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COMBINED MEETING WITH MEMBERS OF SOUTH AFRICAN
CHEMICAL INSTITUTE (NATAL SE;CTION) AT 8 P.M.

CHAIRMAN: It is with very great pleasure that we
welcome here tonight, members of the South African
Chemical Institute. It is a great pleasure to us to be
associated in this way with the Durban section of the
Chemical Institute. The research consciousness that we
spoke about yesterday, of the Industry which we hope
to develop in the future, will assist in our many prob
Iems.and render our Association muchmore interesting

to outside Chemists. Tonight, we have a paper by Mr.
Beater, on the "Determination of Phosphorus by the
Coeruleo Molybdate Reaction." At first, I thought this
paper did not cover sufficient field for an adequate dis
cussion, but I think if we open the discussion on Phos
phorus in general, both in its relation to soils and to
the Sugar Industry, we should have a very interesting
discussion. I will now ask Mr. Beater to re~Q his paper.

THE DETERMINATION OF PHOSPHORUS BY THE
COERULEO-MOLYBDATE REACTION

By B. E: BEATER..

Subsequent to the discovery by Denigs lin 1920
that under suitable conditions stannous chloride will
reduce the molybdate -ofvphosphorus or arsenic and
produce a very sensitive blue compound,*many workers
endeavoured to apply this reaction to the determination
of phosphorus. As a result of their labours highly
accurate methods have been evolved and much time
and labour has been saved over the old time methods.

In the following paper is given a brief account of
the application 'of the blue colorimetric method. The
methods outlined have been tested with standard solu
tions and checked by gravimetric analysis. Where a
Leitz universal colorimeter has been used for colour
comparisons, a correction curve has been evolved.

"AVAILABLE" AND "TOTAL" PHOSPHORIC
ACID.

The determination of available plant-food in soils is
generally made by the method firstproposed by Dyer."
This method consists in dissolving out with a weak
acid solvent (1% citric acid. solution) a certain portion,
the so-called "available" portion, of the mineral reserves
of the soil. Amongst the weak acid solvents which have
been used from time to time are: Acetic, oxalic, tartaric,
aspartic, nitric, and sulphuric acids. In the principle
of these experiments we observe the endeavour to ap
proximate the natural solvent powers of the root hairs
of the plant. The solvent in this case is carbonic acid,
which Truog 4 states to be slightly greater than one
twenty-fifth normality arid about 3·7 pH, The total

.intake of phosphorus by a plant, which is the result
of this action of the root hairs, therefore, should afford
us data which are in some respect commensurable with
Citric solubility. In' other words, we should find that

',:1S the amount of phosphate taken up by. the plant
',during growth varies from high to low, so should the

per cent. citric solubility figure of soil vary. E. Van
stone," experimenting with beans in plots, showed COTI

elusively that the intake of phosphoric acid from basic
slags is directly proportional to the citric solubility of
the phosphate.

* Deniges '[Compt. Rend. ISll. 687-9 (1927)J found this com
pound to have the formula [4·(MoO~). )\1QO!J;:tr~PO{, <1 RoO.

;,' .

In the ordinary methods for determination of phos
phorus no account is taken of its various forms and
combinations, beyond that at high temperatures-tem
peratures sufficiently high to destroy organic matter
some phosphorus may be lost by volatilisation. It is,
therefore, customary in soil analysis to add some material
to oxidise the phosphorus to a more stable compound.
With magnesium nitrate it is converted on heating into
magnesium pyrophosphate.

While more attention is generally paid in soil analysis
to available phosphorus, the estimation of "total"
phosphorus is also of great value in giving us some
notion of the reserves of plant-food. For phosphorus
even in its most difficult soluble forms is accessible to

.' plants.

A' fertile soil, according to A. D. Hall," ranges in
total phosphorus from 0·138 to 0'258% and from 0·02
to 0'083% available phosphorus. Such figures are
indeed far beyond the content of nearly all South
African soils. Of all the analyses made at this station,
the highest per cent. total phosphoric acid recorded is
0·14 and the lowest 0·04. The highest percent. available
phosphoric acid recorded is 0'016 and the lowest 0·001.
It is more usual, however, to find results in the neigh
bourhood of 0'005% available phosphoric acid, or even
lower. McGregor'? working with 1% citric acid extracts,
finds the limit of readily available phosphorus for good
sugar cane production to be approximately 0·004% of
phosphoric acid.

ESTIMATION OF PHOSPHORIC ACID IN SOILS.
The principle and technique of the blue colorimetric

method for determining phosphates is too well known
to need description here. Many references to it can be
found in the literature. Briefly, however, and for con
venience; a working technique is provided.

Available Phosphoric Acid.-Twenty~five millilitres of
1% citric acid extract, prepared by shaking 50 grammes
s~il with 500 ml. water and 5 grms. citric acid crystals
.for 24-40 hours in an end-over-end shaker, are pipetted
off into a porcelain evaporating dish. One or two ml. of
10% calcium acetate solution are added and the bulk
evaporated to dryness.. Ignite at low heat in. a muffle,
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Sample
No.

sufficient 'to destroy organic' matter, cool, and extract
with 5 ml. 10% sulphuric acid, filtering and washing
into 100 ml. flask.' 10mL or so of this extract are taken
and placed in 100 mi. graduated cylinder" the pH a?
justedto approxim~te,neutrality, using ph~~olphthalem
and ammonia solution, and. after the addition of 1 ml.
molybdate reagent.] the contents are filled .to. the mark
with distilled water and five to. six drops (0.. 25 ml.)
freshly prepared stannous .chloride' added. After five
minutes the colour is compared jn a Schreiner colori
meter with a standard developed.in .a similar way and
containing 0·02 mg. P205' For results as high as 0·015%
available P205 take 5 ml. unknown, and 0'02 mg. P205
for standard. For. results as low.as 0·003%·available
P205 use 0·01 mg. P205 in standard. ' ,.

The strengths of the two colorimetric solutions are' .
inversely as. the heights of the columns. In all c~ses,

therefore, concentration of unknown may be obtamed
by the following simple formula:-

. " 'K' '., .'
. .X =u x mg. P205 in known,

where, K is, height of column in standard cylinder and
U is, the height in the unknown. .

Total Phosphoric Acid.~Two·grammes soil are placed
ina porcelain dish and the equivalent of It to 2 grammes
magnesium nitrate is added in solution. Evaporate to
dryness on water-bath and ignite to dull red heat to

.destroy organic matter. Cool and add 15 ml. concen-
trated nitric acid and [) rill. concentrated hydrochloric
acid, 'cover with' a 'watch' glass and place over water
bath in fume' 'cupboard for about 30 minutes. Cool,
wash, down watch glass and transfer contents directly
into 100 ml, measuring flask. Shake and filter off a
portion. Take 10 ml. of this and place in evaporating
basin; add 1 to 2 ml.calcium acetate solution (10%),
evaporate to. dryness, and heat over sand-bath.. Cool
and extract into 100 ml. flask with 5 ml. 10% sulphuric
acid. Take 10 ml.of this, destroy excess acidity with
ammonia. as .before, and develop colour with. same
quantities of reagents, using a standard containing
O:Olmg. P205' For percentages as high as 0"150 use
standard containing 0'04 mg. P205.

A series or experiments with various soils, using this .
method, againstthe frequent procedure of extractingthe
soilwith hydrochloric acid, gave the following, result?:-

Method II. Per cent. un-
(Hydrochloric extracted by

Method 1. Acid extract). Method II.
% P20S % Pps

1 ' 0,612 0·060 16·7
2 0·096 0·082 14·6
3 0·074 0·060 18·9

.' 4 0·090 0'078 13·3
5 ono 0·096 12-7
6 0']32 0·1l4 . 13·6
7 0·140 0·120 U·3
8 .. . 0.:100 0·084 .16'0

The actual working time by either method is approxi-
mately the same.' '.'

, : . , . . . - .

; 1'.1701' prepa:ation of reagents and standards see S. Air. Sug.
Tech .. Pro~eeclmgs (1932). p. 26, only use KH 2P 0 4 in place of
the tri-sodium salt. . " '..'

In .order to ascertain whether a prolonged boiling
with strong hydrochloric acid would increase the ex
traction; samples were boiled at varying intervals with
the following results:- .

Sample ' Bolling "Boiling
··No: . ! hour. i hOUT.

% P,Os %~20S

l' .. 0·062 .. 0·060
2 0·082 '- 0,082..

'3 0"070 ' . ,
0·078.. .'. . .

4 .. '.' '0·060 0·060

It appears necessary, therefore, in reporting percentages
'of total phosphorus, to state whether the hydrochloric
acid extraction' method' or the oxidation method has
been resortedto..

PHOSPHORIC ACID IN CANE JUICES.
A regular feature of the work at the laboratory of

the Experiment Station is the estimation of total P20S
in cane juices. In 1929 McRae 8 read a. paper on this
subject, and gave full details of a method which he
found to be both rapid and efficient.

The method in. use now consists in evaporating over
a water-oath 20 to 25 ml. cane. juice, together with
3 or 4 drops. of 10% calcium acetate. solution. Evapora
tion is completed over a hot plate, and finally the
contents are ignited in an electric muffle at a low red
heat. The white ash is extracted with 10 ml. 10%
sulphuric 'acid and filtered into 100 ml: flask.

A Leitz universal colorimeter is used for colour com
parisons and deeper colours are required than those, for
observation in the Schreiner apparatus. Accordingly
1 to 10ml. of this extract are .taken for the develpo
merit of the blue compound, the procedure for which
is exactly similar to that in soils, except that 8 drops
(0'35 ml.) stannous chloride are used. Standards should
contain 0·20 mg. P205 and the unknown should be set
at 30 mm. when matching the colours.

It is well known that the greatest precautions are
necessary for accurate. colorimetric determinations.
Silica .and ferric iron and organic matter interfere .with
colour development. Truog and, Meyer," and later
Chapman.l'' found that ferric iron in amounts exceeding
4 to. 6 p.p.m. interferes with determination. But perhaps
the point of greatest importance is the error introduced
by varying the concentrations of known and unknown.
The, assumption is often made, in accordance with Beer's
Law, that the concentrations are inversely proportional
to the heights; but the law only holds where the colour
forming reactions in the solutions are' complete, since
the colour intensity is intended to: be a direct guide
to the amount of reaction .product. It would thus seem
advisable to work only with solutions which do not
vary by more .than a small fraction of their colour
intensities. .

Reference to this important aspect appears to be
rather scanty in the literature of the method. Chap
man,'! indeed, writes: "The P04 concentration of fresh
standards should be as near as possible to that of the
.unknown being tested. The. colour development is not
strictly proportional to theamountof P01 present' and
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serious errors may arise from failure to observe this
precaution." .

In order to determine how far the colorimetric method
for cane 'juices could be relied upon, a series of extracts
were selected and the P205 estimated both colorimetri-

The only experiment ill which fairly good agreement
was obtained was that in. which the concentration of
the unknown, based on gravimetric results, accorded
very nearly with that of the known. The error has
undoubtedly arisen from assuming that the concentra-
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cally andgravimetrically. In the following table results
are expressed in mg. per 100 ml. of cane juice.

tions are inversely proportional throughout t~the height
of column of liquid observed.

Ill' order to overcome this error,' the accompanying
graph illustrates a calibration or correction.' curve pre
pared experimentally by using solutions .of known con
centrations. It is essential to' keep to a'standard pro
cedure and 110t to vary the amounts of reagents added,
For all estimations on the Leitz instrument 1 ml. molyb
date reagent and 8 drops (0,35 ml.}: stannous chloride
have been used .' ..

0·20·
0·20
0·20
0·20
0'·20 However. as experimental procedure must' vary in
0·20 the hands-of different workers, it would not .seen ad-
0·20 visable for any worker to accept this curve without
0·20 verification.

.•t': ~;..':f,/~;...... ,

r,o, con.'
centration
in mg. in i

.Known.

P 2o. 'COJl
centration
in mg. in

Unknown.

0·29
0·28·
0·22
0·20
0·16
0·16
0·15
0·12

35·2 '
33·8 '
29·9

. 27'5
24·2
24·3
24·3
21·0

Colori
metric.

38·6:
36·9
28·9
26·3 .
21·1
20·8
20·2'
16·7

Gravi
metric.

No. of '
Sample,

1
2
3
4
5
6
7
8
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The following example will illustrate the use of the
curve, using a standard solution, 5 ml. of which contain
0·20 mg. ,P206:-

Suppose 25 ml. cane juice were ignited and extracted
with dilute sulphuric acid to a volume of 100 ml. and
that 2 ml. of this extract were taken for estimation.
Let the. unknown solution be set at 30·0 mm. and let
the known read 34·0 mm. when the colours are matched.
From the graph it will be observed that the vertical
line cuts the lower axis at 4'80.

Then 4·80 x ~ x 4 = 48·0 mg. P206 per 100 ml. cane

jnice. Thectlrve is recommended only for readings of
known ranging from approximately 15 to 35 mm. '
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CHAIRMAN: I hope members here will discuss the
paper -from a chemical point of view, but before doing
so I. would like towiden the scope of the discussion.
As you all know, phosphorus js of very great importance
to the Sugar Industry. We have it great deficiency of
phosphates in our soils. That condition goes through,
right to the final product, the raw sugar. In the soils,
cane yields are affected primarily by the minimising
factor, which is usually. phosphate. The next step is
a deficiency of phosphates in the juice which is handled
in the factories, and there is a tremendous amount of
data on the effect or absence of phosphate in juice and
the effect on clarification. There are tens of thousands
spent by various companies on phosphate pastes in
order to raise the phosphate content of the juice. That
range, extends from about 0.07% juice to as low as
'practically nothing, and in those cases we have to add
phosphates to the juice during clarification. In Hawaii,
years. ago, there had been complaints from the States,
aboutthe poor filtrability and refinability of sugars that
had be,en sent up to the refineries, and it was found in
one section of the island that the soils were. definitely
deficient in phosphates. By adding phosphates to the

soils; the raw sugars improved. To-day, we are faced
with problems in our final product-the raw sugar. We
have had reports from other countries about certain
impurities in our sugars, 'and it is very likely that these
conditions go right back to the deficiency of phosphates
in our soils. All agricultural chemists are agreed that
potash is necessary in building up the carbohydrates in
the cane, and that phosphates are necessary for the
transformation of starch into sugar, and it js possible
that this lack of phosphates is shown in the high starch
content 'which is characteristic of Uba cane iii this
country, and which persists right through the manufac
turing process of the raw sugar.

,lVIr.DODDS :, I think this paper is of fundamental
importance since it deals with a method commonly in
use of determining an element -which, you have just
pointed out is of very great importance. It shows that
these convenient colorimetric determinations which are
coming so much into use at the present day! should be
applied with the very greatest care. There, 'are many
pitfalls for the unwary or inexperienced in 'practically
all colorimetric determinations. To begin with, one is
clealing with very smallquantities of substance, much
less than one usually deals with in.ordinary gravimetric
work, and one must therefore guard all the more 'strictly
against accidental impurities from reagents' or imper
fectly' cleaned apparatus, or the like.. 'Further,. as' we
have seen' from the experiments that Mr. Beater has
outlined, that it is necessary to keep the concentration
as near constant as .possible. This probably depends on
the dissociation of the coloured compounds in question
in dilute solution. 'Undoubtedly the depth of colour
varies with the concentration of, the substance, and
because of the effect dilution has on the ionic dissociation,
even where the actual quantity of coloured substance
present is the same.' It is for that reason, no doubt,
that we must keep as, closely as possible to a. standard
concentration of the coloured ion. _ As you pointed out,
the possibilities of the elenient phosphorus .are of the
greatest importance to us in the Sugar Industry, not
only in the field where' ill common with all-agricultural
industries in this country the supply ofphosphateis one
of the first considerations, hut with us, in addition to
the deficiency of phosphorus which exists, follows right
through into the manufacturing phase and is an impor
tant factor in the preparation of sugar from the juice.
We find, for example; that a factory such as Umfolosi is
able to use far less phosphoric acid than other factories
to' obtain clarification'. And the reason for, it is clear
when we come to analyse the juices of canes for their
phosphorus content.· Those canes growing on the
alluvial flats of Zululand are always far higher in
phosphorus content than those growing on the hills,
just as the available phosphorus in those soils is greater.
That is one reason for the greater fertility of those soils
and the better yields of cane obtained; not the only
reason of course, because the shortage of moisture under
ordinary conditions is as important a factor as the
shortage of phosphorus. But it undoubtedly is a reason
why it is possible to obtain better clarification with less
expenditure on phosphorus compounds in the factory,
and .one reason for the greater fertility of the alluvial
soils.'



Mr. BECHARD: I have been listening with a .great
deal' of 'attention to the remarks made by Mr. Beater,
to your.own remarks; and to those by Mr. Dodds.' The
matter of, phosphorus in cane .juice has given me a
great deal of trouble last. season and a great deal of
attention has .been paid to it. The district in which I
work is notoriously deficient in phosphate in the, juice.
I see from most places, they get phosphate content
ranging up to 0.03%. I think I had two samples that
came. up to scratch this year. Many of the samples I
analysed were only 0.002%. I went into this matter
of phosphorus determination very carefully and I dis
cussed the matter with Mr. Taylor, of Cedara, last week,
and got a lot of Iiterature on, the subject. A paper of
great, interest, is one prepared. by Malan .and Van del'
Linden, who are. working in the Onderstepoort Labora
tory. Extracts have appeared in the South African
] ournal of Science, in which they giyc a lot of' details
about the methods of colorimetric' determination. - A
lot of work was also done by Mr. Green, and he prefers
the -method with sodium sulphate and quinol. On the
other hand, Mr. Taylor, of Cedara, prefers. the stannous
chloride method. When the stannous chloride method
is done, however, a great deal closer concentration is
required between' the known and unknown samples.
This is not quite so important, according' to Dr. Green"
when the method of sodium sulphate and quinol is used.
However, both require pretty close concentration. Dr.
Green puts this down to plus or minus lO%i. A passage
which interested me very much in Mr. Beater's paper,
was this: "For phosphorus even in its most difficult
soluble form is accessible to plants."

While I am very much in doubt about this statement
of Mr. Beater's, that even the most difficultly, soluble
forms are accessible to the plant, it.is only by the-way,
and I must join with the Chairman and Mr.' Dodds in
congratulating Mr. Beater 'on a very excellent paper
indeed. .

. Mr. BEATER : Eventually it is takel~ up bythe plant,
although it may take a considerable period. That state
ment is from a well known authority. on these matters.

Mr..DODDS: It seems very evident that the concen
tration of soluble phosphorus or concentration of phos
phorus in solution in the soil mattermay be very small
in some cases, even in very fertile soils. We have an
interesting example of that in some ,experiments we were
carrying out at Wilton Park, Empangeni. We have
there, a very rich, fertile soil, it is capable of giving 20
to.30 tons of cane according to season, without ,any
fertiliser at all,. and by applying superphosphate only,
we, have brought that 'yield up to, over 60 tons.' But
it is soil evidently with a very high degree of fertility.
The surprising vthing is, that the amount of available
phosphate in that soil is extremely' small. It is soil
evidently of a very ferruginous type,a deep red 10a!}1,
and we find it is very rich in aU plant foods and contains
a high quantity for South African soilsof total P 20 5,

but the available P 20 5is almost nil. We find the appli
cation of any form of phosphatic fertiliser 'will bring up
the yield of cane in that soil enormously, even the most
unavailable. We have tried for example, 300 lbs, per
acre of raw rock phosphate, which alone, will bring up
the yield of cane over 40% in that soil. In other, words,
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by adding. more."phosphate, which is still unavailable,
you make the soil .much more .productive. It is very
evident that provided other fertility conditions are right
and the total P 20 5 is there that you needJiave very
little in the soil solution. It may be that silica plays
a part that we have not yet suspected in this country
and that is a question which ought to be studied. In
the paper that our Chairman has just referred to you,
Moil' points out the fact that it was possible to replace
phosphate as a fertiliser to a very considerable extent
by using. silicates such as sodium silicate. We have not
tried that in this 'country, but we intend to ,do so and
in fact we have some sodium silicate on the way, a
special grade which is recommended for this particular
purpose. ,; We hope to get some interesting results from
it.

Mr. BECHARD: On this point and also on the point
of method of determination of available phosphoric acid
we see here a method in use at the Experiment 'Station,
taking 50 grammes soil (reads). This method is not
devoid of a certain amount of danger, in this way that
certain soils containing apretty large per cent. of calcium
salts may render that solution neutral, eventually. I
have seen an example- of that takeplace in soils of the
Umkuzi Valley. I do not know whether Mr. Dodds has
ever handled any of that. soil, it contains very, small
crystals .of.Iime, and wefinished up with a solution, that
was neutral. We hadto keep on ,adding citric acid until
we did get 1% solution. ' , .

Mr. BEATER: Dr: Vanstone (]. ,Agr.' Sc., 1925, 15,
460) states that. field trials ar~ ,usuallY in better agree
meritwith the unmodified test., In a soil high in calcium
carbonate, the soil carbonic acid: is removed and in
reality does not become available to the plant. So why
modify the 12rocedure and ?btain artificial data?

Mr. DODDS: Neutral citratesare capable of dissolving
phosphorus from the soil That is the basis of a standard
method in a goodmanycountries, for testing basic slag;
for 'extracting substances like that, which captain a lot
offreelime, they use sodium citrate-and the phosphorus
soluble in the sodium citrate is regarded as an: important
factor.

CHAIRMAN.; I offer no excuse forreferringto Moir's
paper, because this paper, to my knowledge, has' never
been-in print yet. It was' printed at the Puerto Rico
Congress, and in summing up his very 'valuable paper,
he has a heading" Phosphates." : I will- read it to you.

, ",The, trend of a few years ago. tow~rds the use' of
.raw rock has. been halted and at present fhere is a
rapid return to the more available and' concentrated
forms, such as treble phosphate and the forms iof '
ammonium phosphate., The experiments that. 'have
been installed in past years with forms of phosphate
have been mostlv used in connection with ammonium
sulphate asthenitrogen carrier, and have resulted in
small differences at harvest. The observational dif
ferences are often .quite marked early in the growth
of the crop in favour of the soluble forms .. In areas
subject to much weeding, the extra growth from.jhe
soluble forms early in crop, is a very beneficial response
and Well worth the cost of material.':" '
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, ," With the use of highly concentrated materials in
complete fertilisers, and the greater consideration of
present costs per unit and freight on materials to the
plantation, the ammonium phosphates are supplying

-the lion's share of the phosphate requirements. But
with any change in price per unit upwards of these
forms, others can be readily substituted and, at very
little iricreased cost per acre, In the' fertiliser prac
tices of the plantations, amounts used per acre, varies
from nothing at all up to 300 lbs. P20S per acre. On

, plant areas on some plantations, applications of 500
, to 800' lbs, Of P20Sper acre are made. It has been

proven to the satisfaction of most persons that -the
, only time to apply phosphates is at the start of the
crop, and in as close contact with the mainroot system
as economically possible. Other effects and time of
.application are still being studied. The effect of bone
meal, both as a supplier of phosphate and as a catalyst
is also being thoroughly investigated."

Mr.HARDING-KLOOT: As one not belonging to the
" inner circle," I am rather diffident about joining in
with this discussion, I think we, who have not gone
into it so thoroughly, would rather seek information than
actually join in the discussion. Before I do this, lwould
like to say how I appreciate how well this paper has
been set out, and I congratulate Mr. Beater oil the very
interesting manner in which he 'has presented it. I,
personally, found it very interesting indeed. There are
one or two points I would like information on. ' We all
know that phosphate pastes are used in the mills during
clarification, and you, Mr. Chairman, mentioned that
where the soil is deficient in phosphate, the plant is
deficient too, the juice then becomes' deficient, and you
have to add more phosphoric acid. to the juice in the
mill.' Can you give us any reason for it? How does the
phosphoric acid actually act' on the filtration? Is it
merely that your liming and' filtration cuts down the
gums and other impurities mechanically? Another point,
you seem to associate the lack of phosphoric acid with
the presence of excess starch in the cane. Can you' give
us s.ome idea of the mechanism of phosphoric acid con
verting, that starch into sugar.

Mr. RAULT : I could reply to part of the query. We
believe that generally, clarification is as much amechani
cal action as a physical action. We have always an
excess of. lime salts' in our juice, more lime than phos
phoric acid, there is almost enough lime to form,a calcium
phosphate; that is the idea of using phosphoric acid.
This calcium phosphate precipitate not only brings down,
colloids, but in some measure also is a decoloriser, by
actually bringing down some of the colouring matter;
we know that part of the colouring matter is also in
colloidal form, and you can show that by treating with
phosphates; not only is there a diminution' of colour
because 'of the effect of the lowered alkalinity on the
glucose 'compounds present but also by mechahicalen
trainment you get lighter coloured juices. This, of
course.vin the case of white sugarmanufacture in' par
ticular;, is of great importance. What you are aiming
for to-day, in defecation, is not so much for removal of
colour, but for obtaining clear liquor, 'and we know
definitely that it is 'more important to get a sparkling
liquor than a bleached liquor, and you may find that a

bleached liquor which would be cloudy, would give you
a worse liquor than one somewhat dark but sparkling.
Regarding -transformation of starch in sugar, although
the report by the Clarification Committee was read by
me, that information was taken from some other auth
ority. 'Maybe Mr. Dymond may' be able to tell you
more about that. '

CHAIRMAN: I quite agree with Mr. Rault as to the
clarification of' phosphates. It 'is probably a physical
action in which the -increasing 'precipitant assists in pre
cipitating the gummy matter,' which, ' as I referred to
earlier in the evening was, a cause of complairit in the
United States some time ago, about sugar received from
Hawaii, which was definitely associated with phosphate
deficient soils. '

As regards the elimination ofstarches, the information
which we gave in the clarification Report was also taken
from a paper read in Puerto Rico. " '

This was practically the authority, together with other
papers, on which we made the statement that appeared
in the report. Opinion is actually divided on this par
ticular point. In the States, several authorities believe
that poor qualities of raw sugars are due to wax, others
believe it is due to starch. ' We have to experiment still
to find out whether this condition that does undoubtedly
exist in our canes,' in this country, is a direct result of
lack of phosphoric acid.,

Mr. MOBERLY: I think it was Ingham, in the Chemi
cal Institute, who gave us a very interesting .illustration
of the results of the effects of phosphates on maturing
crops, in which he stated, that by concentrated fertili
sation, the wheat growing .area in Canada, had been
extended by' several degrees of latitude, by producing
an earlier ripening wheat, by shortening the maturing
period of the wheat crop, and thereby making it possible
to grow wheat further north, before the winter closed
in 'on it. .

Mr,' VIGER: I think it is a noticeable fact that in the
, Uba plant, the pollen has no starch. That is why, with

Uba, you cannot get fertile seedsin this country appar-
ently. '

'Mr: RAULT : I would like to' ask Mr. Beater a question'
'on variations in' P20S' content of juices this season.
Generally speaking, We find at different periods in the
year, that juices are easier to treat.' This period would
beat a time when the density of juice isa bit low. Later
on.iwhen the density of the cane juice gets up and you
have canes of higher sucrose; you meet with difficulty.
Isfhere any correlation between density of the juice
and its P20S content or age or growth of the cane on its
P20Scontent? Are you able to throw any light on the
variations iof P 20S? ' "

Mr. BEATER: We find that the P20scontent'of cane
varies considerably month to month.' For that reason,
Ido riot think you could really trace the effect oil growth
or age of cane. 'For example, last May, PPs content
Was 0.01%, whereas in OCtober-December it was 0.050
-0.060%~ P 20S content of pastures' as well, varies
seasonally.
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Mr.RAULT: It is, in direct conflietwith our ex
perience. In May and June, you have a small amount
of P Po' and that is the time we have found that juices
are easier to work than later on in October.

Mr. BEATER: It is possible that may be due to the
per cent. water soluble phosphate .having varied. It
is the total phosphate I am referring to now.

Mr. PALAIRET: I think it is quite clear from the
remarks, that the sugar and the quality of ,the juice are
made in the field. You have raised the question .also
in your reference to Puerto Rico, that ~he use.of ro~k

phosphate is declining. I believe that IS Its history In

every country. .Rock phosphate has been very useful
at first, and as lands got 'worked out it declined. ,I
understand our own 'Experiment Station have found
some soils in which rock phosphate gives better results
than in others. I have found that in one or two of my
fields, I find better results from rock than from supers.
In that particular case, the soil was very rich in organic
matter, so possibly this is a' bio-chemical matter. .It
struck me that you .can carry that question further.
If it is true that a rich humus content enables the cane
to absorb rock phosphates, is it not possible that a high
humus content will also enable the cane to make better
use of even the other phosphates. Whether such things
are true or not, we have to get our guidance from you
and I certainly think jhat if the experts here, with the
assistance of our Experiment Station, can give any lea?
whereby the man on the land can get. better use' of hIS
phosphates cheque, then)think you are going to'g:et,
not only the gratitude of the planters, but something
more practical, a better cane.

Mr. DODDS: Mr. Palalret has referred to our experi- ,
ments with rock phosphates and superphosphate and'
other: forms of phosphatic fertiliser, and I must say we
have found no case in which rock phosphate was actually
superior to superphosphates when they were tested to
gether under similar co~ditions. ~e h.ave found cases
in soils such as he .mentions, very high In humus and of

considerable natural fertility generally, good moisture
'supply, and so forth, that there is very little difference
between theresults of rock andsuperphosphate. But
superphosphate has always been at least a little better.
When we come to poorer soils, we find .the difference is
very marked. For example, on the dry and exhausted
soils at the Experiment Station, we find that there is
scarcely' any response to raw rock phosphate, but, very
marked response to superphosphates; but where soils
are rich in organic matter and natural fertility, the

, margin may be small. I would like to add that we have
had no definite evidence of any increase in sucrose con
tent of cane from application of any fertiliser until
recently. In a series of experiments at Empangeni.' in
the soil I mentioned, the rich red loam at Wilton Park
Estate, we have .had evidence this last season' of ian
increased sucrose content over and above the increase
in Cane yields where phosphate fertiliser, especially super
phosphate, was applied. But we have not been able
to find it yet in ,other cases, or in the case of any other
element. W.e have, on the contrary, found nitrogen to
decrease the sucrose content either by delaying maturity
or by inhibiting maturity .to some extent by encouraging
continuous vegetative growth.

CHAIRMAN: Before 'thanking Mr. Beater for his most
interesting paper, I wish to state again our extreme
pleasure in having, members of the Chemical Institute
here, and I hope that this will become an annual function.
I n0'Y ask you to accord .Mr. Beater a hearty. vote of
thanks for his paper., (Loud applause.)

Mr.B:ARDING-KLOOT: On' behalfot' th~ local sec
tion .of the Chemical Institute, I, wish, to express our
thanks for the invitation extended to us; to meet. you
to-night, and to say how, much we have enjoyed .the
visit in more ways than one. It would be a good Idea
to make this an annual event, and it might also be
possible, a month or two before the Congress, for our
Secretaries to' get jn touch and arrange a~- evening of
this nature, at which we could both contribute some
thing for discussion. That is merely a suggestion on
my part.


