacr.,

Lvon with tho Tew furﬁLlisLng Lupcrimonts which T row, my
cxperiencs iz in wemplute oocosnont with whist various wmooplo hovo
galid, jxljpmrticulci'awith Bne  aumiencns by IR, Sivssen. | oam of
the opinion thot 4T SO BXY Awellng with fordilisers whicl are rot
wWaURr molunla, ey aol bepoes il wery Cinely sranuistas or in
povider rorm., o Froi the glendooint of the nnamcacvurer , of colraa,
it 1s ~ guzetion of delivering the fertiZiver ir such n form as 1is
deaired by the customere and e evatonsrs want o have
granalatod superplicaphate Nebarally you kove o Epply them with
granulated supcrphos-hate

CHE CATIRMAM: e heve now heoord oovery interesuing ataloment
by & panulacturer of gunerphogvastes. I think Dr. Seneal would e
gurproged 1T the farmners wish to hove the oroduces ve mode .,

Feraepa U6 will e bad ror Bhen, but woe have +c o what they want.

I thirk pernaps Dr. Flewart would 1iks ¢ comment on thisg
very intoeresting point of view,

DR, L. SILTART (Tmited Ringdon): 7 Lhink the orly comment I
CRI 118K9 13 bthal Farmers Ay pretor Lhe granulateod supcrvhoaphata
Tor purcly phvsiosl mendong . they prefor to hendle 1+ in toal way.
It 1t is not going te give thom as sood Tosalts aa OTALNAYY BUDAr -
phosphate, I am giite convinced tinat, dn tioe they willl find i+
out nnd they will 4hen g0 bock ond pele for the rowdcer., Purmers nvo
not guilte mo unobzorvant og Laey arc sowotimes aade out o be !
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1 em guite convineed that you ananot continue to gell the farmer
gomething which 1is arainat the ran of agronemlc eXper1ence; aooner

or leter they will find it out for themaelves, whether eyperiments Are
cerried out or not. There Moy be qulte focd TEaRons {or Gthelr prefer-
enca for the materinal in the granuler 1o they Llike to hapndle it in
that way. '

THE (HAIRMAN: Frow the vemarks of T, dgewart, you have ponflrin-
tion That the pozltion of the manufaclturesrs of Tertilisere 18 very
difficult. ®or the present we have to make everything in o cranulnted
form becauds The fariels, for the prosent, wioh to have 1t that way’
put we have only to mait oowe time ond they will zee that gome thing in
the product 1o Yot being conveyed aoa they will chanmre their mindao.
Thaet i& the fate of 1ne menufacturcrs!

DA. R. STEWANLT QUnited'Kingdom): I should like to resssure the
mearufEethrers To S0 GALen. T Think I cald that pranulsr guper-
pheaphates LAy not slweyb be batiar thun puwdelr guperphoephaten, put
thay sre seldon inferior. M. Didier mentlonod that on highly
anlcereoun toll in a 4ry alimate the powder cuterinl rives a betler
recult than grenalar matariel, but I think that is on exceptionel

aircumgtance of B VoY dry eclinete and bhighly celeoareous s0ile.  That
one case need not aleturo the cenersl view thet for most circuns tanced

granules are IO worse than gowdel. Therefore, 1f the farmer prefers
it thet way, 1 do nod think you mre golng to run very much risk.

DR. K.C. SCHERL (permany ) : Iy we wero to advise the Tarver from
the agriculturml—cheulcnl point of view, we would alaont alweys have
to advico hilm to aec strpigsht fertilicerd iretead of compound ferti-

lisarc. rp fer ne nixed {ertiligera are noncarne d, tho farmer i
always very pleased TO hove & aranulated ferfilioor, pﬂrticularly in
thet part of Geriaty whese [ cone frol. 1+ iu very oftcen windy tharo,

and AT one time, when ws werd {trying to cupply = farrer with as fine

a superphosphate Ao posolble, what happened was thot the wind cerricd
hile superphoﬂphate an to hinc nelghbour’'s {ield snd the farier himgeld
did not get the HuperphOSPhate which he hed bought. I think that the
ramarkd on granulsation wonld also apply to potash selts and other @21t3,

M. N CHARLIERS (Belgiul) (Iﬂterpretation): 1 thought I read in
Mr. STimpaon's papcl AnT the cdolition of Fuperphoophete to alightly
so0luble phoophatic fertilleers elininated the neeotive effect of
sranulation. May wo conclude thet 1t 1s the frees aclc in the Buper-
phosphate that rmkes the other phocphatic fertilissrs nixed with 1t
rore solubls? ‘

g U.E. SIMESON (United ingaom): [t wed really & quotation
Fron oIl BAGr Aican prper ON Tho rmooinmilnbil ity of granular dlealceium
phocphate . T4 ie on pege 3, and in the last pert of the parazraph
it says that the aadition of the gntocr-soluble phosphates To fertiligern
containing inscluble phovphates, or finer sronulntion, reduced the
disndventages of the dicnlecius phoephate due +0 the grunular atate.

1 4hink that ie borno out in the Jesleott'c 1Hill cxperiment, to
which Dr. Stewart referred, orn thio alnking effect. I{ you look at
experiment VII on pasa T, you will ez that, where dicalelum phesphate
wage pelleted with aoumoniui nitrate, 1t woe Lore cffectlve in the
pellet form - 3,72 millimetres - then when diceleiarn phosphote wal
pelletod alone. The deducticn there wad that 1t war obviouoly due
o the pleking effect. That, T €hink, .9 inpertnnt in the tertilizers
of clesc 4 which Dr. Stewart put on the hoard, where you have Nef=K
noluble pluc inscoluble.

K. S0UBInS (France) (Fnterpretation}; T ghenld 1like To =28y
porcthing CoOLparings AT RO TR ang wowdered pheosphntic fertilisers,
Ffor at Toulouss we have rather = lot of experlence in thio comparison
be twaen Eu@erphoaphate and couplex foertlligers conbalining phoﬂphoric
acid which i @oluble aither in weter or 1n ammonluar oltrata., The
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goneral conclucionis bthoat healcareouns tollin sranulatlon elves laooe

good resulis, For ol of 6,5 1t docs not fettor if we sronmilete or
not. Below 6.5 1t .= alvanteseous if the fuperphofphzte is gremalated,
vut In these condit: ne, I rast Gey, that 1t is Juet as edventageous to
use breeic slag. ' ' ‘

tn oA calcearoous soil with W.D.W. fertilisers, which contain some
cuperphosphate, thers 1z certelnly = dilsadvantage in frenalating -,
separation occurs, ot leadt so far ag we know, with particles of Immn,
Bolew 1 w1t 1s elecrly very ravourable:; above 1 mwm, 1t is clearly
Lags favourable, and 1f we neke partlcles betwsen 1 - 3 @, or lareer,
there 18 not o very big difference. However, the larrer granules give
the lepot good resulis, But in & caloszreous coil, the twod cmses mast
be distingudshed neeording to the fertiliser with which we mre denling.
There are granular fortilisere whioh glve & less good rcsult, btut this
lo nothing but a delay in the action, i.e. you will get o leos good
refult frow grenuleted fortilicer in the firat year, but you will do
better in tho zecond year angd bettor 611l) In the third yeer than with
Eowdered superphocphate. all in all, this causcze a different distri-
utieon, bub the inecrecage in yield rematns ot the came total. Thera
18, thercfore, no great inconvonience In aranulating;  we met aimply
intfern the farner ihaot he will have a nore peralstont metion even if
it le slower in the firat yoar. ‘ ‘

But An the case of certein other fertilisers, it does not worlk
this way and we are prescnted with rather a knotty probler. For
certain’ granulated oompounds,. we obhtain in the firat yoar results
which are lezs pood than with powderad superphogphate, but which do net
lnprove in the sccond and thira YyERrs. o More, woe ust ask ourselves
what ig happening. '

I an going to clve yeu, broedly, zn outldne of the rezul ta,
When we conpare the effact of superphosphatec, thot is the incrsate 1in
yicld obtaincd by an appliention of pupcrphosphete on o =o0il which waso
criginally very pocr - we gencrally sew e falling off in the inerepse
which 185 as follows:

80 in the first yorr

15 "N o gecgond o
sbout 5 v ‘thir aqa n
1C0 Totel

For certain complex fartiliscre — whick I would call "goodt -
we got:
65 dn the Tirst year

2;_-) 1" i peoond v
10 T third v
100 Total

The totals ere the zure or there in no 2lmnilicant differsnca.
But for certein others, we b, simply:

35 4n the flpot yesr or 25 in the first year

1o oo gmecond v Hboowoow geopnd v
5 H " third " ” 3 i 1 thil‘d 1"
50 Totel ' 33 Total.

r——

when the fertiliser 1a granalaied.

LE the fertiliser 1s not grunulsted or 1f 1t im epplied to acid
soile these difforences do rnot ocour, This 18 not dus 1o the phoaphate
- 1t 1s dus to the conbinmtion of ‘phosphate and greanulation.

- ln conclusilon, shauld we pranulete or not? - +thic is the guestion
which nanufociturers ask thelwelvan, Yes, granulate if you wich, For
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2 #cll pH of 6.5 for superphoouphate 10 dooa not matter. Below this,
it would be belicr o granulaic-  sbove thiz it wounlad perhaps bhe
plightly dissdvantzieouns bhut 1t only gives o delaycd effeect.  Dut if
youw are meilne comound feotilizera do not granulate anything. Therc
RIC goms fertilisars which opn ba granulated without harm and othara
viich cmranoet. I . should 1ike Lo egk the chemlsts . guestion on the
explanclion ol tae lpock of efiecct of cortsmin complex fertiligers
rich in caleium. Is it thol (T wek 2 question bo waich I know no
anewer) during the firat yoeara, in Lhe interior of the granule, fthe
noat soluble part of the phosphoric acid dilanppedrs — thus enriching
the granuvle in cenleium - end is fthere o change of the phoaphoric
neid from a form containing litdile esleium o Torma which are Very
rich in ealelum and conagequently of lowcr nctivity?

M.z, I’ EURY (Frnnce)(lnterprutution): I do not intend to reply to
thio queatlion tut I should like %0 nake two small romarks on what
hzs bosn said abvout granular Tertilisers. I certain cagcs the
mamufacvare of complax fortilisers nearly slways sUitcmatical Ly
ineludes gronulatlon.  This 1a pertainly the cpae for fertiliosers
made by reacting phoavhale rock with nitric acld wherc the primary
procduct s o alurry. The simpleostmethod of drying this slurry is to
recoyelsz the Tince and to granulnte. Obviously it would be poaslble
vo grind rinely +the granulse aftar that, but we would, I thinlk, have
diffieultier becausce of caking with the usunl compeaition of theage
rroducts. On whe other hond oftrr tlie romarics by Jdr. Stewort 1t is very
digturbing to gee whiat cerbain Tertilisers contalining insoluble
F205 hove n lower efficiency when granulated gepacianlly in the cnge
of compleyx Terlilioers made From nitrice acld, whéera the survius crl-
cium 1o ce0d w carbonnte and not sac sulihiate, becruee thege Tertvi-
lisera derived Srom nilric und csm bonia procefses end un os mixtures
of ammonium nitvate, dicalelium phoophate and enloium cnrbonnte and
they contain hardly any weter-solubio Fz05. In thils wey it would be
vary difficult for the manufacturer if therc is no soluble Polg. T
ghould wlao like to add thot the LEronomiate compare granulatod ferti-
Ltecrs and powdercd ferlilisers; 1 the granulaled Tertiliser ig
well-—d¥ined by the gizc of its gronuies, wne povdered fortilisor is
not well-defined, Agronomists usualiy tolee, Jor experimenls in pots
or in the fleld, o fincly ground fertiliser. * In comme reeé, on the
convrary, 1 we sleve an ordinary guperphonphate or A mived fertiliser
wa oovscrve thet there is an imvortenl rasiduc. Powdercd fertillserd
are thug practicclly o helorogenous granuleled Terliliser.

=

DR. it. STEWANT (Unitled Kingdom): I should 1ike to oraw sttention
to Thie very cxtensive work done 1in Holiand zome yzors ago by Dr.lulder
on the agronomic cfficicney of o form of nitro—-phosphate, He ounrried
out numeroud and sxucrgive cxperiments, both in poto end the rield,
To eonpare mnterial with ALlforent grenule olycs, and alse with
dirfercent dagre s of water aolubility. The normal product had no low
wober golubility but by modirtying the nprocess, an incresscd waiter
gelubllily conld e obtnined. The reagilts tihey found werc in general
fEreencnt with those reportad by M. Soubles, in that in allkaline soils
The nitro-phosphades were logs effeative when they did not contain
vary much watir-soluble Pu05, bat therce wod o reasonnble effeed on
a0ila with £ pH round about $ and below.

M, N, CUARTIRLS {Delgium)(Intcrpretatlon):; In roply to the guestion
put By M.ToubIcs I chould like (o make = eugoestion.  To bha nrocean
of gronulation 1s DY not thet we work with temperstures which would
anllow the dicpleium phosphats with +wo noleeulcs of water to booome

anhydrous,  Thig norning our atiention wog orawn to the Aract
differsnce netweaen the efticiency of *heasc Lwo forms of ©205. It 19
perheps partly an expleonsticn of the guostion sut by M. Sougiea.

M, SOUDIES (srrmce)(Interprotation): I do not think go. T have not
Tound ony conllrnation of +ha 2xnlanation given by . Charlicrs, I do
noy think this 1o the case for we have extracted nhoaphate Fron ‘@non
of the products waleh woere not sesisfactory nd when %hey were not
gronulated chey worked very weoll. In ruply wo M. #leury I muat aoy
coc thing: 14 1s guite definilte thot we must oranulale nhosphate mad
with nlirio seid. “hat I must cmphasise o thas 14 ia ne¢cesanry o
know what we should sranulate.
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M.II, RICEARD (France)(Interpretation): I should like to aak.
. Soutles if In his experiments, he wag able to vary the emount
0f rainfall or, at lcast, 1the meigture content.

M, SOUBIER (France )(Interpretation): No. These experiments
were carrled out in pots and the pmcunt of water was the optimum,
we wauerudthc planty sach morning.

M. P. PLEGRY {#rancc)(Intcrprotation): With regard to the
explernation glven by M. Charliers on the gubjeet ol the final
formaotion of anhydroue dicaleiuw phoaphate, I do not thinl it
oceurs in well-made granulatoed fertilleﬂra becmuse, ap w repult
of the I'rench method of ananlysing the P-0c ‘with alkeline oitrate
of owmonlaz, it 18 agesen that there m, %e LLiEﬂGY of alkaline
poluble eltrete Tp05. The drying thpnr?ture 18 cloBaly oontrolled
po that the “icalelwn sulpheve 1a not dehydrated

DR. T. RATISTRICK (Unitcd Kingdom): 1 wonder if I could ask
M., Fleury what proportion of hils dicaloium phosnhate 1a present
in hias nitro-phoeaphate me dihydrote, and how he kxnowa?

. JLEURY (Jrance)(Interpretation): In fact, the msthod of
anolysis does not distinguish betwsen anhydrous dicelcium phos-
phate gnd triculeiun ghoaphata or oven unattacked phosgphate 1n the
inacluble fraction., Vant 1a importent, from the comméercial polnd
of view 1n I'runce, 18 that phoaphatces arc gold on the basis of
PO sclubls in smmenium citrate. The dnsoluble pert 1le of leas
valtde and concequently every endeavour ia made te keep thisg
ingolunle [ractlon to w minimunm.

I CHATRMAN: Perhapa we could now Tinieh the discuseion of
more agronomlc thinss. I should like to hezy wheiher you have
Bame rtn rke on the implloqfloﬂe pf ir. Broock's Papers.

PAPLR NO.LE/761 — OUANULAR COLIQUND FERILHISNLRS (4T Brg 1& y
T aon

Lir, P. CRAVEN (United Fingdom): I, Chdirmin, I have two
guceetlons whicenh, T think, are connccied. One concerna the
gecond paper, whether or not Mr. Brook hcoa done any work to
daternine whet eflfect temperature hns upon the molsturs/hardncsn
relagtionskip, the second concorng the first paper, whether or
noet ne bhas gone into the question of breakdown within the drier.
He mentiong the Foet thet withlin the drier you get & conalderable
ariount of granulation cccurring, btut he doés aot nention bresk-
down, wniech T fesl would also occur. There are two procegges,
one in which you are drying vhe grunule and thereby reduclng the
clasticity of 1t aseoondly, you are Increasing the temperature
and theroH y you tend to dlnersase the elosticity. These two
things vececur al the game tTime.

MR, AT, SA00K (nited Kingdom): Tith reference fo r.Craven's
firat point, The three molature oonteonts given wa ordinates are
really a measurc of the teuperanture to which a granule 1o ralsed
when dried. That 1e, 1in these particular formulantigwol fertliliser,
the molsturce contont 1g very definditely releted to the temperaturs
to which it is finolly dried witidn guite oloae limite for a given
dricr. Therefore, the curve would equally well serve under &
particulor set of condliions 1f the ordinatcs were granuls
teopersiure ex The drier.

On the gecond point regarding breakdown, I canncet say that
we have brought this point osut very thoroughly, execent indirectly
in that we now carry out dust measpurements in the geaesa winlch are
token from the dricr and the cooler separntcly. We have n method
Tor measuring the Lrue dugt content of the gapes over guite long
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perioﬂa of tine: we can noy %uite concluzively, froum the ancunt
of Gust we collect from the drler gases, that the breakdown in the

drier muat he guite neglleible.

Ir. B. EAACK (Gormony ) {Interpretation):  would reler to.
the gFarulotion of fertilisers and fo super coempounds ip pariiculesr,
T weuld stress the exicternce of the liguld phege: | em of the
opinicn. lhat the amount of water can be rsduccd by uting water
vapcur {or hol water) instead of water as such, L owan worndoring
 gome experiments with wetor vapour inglead

whe ther Mr.Troak had aado
of wator,

M. LT RO DL kUnired Flnwdnm) We heavae donc quitc n Lot of

work In auirg WIEET vApour L.e. ehCau. The offecs in not guite @o
noticeanle or o diffarent from tke use of cold water as we would
heve exprnoted, e mpmount of llguid phase requirved in a rether
difficelt notver to determins. If cne sgmploys stean. or, say, hot

ulr tor granilation, the finel woisture content of th2 neterial
from the gromilatoer iz definitely Llower, but in the paszage through
the groanuletor much molatucs vagpour hee come off the matorial;

it must come off by virtwe of the high teuperature. The add1tion
of weter vapour or hot air ralces lhe tompeoraturs Pubetontislly et
the besxinning of the granulator. I do not think, frankiy, that
there iw an awful lot of difforcnce in the molsture content (i.e.
1igutd rhage) at which sranulation takes vlace at the beglnning of
the pranuletos whether you use cold water or water vapour,

k‘\..’%P-‘-:JT‘- I .-} . l—fr r'_; R " TRt 7 gy ‘;-: . ‘.:'-'_l .,:.:‘_‘___‘ :‘ ‘"-‘ ; _d “L-w_,.::-.:-\ _,‘.;_L"i -LJ _[J_._l o
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I T4, BROYNLIE {(United Kinedom): T should like to ask a
queceticon ﬁﬁﬂv?“ﬂf Frook'o tecond papsrs on the hardress of granulen.

He menlions on o 2 thet ke used a precsurs of 150 pounds ner
dolsle lazk to ac hldv& the browkilng foree. I think, [(rom mental

cnloulation, that would correcsvond to o very hish stack of one
hundredwetsht bags: . Indeed 1t would probably be soveral hundred,
1f ke has umed o sumaller brecikine torec, then the graph which he
would heve ohlained would, 1 believe, 1lie somcwhet higher up on

the Y.uaxig, Tharafors, he would have o differcnce or pogoibly
not en intercevt when ho drew from 1 per cent molsture acroage the
grarvi, Tf we gueume then thelt on a Low stack of fortiliser baoso
therc 18 insuilicisnt ywresswre o cause matoriel btreskdown of the
granulec, ws come back fo the originel ataterant on page 1, 2t he
doen bellsve that certain choracteriotics are reln tud to thP h&?d
ness of wranules. I wonder 1f, in the abgoence of = bresking fnrru
he belleves that the ploastic nature or plaswic defornntiun of
eranules 1s eoeponwivle for caling. If he docs believe that, dOPE
he mloo believe that the plestic deformation occurs botween L per

cent and 3 ver cent moisture? If 8o, haz he any way of Neapuring
thiz plastide defornation?

WR, AT, BEOOK (United Xingdem): 7ith referesnce to Ir.Brownlle's
Sdral point o tae high deeguure, Ioagrese that 1t dova gean
ridieulowsly hign, but thia dest waz a zscraleh test largely to sos
it wo zould fino gope correlalion belwoen moloture and hardness., I6
wad res1ly the third of o number of teats we deviased: right {rom
the sunrl Al gove bodter resulle and we stocle to 1t. e found very
quickiy that 1f we wers to ses anything to woensure in comnection
with *igh dried granulzzs - trat iz granules dried to a very low
molotures consent - LU wod nLﬂﬂaﬂrrv to have extremely nigh presoures
o ocauss any degradation at all.  The groanuled are so hard that
pressare corresponding o norrol pile heignta would not have pnay
efleet on them. & have juat chosen e »nreagurs which would give
goms dusy Lo memsure. I agrec that the curve would have been n
diffocrent anape and probooly would be more intersating in accont-
uating the hardrneoss between low snd high moisture gramules il we
had choeen a rather lower preagure., '
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4 th regard to the plestic deformation, we have not actuelly
studied this problem, osut I should think an apparatue very gimilar
to the type we used for theass tesis, 1n which one had a weighted
platon on tep of the cylinder, would be thc type te follow. We
had a test apparatus some yeoarg zgo whlch wag ugaed [or meesuring
the oaking of fertilisers, und 1t was, in effect, aomethihg elong
thooe lines: 1% wae a cylinder of sbout 2-ineh ddameter, incheag
high, [11led wilh the granular fertiliser and with a weighted
platen on top. We d4id notice thatl the pleton went down guite
conaiderably after a few hours wlth preasures of the order of =
nornal Feriiliser piles  that i, 15 to 20 poundg per sguare inch.
T thinlt that test would show wome plastio deformation of a 3 per
cont molsr: compound ns ngninst neo l g cent, bascd on what we
now know of the twe materials separately.

. 5. T. COLEMAN (United Xingdem): Mr. Chairmen, there
appour bo ue gome commen elemente arialng from theoa digcusslons
both in regard to the mgrononic and technical discugailonsg. The
agronomlsts haove evidently cerried out o 1ot of work and preduced
many results with enormous difierencesn in them. When theee ore
eymmwined ~ the lemding apeakera arc conoernsd moably with findling
reconolliatlion between these differcuncea - it becomes gulie
evident that there are nore things which affect the results thaon
aypc necegsarily recerded in the popers, -

I sugeest that the reaults are not necegaarily in conflict.
I sug-sost thnt we should endenvour %o gtandnrdise cur examinatlo:
more thon we have in the paat.  Fach set of resulTs iz probably
sarfeetly true for tho preciac clrcunstances undeor which they werc
performed, Thesge considerntions cpply cqually well to mettere
arising out of Mr, 3rook'a paper. Ho relers to o ltest apparatus
in which he applies geveral condltions and obtalne different
regults concerning the influcrosa of the various Tactors on
gronulation. I think it would aloo bo tyue to say thet there nro
A nony diffcrent ideas on how good granulation may be affected as
thers ara granulcotlon planta, and even gets of operavora to work
those plante.

The ahgcnce of alandnord mebrods and atandsrd procedures which
are evident in the ngronomic sxperiments, are equally evident in
the sxveriments on zroductlon. M. Erook is, I om sure, perfectly
awere of guch factors s dimensional gimilarity. is experimenta
do not revesl, nor do I imaginc 1t im posalble to agcertaln, the
oftent of lincar dimcneions upon the varilous results that he
reporte:  but the aimilerity goecs [urther thon dimensional, 14 4w
soncerncd with every oingle Fact; it concerns the setb ol obaerve--
tions being made, the temper~ibure, the geomelrical Teature of Tuae
apwaratua, Lhe velocities, the ntmoapheres the tepperatures of
the water ecven the mstericsl being studied con itaeld affect th.
reaults. :

One of the fow deductions we may deyive [rom thie Conference
is thet different cireumstances produce differsnt resulte. I
steneat if we ars anxious to nacortain the Tundamentzl truthe, weé
muss, o8 Dr. ladstrick said this morning, atandardise on dicalclu:
phosphate and standardiso on metihods of procedure in gensral.

. L. DIDCER (Wortkh &7rica){Interpretrtion): On the subjsect
of thc apomalies found by W, Soubdes, I ahould like to put the
followlng gquestlion to him: has he annalysed, 1n the scils he ueen,
Lhe iron nnd aluminiua complox which could play o great r.rt in
thig? What strikes me ig that the same granulea whioh are ground
and powdercd work well whersos granules give poor respulta.
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W, SOUBILS (Frunce)(Intorprelation): They are calearsous
g0il® with veory littls iron, Mie mein reanson seesma to be tho
Yind of reversion of the soluble form of phosphate in {the granule
inte a less solunle one. It ig o epeceific effect of granulotlion.

M, 2. D00t (Frence)( Interpretation): I should liks to uak
Whether yoUo Ao any cvidenet of the influsnce of the acidlly of
the pixture on She granul-ilon. In my experiments [ arrived at
e ooncluglon Lhat with N=9-I mixtures containlng Superphoapnats
the noidlty sromotes the srenulotion, bud if the mixture 1= acld
alter bellle gronvlatog, the pgroduct shows o tendcney to act.
sloo  this guesilon ~pplies whel armaonicted superphosphets, which

igm neutral  1s uacd,

T, DHOOK (Thuited Tingdow) s JIy experiments ag shown 1n
thie v o do aot give ony inlormation on whe point which Mr.
Pleury rolsca  but we heve done other Ledts which, without baing
gulte so thorouvgl e sone of those we have reportod, do onfirm
thot if one relobes the Frac aseidily So lhe frochnosa of the guper,
cronulotion La wetlor with Dresh Zuper th:n old, but this mey not
Tz odus unblraly to The oaount of froo sotdity.  With voarious
fortillasro oode From supers having differeny -cld roex rabiog,

al of egusl oge, we &id find thot greanlation woe beuter with =
high nesural Tree aeldduy.

Tith respcet to bhe sscoad perl of ke guegtion, the effcct
of the tree acidlty on the subasguent sobiing, 1 think that 18 o
rother more involved point. 1 9zould not like wo angwer 1t here,
sirnee I Teel setiing is mach more concerned with moleture content.

MR, D0 2SI (United Kingdopn) I have Just one onall
cucoticr on Nr. Drcok's pupor on gramalanion.  On pages 10 and
11 hne cesla with experiments he neog denc with o by-product
apmmoninn zulphate ag opposed to gynthetie, the former belng n Tine
nesdle oG whe Letleor waing o larger cryotal. I ahould like to
sugzeat o v, srocl - poainly ke has done thise olready - that o
Gobter way of compasing thoe eflect ol the worticle glze of
Ammoniwt sulpnhote would have tecn to toke different atrean
frootiong o synihobic ammoriuvn sulphate, because whcn you do
eyt e o usieer of types of ~uponinn oulphate of different
sources, the offceta of tompurity sro gulte marked in Lthe rcsulis
thit you g2l

MIr. A Lm. sROOn (Ueitod Kingdon): Mr. ZJrownliic raleEses o Very
intercoting poiat in reagoet of lhe possible lapurities in by-
product sulphote.  In faot, wo d:4 at one time consider that the
jmpurilica in this wmowecrinl were roally respongible Tor the poorer
pronuiation whicr we got At Vst time w8 sgainel tho wuoe of
aynthelie sulpiates nade IT00 synthetic rmmonle. Dut we did, im
faot, carry out theoe oype of Test which iy, =rownlic suggeosts. WE
aarriad ous o very Locgo mamber ol eronul vilon tests in which the
sulvhate wod graded in cloac cize ringes  atarting from sometnling
o0f Lhe ordcr of 60 DA% asrsan wltil 1 scerean neeh difference:  that
ig, 6C to w2, %2 Yo 44, end 80 on, botn for by-product and Tor
gynthetic gulphase. Imch Te odx aurpriac, the woaver raguiremenio
and the efficiency ol gronulatiosn usilng the two sulphaics voried
very little indeed for o given gime range, In each coase rolher
morc wator woa roouired by the Dy-prownct gulohats, nd the
gyorula.ion woo not gulte 8o Food, tut thesc differencos wire
anail conpored to whe sffoect of the particld slzc. We moay be
wrong here it may ce thal cartain imparitics have sgome effeet,
vut T would say Troo our own teats thot 11 1e the particlie aize

af the sulphate wialch 1o parascunt.




THF CIAIKEAH IL is h“ﬁ;LV tine o adjourn the ConTerence
Tor Soday. Bafore flnidh]ﬂ 1 should 1ike to mike a low renarks
cn vt ile. Colmi hee onid.  OF course, Jheére is o paramount
gignificance In otz ﬂi"“dianv our mzibiods, our terme and all the
things we nre gpenlking obows: | [ think we agerecs on that. On the
other hsnd, leochninal developmeat 1s proccading go Tast  thot I
think svandardisation wnd vechnieal work mugt go hond in hand.
ThereTore, of coursw, we Day hove Lany onoes whara wa hove not
renched the atoge of atanderdization. - It is Tor thal reason that
we hove this meoting herc, in order thit we may have the opportunity
to Tolk nbout the differeni metiods ~nd have the olarce to
stoandzrdise our methods. Put I do not thisnk we cnn place gtandord-

lantion 28 nunber one ond the nornnl techiicond r“q;cu incntas o8 nunkter
two:  they nmusgt go nond in hond, ond T hope we have lecynt o lot

sbout thia through the ”idntdulf“ Todny .

I would ropent my thenta to the authors wodny for their
intereating prpers, [ owould cleo Shanl our $wo introduccrs and
L1 owne gentlepen whoe have Salen port in this very inteveoting
dlacugaion.

W omect nonin the Quy olUnr somorrow ot 9.30 w.m.  Thank you
very mach, Gent!owon.
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M, D, J. BIRD (Unilted Kingdom): I will now call you to work,
Gentlemen, on the third section of our pepers. The problsem that we
eré csoling to discuss thio morning ic one which T feel personally ia
of major importance to our industry, namely the éeffect, from 1the
agronomist'c angle, of the nore concentrated fertilicers which are
now belng produced and offercd to faruers.

The Chalrman for thie mornine's diccussion is Mr. Dior, and I
will now ask him to teke charge. :

- Before lr. Dior aocowmnes the Chalr, [ should have welcomed here
this morning perconslly and on your behalf Mr. Gallay and his
colleague, Nr. SumedwySdall.

In the Cﬁair: M. J. Dior

Mr, J. DIOR {France) (Interpretvation): Firet of =11 I should
like t5 Thank NMr. Bird for the honcur he did me when he asked me to be
Chairmen of thlc session. #ithout further delay, we will bagin our
discussions, and I will call upon IMr.Fleury fto cpeak. ’

Mr. P. FLEURY (France) (Interprotation): The ﬁapera in Section
3 which we &Fe TH Wiccuse to-day deal with = gubject which, although/
it 1s older than that of radioc-elenents, neverthelese ztill contelns
unexplorsd details. Fver oince the time when chemicel fertiliserd
wers introduced to practlesl asriculture, we have only expected them
to supply the plant with three elements which are indispeneavle to
their development - nltrogen, phogphorus and potegolunm.

A% the pregent time in most countries, 1f we do not count
Time which may only be sold as a by-product, these thres ere the only
alements which the fertiliscer manufacturer may mention on his labels
and sell to his custoners. .

Everyone to-day, howsver, admite that the Trinity "N.I.K.", if
it is necescary, ic far from belng suftlciant. Meny other elsments
have been ndded, which are claszsed, according to HCLES a8
"Construction" eniont and "Catalytie" cetlons; according to ARNON
Bo rmacro-nutricnts and micro-nutrients, snd in a moras general way,
ot elemente nceiing at o high rate i.e. begldes niirosen, phosphoruo
and potaseium, sulphur, mecgnesium and calclum, and trace slements
which mct in very smell guentities smengst which the princilpals are: .
iron, copper, zinc, manganceée, boron and molybdenun, We could add
cobalt to theze, which, mlthough it 1 not indispensable to planta,
is needad by animnle; thus. 1% 1z necessery that the anjmelo find it
in the plants on which they feed.

0f thece elements only boron hao been comuercialiged by the
fertiliser induotry which considersz it more as a medicine for the
trectment of heert-rot 1n sugar-beot.
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(» . Therefore under the generel heeding "The lmportance of
Nutricnt Blementc other than W:D. & K., and the consequences of their
reduced ovellabllity through the production of more concentrated
fertillsera" we have fowr papers dealling with two of these elements:
gulphur and mangenase,

Firet of all we have o prper by NMessro, Charllers and
Carpentier on sulphur which ~ives a detailed review of the
connectiong betwsen thile element and soll, plante and even the
animel Kingdom: the work is in somc respects confilrmed and supple -
mented by Frofl. Fruhstorfer's paper and the results of hig
experiments. These papers show the tachnicien the ssgential
importance of culphur in the use of mineral fertilisers, and prove
that this element must teke 1148 place with phoephorus in fertilisere;
this 18 B comcluslon which superphesphate manufacturers ruet be
pleased to hear confirmed definitely once again. oince Mr.
Cheriiers and Mr, Cerpentier have shown the etfflelency of the pypsuml eg
a sulphate fertiliser, I think it would be usoful to meniion that
considerable quantities of rcypzun arce to-dey diccarded for lack of uee
by mekers of phosphoric-acid hy the wel process. Besldes thils being
p real woeta of sulphur, the gypsum ocbtained by precipltation iz ina
perticularly active form, as, in addition, 1t contalrs dmall
quentitles of P»05 which escaped the ottack, and part of the troce
elements which are contained in the phosphate rock uoed. I think
that in Germany, befors the war, thils %roduct wag currsntly ©old on
the market es phosphogypsun. It would be deslrable thet the velue
of this product ae a sulphate smendment should be nade svident and
that the sulphur and the calclumwhich 1t containe should be returned
to the #oll rather than actually wacted ea 1% 13 now,

There are alsc two interectlng papers on mangansfe, one by
Prof. Fruhatorfer, which pointgout the afflciency of the megoclation
of mongunese salts ond superphogpbate and the usefulness of thia
Tertiliser in golle lacklng manganese, the other by Mr.S.larsen which
gupporta the argument of the former, while giving another hypothesis
on the mechenisanm of the menganese-superphosphate intsrectlon.

. Lewving our collesmgpue Mr.Poll to diecues from the agronomic
point of view the concluelons and hypotheses of these four pepers,
T should 1like, o a technlclan, tec bring the viewe of the manufecturer
of fertilicgsr +o bhassr on thla guestlon which becomesnors Inportant as
the scale of nutrient elanmenta 19 enlargsd.

The problen az a whole i ag followsn: for a variety of reasons -
most of them econcomic - there 1 a tendency te manufacture rore and
more concentrated fertilicers, and in conseguence their compositicn
ie becoming more and norce that of pure products; ammoniun niltrate,
urca, amnonium phoophate, enrlched potrgslum aeslts zre chemical
products which only contain small quentltiec of other elements,
ooncentrated superphosphate replaces ordinery superphosphate and in
the United Statea i hes besn propoeed that phosphorlc acld be applied
ddreotly fo the s0ll as well af anhydroug amnonia and concentrated
amoniecal solutlons,

Thase practices may, in the long run, leed to a shortoge of
gceondary clenents by o doubls nechanien, {rnn the one hend these
fortilisers do not return to the esolle the gquantities of the elements
which the plants ftake up, and on the cther hand phenomena of inter-
action or of toxicidty by breaking the equilibrium can occur, cauded
by repeated lorge aprplilceutions of certaln pure ecloments.

Meanwhile certein fertililsers return(freec of charge to the
ferner) other elements thun thoss which he bought orieinally,
Armionium and pelassiun sulphates contein important quantitiec of
eulphur, btut in TFrance ws use nore pltrate of amwonla and potesglun
chloride; certaln potassiunm selts are rich in raeneslum, 1n sodlun
end eometinmes in excesslive guantitles, in chloridne; certaln basle
~5lags have high nanganedc contents, snd 2ll are rich in dron. Conplex
foertillsers made by reectlon hetwesen nltric necld and phoephate rocﬁ
contein sccondary elenente of phoaphets rock. Finrlly, superrhosphete
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which of a1l fertililsers 13 andoubtedly richest 1n reecondery’
elemente contalns in addition o a large QTanrtion of sulphur and
calcium all the Trace gelements conteined in the choephate rock from
which the super lo mede. my theoe miet be added tnose impuritied
whieh the sulphurilc acid, used 1n ite rapufacture, contalna.

Is thile sufficlent? Some people LThink BO. Thuwo we have

peen eble to raad In = recent Frenoh tochnlcrl review mn artlcle by
Vergneud, wherc the author cendeavourt to ohow thet systematlc -
application of gecondary elements or trace-clements O cultiveted aolle
wag, for thc most part, uselesd, since menure, fertilioers and
gEpecially guperphosphete contuin oufficlent quantitiee of these.

mio might be oxcasslve optimism. Vergnaud congldere the
qetual pressnce in ouperphosphate of mout of the elements whlch
hre found in plante, but im therc B sufficient quantity of themn?
Limiting wmyscll to puparphedphete, 1n whioh we are all egpecially
interested, 1t 10 wopaible, thenks fo enalyces reccnily carried out
both by colorimetrim nnd spactrograpblc methods by Vigler and Tridot
of the Complolr dew Thozphatea de 1'Afrique du Nord, to calculaete the
ppmount of Becondary alements to be found iy superphogphate gecording
fo the plamecec of origin of the phogphhte goed in ite manufacture.
Coneeguently we can cotimate the guantlty of thase elements which mn
average mineral Tertilicer drezsing glves to the goll, that 1g 100 K/
of 205 , 1., 5 to 600 kg. of sprdinary superphosphete. Te have
only taken into aocount, when aocerteining theoe filguret, widely waed
phosphate rock, and net naptain verlaties which contaln large quantitie
of certain elements (for exnmple, an Amerlcen phoe phate from the state
of Tdaho contains 2% of vanadiurn, )

T am dealing only withk slements contained in phoephate rock.
gulphuric acld 1teelf crn include a 1ittle iron, sometimes Z1TLC,
when 1t 1E dertived from pyrite:, and anonedt the olements wcelens to
plants, There are Gometimes laportant quentitiea of lead mnd
gopocially arcsenic, sgnd aliao selenium. (See table attoched). Me hav
no inforpetion sbout boromn, for tha phonphates contain very little of
this element.

AD cveryons KNowe guparphosphated sontein Tluorine, an elenment
which, slthouagh not indispendable to the plent, playe & ngeful pard
ar mn antlgeptic mda dtoinTectent in the s0il, which ney well halp
to explailn the cuperiorlty of guperphogphate over other phocphatic
foptiliocres.

Our agronomict collcenmmesd ‘would have geen tmmediately the
dlsproporticn hetwesn the guantities of secondary olemants other
then culvthatce, given %o the =cil by purE rphoophete, snd those which
are now usgsd to mke up deficlencies in the splly usually we apply
-~ water polution at the rate of 2 kg/ha of angancss; for incorpora-
+ion into the soll 10 %o 50 ke lz nccesaary, according to Dcharrel,
with an effleisncy which iz ledg: cortaln. For copper 6 to 20 kg,
for zine 5 to 6 kg end for molybdenun, recently commerciallged in
the United Statcs in the Feprn of Aodiun noelybdato, 1t 1 neccRrErry
to hmave 75 g to L kg per hocohars, cnd Tor cobalt 2 kg/ha.

Thus, 1f superphoophate which mlght be songidered to be ona of
the fertiliserd richect ipn sccondary clenentd contalino so 1ittle, 1%
geens inevitablc that in the future we shall be ingorporating into
tfortillzere sufficient quantities of the elemente mentloned sbove,
and thils presents a serlies of new problend on whieh to besge our
digcugaiona.

1. In whet form cught theaee slemente to be sdded? In order to
determine This we mmat atudy the available {orrs ana the netabolilsmn
of these clenentz. Moy we 1ot contemplatce applying 0 the etudy of
fhe physilologlcal role the nmethod which seems %o give proriaing
results for phosphorus, i.s. the ude of redlo-active ieotopeR?”
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The ronge of these 1aotopen 1is I rhaps pulficlently wide for ue to
find 1ootopes For ros+ of phentts nutritive elements, with characeter-
lotice sulteble for tracinege. : '

2. The results. of Leny asronomic schaervations sgem to be that the
incorporation of thess olements inte the zol1l 1g Trequently not the
best way o restitution; hetter reésults are obtminad in lany cases
by spreying suling solations on folilar plant lemvee, Ezmential
elements erc nlse wos Silable dn thds forr, and the foller applica-
tlon has now crnjoyed sreat cuscems edpecially 1n the cultivation of
frult treces. Dr. Schael and Fr.Carpentice apoko of thils yeaterday
in their pepers,  There amy well be o fruitful relationship betwaen
these two points.

3, anally, 2Ioassential question Tor the nanufeacturer, who has

to mall his Products, 1 that the suthoritica should admit 4het the
secondary olements have gm valus which should be considcered in the
price of fertilisers. I ceamCharliers and Cerpentier have enphagiged
this point in their paper on osulphur and thedir arcunents are also
valid Tor other elerente when 1+ hag been rroved that these ara

useful ond necescapy, That should be the geale of price incremsed
dependent on the addition of Secondary elenente?  This 4ie ap inportant
point which the seronowmicts might be able to fix Tor us by indicating
the anounts which seen to thew to he necuedgnry,

To suii up we et ciphagize the value of Gecondary elerento in
superpheephate smd teite thown inte account in the propagands Tor this
Fertiliser, but we mmot wlso recognlse thet for certain of these
clenents the cortont 1s clearly insufficient. ‘

: In certain concentrated fertilisers, mde froi elnost pure 2onlta,
the addition of a2 conplement of Secondary elerents seens to be m
CThing of the vory neear Tuture. The gquantitics 4o be added (teking
1t for grentsd that the ralntonanes acount would be eddad regularly
to the annual fertiliser dressing) and the Lethods of inoerporation
and epplicaticn rheoald b GClzousced: however, we shell only he able
te touch on very little off thils vaot fubject today,

CONTINT 00 3ECONDARY LLOLENTS TH SUBREIEHOSPHATT
’ Guantity of elcmenis addeqd to
Elcments Content in Super the 201l by 600 kg of suvper

- (10C kg of Ds0e),
[ iMin. Fean | ix, | Ldn. ) e nn ) Max
] in kga,
1
e 1d a0y
S -
Sul phur - 15¢ - ~ 90 -
Mrgnesoium D,C367 | 0,18 G759 216 1,080 4,500
Iron 0.15¢ 0.35% 1 1.5 900 “,10c & 900
race
elenents - Grarues /100 kg, PoQs.
PR /I8
Mangancae 6 2 a5 3.6 7.2 27
Copper 4 15 40 2L 9 ' 24
2inc 22 170 &0 13,7 10.2 156
Molybdonun 2.2 3.9 4.5 1.3 2.1 : 2.7
Chxoml um &0 120 150 36 Tz 90
Cobalt 1 a5 4. 0.6 1.5 2.2
loxle or
TacTTectivg ‘
elcnants . B
Venadlun LA 100 1060 o &0 ‘ 100
Nickel 5 20 60 3 2 30
Eirconium, 6 1c i A0 3.5 & 1z
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THE CLATIENMAN (Interpretation): IMr. Doll will introduce the
pubject from the agronomlst's polnt of view.

M, K. POLL (Heliand): T had propared a brief report on the
soeoncary eloments which was sent to the T.3.I00A. office too lute
and could not be circalatsd in time. I should Just 1like To glve
vou mome gencral idea of the sgronomic problem and 3l 80-20me
regul be of exporinsnts with troce elements. I is obvious thal 1n
~daiticn to the threce chiemenss. N, 0 and K there ars otasra which
niay a very grealt role dn the rutrition of wlents namely, Tho
macro-alements caledum, magneoiun, sodium oand sulphur: the Tracc
slenanie copper  nolybdemum  iron, zino zobalt etc. This hua not
elwaye been (ully cppreciated oy tho Teytiliger manufacturers nor
in precticsl agriculture, althouwgn 1t beo beon dizcovered that in
ceTtain cagse G4 L necoasary wiat they eshould be applied.

Agzuming that vhe indvslry will Tend Lo make fertilisers
which arz more oo mors concerntrobed  d6 1p probapls that in the
fairly near [utuve thoye will be dotilolencica of thoge elements in
the soll. We rupn the risk of geeing agriculbtural production
diminiah heoauee the soil'ta Tertility ie not cver-lasting. On lhe
Gtner nAand we muat not foreot that awrlculbar:l produce im uged for
cnizal =nd human notritioa, snd in this rezpect 2lso theee elemcnta
wlay a very important zur b, Equally 1t Qs the task of the
Fertiliser manulfaclurer to gonaider the guestion, and above all to
examlne Lheas eloponts from the weolnt of view of the lew of
diminighles returna as in the cage of nitrogen, phoogphoric acid and
potegsiuw, Thesce producta must co® only ba obgerved {rom 1lhse
quelivotive point of view but alfo it 1o noeccoaary bto lmow the
cuentity which mast be appliled wo the soil.

Urbil now, the current nelilods of annlyailns fortiliaszra and
aoile -did nol enable ohis  gunntity Lo be determined, and although
rosenrch and the applileation of analyticsi methods for theso
sroducto wre sarticularly ewponolve and compltiensed, 1t wili moon
be neoegsary to bear then n mind,  In resard bo anlmal nutrition,
it g evident that Todder must provide the animel with tasac
elemente and in Ghe opsed vhere there lo s deflclency, it mual be
gupplenented by mincral salts but Lhig iz not really o remedy for
this abdgenco of elenento,

1 heve divided my resort inte lwo parts: thz {irat part is of
e ogeneral uature ol the sccond fogeribes more  particularly the
cwporinents which have been conductcd on this subject. I havo
Aividad the firot parlt nto vhees acetlona, irstiy, the technlcal
agpecet —~ influencoe ol Tthoss alemonts on ths yield of orops, on
aniaol wnd nesn nulrition, and the influcnce on Tha price of
Fortilisera when thooe slemaniéa are added. vhe gecond gecotion 1s
teinly concoracd with Lhe cihemicnl indusdtry which is morc 1n Mr.
Slecry's line g Lt iz sbour msthoos ond the: prolfits of thia
production. gineily, the Lhird scetion is purely of commerelnl
Interest —gelling prices and propagenda Cor theos new products.
The zooond Serd of my roport will deal with experinents whlcn I
have oapricod out on the subject of frace elemento which partly
provide a reply to thoe guagbion put Ly Er. Flevury on the incrensed
prices which Carmers would have o pay for wroducts including thege
clenente. I hove divided the difrerent mlneral elenonts which
shoulé be uscd into Tour catcgories ag shown in the Table below:
N, ¥r, K
Co, HMz. Na, ©
T.o0#, I Su En e Go. Mo, eta.

. B % ¢ i
Aaooad s o, AL J\‘fi [

1§ fin

¥
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In Group A are the principal slemcnts, nitrogen. phosphorus
sid potuasium which, until now, were the only elemcnts which have
been fully considered by the manufeclurcer. In Group B are ecalciun,
negrnesiug, sedium snd sulphur, which c¢annot ve considered ag Lrace
clements for thoy ocour in very large cuantities in the soill.

Group O contains the ncotunl brice zienants lodine, boron, wiac,
CLPpLer, Manganede  I1ron, ccbsld and molyodornum which gre indiapens-
able in the nutrition of planta. In Group D are given thoac
clements which are not inddavensable to She nutrition of plenta

end which are 2ven toxle o then fluocrine, nickel, aluminiunm

and chromiuvm. I would npuin enphasise the distinction beiwecn

the twoe groups containing the trace eloments arid the macro=-clemsnia
H, P and X and I will give some information on practical results,

I have not time to give you mlli the cxperimental results which I
have obtained in ny tosts with cobuzlt, boron end molybdenun, all of
which are contanined in superphospinate. I ghall ginply quote the
cxample of cobelt end show that with very small quantiliiez of these
¢lementsg I obteinsd mest significant rasults, sapeciclly 1in the
nutrition of oettle,

I have already eald thet cobalt iz not necessary in the
nutrition of plants but 1t ig neccagary for amimsls. All +the gcme
I think thal snimale should be given fodder of the bast pogalble
quality. In the experinente to which T refer, I anmlyszed the roots
and leaves of mangolds grown on ploto recelving no cobvalt and on
plote reocelving 250 gr/ha of cobaolt suiphave. In the Tabls you will
gee on the lefs the quentity of cobult in mg par kg of acll and on
the right the roaulto of the analyocs of the roote and lenves.,
You will gee very elearly the influence of the pddition of oobalt
in this experiment, -

ma /e
S0IL REoota Leaves
I 0.C8 0.13 0.18
IT: 0.1% 0.37 0.36

In the Tfeeding of dalry cattle it 1g neccasary to provide 10 mg
of cobult per day which amounts $o 3 &r pCr year per cow but, if you
only give a ration of one gr, per yearr, milk production will fall 1o
Practically nothing.

With regard to profit, given that 100 kg of sulphate of ocobalt
costy momething in the order of 63,000 Tra. an application of 250
gr/he, whioh would be suf(iclent in neel ozacy, means thot there is
oenly an expenditure of 150 frg, per ha. Adouming that the cobalt
oontainsd in supcrphoaphate s in tho region of 0.2 gr por 100 ke of
guperphospnale it could all the same contribute to making up the
defiolency,

L think, therefors, that although these guantilics are anall,
in the future, agronemists as well ra Tertiliser manufacturere will
have to consdder the nattor vary clomaly.

£ should now lilke {o comaent vory briefly on the four reporte
which deuwl with this question. In the firat report I do notl agree
with the graghs presentod on Tage 2 whers it pefora to the opinion
ol Mr.Barbicr boceauss I think thei Buperphoaphate conteing very much
higher cuontitics of eulphur  than does the baelo elag which ia
applied Go the soil., On the other fand, there are the revorts of
ITr. Tarsen and Prof. Fruhatorfer on mangnnesc and I should be pleased
if they would discuss the ressons why the addition of nohgonese 4o
superphos iiate naintuing thls clesment in m goluble form.
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THE CHATRMAN: T should like to thenk ¥r. Poll for his remarks,
and suggest that we now praa on to the discussion of the papera.

A8 the p::'_perbyMesara.’}l“.la,?(.‘liclf'a and Carpentier ia of a general
nature, I proposc thel we o0pan the discuegeion on the paper by Frof.
Fruhsatorfer.

My JT, JHARLIRES (Beigium)(Interpretation): I should llke to
reply to Mr. Poll'a most rolevant obeervatlon. The work done by Nir.
Carpenticr =nd myscll prooents compllation end does not report
regearch., On the other nand, I think thet Ky.Barbicr has inglated
on the fact that thore is no luxury congumptlon of sulphur, but I
think that whon sulghur ig adoesd Lo the scil the sulphur censent of
the soil iz inerecaed, pul the consumpticn by the plant remsing at
o cortain level snd neveor exceeds It Therefore 1f therc 19 o
certnin delficicney of sulphur in The 031 nnd basic slag ls wpplied,
it 1z obviows that 1 we add supcrphosshale a8 well we would huve &
higher conbtent of aulphur in the planb. The concluailon ia that the
gulphur is uselul and quanvitics gufilcicnt Lo mel ol o Yeserve
ghould be avplicd. ‘ :

DAarln NO LD A )40 — THELULROE GUE O IToTIUR COT TATNED IN SURPRIHOSHAT
OF_Lon GRCTITH by Tyol. A. srongtorfer.

THE CIIafRILANN Have yow iy curatioas to ask Jrolessor
pruhaforfor on pager #a/14f "Influence of Sulpbur Contalincd in
superphosphate on Plant O Owel?

PROVESZ0T 4. UGUHSTORPLR (Cermany): Ix. Cholrman, I hawvc
brought some 9lidod T wonld aslc your peraission Lo show shed.
Firgt I ghoauld like bo make « fow remarsa oo thooe cxperinenti.

Wo took a soll from our neilghbouraood, and wo aged the @oil whien
wag moal deficient in sulphur, Tue concont of gulphur being 0.0208
per cent, Firstly, in 1954 wo took thros crops without gyxperinent,
snd then in 19%% we carricd oul o cperiments with sulphur. We did
pot euect any SuCccLEs DecRuSe We Wore of the opinton that our solls
containad enongh aulphur For -lent growlii.

Then w: ¢ot o surpriss. This olide shiows the firet expzriment,
the firest pot cunteinineg nilbrogen and ootealb s 1 g. of nitrogen per
pot and 1.2 g potash per pot. The second pot has the 2ane amount,

Z1 2. of nitrogen per pot =nd 1.7 .0 poteash and no phoaphoric
20id wnd neo sulpahur. Therc is the game amount of nitrogen and
potanh and gypean corrasponding to the content of superpncaphate on
the bapls of C.3 & per potb.

. The third pot kas the same nilurogen snd potesh sa ths first one
plug superphosphste 0.3 z.0f PoOs, The fourth pow containg
farblliager nitroven aud polash plug the aame salts which are in
superphogyhate, tut without oalzaur, without gypsum. The last pot
contuing the game fortiliser as the fourth, tut there wag clso galts
with gypsuc. ‘

mhe gorond olide ahows the next cxpaeriment on the game soll,
the saoe fertilicsere.  You ses Lhat the defioilency in the soll heos
becn increased by thie experimoent.

mhg nird slide shows the oxpsripent sretty Llatc in the au fummn
with tine samc fertilissrs. The Courlh glide was Taken thig yeor
when we took another sanple of soil =nd we did not mind sbout the
content ¢l sulphur. The content of sulphur was hignoer - ahout 0.4
per cent - =nd we only uacd this sceil for one crop. Ve then crrricd
out tho exporbrent sgein with wuatard.

The sertiliscr iz the samc: in the filrst pot without potaah
and sulphur, ia thc next pot with nitrogen, potmsh and gypeum; 1in
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the third pot with nitrogen, potach, md supcr; 1n the fourth pot
wilth the pure phosphate saltes but no gypeum; and 1n the fifth pot
with pure eelts and gypsum,

The fifth olide shows the same cxperlment lester on. Thie wae in
the spring and o few weseke later when the materd was nearly ripe.

We did not expect this zuccess end we sre now of the opiniloen
that 1n Germeny we have nillions of hectares of sendy zsolilas with the
propertics which I hove shown. Therefore, 1t 18 our opinlon that wa
nra newring the tine of onset of defilcicney. It our nathodo of
fertilising dc change in future, ond if we do go over to concentrated
fertilicers, or complex lertilizers, then I thlnk the donger of
deficlency of culvhur la vory near,

WM., 0.J. BIRD (United Kingion) gorntlormen, I chould lilke to
Augeeat TheT Tor the remaelnder of this disecuseion we try and dlascuos,
Fetween the acronondes and the technicinn, how we are to wet this
new situation. We =ll reslios the importance of these 1rmce elements
anc, on the commerelnl solde, the farncrs and the osleounen are denanding
mora and uwore concenfratod fertilloerz which the tcchnlelans have got
to produce, but how ere woe to byidsze thic sep hetween the mors con-
centrated fertiliscrs and the rneed for tracs elements?  Should they
be uwdded to the concentrated lertiliscro? Tf @o, how mach and in
what form? Or should they be aprlied geparsatcly to the gcll, or 1in
the forz of lilguida s folier nutrients? Porhans we could fry to
contine the reat of the scezsliorn to discucsing that aspoct of the

problem. (¥r. D.J. 3ird - in the ohalr)

TEY CHAIRMAN: T huve bcen geked by Mr. Dicr to 2sk you 1o GXCUEE
him, and he has acked me to preside over the remzinder of this dis—
cuodion.

Az [ meld before, I think we are all conecious of the lmnportence
of irace elomenteo:  the problen frcing indusiry 1= how o teckle the
Leck of these olexents in view of the srowlng tecndancy of more
coneentrated lertilisers, -

Tould anybody like to speak {rom the production side, Lr.
Sohoel

DA, E.C. SCHEEL (Germany) (inlerpretation): As ar 29 the
menufacturers are concernod, they GUC nerfectly crnpable of putting
any of the trace elencnts and matorials inte the fertilisecr 1if
reguircd,; there 1s no difficulty ln tratl direction, But iz 1t not
dangerous 1f thewe fertilluesr mnnufacturers Jjuegt add all the wvariouc
trace- elenentsz to the {feortilicere?

MR, CHARLITRE (Balgium) {Interuretsilion): 1 want to stroas
the point thet one [MET hefore all aveid any confusion betwecn the
Secondary uajor elementas; for cxannls, calelun, =odlwn, namosiuwn
and, of coursc, sulphur, end the trus odnor trace elermcnts which
nave been cnumerated thio mornineg. Theoe tTwo groups et be eloarly
teperated In the problen we are digcussines todoy. This i3 moot
luportant and wll the trouble starts hsre. The Tortliliser industry
iteell 1o progrescing towarda the monufsoture of fo—ecalled rwore and
rore concentrated fertlliloers, but this is really only & trap, since
1% 1s just the three clesslcal clementc which hmave such a high
concentration, narely W, P and ¥. Thig doss net mean, however, that
the fertil lcers are concentrated,

Concerning trace oleuent: thoere o no question of concentration.
[t 1= no longocr o problen of concentrotion which the srmafactuarer hag
to Toee, for the addltion of "iraced" of copper, rolybdenun, zine,
ete. to Sortilivers, becouss they aAre ncoeccery from the caronoiile
peint of view, 1o o quest on which, Inregard to the concentration
of the Tinzgl Tertiliosr, iz not of any 1oportance. Thus, 1f we are
anxlous to ook fertilizcra very rich in N, T and ¥ - ag M. Fleury
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gald thig morning - il 1o simply becruse autaoritien Ac not allow
the menufacturcre to put any valuc on the suiphur in the fervlliscr.
Of course, @iace weo can put no value on this elenent, we night
eliminzte it end reduce tronsporl cots of one elenmcnt.

T think this ie on importent poiat, for we cen look at it this
wiey., there are two things to be done - let elements other than N,
P oand K rowsin, and add tracss of winor elenents as nedicing if the
perononiate tizink it necesanry.

Tilie Todis BHCTLTE (United dngdon): bHr. Chalrman, from tho
maritacturing point of visw, the subjeet of ihe nddition of troce
slorents to Tertilisers hos perhops the dlfliculty of diversolty of
aoile sng the olveraslty of [fertiliser compooitions walch mlght be
requirad. T wondcr whether tac menufaesarera could poasdbly pro-
Guce & Large ranse of feetiliscero with o fferant anounte of trace
elaomensa. orviously 4 would be unecononical to produce the
varisug tonrsees reguired for cach Individuel tyne of =o0il. ‘
Torhape 1t will fa the long sun He pesgliolc Lo stundardlise the type

of trace alement addlition roguiroed.

another slternative that 1 cen forcoee is that 1t may he
pogsible Yo add the trece eoleinente in lne form of liguid fertiliser
polutions whiecn could be applicd 1n two woys, ellher as a foliar
application or s ap licotivn to the soil in the nornnl way.

There 18 Jjust one othor nolnt on the subjoet of determinaslon
of race elemsntes o the soils. T wendsy whether tho Lundsgar th
Plune speetrograpiiic method nlght e sultable For dstermining che
gonscitucnve of the wodl’

DI, BOURIES (Fremoc)(Interproetetien). I agred wlih the
distifictlon moao oy Mr. Cherliers with regerd to the gecondary
mejor elsmento and troct olemonts, At after the ¢lecusaion I
replise thot tho nain problem io the probhlaen of sulphur, Tor the
ather elenents zre contaised in rock phosphrte and they arc applied
to the goll wahethor they come (fron superphoaphale or from any other
form of phozphatic fevtilivor asds froo rock phoavhatc.

Tut with regard to sulphur, tne guestion which nanufacturere
ok 1a "ghould we conlinus to neske tradilicnnal fortiliscrs, or ouat
we manul~eturs more concentrated Tortiliserar® As the result of
logig)ation, we {ind curselves naking mors snd more goncentrated
fertilisers which conunln leas anad leas sulghur. 4t the noment,
the agropnoristu ars no more bzl worried about thia. They say that
thers 1g a donger if ouiohur is not included, but they are Incapable
oi pointing oubt - forgive ace for seylag so - thnt the abgcnog of
pulphur will load wo 0 vory ifmportont decremoe in yieids or to very
gerious resuldls la czrtain coscs ond Those Aronofilgts are no more
dependant on manuizeturers toon are the official agronomista. I
think therc 45 o Llnck, not of sulpkur, »ut of agronomisto.

That 1o way [ propose that the Larmers pay fov the sulphur we
are givi.ng Slen aond thia 2o 9 quoation which must conecern 1he
nanufaclturars . who Jo not want to add this clorient. If 1t would
gerve any purposc, we muast dcmonstroie to tho farners thnt it 1s dn
thelr intercate to apply sulphur, snd conseguenily tho benefites and
advantogzs of uging sulphur muat be shown. by careiul experlmentd.
Tt gecns to me ot we canyot rewly it the nmoment to the guestion
put by the manufacturcrs, but thot we ought to be asble bto answcr
then shortly, if we aalke o concerted effert din all countriss Lo
carry out comprchensive tricls.

SR.oB. RGTICTHICK (Unised Kingdem): Lr. Cheirman, I have been
a 1itTTe Pit dileturoed at the way the digcusailon has gone thia
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norning. T siould like to gy A few words to the ngrononiate as »
technieclan. irogen, phosphorus ana poteeslun are the main plent
foods with which lie manuiacturer is concerned, They are +the main
plent feooda, T think, becauss mogt cropa, most sclls, need then,
Sone other moterisla Aarc engential for somo cropg:r  theye ig boyon,
for example, but bLoron will never bhe g major plant food, I Loagine,
beozuss, although it 41g necsggary for one particular Croyp, aay,
roots on one particulnr 8011, The guantity that one uaces night
cause domags 1o other crops. 30 the manufoctureres do conecentrate
on I, P oand K, and their aim hua becn, and still ig I think, to
give W, P ond ¥ to the farmsr ot the lowest price. Nowndays there
ir an additdion.l Factor neyond that of the lowcat possiblie price,
wad what 18 the most concentrinied Torm 80 that the Ffarmer can
Aendle thega erlings with the minizun of Ilabour. Unless thaere 18 g
change of heart ang unleea there 1g new informntion coming forward
from the agronomiste, I believe thet this mwove towards nore
conoentraved fertiliscrs containing N,  gnd ¥ will continue,

incorporoting irace clemonta in Tertiliccra, 1In Ly opinion, ons
ahould think of incorporating trace slemante in goil, The enpiest
Wy G0 put thei intc the asoil might e by way of the fertiliger,
but that will not =lwava be so. Cne apcaker thig morning - I taink
it wae Mr. Poll - peinted out the quentity of cobalt was Very smell
and, therefore, it oostavery 1ittle. but age s nenuiacturers night I
rat this point 4o hiwm? 14 48 true that +the quantity of cobalt is
Fruall, tut let us see wazt happena if the namafrcturer puts cobalt
inte one fertiliser. nputs boron into another, magrneeium into
0ther:  he ende up with having Lo manufacturn large numbsrs of
fertilisera. Tn soms countrica tertilisers gre narmifnetured over
noat of the year nd ars storcd Vo be gold in the 8pring. 30 let
ud consider vhat would be the Tarvilimer vonufacturer's position

1f he hed to incorporate large numbers off trros clemente in
fertilisera,

Therefore, I weaa urnthiaopy thig Lorning when apeakers ppoke of

L will dilusirate this by spenking of » compnny 1n the United
Kingdom: a comnpany in the United Kingdom might have, sny, four
fertilisers on itse Tange on 1ts estalemue. IT we start putting
cobalt, borom ind gulphur specizlly into thome fertilieers, the
Sone menufacturcer right have to nanufacture twenty fertiligers.

I he 413 to mect the heavy demands in bhe 200 I1NE and neade
twenty fertilisers lis stocka at the siart of the aowing seansorn
will have to be very micn lerger in the cpesa of twenty fertilisers
than in the case of four. Therafore, there will be a6xlbra exponse
thore

decondly, lhere will hava to be BRUTA expense in storage to
8tore twenty fertilisers Instond of four. Different lobellaq brga
will probazbly have +o be kopt Tor cach of thoge twanty Tertilisers:
Special technlques of handling will have to be developed to make
sure that sone of $heo fortiligera containing boxia trace slenents
do not got mixed with othor rertlilisers, bocauae as T gzid, boron,
for cuannle  ig dongerous to othar cropa.

L can ossure ngronomists that when they are thinking of +the
cost of a troce element they migt not think nerely of the coet of
the 1ittle bif of cohalt, or the little bit of this, that ond the
other which goes 1inig the fertiliser. Tt will cost nore than the
cost of the clencnt alone.

‘lowever, fertiliger natufnoturers will undoubtedly supply any
trace cleaents that are necded: their livelihood depends upon it

but in the omae of gnch troee clement there will be the most
Gaononic wey of deing i+, Ooeaslonally thia might be to put the
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tpnea eloment into the fortlilissr, bout in my opinion more often it
will be Lo Fferuilise the land with an M, D and K fertiliscr wnd to
trest any purticular deficicney with the clenent concerned geparated
wiasn the dellediency has boen Lentificd, In wy opindion, the ahot~
gun a_proach of incorporating iroce vlemcnta 1e Likaly to be waste-
ful and anngerous.  fhat ia why T awn not veory happy about the ahot-
guil aprroach of using the lresee elenentsa in superphoaphate. It 1s
Srue shal there nre btracs olenonto in ordinsry suparshoophatc which
core Trem the rocl »nd the weid, hwut would 1w not he o coineldence
i the quentity of t0esc traee clomentas in gupsrphosphate happenod
to mest tnc doeoands o Lhe 30117

spafore, I Tesl thol overy troce elorent deticloncy will have
salt wilh Gin ita own rloht rather bthoan by on shot-gun approad
vt Lhat the nosh eeonomic way of doing it will by no moans
to osmt hhe hrooce clunent intoe the fortiliacr. :

o bhe
I do au
21wy s

MR, VL, RTOLAD (Pronee ) Interpretatlion):  Wilh regard to tac
probles, Gf SuLphur oad ouperihosphnte woich bir. Soublbs nentloncd,
thevs i@ ovidence in the Ldlterature thot the continued appllcation
or triple-—ouperohosnnale, whisch conteing no sulphur, to the soil
deerenacs Lho yiolds as convored with the application of ordinary
sunerphodsiinte.  ails o beon asinly wnown 1n e United states
waers sorc comveniecs had e ooll grysun with coneentrated aunper-
phosonate o owder o neet the Aotledlency. §

Tn porce we oorried oul oevaral glu-yecor coweriments in
Ardtiiuny and e wlots whare triple—suzorphosphate was uscd gave
lower yicelde of sotatocs than those wdth urdinaryxaupaﬂphosphata.
Dul returning to +the ideag exprosscd by L. Sounled: the gueation
of gulohur in cuoorphosphate 1s very dnportant;  would 1t not also
Be inporsant for propagunds pur posca, even 1P we nre not muthoriesed
to wal any veluc on she gulphar? I# you like, & preportlon of the
high price scr uait of Dp0s mighl be chargoed on part of the oculphur
contony, ond I trink that Since thogo cxperimenbs are wcoaby, they
could mhz enyrivd oul in many Yest Furvopcan countrilea, owaver, we
Cwugt nllow about Four consgseontive yeira Tor thesc teduvs and then
Crow un oo comacn poliey on this dnporthnt subjectd.

IR. A. DAIJAT (France)(intorprctwsion): Therc la onc danger
which arviscd rrom tine Faet that it you apply morve congeatrated
fortilioers, (ley are sore readily wathed oul, and tiet applico din
portilenlar to sandy aolla such ng are Cound in prittay. I cults
agrec want oon the wohele phosphorie aeild 1o sTaboo, tut in the caasc
of aandy @oila there la the posoloility o 1t being leached out il
it de asrplicd dn ke coneconfroted forn, There peoin I gtreas that
ordinsry supcrohooginbe coTieally scores lnasnuch oz it oesuses a
certain wioant of Fivalion wnd Lhoerehy coundléracts the possiblllty
of wesnioge out.

mith reforence Lo tract clemsnta, on the whole thero da o very
sliaht lnol of trace clements in Sfrmnce.  NDers ore 5ome deficienct
pUoh d aangansse in Sritteny, cooper 1n Landes. Loron for ougar
beci in bhe Pords and Soilsgons rogiona, and on the river Lolre Taer
cootre o cocrtain amours ol Dpoco inam deflelency.

T o of the copinion, Sheroefore Tkt do order Lo fight agrinst
froce wlement deficloneicsa, there srce odhcr posaibilitisa than to
incorporate Lhos in fertilisard. Tut we can ougs magnogium salts oo
o6 Mibrese ol lise with magneosium 1o belhg oapulaeturcd in Frence

L2 L

itk rocnrd bo o Lrace elencnys or DINOT 2lencnty themaclvesa, 1t
may be dangerods wo neke auch prodacta srailoble to fermera becruss
the cooammlation of thouse sroducta in ths seoil alwlys proves Loxic
in the long run. Dor nsSanco, dn Jrancet there arc reglions whers
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they uagc a 1ot of borax 1in order +o Tlght agringt heart-rot

diseasc: this borax remaing in tho soil and after 7 or & rotaotions
1t bccomes toxle for eercals. Thereforas I do not think one

should wix the propegands Tor trace elements with that for nitrogen,
phospricrus and potazsiun, which isg the mpin thing to desal with in
order to avoeid glving too mel importance tc thome troce elemcnta

ne cormpared with the nnin clements,

I phould aleo 1like to strees thnt sone of the defigiency casws
whilch do cccur arc due to over-liming. For 1ngtance over-liming in
Brittany led to defiolencics of nangsncge and boronm. Thon the lime,
after three years Dhoecame washed out, thoe deficlency in mangancae
dlaappeared without sny edlition~l npplication of this clement.

Mk, A.T, COLLMAN (United Tingdom):  Mr. Chairnan, 1f I under—
atood you covrectly, tac indlention you gave ues at the opesning of
the discugsion wae that you felt we should concorn oursclves in the
main with considcring whather, in vicw of the increcsing tendenoy
to uze concentroted Tertilisers we should toke any eteps to take
nto secount the trace cloment position. In other words, 1la it a
good thing to zo Tor conceniration if; in =20 doing, we are doing
the wrong thing in regard to jinor elcments in the g01l, We heve
had difficultios mosociatcd with production,; we have received
wornings concerning the publicity gilde of their Induatry 1in regard
to customers, and with all thcese I do mesociete nyself wholeheartedly.
But T suggest that inis ias really e problem concerned with the
gustenance of life, Te do not give the nation s toniec becmuae in
Tour yeare' time it nmmy become run dowr. The problem im one which
I fesal should be resarded gtatistlcally and ngsesped in parapective.,

On the eide of the production people, I should say we are very
Intercated Lo hear nbout thoese trace aglenents; we ghould 1ike to
know whelher every field in the countiry ia concerned in thig matter
today, or whether only one rer cent of the f£ic¢lds 13 concaerned. T
agrec with the view whioh hae alrendy been cxpresscd. that trooae
deflciencies are likely to be of local lmportance only. I asuggest,
therefcre, if that view ie thoe correet onc  the position of the
rgronomiata in the future is ~ lot more important thon perhone we
appreciate todny. They will be regorded ag the doctare who are
celled In to diagnoae the posivtion. “hey will presunably have the
tagk of tclling ue on the sroduction glde what the Tield reguircs,
nnd we shell gay whether it le folng to be cconomlceal to lncorporate
thies materinl into fertiliscrs or to be applicd acparavely.

I would suggoegt that the position whioh noy arise in the future
ie that we could go ahe»d with confidence in producing more
coneentrated fertiliesrs and that, out of overy thousand tons of
conecnirated fortiliser we produce, only one ton will come up for
conglderation as t0 whether it should havo Incorporated with 1t one
Cr more tracce elementa.

Speaking ogain fron the nroduction point of view, I exprose ny
concern in connectlion with some of the evidence which the agronomiats
ploce before up. At on esrlier oscagion we wore congidering the
effcet of particle siga uporn agrenomic efficlency. One author sald
thers 18 a pronounced effeot espeolslly in the oarly stege of life,
and that cffwot wame sulficient in the circumatances he described to
produce o noticenble effcet in reogard to the yicld of plant,

Anothor author, revicwling the position erising from a great
deal of published matier, eald he aould not find any congiderable
evidence either in feavour of grnnulation or againat it, There ore
gome differcncas of view here, and it seema to ne possgible that
auch differences mny bc concernsd entirely with the differencce of
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trooc slonenba bhant wero propent in the apil when those authors
wore molking thelr invest igsationo. T hove slrondy recelved Very
intercating ovidenes conee oTing oo pTteet of thest ninor w1l
rnepro-cleasnts on bhe clFoat of plant 1ile, ol I eugeest that

ek dAdCfocranessa Q8 Wwo Novo 1y oAy gccen alght very woll not b cep-
phle of duplieTiol Wb the somo cxporimento to e carried out in
nnotheT country where there ia o difference of omna part per nillion
in resgncd o T slutoendu contont of tne ooil. T 1g diffiecul® To
gndoros el whetier Uhe cvidenes 1o ool noantlonal, intsrnational or
aoroass sBlgniiiennce.

: 2. L. DIDIER (FHorth Africﬂ)(tnterpwctmtion): I should just
Like To give yon an exmiple of the loenl chnrocter of the Lack of
tpape—c]emontas bhers wors two Tarne Lo the Bleok Forest which
were nert-idoor wo ooch other, 0o wnv eyl tacre was a lack of
cobals whilot on the othor foprri bhers wng none, A for =g thoe cowd
were coacorncd, thaero wno durinltely alpoadac HT0NE the cows which
were grosing on the protures on the [oxw. owith 3 lack of cobalt,
ard cventunlly walg overl 1o Lo gons of the cowd Aying. Huaearch
wrp earriod out and 1t wnd found thot theroe wad o ceologiconl

£a1ld belween tha two forio wnd thot the soills were gifferont, in
orne of thoo Lilerd widg o pompleo e 1-cik of cobrlt. 1t wos suflicilent
to gl cobrll anlha dn thae Qydplting—troaghs o plininate the ill
hanlta couocd My the e lelCnoy - Thus it is usunlly very localy
gonctincs 16 1n slurwenely Localiasd,

T, Lo Bl uill {Uniied Fingdon): AR &1 agrononiat, I warntcd
e phonon B0 rooly 8 geneoally o nogaivlc to Dr. Rolstrick. Lt
T undarvssood Lis ronrkd correetly he Luendod to suggest thot it
wnE che ACronoillat who wead anrlows o 2o {he mapulaeturer Tiake n
1ncgs 1oase of conpounds. 0 qould 1ine to augsoeut lont thot ia
not the epsc. e oweadoon Lo alm own revorka to noke thab admisolon
Vipoold. T oeould aowu nayas Wi ia more whon he soid that
dqeleicneios of frooc clunmnin Ao trey ocouy in praciice muat b
oompldored o bhelr oan morile und croe by canac. 1% 1o brus  bhat
thorpe ore wary coraddernols nrena Ln Jlfferont countrica throughoul
tho worlid, gurticujurly in australin, Soulk Africn aad oome portd
of Amarics wliers LIers Qg o Todirly smencrel ond widespraead definlonny,
Many hundeeds of thoussnag of LGong o molybdeminleed auperpnoaphale
nove been monufoctured snd corounsd In suotrelin and very Loaze
tonnaaea of cobuluised pupcrohoaphote nlwo. s with the exceplilon
of thowss cofinito sroens, 14 roat other counhr it dcficizncies of
Lrnco alomants ooour qorowhat gooradically and z1lthough they nay
be of vory serious beoononio lomortones To ol individunl frracr,
they do rnot nlwaya affoot o vory largs nxsa. L do ot think we ool
ranch any goneral sopclusion ot Lhis pen bing oe to what funufac-
tLurcra in nll countr tes obould bé going. I think the pooition willl
be h-t 1 coch coundry tho neod for o poriicoular clepent will have
to po demonslirabzde Tho quaant Loy reoulrod Lo coprcet o defleiency
will hove Lo bo setornilned by ficld pypurinent, and tho noet

coononmic way ol pplying tnol spounh o will anve to o be Tound.

MR, A ool (Tapael). © should like o pupport the view
exurogtod oy Lr. esmrriclt ond other opookerd pove by an example
Trem iy coantry. A nomoldorable ponrl of o irrigantion wabtel pR
dungeroudly rich dn aclt ond, 0f pveryeneg knowd, thic moy Crusas
tie vhyoiloszl Acteriormtion of tho soll. A wolleknown ond very
feieions awihod to correat thig is by wading calclul in the Corn
of gypoun vo Lao Lrrisolion woslr.

fow wo ars trying To posd on from olagle guperphosphate to
Lriple—miperphos ol b ronuymolure . oome @ccptilc people put tho
question  TUhy g voophe rouble of felging phoaphoric acid for
friple-guperpnosiheis fenul e LT we nave Toopul the eomc Ly»Haul
brol in b drrigosicn viutI Lo oveorcono the Qulgurs ol the
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Apert from boron, thoere la 2lco the guestion of sulphur in
“hoge countries which are nsar the as-~, Thore ig no doubt thel,
throagh the nodern indasgtrini davelopnens, very inporsont cunntlties
of sulphur nre oroduced by coal brrming and 0il burning and esre then,

o coursc  cunsc uently [ound in tae alr. 11 Switnoriand the
punnbioby of sulpaur wbloined by shinl nesns amounts to 30,000 tong
but untortunc.cly theas quanti Lloes are now rogularly disperacd,
Tormerly it was very neccoonry Lo fertilise with gypsum, but nowa-
days, with the snoant of ouliaur which 13 avallable from the alr,
trdle necd Lo to o oecrtodn cxsent reduccd,

PR, WL L, SHRETIA (Unided XKingdem): o The ceonomlc production of
fertiTioere auponid on manufecburing in vast tonnpges oo Tew Types
ag pouosible and providing cnormous 9Torcrouns to house the material
in the off—gocaon. The lrend towoards Wwors coneentroted fertiliac.) o
ig continuing vory cnot, and Uoeuggeat thot 1 tha gecondzry
clerments — uhat o thoso 1iks gulphur, cenlclum, eho. = which will
tend o prevendl tle ehievensnl of hiwghly concentrated fertillasra,
arc to be of impor tonee, Lhe most Inportant cuestion to be resolved
by the agropomist is this partlcular ont. the present impulse
townrda more eoncontratlon ie not one that eon bo cpBilly reversed

later on.

MR, D.L. SIHPHON (United FKinpdon): T should like to cxpresa
ny support for who Dr. Hadetriclt hago anic, and sloo Dr. 3teward,
moinly boeouse say Corm of ~r rpe—ohot Lreatnent i ultterly and
completely unscicatifie. 1 would add two points to what Dr.Ralatricl
aas sald which T do not think anyboedy hos moentloncd.

Tery oflon onoe farner will puts on twlce as mach of one fertili-
per onm naother.  Accordingly, what 1a right for one mugt b wrong
tor the obhoer  1f you cve woaling with finc linite. Again, that
fortiliger nay e oloced er wrondenst nnd what would be porfoclly
snfo to brosdecdt would not be perféctly safe if plaoccd near Hhe
srop.  The groblem is vealdy one for agronoalots  becnugc 1 aom ulte
potiaficd it it will oo cuite simple to doevise noons of applying
any kind of alnor elincnt or &ceununry clenond whero 1t 1s needed,

[ anid thnt it wre unscicntilic boenuac the grapo-snot netslhiod
Jocs not toke into couslderation the internctlons which gorc tines
ftoko place betwuen fthooe clomeuta nd dovs not tonke into account
the economy. Whe simpleat form,of courss. of inscraction batweon
clemcnls 1a thol bedswoon ealelun oad mangoncae.  LIDNENNeac 1o renlly
coefieicnt beouuze thore is woo mueh caltedlun in the geil, either
beosuse toe goill ia nnturelly eolesrcous or beeaust too rach  Lims
has boon nppliced. I the sodl 1o not notur~lly enleareousg, thot
carn be token onre of by gecing thet over-liming docs not take plocoe.

rron the point of visw of tho ~grononlss, it ia nol all thot
cnay eithor, because soil anslygis may bu difficult. Juat s in
the cace of 205, you hoave got to deternin what anount is avollablce
to the plant. Tiasuc onolysis nny help, out ovon then I Fm not sure
if wo xmow what the normol coeunt of nny clement is [or any
purticular plant widiclh ig henlthy. 7o hnwe seen thint potash can be
abporbsd Sn luxury coantitics, so wiint is the norunl ount of
pelool for o herlthy plans?

tTherolfore, aoil wnalyses or Giggue annlysss hove got Lo be
breled un by Flwld cyporiments, as Dr., Stewart hos sald,  fc have
g0t to find ont whaot 1o te be applied, where it 14 to bo apwlied,
-nd T do nob think we abnll hove aay dd7ficulty in fhding ot how it
ghould he =pplica.

THE (IIATRRAN: 1 ahould Like to nsk M, Shantz whother he
would give us ray cornents on this problem in Onacda.
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ME, F,A. SHANTZ (Caneda): I cen only ssy thet this problem ie
gquite common Lo ug, and we wre conceerned wlth the gqueetlon of
congentration of fortiliscra., This problem 1s being consldered.

Tn my own company we have taken onc egten in that we heve besn
promoting trace elements through a sintered glasa-type ol material
a8 o product in ilteelf and with fertilisers. It ia a rathcr
gxpensive Iorm of d&b”flal ot 1t 1s guive effective and Long-
laoting,

T think T night ooy gonmething with roespecet to the secondary
elements in that I an culte ¢lad to find trat one of the papers and
Lhe digceusolions here today mentioned Lhe valus obtained Trom
sulphur, in particualar, coing into the air from vevious olner
tndustries.  We have biat very mich in North Amcrica, and particu-
larly in ny own country, whers one smelter 1g putiing out as nuch
23 4 000 tona of sulphur por day 1late the air., We oiten wonder
where 4 gooeg-  sonebody can maybe toll wa, In other worda, I
think wo are getting 1t haok. ‘

T think thet is 23l I con add at the moment. If therc is any-
thing cloe I will nention 1.

Wi K, COLL (Boiland): Fron the praclicel point of vicw,

hefore the vy ) asoe gome mixtures with superphoespnate, boron,

pangancec . obve, and the technicnl peopls were crying out that tncy
hxd S0 mary ather things then jual superphosshatse. “Pines the war,
we have had many «rades of mixed fertilisgers ond so the total number
of fertilimers was enornmous,  After that I gobt N, ¥ and X and fraoec
elementa, and I now maks e mixturs of manganese sulphatc and tae
dgifferent traco olomenta, I baldeve that ia the beat way,
gapecially din the cssoe of nixed Ffertilicers. I you Duave 4 number
of grades, 1t 18 not ncces.ary to have o big bulk of diffcrent
nixturcs of ¥, P and ¥, sul only o small spacc for trace elemenss
and pmangsisas SUlphﬂLL, I think in this way 1t is uct more
compliceled but very aimplc.

M, WLID. QLAY (Bouth Africa): Mr. Chalrosn, I have no gusstion
to =8k, DUl T Aeve a sugecation to put to our agrorcmlc confréres,
that +they attomps o assiat tle ppplicntion of minor Irace elcuenta,
in whe Torm of organic materials rather than in ths goluble mineral
aouroc which hag apperensly heen trieda. The reason for the
puggcation ig thav, although I deplore the shot-gun mothod of
aporoach, we mey be forced, ap walacturers, to meke minaral
{ eptilicers witr standard cmounts of fTracce clements in thom, and
1f they can be added in a form, from which the plant will take up
only what 1t neseds, asz it might do from ovganic materiala, then I
think wc eshould do that.

Tl CLL AT AT . Guatlensn, I think we have covered as much
ground as time will pormit. I sheuld 1ike, on your beaoalf; to
thanlk the two invroducers, the writﬁ 3 of whe vapers and the
partlicipante in the discugsion. Roing ncither an agronomist nor a
technician,. ny ewudlng wp of what we have discusacd bHhle norning
i, first of =ll, that I think we have mot to face up to the lact
that hlgher concontration of FTertilisera 18 inevitable. decondly,
gecondary and ninor ftrrce elements are both important bult mued be
kept in their proper perspec.ive.  thirdly, that both the sgronomiat
and the toehnician pust work Logcthor on thile very important
appeet of our industry ond find the propsr sclution under thelr own
conditiona, bearing in nind the very imsortant cconomie factor.

1 wil: now aak v, Grandgeorsge, whe ig unlfortunately noet ablc
to be with we for this a2fterncon's seoelon, to say o Tew worde.
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W, 1. GRAVDGLURGE Proeoldent (Fruﬂca):(Interpretation) I sheuld
11ke You Lo exeuge me Tor aot being as diligent as 1 abould have
liked, opul 1 kmow thal Hr. Blrd bhas taiken the chailr 1n o very
competent way, ond in tho pone of Council of the I.3.00.4. I should
1like +o thanx him noot warsly for his agaistencs in - MeH 1l
and the discusszions. Hde has wold me Laat his tesk nao aroeatly
sntorcsucd hir, T oshowld 1ile bo thank you all for the contributions
whichh you hove mode, and Qor e support of the firns you reprogent.
To w1y rmind, this ghowd thet cceonomlc co-npelation boeween manufac—
tureras is au irooriant nnd 2o necczanry o the age in which we live,
whers scicner snd tecrnolosy coerbminly ncla e give undergtanaing
and wuotual conprohansion.

48 I 221l not be prescat at The stssion his ritermnoon, 1
gnould like to toank our two gecrotaries for thelr work and To
congresal ote Lo on thelr Lnol widch cannot hove hoep angy on
acoount of thav ssicalifle nature of the leonaagea used.

In Tae sameo of the Aseocienticn I ghould like to thank cll t o8¢
who have onourcd 0e wi+h The lr presonec sad in persicular our Swilas
fricnds who have rocuiveoo 18 80 “indly during these three doys,
egrclally Mf. Arneld, 4 ey Douroal, glsigew and Farcolal., I
should bdle to CVLLPqQ our u‘yt?tudﬁ Lo them For the very plecsant
vizits wiich we oo yostonday, and Jovr tho Intersal w.ich they haove
EO0WR 111 our WorE.

This scoslon 11 0 meut certninly be recgorded in the annols of
AuT pssooiotion @ onovesy vivid mcnory, Tor [ think thet the pepers
aave shown how saccossiul and 1nuu1uutkng thoae meewingd Detwocr
acronond sie ond Tecinicans have hocn Lo consicering tne new problems
which ariasc From nmodorn worling mothooo.

Ty, Lhe moare of Lhe Agsceistion 1othank you all very mmch for
2ll thnt vou have cone hore and Jor your contrioutions.

nUE leliivaN: I owill now adjourn hie Conference until 2 p.m.
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An the Chair: Ir [T, Chariters (Belgium)
Mr. B.d. BIRD (United Kingdom): Gentlemen, we now come to the
fourth Séselcn, e Possibility of developing rapid teste for new
fertilisers’. Tulg iz a subject which hes baen dliacusged on =
number of occasions and there is 1 divergencce of view betwecn thae
techniciang and the ogronomists. The technleianeg say, "Herc wa
have a new product. 7 want fo invests lorge sume of money to make
it. Berorc we gpend thé moncy ds it a good fertiliger?® The
egronouiate say, "It would +talte ua threc or Tour yaurs bofore we
could t211 you whether it 1a o zoced fertiliasr or not?., And the
techniciens say, “In view of thre compatition from other Firme. we
can't woit ror three or Tour years: we muegt heve a guick answer".

The problem for dlscussion this afternoon is whether there i1g
a glek and accurnte method of determining whether a noew preduct is
a ocommerclel risk thot is worth taking or not.

Now, Goemtlemen, I am going 40 ask Me. Charliers, the (Chairman
of the Agronomic idvieory Comileslon, to voke the Chair during this
segplon,  hen we nave Pindtshed this seggion, I am going to amk Mr.
Charliers to sum up wory bricfly from the poiny of view of the
agronomlats, and Dr. Sehesl to aun up from the point of view of the
tsehniclang,

FHl CHATRLAN (Interpretnticn): I thank you for the honour of
belng given thgmajnirmmnahip of the lnst Segsion of these meetinga.

Our fived soper this altcrnoon ie by Dr. Badletrick and Iir.
Rickaon, thc next paper is by Jr. Scheel, and the last paper is
by Iir. Talmi and bhis collaboratora. The firat raper to be
digouasad 1z PA]lﬁSr kat before we hepln that I would orll i
Dr. THiessenhu=zen %o introduce tha subjeot.

DR, 7, THATwsdeNAUSLIT CGcrmuny)(Interprctation)1 I nnrve grest
pleasurs (n Tollowing the sdvice of lir, Pird. He has dacided to La
A briel as poggible In order fo allow o noro lengthy discussgion.

I would particulariy etrces she necasslty of naving m rapld method
Tor detecrmination oo that advi-e can also be given from the agri-
cultural side within o very ghort time.

I would gay +hat sonchow the three papers and the sublecte
treated do not quite T14 in togother. 41l three deal with rapid
methoda, but 1f Lhay were o Inelude, in addition to the new
fertildsers, thous fertilisers which are alrceady lmown, then the
gubject to be dimouseed in the three paper? would it in togetier.
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The poner by Dr. Relstrick dozle with the chemicnl means of
aetornlning the rabritive walue of fertilisoeres for plants. Thig”
then 1e tre netusl ev-luobion 1f thoase asthods have to we left 10
the  sgriculturnl chenist nnd alsoe te Farners, 0 f4nd ows how far
this methoed zetunily doco opply. ‘

Geount iy, thore is the paper by Dr. Sehesl which, I Think,
apcaka for it'llf.

Thdrdly  thers io the poaper by Mr. Talal andé his collaboratora.
This paper refers in the noin T o proaucetion < gqusatlon, It would,
of course, e o very gro.t Lelp uo thi manutoeturcrs 1T they could
by uwpplying tioie motaod, BiVC'tuUuﬁﬁlVLd = treuondous amount of time
labouar, wnd also o curtaiﬂ umoumt of annoy.nce.

In concluoion 1t 1w very neccasnry to continue wilh our

endcavours o Tinéd mors rouid mothode) not only in regord to the
ngsfulnoesa of the fortilisera bat =190 in vogard to  Tthe micro-
aloencat contents. To my wind, it shoeuld also be the future

cndoavour of the chemist Lo develop dLlll more and morce rapld
mathods oo the bine goes on. '

T QP ATEITAT (Lnteryuvt ion); ITrofegsor Fruhetorfer will
introducc the discusslon froun the agronomle point of view.

TROSUSE0R A, FAUYETORFER {Germany): The subject of Sectliom 4
1a *7Tha poeolollily ol developing rapid teets for new Fartilliaers”,
Therefore, weo Lavo Lo deal with new Tertilisers with unknown .
pruportLrs nnd, from the atmadecint of the waronomistd, with acil,
beepuge we are convincced Ghat wa Can ciacova" the propertles ol an
unknown fortiliscer only ky tosting thon in aeil.  rron teds point
of view, thc paper of Dr. Schesol docg not belong to thim Seotion,
a8 Ir. Thicsscohusen hzo mlrexdy mertlconed: it belongs to Seotion 1.
Hig paper doala with potasn, which is o Jeiown Tfertiliser, and he
winte Lo :deterniine vaeidly thoe povash contuent in fertillaara.,
Indced 1t is a meorvellous mothod for fthe rapid determination of
potook in the works, ind the wnolysis Lo made wilthout skilled
peraonnel, without balonces, witnout chemicaole even without water
navertheless, the onolysis le cxoet by woeight,

Fow roforrineg to the reasrke of the Choirmon, we agrononlats
do not objcet to rapid fosta:  wo use yopld tosts in aoll analysio,
Le oo mateor of Tocl, we use the soll sannlysis inetend of long field
cooperiments.  Those ragsid tosts in =a0il onolysla hove bean developed
for Tifty yoars.  Just oo leag e Lhe agoe o of our spricultural
cheaistry. In apite of this faet, we know that the use of fertili-
CYEhal= moHtly thlea wlace withoot knowing the contont of the soll.
Sinoe She deficicnoies of naoro-elenents do not show signiflcantly
irn the planta =8 o rule, it Iz the oplmon  of mony agronomistie that
the wools of nuurients - caopeeiilly when we upe complex fertlliecre
- d& Tar larger thsn the wazste of minor elementes, becnusc when we
wec minor clowents, such 09 boroen, unangansse or copper, we have
algnificant symptoms on the plante., The plente are noet henlthy; we
miat cure the planbs by the use of frace slamnentsz.

Jowever, we do nod know the deficiency of the soil or planis
width the mecro-slenents. Rapid testie sre nowndsys developed for the
winor eleumentls =g the rogenrch-workcra are atill working on the

improvenaent of goll 1nu1/sia in sonerol.  So rasld testa Jor new
fertilisers are necessary L order to gave fime ond to nVuid ErTCYSs
which are prelty often given in field trinla.

Now i very good addition to Seotlon iﬂ iﬂ Sectlon 1, the papcr
of Dr. Scheel, "Gueontitative Do Ltrmiﬂltlun by means ol P32 OFf the
Absorption of POy by Living Zlonta". Unfortunatu“y there waa no
dlscuaclion con b‘lH paper, and I ahould therafore 1l1lke fo droaw your
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cltention to it. it deals with the up-tale of phogphorus out of
every Tertiliscr, Iv denls with cvery phoavhobic fertiliser which
can o tagged, bocauss not all phoo phntic fertilicerae can bo

tagaad, S0 wo oorc  able o find thg cunct up-take in o fow wooks,
and T thinlk the up-toke is whot we want to find out. 48 I montionad
we somelines have crrovs in Uicid Haperincenlts, but woe oon never
hnwe nn error 17 we have the radio-activity of phoapnorus meagurcad
in llving planta, Thereiore, this nethod of Dr. Schesl gilves norc
thian wag Lo he expe chd. It eon be waed with cvery plont dwsired,
wibh cvery method of appliention, and  ae o poilor of faot, it is
aoreal attenpl do fLLd A rapld toet for new (ertiliscrs.

Toere 1g another aper in our progreomms, thot of Dr.Raiotrick
nnd br. Rickseon.  Thio ie a very geod sttempt Lo resces the valuc
of phosphetic tertilizera 4n the Jaboratory. Tac valuo of n ferti-
liser can be doetormined qalckly in the luboynTUIy cnd o 1 think
it 1o a very gocd eltTort on tlhe part of the rose rei-workers.
However I con @iao forcoce trouble. I ssreds thxt; in oy opimion,
goill and reopid tests in this case bolong together. In this ayoten
the aoll solution nand the aclid Tertiliser are 1nSlucnecd hy otheor
thingo, for insiance, clthor the 0O conteat, Lho ncid eecrciicns
of rools or - and this ia gormething T wont to stross nbove all -
the fact that the coil 19 not o uniforn alxsure wiioh ean be shoken,
but is ao vory beautifol nooode of =11 posnible porticica with nony
diffcrent pM veoluoes and Aiffarent rodow polbuntinla,  Thoere im, for
inatrrec, the iniluence of ovgoande nassers  orgenic matter is never
unifornly dletedibuted Lu the acil. You will Tind the. organic
nether always in the Toro of o pocekel - orgenic natser in the agil
influencoa the yplocing of this poekeol and you can =wasume thot ths
pH 1n this nelghbourkcod is lower  ths COo content  tho concentra-
tlon nenr the pocket Lo hisher  also there may ba nitrogen fixed
in mome of thenm,

You will nppchiﬂtu thnt the rapld (ost should take into
aecount all thoae lnpondersbloa.  Aloso Loats dn Lhe laboratory
crnnot roplaowg the lrentment with the soil, I am sure that the .
Bcicntlillic work of Raistrick and Hieckson is of the groatest value
Bo fnr mo o bavter agseocuont of our fortilisers is concerned.

dhet, Mr. Chodsoan, da owhet T owsnt bo osny in opocning the
dimcussion. ‘
VAP NOLVPASLAGE — PLANT HUTIES" rALUE O BRITT L IHILEE 3ABED ON
CALCTI TMOSTITRG = by B, maietrlick ~md 0.0, sckson (Tnitod Kirgdon)

CHE  CHATRMAN (Invtrpretntlmn)x Heve you nny gyucstions on this
rirat pepore

M. AT, COLEMAN (Unitad Ringdon) : Mr. Choirmon, 1F I any, T
would TFor o monent relor to T, Bird's guooiions cocneerning the
noed Lo have reasgsurancs of Lhe agronomic awdtability of now
chemictlas  BSuch n renssurancee ig roguilrcd by thoose who have o
doaglgn the plants qmd invest the nonzy neceeponry for tholir construo-
tiot., I would any thot, sinplifying Profegsor fruhstorfor's
caumnory of the poaition, the mnawer a2 “FNo'. I thiak 1lifc is 7or

too conplex to bo asttlcd bty = simole Soat of dAurstion of A Foew
menthng., .

L wovld like, 1T I nmoy now, to rofer to Dr. Ralstrick's papor
PA/ls6,  Althouph it dooco Aot oppear Lo e possible to deviae ropild
tegto which are, in elf7cel . ngronomic Aaprnlanla, 1t 14, of ocourse,
8 Dr. Roletrick snd Mr. Riecltaon hove shown, possinls £ Adevise

rapld methods to detormine the rote of which fTortiliscr nutricnta
can becone nwvedlable in the aoil for up-tule by plonte.
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In the lagt paragraph of this Papar, Dr. Raletriock mnd Mr.
Rickson say that they rocognise the controvorsiel nature of the
iseuca dnvolved. and thay hooc 1t mry gtimulate o dlgougsion. It 1is
indecd a2 controversial matter., T +think porhnpa I should say that
there are very foy bapera whiehn become smvollable to us dopling with
the dyrenmio sapect of the palo ot which fertiliecre wnter the sodili.
Je hove excellent papeérs - Tor axenple, Profesgor Iruhstorfer'a -
which analyse the rate of up-take, but thero sre very fow on the
rate of aciutlion. With proaphnte chenisiry being -~o conplex ne 4t
la, it bhoa glways beon the bfte noire ol chomists rnd techniciine
from time dvmemorinl, I feal we musi 211 feel vary sraterful that we
have avallnble to ug Teany guch o paper by Dr, Ralalrick, who is an
poelmowiedged expsrt on the aubject,

I think porinps the moot centroversial word in Dyr. Rndstrick's
report - 1% is wrobably one which he naa Included intentionally - is
the word “"waluc™., The titlc of hig Papery ia "I'lant Nutrieat Valus
of Fertiliscrs DBasued on Celeiunm Phogphafear. 4t o lotor atags in hig
report Lhere ig a paragraph which mentiona tne genls of roalaotivo
fertiliecy valuce, nd thero cra other swciions which have suoh
vords af "voluos in ealcareous soils", The volucs he 18 referring
to ure, firstly, the rote -t which thosge matoriols enter the
golution, and, secondly  the rote nt which they ean be {aken ugp,
These are not valusa it a1, they are coefficicnta. One woy 1in
which the word-"valus' may be regnrdad by those who nare werhaps not
890 well informed ne Dr. Raistrick is 4Rzt this is an oeffort to prove
that mono-smnoniun phosphete ip w nore valunbles fertiliaer then
Tartiliscra voged on ealeium phogpliite, and I hope he may be able to
clarlfy his interpretolion of 4l word valua', ‘

Li, A, EAISTAICK (Unditod Kingdom): I sheould like to comment on
Professor rubatorfar s polnta flrst, if T maey. ‘

Jrofcgacr Jruohetorier makes the polnt, guite rightly, that our
guick muthod doecs net use aoil 1in it, =nd hc then zoeg on to polnt
out thot b would be better 17 the soil coald be vacd bacnuge whon
onc gtarve o congider seil there ars such facvors 8 Il carbonie
aeld eontent, composition of 3cil, orgonic netter in the poll | 1.0k
of unitornity of =oil, the effeet of pood dccrations on solubility
of fartilisers, e poinves oul that our seceinique doss not take
these into consilceration. That ig qud te true, but the evolution of™
thie method woo dlfficuld srougn wivhout toking a1l theae other
snoronously compliooting factors 1nto conelderntion, It wos diffieult
cnough 0 Co tals cxeroims A9INgG purs water:  Sc hove Gone 1 under
varying conditions such am PH, the carbon dioxide content ond go on,
wowid have newsnt that it would 'imve Laken an anormous zmowvnt of tine.
In the present atntc of our inowledge T do not think we orn faolke
thege ipponderanles into cecount, aoad 1P we did the test whieh would
come ocut it would not bae vory rapld.  Haybe in fen yoora, twenty
yeura, we shall be able to tnke gsome af +thega conalderations into
account, but at the woment T an pretty sure that we could notb.

To comnznt on Irolessor Fruhstorfer's Tinnl peint, the procedura
glven in whis panor e not dinsonded Lo reploce ©ield testlog, of
courvec.  Then new fortilisers ave belng developed, the number of
poaaibilities in which one cun cngrps Tor fisld teating wre @normoug,
the work dnvolved in thating eveory ncw fertiliscr on differcnt soile
rnd differcnt crops is CLROYNOUES, Vory oxpenaive and very tims oon-
sumdng. A1l we have hoped to 2o is to #lve e rough sleve waich we
bodicve will reduce the number of ficld teate which one has to do in
the cuase of a4 now Terviliscr to nanageable proporsions. o hope that
by using o test of this kind, instcad of having to do an enormous
rmounts of work, one misht divide 1t by o feetor of ten or fiftecn

and oring it down to practicable proportlons.
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Perhape T milght now commenl on Mr. Coloman's gucstlon. e
saye tamt 1n this papcr we often use the word "value', and he ig
rignt, He sayg Lthet coelficisnts might haove been » vetler word,
but in the fourth paregraph on paxe 1 of the paper I have tried to
explain our terminclogy. The figures which we bring out I desscribo
a8 relative potentizl values, snd the use of the aingle word
‘yvelues” affber thmt time 18 just G2 heave to avold gaaving "relaulive
potenticl” o fow hundrcd times 1n the naper.

Pinally - 1lr. Coleman wonders if thala peper is on offort to
show that mmmonium phozphate i the btest phosphatic lertiliser.
for thoze wmho do nol lkiow [ suspaet that the gignificance Dbehind
that comment is that e, Coleman knows that my company have doelded
to slert menufacturing anmonivm phosphabe, but thoe work in thid '
vavery wag done scverc! yoerd wgoy U wds done in 1953,/1904, hefore
that dccision wag taken, and there 18 no roundabout propegazda
going o, But I do bolicve neverthelaoog, that our work phowa, ond
0 lot of sgronomic work ahows, that taken over all, and taking a
brosd coetion of land and 3 broad soeclion of cropg, water soluble
phogphates, of wodceh ammosnlum phosphote 1o one, 18 e petlicr sourcs
ol ghosuhorus then are the basic calcelum phoegphates, gucl a9
dicaleciun phooaesos and hydroxyapetite, I do pelicve that.

Tile Coialiiciady . Thank you very such for thaae answerd. T o@mm very
#lnd That or. Heigtrick has glven goms detlatla about the alm of his
method, which 1s the "aicving' of thoe variloua rroducta, whilch anves
Hime mnd money For the fndustrislistes  but In ony opinion guch
methods cannot olve more than they are capanle of giving, but the
Tuot that bhey have nade ccoosnomdles poswible, shows Them to be worth-
whilée, 7 :

. WL o S0UDIES {(Grance)(Interproteition): I shovnld like o nakc
n few cDBeTvVations on Tr. Relotriek's method. Without any discucselon
with Dr. Esistrick, o fow years sgo I tried thie method dn my
atation szt Toulouse co determine the value of the varioug dicaloium
phoophates me contalnesd in voarious nitro-phosphatcd and olher
insolubic phoeghates such 29 basic glay snd alwninium phosphate.
T uscd tap-wabker with a il of 7.2, uwnd [ made 36 watcr exiraclionsg
in order to lmow the proportion of phogphorice acld waich cmn be
extracted by washing with wator. - - '

Wickh thin method we manzge bo get cumulative curvea, showlng
the quontity of phosphoric scid-reeovered wileh can be taken up with
& ogeries of water extrasts  with fused phosphate we Lfound thnt 1005
was washed out inm 20 cxbrueodions, Witk the various nitro-phosphotes
whnlch we tricd - those nitro-phosphates which hind given diffcront
roepults on eropa - we @xpreted to got diffevent results with that
method. 3ul unfortunately thio waz nol the cape: efter Z0 extroc-
tiong we arrived at ap cguilibrium of o rats of recovery.of 6% por
cent whieh we 2ould not aixcesd,

With regard to phosphate rock or iused aluninium or calcelum
phoaphate, iae roate of roeovery nlways remnsdnsa very, very low,
howavor many exsyactions are made., Therefore taking thoaos Tostd
oz o baelo, you could any that Lhe values of thoso diflerent
Fertilisens cre LOO for fuscd phesphate, 5% per cenlb for nitros
phoephates or bagle slag and % Zor rock phosphate or for aluminium
phooophate ., The wnawer found by growily crops on calcarcouns soila
1g quite Ailfercnt from the answer gilven by what molnods  for thoae
fuszcd phoaphntea 156 1a nearly 100 per coerh value, lhe smme ao that
of superphosphate. rat for altvo-phosphates tho rangs ot valuea
goap from 35 per cent to 1C0 per cent of the valuc ol Ths puper,
that of besic slee compnred gulte favourably with auperohosphrts,
that ie 6% per cent en calcareousd 20il and for rock phosphate and
pluniniws phosphalc applied vo o calcarcoad soil the difference 1is
much blgeer then the one you can gee from thls teet: for rock
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phosphate it is nearly the same, but for aluminium phosphate you
roach tho same value as for baaic alag.

In comnclusion, thercfore, I wuuld say that 1 do not rely on
thie method of successive dllution. Firast of all, it is nect &8 vary
rapid method bescause 1T you want to keep the pHd to 7.2 you have got
to walt for two months at least. Of course, the best mothod is by
ficld experdiments, but if you have no time to do that, you can gebt
good results with pot sxperiments after about four months. Peraonally
I would not rely upon such a method after having used it, I do not
think it gives a satisfactory sclution of the problem put by
monufactursrs.

PROF. 4. FRUHSTORFER (Germany): I have a few remarka to

make on Dr. Relstrick’s papcr. 1 think the difference betweon us 1sa
that hc 1s thinking of CUmpounua and I am thinking of atraight
fortiliscra. I want to give you an example of what happensd in
Garmany. flve years ago a new complex fertiliser, was developed and
tested and introduced into practice, with the formuila 10-8-18 and with
the phosphoric aci:d presant in tha %uTm of diceledlum phuﬂphate
goluble in citrie acid, evaluated with clitric acid. After five
years of use it turna cut that the phosphorle acid is almost uselsas,
because thia fertiliser has been acld in granulated form and tested
in powdered form, and granulaticon of fertiliscers witheout water
soluble phosphoric acid is uscloss,

MR. 8. LARSEN (United ¥ingdem): I shculd like to ask
Dr, Ralstrick thres guostions, very short questions I hope. You say
in your paper in the socond paragraph on page 1:

"In our vicw phu sphate applied to the =0ll can only be
tranaferred from fertiliser to plant through the medium
of the aoll solution.™ ‘

I shouid like to ask you 1f you have any evidence ahowlng that,

DH. B, RLISTRICK {Unitoed Kingdom}: You, there le evidence
that it goesn Into the plants in ionile form. It is very difficult
to deseribce 16, Tt has not been published. 1 wonder whether Mr.
Tarscen has any evidence that it is not ao.

MR, 5. LARSEN (Unitcd Kingdom}: Betwoen the root and the
seil you have a solutlon., Touw can call thls solutlon a scll-scluticn;
you could call it a nlant-solil-aclutlion, It you apeak about the
acil-aclution,and 1f y.u could cxtract the wator [rom the soil and
determing thoe amount of P205 1t contalns you might have somethlng of
the order of 2 kidloprams per hectare, If you use o crop for the
asame purpcose, you will maybe have 25 or 50 kilograms more. In that
cane there must be anothor reactlion betwsen the aclil and the plant
roota. Both you and I kncw that.

MR. 3., LilSEN (United Kingdcom): You asked me for an
explanaticn and this is one. I can give you ssveral, but I will only
usc two, If you have a acll with o phosphate vtnguntratiun of, say,
0,1 mg./litre soll solution, and ycu have ancther esil with LO, and
you grow a crop on those TWJ sa0lls, you will prediet a higher
phoaphate up-take from the latter acil, but the other case might te
true in many cascs.

MR. T,i, BROWNLIE (United Kingdom): Mr. Chalrman, I just
want to make a remark about Mr. Lersen's question on the sentence
1n the second parawgraph of Dr. Raistrick's paper about'the fertllisar
to plant through the madium of the acil scluticocn?, It occura to me
that one thling which might bo intercsting in this connection is g
recent work publishod by Monsanto Chamicals Limited in Amcrica ond
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alsc, I believe, by some Ruasian workera. It 1s that on fcllowing
up the application of liquid fertiligers to plants the plant
nmitrients can be detected in the plant itself within a very short
space of tlme, something of the order of 20 minutes or 30. '

THE CHAIRMAN (Interpretation): T think Mr. Larsen's goint.
of view is supported by Jenny in "Soil geience" in 1938 where he

sald that the phyto-genlc elements nead not neceasarily be in
aclution to be absorbed by thc roots and that thers may be a change
when it 1z incontact with olloids of the aoll and.of the root surface.

MR. 5, LARSEN (United Kingdom): The second question is, do
you assame dlcalcium phosphate as a stable compound 1n the anll? -

DE. B. HAISTRICK (United Kingdom): The anawer to thot
question, Mr, Chalrman, is 'no'. T would glve my reascna but they
are rather complicatod. However, the answer is 'no, very
dafinitely no. ' - : - ‘

. Mi. §. LARSEN (Unlted Kingdom): I agree with you. T will
now aak my third guestion. T+ 45 with reference tc page 10 where
you refer to some pot experiments telling ua that you cmploy two
aoils, one with pH 5.0 and one with pH 7.6. The first one is callad
on acid aoll - and I agrec with you - and the second one is. called
A calcarcous soll, but that mlght not be true if you did not have Aan
satimation of the lime content of the scil, bacause you can have a
high pH without eny free calcium carbonate in the scil. -

. DR, B. RAISTRICK (United Kingdom}: Mr. Chalrman, the tecsio
deseribed in page 10 were done at the Jealott's H11l Research Station
under the contral of one of the United Kingdom's beat soll
sclentists. T mave ais word for it that 1t was n calcareous soll.

T do not have the full details of thie soll, but I will supply thom
to Mr. Larscn if he so wishes.

MR. §. LARSEN (United Kingdom): Thank you very much indeead-
I havo one polnt rogarding section 5. T think we can agroe thot
only hydroxyapatlite which is a stable compound 1in tho agll, of
course, can be predicted by your methed, as we can sce from Table 5.

Finally, 1 should Like to comient on the term "value®. A3
you know, research workors at Rothamsted have used the term "super-
phosphate equivalents', and maybe the time is ripe o snattle the
term and find out what we should say in the future, ammecnium
phosphate or superpheoaphates equivalent or velucs.

DR. B, RATSTRICK (United Kingdom): I would suggast that
5uperphoaphatagcquivalent‘is not o very good term. I advize
ammonium phosphate,  Ammonium vhosphate 1o & chemical cempound which
is ocasily madc in o pure stote; supcrphosphate can be anything
Gentleman: it can be made from Florlda rock, from Morocco or Koih
rock, end to my mind 1t would not bs a suitable compound for use a3

a yardstick 1in setting up & sat, of values.

ME . 3, LARSEN (United Kingdom): In order to ve neutral
we use mono-calcium phosphate which we know very well cannot be
more than one thing, namcly monc-calcium phoaphate,

DR. B. RLISTRICK (United Kingdom): I think I am right in
saying that there is Tittle or no production of purs mono-caleium
phoaphete in the world, Mono-calcium phoaphate is only made for
haking powders and sc on, and 1n the United Kingdom at least, the
material which 1a sold for baklng powder ls a mixture of an anhydrocua
body and a hydrate, If we had to use pure mono-calelum phosphate,
it would have to be made speclally for the job whereas ammonium
phosphate is a worldwlde known subatance of purity.
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M. K. POLL {(Holland): Mr, Chairman, in Holland we carricd
cut experimentas in this way comparing ammonium phcsphate and
superphosphate, and Dr. Relstrick's flgures are not the same as those
wa cbtalned in Holland, superphosphate hasz always given the samc
results, and in my opinion superphosphate ia one of the best
phosphatlc fertiliscrs you can have in practice; perhaps not in pot
exparlments or in certaln cther cazes, ammonium phosphate d1a an
acid fertlliser and, espeocially on acid solls, it has worse effect
than superphosphate. 30 I do not believe the figures of Dr,
RHalatrick. If he asays that superphesphate 1s tho second beat
phosphate fertiiiser, I do not apree with him, I mean, superphosphate
1s recal 3UPER phosphatel

THE CHAIRMAN (Interpretatimn): We thank Dr, Ealstrick for
his paper which has certainly brought out some differcnces of opinion.

PLPER LE/804 - "RAPID RADT -METRIC.DETERMINATION OF POTLASH TN

SUTILISERST - by DR, K. T, SCHEEL (Germany)

THE CHAIRMAN: — Have you any information to ask of Dr. Scheel
with regard to his paper, LE/20L,

Mi. A. TALML (lsracl):  Wouldthis method also be applicable
to the catimatlon of pozash in aguesus sclution?

D, K.C. ZCHEEL (Gormany) {Intorprotation): Tea, and thors
arc alsc some remarks Lo be found 1n older literature in regerd to
that point. We are purposely not working in a solution in order to
make the methoed cven more rapid. In some cases 1t 13 advantageous
L2 aae an agueous aclution 1n particular cazcs where the phosphate
contains uranium, fecause by using an agueous sclut on the uranium
can be precipltated in alkaline soluticn, ‘the aolution has to be
alkaline te ensure that all radis-active uranium compounds are
preciplitatad,

M. P. CRAVED (United Kingdom): Mr. Chairman, may I ack
Dr. Scheel two quostiunag? Tre first 1s whether or not he hesg
comparac hin method in the csse of normal compournd fertiliszoers with
the flame nhotomotrle method. This particular method 1s gathering
inereased use, partlicularly whon potasslum 1 being determined on
samples al the aame time as tho phosphate content, the phospheta
belng determined by colorimetric methoca, Therefere, one haa
avallable solutions which cen be used both for the phosphate
determinatici and potash determination, so that 1t does not mean
thero 1s any great trowblo in meking the soluticn.

The second question is thal in his paper ho refers to a
correction which has to be eppliiced for the uranium contont of euper
for the activity due to the vranilum in the original rock and 1ts
dlalintagra{tion' products. What I should like to ask is whether or
not this particular constant, 45 lmpulsez min/% D205 for 77% land
pcbble phosphale, varies when triple-superphosphats ie used instoad
of superphosphate? Lt would appear possible that some of the
disintepraticn products are precipitztod wish the calelum phosphate
and gypsum and filtered off whan the phosphoric acid is being made.

DR, K.C. SCHEEL (Germany): The flame photomatric method
actually has to be regarded ns a compstitive method, Wo have carried
out various experimente with a Clame photometric methed, but,
inselar as pure petash salts are concernsd, I am definitely of the
opinion that the radio-metrle method is better, and in addition I
wenld aay that che radico-metriec method is sneasier and 2impler onc
as far aa the work iz concerncd.,

Th2 guestion becomcs somewhat more difficult when you deal with
compuund fortdlisers, There 1s, ol course, cne cbjection: that 1f
yoeu determine the phosphate at the same time, there are solutions
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alreadg praesant, In the oasge of the flams photomater, it is vory
senalble o Impurlties and 1n thot easo one is unsually using
atandord solutions wnd 1t would be hetler, in that cagea, to apply
the radie-metric methoed, In tho ease of triple-superphos-
phate, tne rodlum 13 precipitatod with. gypaum and the rest of the
uranium compencents romain in the triple-superphosphate and the
activity 1s rcduccd. Tharafore, it iz best to use an apparatus
which gaugwes according .0 the standardiscd triplc-supurpﬁmsphate.

MR, I.4. BOAOWHLIL (United Kingdom}: Mr, Craven hos raised
the question of flame photometers which I had intended to ralase
mysell, but. I might add that in cur experience with thesc two
methods - flame photometer versua the radlo-metric determination -
-whore you are dolng standard analyses on fortilisors and have already
made up a aolution for phoaphate dotermination, it i1s preferable,
in my oplnion, toe 9o the potash determination with the flame phote-
mater, .

However, there are other applicatisne which I have 1in mind on
the marnufacturing side: for cxample, yuu can gquickly check the
percentage of notash In fresh batches of material coming into the

plant. You cun also detormine whothar thera are any preferential
iosses of potash in various stages of menufacture, such as in cyeclone
dust or in dugt extraction systems. In my c¢pinlon, the two methods

are very valuable in fertilisusr mamufacture and control and should
be used togethor, |

MR, 4. TOLMI (Iuracl): Is the exgeriment necessary for tha
making of radio-maetric determination of polassium commercially
avallable and how much dues 1t cost? -

DR. K.C. SCHAGL (Cermany}: £200 roughly.

MR, TI.o. BROWNLIE (United fingdom): I should like to put in
my bld, that the samc apparatus which was discuused in a provious
papoer yesterday gzrves for those analyses, with the asubstitution of
Hﬁgcwunter for a ¥ counter, costing a fow more pounds in the
United Kingdon.

PAPER LE/805: -"DETERNTNLT
| - MLRUELOTOT
IA

, TALMT,

THE CiUIRMAN {Interpretation): Have you any gquestlons
to ask ¥Mr. Talml about paper LE/2057.

*

M. 4 TiIM1 (Isracl): 1 hove diacovered two mistakes which
I should 1ik¢ to point cut. On peite & there is an equaticn
hy = he = 49 x 0,80 x 70'x F; 1t should be followed by "timcs the
‘ 19 ' 100 .
fluorine psrcencagae™,

On tha game page - Bapc L - towards the bottom, thers la a
line he, uxpressed #as kg 255/100 kg rock. This 13 a mistake:
1t should be 'super' not Trock!,

THE CH.IRMAN: ire there any remarks on that paper?

In the Chair: MR. D.J. BIRD

THE CHATIRMLN: I will now call on Mr., Charliers to sum up our
varicus discussicns from the polnts of viow of the various
agronomlsts, ' ' '
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VR, 5, CHARLI VRS (Belgiom) (Tnterpretation): Firss of all I
wigh To oxpress ay e-otion ol beiny wsicd Lo conclude lhe mesatings
bacaunge two yoars zgo ln Dordeoux thig oumnary was @lven with. great
wit by Profegsgor Alber. Denolon who sumiarized the discussions with

srost case and clarity. Unfortunaiely, 1t waa the last westing he
Gould attond. - 1 should like Lo recali a gulp nmado by Zrofeaaor

LBemolon two yeara acso wien oo osid that the apceiallet vecomeoo more
compatent as blw field of aclivitica parrows a0 thet 1n the &nd he

beconeég a man who knowa evorytalng aboul nothling! Thiia means that
there iz a danser in becoming too epecialiced and that experts have
10 co~ordainmle thelr work.

Bortunately, owing to the inltiative of our rormer Prealdent
of the hamsocintion and Chalrman of thesc mestinse, Mr. D.J.Dlrd, we
nave boen enablcd o colparse Lha various polnta of view of the
Agronomlicts and the Technleclang [ realise that, altheugh tho
dipeusplon: ware veory active, thers Lsm noe suieh o greant dlacrepancy
batweoen uhelr respesctlve points of view,bccause both 1n thelr
regesronas ugs exporimental uelhods to obbeln data from which 0
draw valuable conclunions, Tut whoen the discropancy bocomes wlder
and more defined 1g wheon the technielans have to doal wilth inert
aaterdiala while she agronomials have o deal with living mnetter.

The nain difference between inort and living matter is that with
ipcrt materials you alwzys have to dsal with reproducible phcnonanz,
whereaa the Llivins naterial 1o alweys oubjeet to numercus differant
factors and conditlons oo that the methods of investigatlon become,
of neocessity, very subtle and conplicated. e know very lLittle
ahout the various physlological wechanismg involved in living watter
g0 that whenovar » now nesand of inveatlgalion appears, such oo
radioc-igotopea, wo thinl we arc 1o posseeslon of a vary much norse
aubtla rethod, and should bo avls to glve sxploanations 1o hitherto
ungolved problems ‘ ‘ : '

1 believe much remins to bo done on that pubject and at ocur
next moeting wa shall have to consider 1t ageln becausd The discus-
9iong have @iown that we opoe very fer freown the «nd of the rescarch
work . '

With regard to the aecond section - the mathod of application
off fertilisara - 11 nizht appear as it the poinla of view ware very
different, but thay are difterent-botauss the pheononepms involved are
algo very diffcrent.  The donclugion that can be-reached is that
you oan ugsc a granulatcd or other form of fertilisers under csrtaln
conditions and not under others, po. that it is loportant to bo abls
to definc theae conditions silncc we wre unable Lo alter then. I
wieh to thank the deleozsetes who have worked on thig fleld of
applicution tacauae such papsrs as taat presconted by rrolassor
Fruhgtorfer, dencribing the coffect of adding superphosphale 1o
farnyard manurs, 1ave gshown an unexvected lncroace in the effactivo.-
nsss of the fortiliser with the reoult thal ylelds mre frogquently
vory much ilnoreased even #ith o easller fertlilacr eppl.cation.
Therelfora, the offlgizney of the fertiliscr ia very wuch incroased
which wmay mcan a bettor uge of the Tertillser, greater outleta for
the product tn the future and o greaccr chance of favourable oom-
potitton with other phoaphatic fertiliasrs.

with regard to Scetion J1J = other nutricnt elementg - the
situation iz zimllar in that 1a corlazin cascs you nasd only apply
NL.PLKE. fertiligers whereoso in others you wiuat aplkly the sccondary
cloments as woll, depsndiag upon the conditicns. © For instance, 1n
the new counlriem wacros very Little fertlliescr has previously been
mpplied, tho problen of socondary elements way ba vory aculs whercaa
in the old world where, Ffor worc than o ceatury, larges asounte of
fortilifder have been uweed, elauwents such xs sulphur, colelunm and
wagnogium, have been applied te She soil as so-eallod impurltlos
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21th thé reault that delficilencics are acldom to be expoctad in
thags =oilla. In the ftropica and 1in under-daveloped enuntrics such

deficlencias arc very seriong ond nay place o linit on the rosponaa

G0 application of fertillgeras in the uausl Way .

With regard to lrace olemento, the discuosion hea shown that
these ahould bs raegarded nore and rors as nediecines to curc
deflcioncias rather than ss Tortiligers - As to thsir methods of
application, Mr, Clark of Souih Africa, and Mr, Poll of Holland,
have ghown Lhat Lhore arc aa many ncthods ra conditiona. The
geoneric difficultics ol 2Pplylng trace clemants ars groat and it
la dntercsting +that your attocnilion has besn drawn to the apraying
of sclutlons of theos slencnta, Tor roat ficlds nowadays, are
troatad with dnsecticideo op rentlcide aprays, oo that ¥f would be
eagy To nilx such trace clenenta with thoge sprays and apply thea
2n the loeaves, applicd in this way thoy would not be deoomposad
in tho soil.

With rcgard to Jeetion IV on rapld teste, the dliscuseions have
proved moat prolitable. Iy Soubiés, Tor instance, has shown that
thesc quick tests nay be somewhat dangerouy but Dr. Baistrick mado
a very Interceting coment thel such metheds cannot give more ln-
Tormation than they are smskod to give, Thay can, at leanst,
aliminato the bad products ond leave® the good onesa for fiold
sXparimenta, thus asxving tine, trouble and Labour, I think that
at eonc future mesting we could conzlier tha biologioal methods
whioh havs beoon uscd to ascertain the quantities of nutrient oiem-
ents in the s0il. Toan thianking, in rarticular, of the Niklas
ngthod using aspergillus niger beoauas such nicerowmorganiams mobllise
and asivimilole nutricnt clements from Lhe 201l In a2 wanner mach more
lmilar to erop plantg than do any of the chemieanl racgonta woe cuan
devige such as water or anconius citralc op other solutions which
can only indtate very lnperfectly what living matter can do.

- In coneluding this brief personal sunuary, I want to stroas
that I realiss that coliaborailon totween tachnleinng =~nd YETONO-
migte haa been very profitablao and very andmatod, Although the
dlacussion wose zonctlmes a 11ttle acrd I think we shnll derive very
usoful Informction frow it ‘

DRE. K. C. SCHELEL (Gernany) altogather sixtecn papers have
been preacnted to the mectings, and of tnoso only Five papers have
daalt with the tochnicanl copuet of the cubject, A8 a techniclan
and a chenlet I can underatand thaot veary well, but I weuld atroas
that both the toohnical peopla and the chemists ave algoe in very
cloae co-operntion with %hc aEricultural pecpla, Mr.Charliers hag
Ziven to 1his mneeting a very dotniled ond interesting surmary of all
tha discusgslons, and I can only say that I mi in full agragriant with
Me, Charliory. :

I ww now talking azout the technioal sub jects, and in that
connection [ would rofcr Lo tha paper by Mr, Drownlie which stressaed
$articulurly the poasibility of ihe use of radlo-active lsotopca:
ho discussion which snaucd was o slan of the great importance of
tnis subjeot,

I would then refor particularly to the paper of I'r, Drook in
which he discussed two now aub jocts which wora of sreat intercat to
bhe meoting: Tirst the methind or granulation ol mixcéd Tertilisoras
and the cffact of the agranuiation and the poasibility of ovtelning
by moans of graphs an JXact plcture of what has happenaod, Tha
gecond point was the queabion ol granulation tostbs carried out in
the laboratory by which 11 was pooaible Lo evolve nmethods which lad
to qulte 2 soving »f labour '

In kr. Drook's gscond paper he roters to the influcnce of
noigture on granulation: in othor worda, the lege the moisture
content, the harder the granuled, In thig connection, T was rathep
3orry that the discusaion did not onlerie wore on tho quastlion of
czking of granulated foartilisers in the heap. ‘
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Az Tar ag Dy oWl PaRpor L@ concarned, T want to atreat tha
graat aimplicity o teata 1 they are carried out of the basis of
radio-actlvizy.

Tagtly [ would rofer Lo tha paper by Lr. Talmi znd hla
collaborators dzaling wito o gimple method of daternmining The
guantity of sulphurlc zeld to be upeld with various phosphatlcs.
frnig maethod tg prrticularly nTotestior 14 co80a wiars 9000
conpanies are begloning Lo denl with pos phaosphnteds.

THL CHATRITAN: Gontlonan, L oane oure you will agres with nd
whan T sxprcma our thanlka te Tr. Cacrlicre ano te Dr. Ychecl for
tnoir very able sursarics of our {two doaya of worlk. Farponally I
heve Listansd to the digeuanlcns, tho clasne: and the exchanges of
views wiih conaiderzble interust. Tron tims to time I did heve &

fesling that one of the posuible difficaltice was thet cortaln
countrics aroe interested in sclling supsrphoaphote wWherens other
countrias arda [Lore intereatad in selling auporphoapha ba wilth
nitrogen and potzab in corpound [ortlliserd.

Gontleman, I want sunce =aaln to exprass ry own lhanks end
those of the Council to the wri tora of the variocus papers. Seora
of theri, I ronlisc, wore aos diacvesad in dewnll and dld not arousae
any guegtlons, bul I hopd the writcra will not f&el depresscd, ba-—
cauge I i guite copvineed that they wore an cusential part of the
diseusoiong wader tha varicous headings, I particularly went 1o
thank the inSroducors who huve hod, I think, = gifficult and, 1in
gome waye, o rothar thanklosa tapk, bul T fecl that thsy havse
achisved theoir objecta, ag wap avident by the subscguint discugalona.
T aloc wanl to thank the speriirad who took part in the discumalons,
and in particular ihc gantl&mcn whe took tha Chair during ths aceond,
third ond fourth sosalcns,

Then, Gentlencn, T oknow hod wilhout any kooltation you will
Join with me 1n axpregaing our vory oeant thanks To M, Carpsntier
and My, Verpgan Ior theg vary crcollent way 1o which whey have
carried out their tronglotion. T1 has indesd becn a Herculean
tamk wnd but for taclr cflicicney sur work here would have hosn
largely nullifiead. (ipplauoe)

1 would ask Tr. Hew fto mecopt fron ud, and to convey to the
qembors of gtalf ins the DParis and London o{ficco, cur appreagiatvion
af the work whilea ithey havo put in in coliecting thc Dapers, havitlf;
thed tranglotod and moaking the arrangersnts ror thia Jonfaerancc

T ahoulc aleso like To nssocllto nyaeif with the renorks of
our DPresident thle morning, 1in pxprooalng to our SwWlss frisnde cur
vary grant approeclntloc of the hospltality which they hova offcred
to uo. T ahouls aleo live to say o on your Lahalf, and personally,
how very much we L en loyed hoving our gucetls herc with us and
havo opproelnted very suze the poart wiich they have Lakon in our
digcugaliona.

My flool polnt la wans whon we openad thlo Confepcnce I aald
thnat il wag in the natuec of an expericcnt. 1 think the way ln
which the megoting has doveloped, pzrticularly tho third end fourth
digeusaione, hap ahown thil wo Wers Lenrning Ly sxpariencd. I
porgonaliy have a fesling — 2nd T think 1t has bean eupnoricd DY
thg attendonce ond the dlacusolons = that, ~a an sgperiment, 1%
has not besn a fallurc. One of Lhe thlngs whieh, to acwe cxtont,
caused doubls in tho rinds of tie Counell when this hattec Woe
first venlilaled wag the posalnlo ehorienl reaction vebtwoon the
agrononiste and ube teohriciang and their respective hardneoa of
granul.é. as 0 would conclude by saylag this: Gf you leol that
Thie Oonfercnce hos boen wortn whilc, then will youw plense let your
delcgntes on the Councll know, and 1f you have iy auzieatlons
wherehy wvou Llhlniz vho procsdurc or nethod of conducting cuch o
confercnee could bo improved, wlll you ~i=o plerse paos those on
Bo y?ur country's dolegate and ask nin to ralse the natter with

r. few.
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WAt those worde, Gontlenen, I declore the First Jodnt Mesting
N0t the Agrononisto nnd Teohriolans ¢losed, and I would thank you for
your attendanca,

(Tha Confercneo cloaed. )






