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INTRODUCTION AND HISTORICAL

Phosphorus deficiency is one of the major agricultural problems.

Although most of our Canadian soils are well supplied with total
phosphorus, oniy e very small proportion of this is available to planﬁs.
From 30 - 85%_ of the phésphorus in our surface soils is present in an
orgenic-form (Odynski, 1936, wrenshall and Dyer, 1939)s Since our
soils are relatifely.very poor in available phosphorus:. it appeers
thet the large store of orgenic phosphorus is unavailable for plant
usee

The evidence of culture solution experiments (Schreiner and Ski-
nner, 1912, Schulow, 1913, weissflog and Mengdelil, 1933, rierre and
rerker, 1927) indicates that phosphorus is assimilated principally
as the mono-phosphate ion (H2P04f). Therefore, the soil organic phos-
phorus probably will have to be hydrolyzed into inorganic phosphate
before it cen be assimilated by plant rootse Pierre and Parker (1927)
found that corn and soybeans could not use the organic phosphorus of
s0il extractss On the other hand, Wrenshall and licKibbin (1987) con-
cluded from a study of the utilization of phosphorus by plants in bot
tests, that some phosphorus must have been supplied from the organic
phosphorus of the soil through decomposition. Stoklasa (1911) believed
that a soil was fertile with res?ect to phosphate if it had a large
store of orgenic phosphoruse.

We may state the question thus: Does the large quantity of orgen-
ic phosphorus in our soils represent simply an accumulation of the end-
products of the decomposition of orgenic material added to the soil,
thus beinginactive and of little use for the phosphorus nutrifion of
plents; or does it sbill constitute an active part of the.phosphorus
cycle in our soils, being a store, as it were, of orgenic phosphorus
continuously being synthesized by micro-orgenisms or repleted from
plant residues, and simultaneously being deéomposed and mineralized

by other micro-organisms, thus providing e source of phosphate readily
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aveilable for plant assimilation? Befoge this question can be ans-
wered, a great deal has to be learned abéut the nature and properties
of the organic phosphorus in soilse. TUndoubtedly, phosphorus in the
soil tekes part to some extent in a dynsmic biological ciycle, a§do
nitrogen, carbon énd sulphur. Just as the availability of nitrogen
in the soil is greatly influenced by soil conditions (pH, moisture
etc.) so also it is probable that the transformations of phosphorus
are likewise affected and thus it may be possible to change the con-
ditions in our soils so that organic phosphorus mey be more readily
mineralizedes The phosphorus cycle in soil may be summarized as in

the following diagram,

plant and animal residues
Org. . inerg. B

A /
soluble Sk=4 eterotrophic .! ‘ (T;autotrophic
inorg. P - T (decomposing)twi / ~" (synthetic)
bacteria bacteria

soluble .-.
oA
fixed phosphate
According to the above scheme, plant and animel residues reaching

the soil contain both organic and inorgenic phosphorus compoundse A
rapid growth of micro-orgenisms ensues immediately end a part of the
inorganic phosphate is converted into organic phosphorus of the micro-

bial protoplasm. Part of the orgenic phosphorus is decomposed by other
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bacteria and some of this reaches the soil solution while the rest
is again built into the microbial cells. TWhen the micro-organisms
die, this organic phosphorus, now part of the soil organic phosphorus,
is attacked by other decomposing micro-organisms and the same process
continues.,

Thus the soil orgenic phosphorus originates from two sources,
the non-decomposed organic phosphorus of pleat and animal residues
and that synthesiged by the soil micro-organisms. There is therefore
a. continuous simultaneous synthesis and decomposition of organic phos-
phorus compounds in the soile Tottingham and Hoffman (1913) have shown
 that this synthesis of organic phosphorus occurs during the decomposi-
tion of manure. The luxuriant growth of micro-organisms which occurs
on decomposition of the manure uses up the soluble phosphate and a syn-
thesis of considerable organic phosphorus occurs. Later when the avail-
able energy material has been used up, this phosphorus is decomposed by
other micro-organisms and becomes slowly mineralized, the energy rela-
tions being such that there is a net release of inorganic phosphate in
the decomposition process.

Stoklasa (1911) termed the former process 'the biological absorp-
tion of phosphorus'. He demonstrated that it actually took place in
the soil by slowly percolating a dilute phosphate solution through a
soil, He found that 98% of the phosphate was absorbed while only 65%
was retained if the same soil was first sterilized. He is meinly res-
ponsible for the.idea of a phosphorus cycle in the soil.

It is thus evident that micro-orgenisms play a very important role
in the transformations of phosphorus in the soil.,

The extent of accumulation of organic phosphorus in some of our

infertile soils makes us wonder if the biological ebsorption of phos-
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phorus is as important from the standpoint ogﬂsoil fertility as
Stoklesa and later Schreiner (1923) considered it to be.
Some of the properties of the organic phosphorus compounds liable
to occur in soil will now be considered.
There are five classes of organic phosphorus compounds which could

conceivably occur in soils.

1. Phoépholipids.-lt has repeatedly been shown that only a small part

of the organic phosphorus of soil is present as phospholipids (Stoklasa
1911). Wrenshall and McKibbin (1937) found 0431 per cent of the soil
organic phosphorus in this fraction,

Further, lecithin is very readily decomposed by micro-organisms,
(Stoklasa, 1911, Plimmer 1913, Dox 1911) énd is assimilated by plants
in culture solution (Schreiner end Skinner 1912, Weissflog and hMengdehl
1933)e Auten (1923) showed that lecithin was 60 per cent decomposed
in two months in sand cultures;

2. Hexose Phosphate and related comptunds. These compounds are very

soluble and very labile Lo chemical and enzymatic agenciess (Dox 1911,
Plimmer 1913) Thus they would be easily decomposed in the soil and
would be almost as available as inorgenic phosphate for plant nutrition.
Mengdehl and Weissflog (1933) showed that glycerophosphate and hexose
diphosphate were readily absorbed by corn plants.  Hilbert et al (1938)
andbSpencer.and Stewart (1934) have shown that glycerophosphates and
such compounds were readily mineralized in the soil.

3. Phosphoproteins.s The phosphorus of casein is very readily split

off by alkaline hydrolysis (Plimmer eand Bayliss 1906, Rimington and
Kay 1926)e Dox (1911) showed that casein phosphorus is very readily
hydrolyzed by micro-organisms, end Kelly (1915) and Neubauer (1933)

found that this compound was rapidly decomposed in the soil.
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4e Nucleic Acid and Nucleotidese. Compounds of this type are known

to be present in the soil (Shorey 1913, Bottomly 1919, Wrenshall and
McKibbin 1937).

Nucleic acids are knoy/:o be susceptible to acid and alkaline
hydrolysise The purine nﬁcleotides are completely decomposed by two
or three hours boiling with 5% H804, while boiling under pressure for
several hours with 255 H2804 1s used to decompose the pyé@idine nucleo-
tides (Levene and Jorpes 1930). The nucleotides are readily decomposed
by enzymes, which are present in the soil micro-orgenisms (Dox 1911,
McFayden 1934), and it is difficult to see how these compounds could
accumulate in the soil. Various ﬁorkers (Stoklasa 1911‘, Schreiner
and Skinner 1912, Weissflog and liengdehl 1933) have shown that nucleic
acid is readily absorbed in culture solutions. Auten (1923) showed
that nucleic acid is 80 to 85 per cent decomposed in sand cultures in
one to three months, and Neubauer (1933) found about 70 ner cent assi-
milation by rye seedlings in sand or mixed soil and sand cultures.

Potter and Snyder (1918) determined the rate of hydrolysis of the
orgenic phosphorus in soil by 5 per cent H2S04 at 100° ¢ and found it
different from nucleic acid, and more similar to the pyéﬁidine nucleo-
tides or to -phytin.

The pyﬁgidine nucleotide theory was further advanced by Potter
and Benton (1916) and Schollenberger (1918). Auten (1923), on the
other hand, concluded that soil organic phosphorus was not present in
any appreciable amount in the form of lecithin, nucleic acid, phytin,
or pyﬁhidine dinucleotides, and he postulated the presence of Ca, lig,

or other salts of an 'organic amphoteric complex' in which phosphate

becomes 'buried' in the soil humus organic matter complex.
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Thus the presence or absence of any large quantity of nucleic
acid or its derivatives in soil is still debatable, although small
amounts of nucleotide material have been isolated.

Recently Gulland and Jackson (1938) have observed that nucleic
acid is only 75 per cent dephosphorylated by engymes. Thus there is
an enzyme-stable residue of unknown composition which contains 25 per
cent of-the vhosphorus. This does not fit in with our present day
conception of the structure of nucleic acid, but nevertheless, this
is what is observed. Gulland end Jackson (1939) claimed it to be of
an adenine uracil nature, although close inspection of their publish=-
ed data does not confirm this conclusione

It is quite possible that this residual compound occurs in soil.
The soil micro-organisms build up large amounts of inorganic phosphate
to nucleoproteins in their bodieé and this is later broken down enzy-
matically by other micro-organisms, part being released as inorganic
phosphate, and part being again synthesized to nucleoproteins (Stoklasa
1911). If only 75 per cent of the nucleoprotein phosphorus cen be
decomposed, obviously there will be an accumulation of resistant or-
ganic phosphorus in the soil.

5 Phytine This compound had not been detected in soil up to the
time of the present investigation.

Phytin is known to be quite stable. It is very resistent to alka-
line hydrolysis although not so stable to acids, however being still
relatively resistant. (Plimmer 1913)

Phytin, like the nucleotides, is very readi ly decomposed by
micro-organismse. It is easily hydrolyzed by the enzyme phytase occur-
ring ebundantly in the soil micro-organisms. (Dox and Golden 1911,
Kawahara 1929, Shimoda 1927)

Phytin is readily assimilated by plants from culture solution,
(Weissflog and Mengdehl 1933, Schreiner end Skinner 1912) although less

readily than nucleic acide
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In sand cultures, Auten (1923) finds 65 per cent hydrolysis at
two months. Whiting end Heck (1926) and Heck and Whiting (1927) found
that phytin added to sand cultures was utilized by oats and clover.

Since completion of this wofk it has come to our attention that
Neubauer (1933) found that the addition of soil or permutite to the
sand cultures rendered phytin stable and wvalueless for plant éSsimi-
lation. This will be discussed later.

Potter and Snyder (1918) found that phytin added to the soil could
not be extracted by 1% HCl. There seemed to be no explanation for this
behavior,

Although it has been known at least since 1914 that phytin forms
an iron salt which is very insoluble in'acid'solution, the significance
of this“in connection with the occurrence of phytin in the soil (in
fact, also in plants) has not been realized. It seems very probable
that in soils, especially acid soils, phytin would be precipitated as
ferric phytate and hence would accumulate. Thus the fixation of phytin
observed by Potter and Snyder is readily explained.,

The above discussion of the properties of the various organic
phosphorus compounds shows that it is very difficult to account for
orgenic pnu.pnorus accuwulation in soils,

Nucleic acid and dgrivq?iveS'were considered as the most likely

//'eb/ﬁ fo ecCvr 4 sof
compound%. Otherwise one could only assume the existence of some hypo-
thetical combination of phosphorus with humus or lignin-humus, and this
was tantemount to saying that we did not know how orgenic phosphorus
actually existed in the soil. After the publication of Gullend end
Jackson's results on nucleic acid and serious consideration of the
presence of phytin, it beceame very much easier to explain the accu-

mulation of soil organic phosphorus,
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EXPER IMENTAL AND DISCUSSION

A. Extraction and Separation of Organic Phosphorus from Soil

l. Introduction and Historical

There must be some explanation why our infertile, phosphorus defi-
cient, Quebec podsol soils contain such a large proportion of organic
phosphorus (P) which epperently is ~#6¥ .. available for assimilation
by plants.

In studying this question it was deemed desireble to obtain inform-
ation from several aspectse Firstly, a study of the decompcsition of
various organic phosphorus compounds when added to the soil, and a com-
parison of the rates of decomposition of these with orgenic P preparations
obtained from the soil itself; secondly, an investigation of the chemicsal
properties and identity of the organic P compound or compounds in the
soils To these ends, it was necessary to obtain a quantity of the soil
orgenic Pe If this preparation is to be representative of the soil ar -
genic P it must be relatively pure and represent a fairly large proportion
of the total soil organic P.

Previous to 1910 very little work had been done on the actual iso=-
lation of organic P from soil. It was known (Stewart 1910) that dilute
alke ies extracted a large proportion of the soil orgenic P along with
other orgenic matter, end that the amount of organic P dissolved was
increased when the soil was leached previously with dilute acid (Mulder
1844)e On precipitation of humic ecid by ecidifying the alkeline extract,
most of the organic P remained in solution but as early as 1889 Eggertz
noted that a portion remained with the precipitate. Later, Dumont (1904)
showed that the acid used influenced the partition., Smoeger (1893), Aso
(1904) and Stoklasa (1911), all demgétrated the presence of small quan-
tities of lecithin in the soil by ether extraction. These authors

believed that most of the soil organic P was of nuclein nature.
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Shorey (1913) isolated material from the soil which he considered
to be nucleic aeid. This was followed by Bottomley's work in 1917.

He obtained a preparation which he considered to be an adenine-uracil
dinﬁcleotide. Thglmethod of isolation showed that this material was
closely related té that obtained by Shorey.

| Potter end Snyder (1916) showed tha; nucleic acid added to soil was
completely recoverable on NaOH extraction.

Schollenberger (1918) made a thorough study of the extraction of
orgenic P by NHze The soil was first preleached with HC1 (about 1%)
and then extracted with 4% NH4OH for several hours. Clay was removed
by filtering through a layer of soil on a Buchner funnel.

Auten (1923) concluded that the soil organic P does not exist to
any extent as either nucleic acid, phytin, lecithin, purine or pyrim-
idine nucleotidese.

The work of Shorey and of Bottomley has been confirmed by Wrenshall
end McKibbin (1937) who were sble to obkain & product containing about |
65% of the organic P extracteble by NHz from a muck soil. They demon-
strated the presence of adenylic and uridylic acids in the preparation,

In Shofey's method for the isolgtion of nucleic acid the soil was
extracted with NaOH and the humic acid was th§;;recipitated by acidifying.
Sodium scetate was added to the filtrate along with 3 or 4 valumes of
alcohél o« The precipitate was washed with alcohol and on hydrolysis
yiélded HzPO4, pentose, adenine, hypoxanthine end cytosine.

Bottomley (1919), on the other hand, found that NeHCOz dissolved the
orgenic P from a raw peat while leaving most of the troublesome humic acid
undissolved. The NeHCOz extract was neutralyzed, concentrated in wvacuo
and poured into four volumes of alcohol containing sodium acetate and HCl.

The flocculent precipitate was (considered tobe an adenine-uracil-dinuclectide
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on the basis of isolation of adenine and uracil from the hydrolyzed
material.,

Wrenshall and MeKibbin (1937) used a method similar to that of
Shorey, but modified the procedure in several details. The soil was
first extracted with dilute HC1l in order to effect the maximum solution
of organic P by alkalie. This treatment removes Ca and other salts and
renders the humic acid and other organic compounds more soluble (Schollen-
berger 1918, Auten 1923).

NH,O0H was used instead of NaOH, since the excess could readily be
removed by evaporation. (Schollenberger showed thet NH40H was just as
efficient as NaOH)e The humic acid was reprécipitated to recover the
orgenic P carried down in this fraction (Potter and Snyder 1916)s A
nigher final concentration of alcohol--80%--was Tound necessary to
completely precipitate organic P from solution.

In beginning the further investigation of this problem it was
evident immediately that there were no satisfactory methods for the
determination of phosphate in colored soil extracts, or for the deter-
mination of the total organic phosphorus of soils.

The ceruleomolybdate method for the colorimetric determination
of phosphorus was improved end with the use of a photoelectric colori-
meter was applied to the determination of phosphate in soil extracts
(colored or otherwise) (Dyer and urenshall 1938, Smith, Dyer, irenshsll
and Delong 1939).

This method was satisfactorily applied to the determination of
orgenic phosphorus in soill extracts and total orgenic phosphorus in
soils (%renshall and Dyer 1939),

These methods have proved indispensible in carrying out the experi-
mental work recorded in this thesis and in a great meny cases results

could not have been ovtained without them,
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2., Separation of Orgenic Phosphorus from Soil

In this experiment the method used was essentially that described
by'%?énghall end McKibbin (1937).

One kilogrem of sir-dry St. Clothilde muck soil was extracted with
2,000 ml. of 1 N HCl by shaking for several hours. After filtering on
a. Buchner funnel and washing, the soil Wasrextracted with 8,000 ml. of
cold 4 per cent NH40H for 24 hours. The mixture was then filtered
through glaSS'wdol, as it was found to be virtually impossible to filter
the solution through filter paper. The residue was washéd two to three
times with hot»water in order to peptize as much organic material as
possible. In order to remove excess ammonia the filtrate was evaporated
overnight in a vacuum still at a temperature not exceeding 40° . The
liquid was then acidified with 2 N HC1 (about 450 ml,.) until the humic
acid was precipitetede This was filtered off on a fast filter paper
and washed carefully with warm water (slightly acidified with HC1).
Excess washimg was avoided since peptization takes place very readily.

In preliminary experiments aqetic acid was used to neutralize the
smmonia extract but the yleld of nucleotide was then found to be very
low so that the procedure was abandoned.

A reprecipitation of the humic acid was not carried out since the
increase in yield would not compensate for the extra work entailed in
evaporating the large volumes of liquid obtained. The filtrate was
then evaporated at 35° to 40° C. in a 22 litre vacuum still to a small
volume (1450 ml.)e A 5 per cent excess of HCl was then added and the
liquid was poured into alcohol such that the finel concentration of
alcohol was 80 per cent. 'The whitish gelatinous precipitate was filtered
off.on hardened filter paper and dried in a vacuum oven at a temperature
below 50° ¢,

The yield obtained was 0.9183 gms. and the phosphorus content was
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2478 per cent P ( = 4.6% total soil organic P). Another extraction
using the same soil and procedure as above gave the following results:
yield 1.7170 gms., P content 2.15 per cent P (< 6.7% total soil orgen-
ie P).

It is evident that the method gives highly unsatisfactory results,
A experiment was therefore carried out in which the distribution of
organic P in each fraction was determined.

500 g. muck soil (ground in a Wiley mill) was moistened with 500 ml.
water and treated with 1,000 ml. N HCl. It was shaken for several hours
and filtered on a Buchner funnel. 2,500 ml. of acid extract (m) were
obtained.

The residue was treated with 5 litres of 4 per cent NH,O0H and sheken
intermittently for 2 days. It was then filtered off on glass wool filters,
and washed once with hot water. The filtrate (b) amounted to 5,000 ml.
The residue was re-extracted with 2.5 litres of 4 per cent NH4O0H, filtered
as before, and washed well with werm water. The volume of the filtrate
(¢) was 5,500 ml.

After teking samples for enalysis, the filtrates (b) and (c¢) were
combined and the excess NHz was evaporated off in a vacuum still at low
temperatures The liquid was then acidified with HC1 until the humic acid
was precipitated (pH 2.4). The precipitate was filtered off and washed
wwitﬂ{x hot water (acidulated with HCl)s The filtrate (d) emounted to 12,080
ml.

This wes then evaporated in a large vacuum still at a temperature
below 40° Co The final volume (e) was 500 ml. To this solution a 5 per
cent excess of HCl (conce) was added and i was poured into 95 per cent
alcohol, (2,667 mle) such that the‘final concentration of alcohol was
80 per cent. After standing overnight the precipitated nucleotide (1)

was filtered off =md dried in a vacuum desiccator,'(11.468 Ze)e The fil-

trate (f) (3,200 ml.) was neutralized with NH40H and the precipitate (3)

obtained was filtered off, (18.332 g.) The filtrate (g), 3, 350 mle, wasg
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found to contain no phosphorus, organic or inorganic.

In order to determine —'£f ‘. any appreciable amount of organic
phosphorus was cerried down with the humic acid precipitate above, this
was dissolved in a minimum smount of emmonia (120 ml. conc. NHz) and
diluted to about 7 litres with water, After standing for a day the excess
ammonia was evaporated off in the vacuum still, and the liquid was ecidi-
fied with HC1 until the humic acid was again precipitated. The precipi-
tate was filtered off and washed with hot water. The fiitrate (dl),
(10,800 ml.) was evaporated in the vacuum still to 425 ml. (el). The
nucleotide was then precipitated from this solution by alcohol as des-
cribed above. The nucleotide precipitate (2) amounted to 0,7831 ge The
filtrate (le) 2850 ml.) was neutralized with ammonia as above and the
precipitate (4) (5+994 g.) wes filvered off,

The results sre shown diagrammatically belows

The diagram shows that only 25,9% of the soil organic P was
extracted by two ammonia extractions, and that 66% of this remained
in the filtreate after humic acid precipitation. Again only 60% of this
was precipitated by alcohol so that the nucleotide precipitate contained
only 1042% of the soil orgenic P,

By reprecipitation of the humic acid & further 2,9% was obtained,
bringing the phosphorus contained in the nucleotide preparation to 13.1%
(35.9 mge P)e Further these nucleotide preparations were very impure,
Nucleotide ppte (1) contained 1,01% P.

Thus reprecipitation of humic acid does not give a sufficient in-
crease in yield to compensate for the extra work entailed.

The data also show that evaporation of the extract in wvacuo at

e. temperature of approximetely 40° ¢, does not result in eny measurable

hydrolyses of organic P.
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The figures not in parenthesis represent Total Phosphorus (mg.);

those in parenthesis, Organic Phosphorus (mge P).

500 g. Muck Soil

420 | (275)
[ | l |
HC1 ext. (a) lst NH, ext. 2nd NHz exte Soil
28.2 (6.6) (b? (C§ Residue
46,0 (31.0) 44,0 (40.2)
HC1 ppt'n
Humic acid pot.
|
Dissolved in NHz and reppt. by HC1 Filtrate (d)
78,0  (47.0)
Evap. 40° ¢.
|
Humic acid Filtrate (dl)
residue 21.0 (18.7) (e) (47.1)
W
Evap. 40° C.
W ppt'n acid 80% alc,
el (15.0) | i
acid 80% alc. | ]
: nucleotide ppte (1) filtrate (f)
28,0 50,2 (19.8)
nucleotide ppte. (2) filtrate (f1)
749 10,9 (5.3)
neutralized neutralized
ppt. (4) filtratL (e1)
1043 nil ppte (3) filtrate (g)

5242 nil
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In this experiment about 35-40% of the orgenic P present remained
in solution in acid, 80% alcohol. Neutralization of the alcoholic
solution resulted in the precipitation of all orgenic and inorganic
phosphorus, but the precipitate was very much contaminated with both
orgenic and inorgenic material. An acid solution is used to prevent the
humic acid, Fe, Al, and inorganic phosphate from being precipitated along
with the nucleotide substances., The yield of organic P in this experi-

ment is also very unsatisfactory.

3« Proposed HC1l Extraction Method

It was observed that the strong acid used in the determination of
total orzanic phosphorus in soils by the method of Wrenshall and Dyer
(1939), dissolved considerable organic phosphorus from the soil. Accord-
ingly, this was investigated further in efforts to improve on the ammonia
extraction methode.

| In a preliminary experiment, a little soil was extracted with about
twice its volume of 6 N HCl and filtered. Alcohol was added to the fil-

trate to 80 per cent concentration and the precipitate obtained was fil-

tered off and dried under a vacuum, It resembled the product obtained
by ammonia extraction and contained ebout 0.9 per cent P, The method
was then applied to a larger sample,

500 g. of the muck soil was extracted with 1,500 ml., 1 N HC1,

as above. (Acid extract (a) 1,000 ml.)
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To the residue was added 500 mle 12 N HC1l: (egquive. to 1,600 mle
6 N'HC1 in the soil)s After sheking occasionally for a period of
24-hours, the liquid was filtered off, first through glass wool, and
finelly on filter paper in a Buchner funnel, washing a little with
N HCle The filtrate (1,880 ml. ) was made to 80 per cent alcohol and
after stending a few hours the precipitate was filtered off and dried
in a vacuum desiccator. (Nucleotide precipitate (C) = 50400 go, 04625
per cent P, 33.8 mge P)e Analysis showed that the filtrate (b),
12,030 ml. still contained organic phosphorus to the extent of 50 per
cent of its total phosphorus.

Accordingly the filtrate (b) was nentrelized with ammonia and the
heavy precipitate obtained filtered off énd dried in a vacuum desiccator
(Precipitete D, 13.296 go, 0.55 per cent P, 74.3 mge P)e The filtrate
E (11,800 ml.) contained only traces of phosphorus, 3.55 mge total Pe

This precipitate (D) was grossly conteminated with Fe and Al.
hydroxides, phosphates and organic material. 1In order to determine if
any separation of organic phosphorus could be made, 5 ge of (D) was
treated with 10 ml. NH40H and S0 ml. water. The brownish red suspension
was filtered. The filtrate was acidified with an excess of 2.5 per cent
of its volume of concentrated HCl and treated with alcohol (final conces
80 per cent)e. No precipitation occurred, but on neutralizing a nucleo=-
tide=like precipitate was formed. (Da, 0,107 g., containing 0.05 mge P),

The residue from the above was taken up in 5 mle 6 N HC1l and water
to meke 100 ml, The dark brownish-black solution was treated with alco-
hél (finel conce 80 per cent alce.) and the precipitate filtered off (Db,
0,875 go containing 2.00 mge P)e The operations are shown disgrammatically

belows



500 go. Soil

420 | (275)
| T |
N HC1 (a) Residue
27.0 ) 6.0) 6 N H.Cl exte

ppt. | 80% alce

| Filtrate (b)
pptes (e) 81l.8  (42.1)

3348
Nértralized
[ |
ppt. D Filtrate E
70«9 3eb.
5 ge D
27.0
N/iONH40q ‘ Residue
Acid 80% alce
No ppte Dissolved 2.5% HC1
Neutral pptel 80% alc,
, |
| _ ppte Db Filtrate
| | 2.0 Dd
ppte Dae Filtrate (2.3)
DcCe .
.05 (0.6)

The attempted separation of orgenic phosphorus from ppte D did not
prove very successful, only 2.0 mge of P being obtained in a very impure
stotee

This procedure is much simpler than the ammonis extraction method,
but the low yield of organic phosphorus obtained, 33.8 mge P={= 12,29

total organic P, was very disappointing (about the same as Expte A)e
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Extraction of a mineral soil was next carried out to determine
if,betfer results ;ould thus be obtained,

500 g. of Macdonald College soil was trested with 1,000 mle N HCI1,
as befores The residue was treated with 1,000 ml.12 N HCl and 900 mle &
HoO (to make about 2,000 ml.G:N'HCI)o} After sheaking occasionally and
standing overnight, the extract was filtered off (Cp, 2,085 mle)s 95

was added
per cent alcohol/hntil the final concentration was 80 per cent and the
precipitate was filtered off. (C4, yellowish ppt., 006433 g., 0.7 per
cent P)e

Since it was thought that this solution was too acid to allow the
precipitation of nucleotides, WH4OH was added, but not enough to bring
about the precipitation of iron hydroxide. At a pH of 2.8, a light
yellow precipitate was obtained, filtered off and dried as above. (C6,
24193 go (643 per cent P){~138.6 mge P)o It is evident from the dia-
gram that the phosphorus of this4precipitate'was meainly inorganice

On completely neutralizing the filtrate another precinitate €8,
was obtained, and only 4.6 mge P remained in the filtrate., This is

represented diagrammatically belowo(}ee,ﬂfﬂa

4, Comparison of Efficiency{of Various Extreacting Solutions

The above experiments led to = study of the efficiency of wvarious
methods and extracting solutions for orgenic P since it was obvious that
the inefficiency of the methods used up to the present would not allow
the isolation of sufficient nucleotide material to permit continued in-
vestigation of its properties,

In this experiment, NH,OH and Nap2COz were compared as extractants
for organic P and were used both with and without preliminary leaching
of the soil with HCle

A St. Clothilde muck soil ground in a Wiley mill to pass a 20-mesh

sieve was used.



500 g soil

N HC1 6385 (215)
. ] ]
280 (7) 6N HC1 Residue
C2
80% 9.100
' Filtrate
162 (O)'

K

Cs
pp{. C6

Neutralize

ppt. C8

Here an almost negligible amount of organic nucleotide was obtained.

In the tests where acid preleaching was carried out 20 ge of so0il
were moistened with about 26 mle. of water end 40 ml. N HC1l were added.

After standing severael hours with occasionel shaking, the soil mass was
o .

filtered off, washed with about 26 ml. N HC1 end finelly washed thoroughly

with cold water.

For the alkaline extracts, the soil (20 g.) was shaken up with 200 ml,
of solution, and after standing several hours with occasional shaking was

finally allowed %o stend overnight. The extracts were filtered on & Buch-

ner funnel and washed well with warm water,

| ¢7
46
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The treatments were as follows:

1o 20 g. soil £ 200 ml. 1% Na,CO3
2. 20 go soil £ 200 ml. 4% WH,OH
3¢ 20 g soil £ 200 ml. 4% NH40H (hot)

4e 20 go soil, preleached with N HCl f 200 mle 1% Neag00s

5, 20 g. soil, preleached with N HC1 £ 200 ml. 4% NH4O0H
5. (2) Residue from No. 5, re-extracted with 200 ml. 4% NH40H
6. 20 g. soil, preleached with N/10 HC1l £ 200 ml. 4% NH,OH
7¢ 20 g. soil, preleached with N HC1 £ 200 ml. 4% WH40H (hot)
8« 20 g. soil, preleached with N HC1 £ 200 ml. 4% NH,OH (hot) £
| Ca(NOz)o
(edded before filtering)
In Nos. 3, 7 and 8, the soil and ammonia solution were placed’'in
a closed botile and heate in a steam bath for several hours, with
occasional sheking. The mixture was filtered after standing at roox
temperature overnight,.

The ammoniea extract in.No. 8 was treated with a saturated Ca(N05)2

solution before filtering. This precipitated most of the humic acid

material and rendered the filtration process much easier.

No appreciable loss of organic phosphorus was occasioned by the
acid extraction, since, as may be seen from Table I, only a small gquan=-
tity of orgenic phosphorus is thus dissolved,

TABLE I. PHOSPHORUS IN ACID EXTRACTS

Total P | Inorganic P Organic P Orge P
Treatment | % Total P of
: mge P per 100 go soil Soil X
3 6.138 5.,038 1.100 1430
4 64489 5,187 1.302 1.56
5 24944 24576 0,368 0635

X Total P of soil = 0.,084%

Orgenic phosphorus, total solids and ash were determined on the

elkaline extract and the deta are summerized in Teble IT.



A DT . 5 MNT AN TRTTM W NI MTACSDITIADRITG AN ODO AN AT AMIMTGY THT AT A NG
Lablii ;_l DISTRIBUTION OF PHOSPHORUS AND ORGANIC MATTHER IN AIKALINE

T A UG ™ TITTO
SATRADTS UK MUCK SOIL

Sl ek

Ton S e L% i \ # - i 7 % 4 s
Lreatment memss, P per 100 g. soil VTZe L 26 /0 | S0il
Total soi Total Organic
Direct P | Total P| Organic P | Orgs Pk (A) |Solids| Ash |Matter
{
5 (B)
Nas(03 O 08 Sed5 0,15 2+18 5¢55 D16 —
NH, OH By a9 10,00 7ol 14,0 6w 95 1,18 De 77
:.f:iShlIlgS Z:J.Ejr‘ \3085 1.Ou 7.!.)': !:/. u;» O.b:} e :.1)
Total ey Z2led
NH40H (hot) 5,60 37465 324505 58, 4 22489 | 1.84| 21.04
HCl , NagCo03 D66 14484 9.18 1647 74682 4469 -
HC1l, NH,CH 440 5188 2 2 50,7 18467 Ledfl 17,80
(a) 2nd NH4O0H 1.04 11.8 10.8 1947
Total 584 7 0.5
6. N/10 HC1, NH40H 6+ O 26+ 40 2044 o7.8 15469 Z2¢00| 13463 1ed
HC 3 NE@WH (hot) De0 620 570 10348 40,66 1.06 0926 i
EC1, du%un(hot)Ce(NOb)g 1,05 gidd 2041 5644 5040 4e 71| 30469 a2k

k Totel goil organic P = 5540 mge P per 100 g =o0il

@ AV O
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The data show that sodium carbonate which was used by Bottomley
(1919) is a verv inefficient extractant for the soil organic phosphoruse
Cold gmmonisa. is a little more effective while hot ammonia extracts a
fairly large proportion of the soil organic phosphorus (58.4 per cent)e

Preleaching with HCl is a very effective in increasing the amount
of orgenic phosphorus extracted, W HCl being more effective in this res-
péct then N/10 HCl. A second extraction with ammonia removes a consider-
able proportion of organic phosphorus, as also does washing the residue
with hot water. Preleaching the soil with N HCl followed by treatment
'ﬁith hot emmonia completely extracts the organic phosphorus from this
soil. This is an important finding since it shows that the organic phos-
phorus compounds were not hydrolyzed by this treatment.

Treatment of the ammonia extract with Ca(NOg)z reduced considerably
the amount of orgenic phosphorus extracted. In the light of the final
isolation of phytin it seems likeiy that calcium phytate which is almost
insoluble in alkaline solution would be precipitated under these condi-
tions. The actual orgenic matter in solution is only 22% lower than that
of the hot ammonia extract without Ca(NOz)s treatment, while the organic
phosphorus content is 67% lower. This would indicate a specific preci-
pitation of organic phosphorus, thus confirming‘the above reésoning.

Willisms (1937) end Deen (1938) found that NaOH extracted only a
part of the soil orgenic phosphorus unless Ca was first removed, and this
effect was more marked in neutrel or calcareous soils. This now seems
to be explained by a precipitation of Ca phytate as phytin is brought
into solution by the alkali.

For this soil there is a fairly constant ration between the amount
of organic matter and organic phosphorus dissolved. This will be dis-
cussed later,

Extraction of the soil by hot NH,OH (4 per cent) preceded by leaching

with HC1 (1 N) is the best extraction method,
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5. Separation of QOrganic Phosphorus from S0il by the Modified Ammonia
Extrection Method

'Previously cold ammonia has been used in the extraction but hot
ammonia was now used for the separatioh of the nucleotide from the soil‘
since it was shown that two extractions with cold ammonia gave only 70
per cent extraction while hot ammonia completely extracted the organic
phosphorus. sThé s0il and smmonia mixture wes hested in a stesm bath for
from 5—8'hours with‘occasional‘shaking and was then allowed to cool overs.
night. The mass was then filtered th;ough cloth and washed with hot water.
This prooédure gave very satisfactory results giving extractions of 75-90
psr cent in most of the large scale experiments,

1000 g. Maedonald College soil was extracted with 2000 ml. 1 N HCl,
end the residue was filtered off and washed as in the reguiar proceduree
10 litres of 4 per cent NHz was added to the residue and the mixture was
treated as described above. The excess smmonia in the extract was evapo-
rated off under redooed-pressure. The humic acid was precipitated by
acidifying with 250 ml. N HNO3z and the precipitate-was filtered off and
washed with hot water. The ammonio extract contained 260 mg. organic
pho sphorus while the humic acid filtrate contained only 27 mge, i.e.,
only 10,4 per cent of the orgenic phosphorus remains in the humic acid
filtrsﬁe. " This shows very markedly that most of the orgenic ohosphorus
rema.ins in the humic acid'precipitate and also why we have been unsuc-
cessful in isolatlng any appreciable quantity of organic phosphorus mater-
jal fT_/%hls soils

To determine the effect of reprecipitation the humic acid precipi-

tate was dissolved in 200 ml. conc. NHz and 10 litres of hot watery

end then allowed to stand overnight. Fhe excess NH3'was then evaporated

off under reduced pressure, and the liquid was acidiiied with 1 N HNOgzo
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.he humi¢ acid precipitate was filtered off and washed as above. the
filtrate contained only 8 mg. organic P (4.1 per cent of organic r of
NHz extract). To determine the effect o t he volume of sblutidn in whieh
the humic acid is precipitated, the humic acid was dissolved in four vimes
vhe volume of soluvion used above. The orgenic P in the filtrate after
reprecipitation of humic acid was still only 16 mge P. Analysis showed
that the humic acid contained the calculated amount of organic P. Thus
reprecipitation of the humic acid did not result in the recovery of eany
significant amount of orgenic P.

Apart from the fact that this soil is different from the one used
above, the low recovery of organic P in the humic acid filtrate (10.4%)
may be due in part to the more complete extraction of orgdnic P compounds
from.the soil. (6045% of the total soil organic P was extracted as cdm—
pared with 30% or less in former experiments.) The more difficultly
extractable organic P compounds may be more subject to precipitation
in the humic acid fraction.

However since these results differ from thoE/gbtained'with the
muck soil, it was decided to study the orgenic P partition between the
humic acid precipitate and filtrate in the extracts of wvarious soilse.

6s Partition of Orggyic Phosphorus Between Humic Acid Precipitate
and Filtrate in Verious Soils

The following soils were used in this experiment:
Soil 1, St. Chlothilde muck (55 mge. organic P per 100 e sarﬁ
2, Eastern Townships podsol (38.6 mg. organic P periOO g+ soil)
3+ Macdonald Coliege loam (43 mg. orgenic P per 100 g, soil)
4¢ Eastern Townships podsol,

5 . 1] t n
6o Podsol A, Horizon (Helliday) (137 mg. organic P per 100 g+ soil)

(& " " " (Moist) (110 mg. organic P. per 100 g. soil)
8. Cultivated Podsol,
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The procedure, which imitated that of the large scale experiments
for the preparation of the esmmonia extracts and humic adid filtrates of
the soil was as follows: 20 g. of each soil contained in a 500 ml. Erlem-
meyer flask wes extractéd with 40 mle 1 ¥ HC1l by shaking occasionally
during several hours. The soil was then filtered off and washed with
water. It was extracted with 200 ml. 4 per cent NHz solution by shaking
end heating on a steam bath for seversl hours. After stending overnight,
the mixture was filtered through cloth end washed with hot water. The
excess NHz was evaporated off under reduced pressure and the supernatant
liquid was decanted ?rom.the clay precipitate which Settled after standing.
The liquid was made to 400 ml. and 25 ml. samples were taken for the deter-
mination of total and inorganic phos?horus. The remainder was acidified
with 1 N HNC., After standing overnight the humic acid precipitate was
filtered off end washed with hot water. The filtrates were made to a
volume of 500 ml. and-analyzed‘for total and inorganic phosphoruse. The
results are given in Teble III.

The acid preleaching of the soil extracts only a very small pro=-
portion of the total organic P, varying from 2-5 per cent,

Extraction wit h hot ammonia has removed a very high proportion of
the organic P oontéined in all these soils - podsols,90,91,92, per cent;
muck, 77 per cent; calcareous loem, 78 per cent.

Recently Smith (1939) has shown thet a small part of the orgenic
P in these soils is quite labile and is easily decomposed by boiling
ammonia, although it is stable in cold solutions. The datae from this

experiment show that the loss due to this cause does not amount to more
then 5-20 per cent end is probably less than this,

The results show definitely that the amount of organic P contained

in the humic acid filtrete is very small. In the podsol soils only 8-14,8

per cent of the organic P in the NHy oxtract remeins in the filtrate,
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while this figure is increased to 30.4 per cent in the case of muck
80ile These date explain why it has not been possible to isoclate
any appreciable quantity of organic P from mineral soils and why better
results were obtained previously with the mueck soile In the former
experiment with muck soil (pe 11) 60% of the NHz soluble organic P row
mained in the filtratee. However, only a 25% extraction of organic P
we.s obtained in the former experiment whereas in the present case the
extraotion was 80%, Apparently, the more difficultly extractable
organic compounds are also more liable to precipitation with the humie
acid fractione This may indicate the existence of two classes of
organic P compounds,

The podsols (and calcareous loam) all show about the same distribue
tion of organic P between precipitate and filtrate (7.8-14.8 per cent in
the filtrate) and differ markedly from the muck soile This difference
is probably not due to orgenic matter alone since the Halliday soil
contained almost as much as the mucke There are two possible explanae
tionse. First, the organic P in the muck soil may be of different
jdentity from that in the podsolse We know nothing about thise Second,
there may be some specific substance in the humic aclid precipitate
which combines with the organic phosphorus and the proportion of this
material may very in the different soil typese There are several sube
stances which might act in this mamnere TUndoubtedly, the Fe, Al, and
clay content of mineral soil extracts is considerably higher than the
mick soil extraotee In this conneotion it is known that ammonie exerts
s considerable solvent action on Fe phosphates (Fraps 1911, Schollenbers
ger 1918).

In this experiment HNOz wes used in the precipitation of humic acid

and it is possible that the use of other acids might give a different

partition, However, the results of Schollenberger (1918) indicate that there
is very little difference in the effect of the ordinary mineral acidse



It was decided to determine the partition with acetic acid and also

to determine whether the addition of compounds containing £ «0H groups

such as oxalic acid, would inaotivate the Fe (or Ca) or other possible

interfering substances and allow a larger proportion of orgenic P to pass

into the humic acid filtrate.

Humioc acid filtrates of soils 1, 2 and 7 were prepared in the same

way a8 in the previous experiment, except that 1 N acetic acid wes used

instead of HNOz for the precipitation of humic acid,

the extracts are given in Tables IV, (a) and (b).

TABLE IV (2).

ORGANIC PHOSPHORUS IN AMMONIA EXTRACTS

AND ACETIC ACID FILTRATES.

The analyses of

(X)
SOIL AMMONIA EXTRACT ACETIC ACID FILTRATE |ORG. P. OF FILTRATES
mg.P per 100 go s0il (mgs P per 100 g soil % Orge P of HNz Exte
Inorge Toctal Orge Inorge Total Orge
P ) P P P P
Muck, 1 1.73 60,8 59,1 3 047 4240 3946 66,8
Podsol, 2 7483 48,40 40,2 283 10.0 7e2 1749
TABLE IV (b)e TOTAL SOLIDS, ASH AND ORGANIC MATTER IN
AMMONIA EXTRACTS AND ACETIC ACID FILTRATES.
SOIL AMMONTA EXTRACT ACID FILTRATE (B)
ge por 50 mle exte ge per 50 mle ext. y/x B/A
ToSe Ash Orge Orgel TeSoe Ash Orge Orges x 100 RATIO
Soil(x) Soil(y)
1 005454 0.0202 005252 33.69 002439 000080 002359 24077 7409 1012
2 o1337 40439 L0898 5,39 e0214 ,0024 L0190 1450 | 3542 1,96
7 o1778 <0478 <1300 780 +1068 L0240 L0818 8,18 |105,0 1,36
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Teble IV (a) shows thet a good recovery of organic phosphorus was
obtained in the humi® acid filtrates from soils 1 and 7, while the re-
covery was very low in the case of soil 2. On the other hend, Table IV (b)
rshowsyfhat very}little organic matter was removed from the extracts of
's0ils 1 and 7 by the acetic acid precipifﬁtiOn and that a greater amount
was removed from the extract of soil 2. = Thus the precipitatiqn of orgemic
phosphorus parallels that of the orgenic matters In fable IV (2) snd (b)
(A) shows the organic P remaining in the humic filtrate as per cent of
the organic P in the emmonia extract while (B) shows the perceﬁtage of
NH; soluble orgaric matter remeining in the filtrate. The ratio B/A then
gives%the re1ative emounts of organic P andvorganic matter remaining in
Solution iﬁ_the humic acid,fiitrate. The figures show that relatively
mgrevorganic phosphorus than organic matter was removed from solﬁtion by
the acetic acid treatﬁent, thus showing that CHzCOOH partition is a dis~
adventage rather than an adventage.

. The CHzCOOH filtrate was treated with 1 N HNQ5 until the remsinder
of the organic matter was precipitgted. Aftef filtering and washing,
organic P‘was,determined_in the fiitfate. TéblevV shoﬁs‘that acetic ac¢id
acidificatioh followed by HNOs precipitation gives resulfs very little

different from the use of HNOz alone.

Te Proyosed Oxalate Method

1 as ment;oned above the:effect of oxalate ion on the partition of
organic P was now ihvestigated.
Ammbnia extracts of soils 1, 2 and 7 were‘prepared'as~above. To
100 ml. (:3:5,3 ge s0il) of esach extract was added 0.5 g. ammonium oxalate
'@CE about 443 per cent Feo,03 in the soilz. The solutions were then aoidi-
fied with N HNOz and the humic acid was filtered off and washed as usuale.
The distribution of P was then determined in the filtrate. The resulbs

ere reported in Table VK.
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o PHOSPHORUS IN THE FILTRATE AFTER HNOz PRECIPITATION
OF ACETIC ACID FILTRATES.

Orge. P, % Orge

Soil MG. P PER 100 G. SOIL P of NHz
T ' s EXto
Inorge P Total P Org. P
1 6ol 19,3 13.2 22e4
2 - X - - -
7 11.3 27e4 16.1 1543

x Soil 2 gave no further precipitate,

TABLE VI. ORGANIC PHOSPHORUS IN HUMIC ACID FILTRATE IN THE
PRESENCE OF OXALATE.
SOIL MG. P PER 100 G. SOIL ORG. P, % OF INCREASE IN

ORG. P OF NHg

RECOVERY OVER

Totel P Inorge P Org. P EXT. HNO= ALONE &
1 3443 1247 2146 3646 6.2 (20%)
2 | 24.5 13.1 11.4 28,4 18,1 (175%)
7 | 70.1 15.3 54,8 52,0 41.9 (400%)
& Teble III
TABLE VII. EFFECT OF OXALATE ON THE PARTITION OF ORGANIC
PHOSPHORUS.
TREATMENT MG. P PER 100 G. SOIL ORG. P, % OF ORG.
P OF NH,
ITotal P Inorg. P Org. P EXTe.
1 3840 20.1 17.9 19,2
2 7745 2046 5649 6140
3 7240 2240 50.0 5307
4 72.5 .2 o5 4902 52.9
5 6345 2049 42,6 45,7
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Since oxalate ion interferes with the ceruleomolybdste reaction,
(Dyer and Wrenshall, 1938) it was necessary to determine the corrections

-

for the incomplete recovery of inorgenic phosphate (usually 80-100 per cent.)

The effect of the oxalate addition is very merked. The recovery of
thé orgenic P in the humic acid filtrate is increased in each of the three
soils; for the muck from 3044 to 36.6 per cent, for the podsol, from 1063
to 28.4 per cent; and for the Halliday podsol A; layer from 10,6 to 5240
per cent, The filtrates contained no more organic matter then -7ould be
presenf'with HNOz alone so that the use of oxalate is a very definite ad-
vantages

Repreeipitation® of the humic acid from soil No. 7 by HNOz after solution
in dilute NH5, yielded only a véry small further amount of organic P in_the
filtrate (1.42 per cent)s It seems therefore that a fairly definite frac-
tion is precipitated ih the presence of oxalate.

The optimum concentration of oxalate was determined next. An
ammonia extract of the Halliday soil (40 g.) was prepared in the usual way.
The extract (1000 ml.) o ntained 93.2 mg. organic P per 100 g. soils 50 ml.
eliquots ($f* 2 g. soil) were diluted to 100 ml. and treated as follows:

Treatment 1, Acidified with N HNO,, excess of emount required to precipitate
humic acid.

" 2e Oe3 geo COO EK4)2 sust acidified sufficilently to precipitate
’ humic acids

" 3¢ 042 go COO(1IL, )y, acidi fied in excess of emount required to
B precipitate humic acdd.

" 4o 140 g. COO(NH4)o, acidified in excess of smount required to
precipitete humic acide

n e 0s1 go COO(NHg),, ecidified in excess of amount required to
precinitate humic acid,.

After standing a few hovrs the humic acid weo Pi1+torad off and
washed with hot water (acidified with HEOS). Organic P was determined

in the filtrates,
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The results, presented in Table VII, indicate that, (1) +the
addition-cf only enough HNO4 for complete precipitation gives the best
results but it Wwas observed that the rate of filtration was much slower
then when excess acid was used, (2) the addition of\O.15 Ze ammonium'
oxalate to 50ml. of extract (¥ 1. g. soil) seems to give the
optimnm_concentration of oxalate. The use of less oxalgte results in
decreunsea recovery of organie P and more only cemplicafes the inorganie
phospha’ce determination.

Since oxalie acid is so effective in incressing the solubility
of the organic phosphorus it would seem quite probable that Fe, or possibly
Ca ,was the eause of.the precipitetion of the organie phosphorus.

With podsol soils, therefore, the use of oxalate should allow the
isolation of ebout three to five times as nuch organic P aS'With the former

methode At the same time the amount of impurities remain approximately

the same so that the final product should be much purer.

8e 8eparation of Organic Phosphorus by the Oxalate Method.

A Quentity of organic P was then separated from larger quantities
of soil by the above method. Exbt. H. 500 g. of Halliday soil (20 mesh)
was extraeteQ'with 1000 ml; 1 N HC1 as in the regular procedure. 5000 ml,
4 per'cent‘ﬁHS solution were added to the soil and this was then heatedj
in a steam bath overnight (75° C. appr 0Xe ) e The mixture was filtered
threugh cloth and the excess NHz in the filtrate was evaporated off under
reduced pressures. After standing overnight, or longer, the supernatant
wligﬁid wes decanted from the deposited cleyey precipitate. The extract, 18
litres, contained 100.8 mg. organic P per 100 g. soil. 75 g. ammoﬁium
oxalate were added and theeextract was acidified with 1 N HNO3 until the
humic aeid'was completely coagulated. After standing several hours‘the
precipitate was filtered off eand washed well with hot water (slightly acid-

ified with HN05). ‘The filtrate and washings were evaporated in the vacuum
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still to smell volume (Temp. about 35 ° Co) and a small amount of pre-
cipitate.  wes filtered ol” The liquid, 1275 ml. contained 57.4 mg. orge P
per 100 g. soil.

A 5 per cent excess of conc. HCl was added and the liquid poured
into 95 per cent alcohol such that the final concentration of alcohol was
80 per cent, After standing overnight the precipitate was filtered off onm
hardened filter paper and finally dried in a vacuum desiccator over
HpS04+ The precipitate, 6.139 g., contained 4,05 per cent P (equivelent
to 5047 mge P per 100 g. soil),

In the determination of inorgenic phosphete in the humic acid
filtrate and alecoholic filtrate, corrections were made for the inter-
ference due to the presence of oxalate ion. By using large dilutions
the recovery of phosphate was brought up to about 90 per cent, and the
results were checked at different dilutions.

Approximately 92 per cent of the total soil organic P was extracted
by the hot ammonia and of this 53.2 per cent remained in the humic scid
filtrates Only 3.4 mge. orgeanic P remained  in the salcohol filtrate,
emounting to only 3.1 per cent of the total organic P of the soil.

The precipitate conteined a higher proportion of orgamic P than
any obteined before in this work and represents a yield of 45 per cent
of the soil organic P.

Expte G and F were carried out in exectly the seme way as the above.

The phosphorus distribution in the various fractions obtained in
these three experiments is tabuleted in Table VIII and in the accompany-
ing diagrem.

The diagram shows that the inorganic phosphate in the smmonis extract
was practically all recovered in the alcoholic filtrate, and therefore
that the nucleotide precipitate contained very little inorganic phosphate,

In experiments G end F the extraction of organic P by emmonia was

not quite az complete as in the first expte H, being 78 and 84 per cent

as compared with 92 per cent,



Halliday, Soil

500 g.J 110%
| [
1 N HC1 Hot 4% [Hg Residue
éH) 3.0 100.8 |(10.8)
G% 3.0 85.3 [(13.9)
(F) 3.0 92.0 |(13.2)
oxalate ﬁ HNO=
B e
Miltrate Humic Acid ppt.
H) 57.4 (9.9)
G) 44.5 (14.3
F) 47.8 (14.9
Acid |80% Alcohol
= _
Ppt. Filtrate
H) 50.7 3.5 (9.2
G) 38.6 7.0 (12.9
F) 58.8 7.0 (14.3)

#The figures show the ihosphorus content in the various extracts
expressed as mg. P per 100 g. soil. The figures in parenthesis
represent inorganic phosphorus, the others organic phosphorus.
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TABLE VIII.

LAFBRITINLTS .

ORGANIC PHOSPHORUS DISTRIBUTICN IN VARIOUS FRACTIONS IN
THRME ISOLATION

EXPT. ORG. P NH5 EATRACT ORG. P HUI/IC ACID FILTRATHE
mg.F per 100 g. soil| % total soil org. P|| mg.P per 100 g. soil % Org. P NH5 ExtJ %1
Soi
Org.r
H 100.8 92.0 57 .4 53.2 52.2
G 85.3 78.0 44,5 52.2 40,95
B 92.0 84,0 47 .8 52.0 43.5
ORG. P ALCOHCLIC HILTRATE CRG. P NUCLECTIDE PPT.
KMg.P per 100 % org.P % soil mg. P per 100|%org.P | % soil
o, soil H.A., filtrate| org. P Weight| % P g. sS0il MHz extdJorg.P
H 5.4 5,92 3.1 6.1389 | 4.05 50.7 50.3 46
G 7.0 15.7 6. 5,7878| 3.25 38.6 45,2 35
F 7.0 14..6 e 11.6527| 1.62 58.8 42.2 35
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The proportion of organic P contained in the humic acid filtrate
is remarkably constant varying only from 52.0 per cent to 53.2 per cent
of the organic P of the ammonis extract. It &lsc agrees with the values
obtained in the oxalate experiment for this seme soil which ranged from
52.0==5347¢ This congtant ratio seems to indicate a very definite frac-
tionation possibly of two distinct phosphorus compoundse.

Precipitation with 80 per cent alcohol gave a satisfactory separation
of the organic P from solution. It is recommended that the solution should
stand with the alcohol overnight since “in experiments G and F in which
the solution was allowed to stand only an hour before filtration, 1ess
complete precipitation was obtained than in the experiment H, and on
stending the filtrate of G and F deposited a further smell amount of
precipitate which, however, is not included in the analyses.

The nucleotide precipitate from experiment F contained a large
emount of selt crystals (perheps oxalic acid).

The organic P distribution in the various extracts has been calculated

end is given in Table IX.

TABLE IX., DISTRIBUTION OF ORGANIC PHOSPHORUS IN VARIOUS

SOIL FRACTIONS.

e o A f———— T g — ———— e

EXPT. | ORG. P - % TOTAL SOIL ORG. P

e W s s o — cwen

W s Sy oo

lAcid Exte| Soil Residue %x|Alce.Filtrate|Humic Acid Ppt.)Isolated| Total|Error

& 3.0 2Ye7 6e3 375 35.1 |103.6| £346
F 340 15.0 63 40,5 3543 [ 10041| AO.1

- ————— L—.___.m_.—..._“,...-.m-._ s — e —— I I T el fa S e St A A T Bes B S i B A AL G

e

X Includes slso the orgenic P decomposed by hot NHz, if anye

This teble shows that about 40 per cent of the soil organic phosphorus
remained 'with the humic acid precipitate, From 35--46 per cent of the
soil organic P was eactually isolated. This compares very favourably with

the yields of 5--15 per cent obtained with the former methods.
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The degree of extraction of organic P from the soil is very
satisfactory, only 6--20 per cent remaining in the soil residus,
and this fraction includes also any orgenic P decomposed by hot NMffy(™

(Smith (1939) having found indications that a small fraction was
labile to emmonia at boiling temperature.)

This, varying only from 98--103, is convincing proof for the accuracy
of our method of phosphate determination and its applicability to these
soil extracts. This experiment included inorganic and total phosphate
determinations on acid and alkaline soil extracts, sometimes deeply
colored, on alkaline solutions, and also on solutions containing oxa-
late and the results have been wholly satisfactory. No more thorough
test could be made of the applicebility of our method to the enalysis
of soil extracts. Furthermore, this investigation could not have been
carried out without such e method for phosphorus determination.

If it should prove that the organic P of the humic aecid preci-
pitate is of different identity then we shall have isolated a definite
fraetion of the soil organic phosphorus which in any case amounts to almost
50 per cent of the total. The importance of this in regard to studies

on the identity of the orgenic P compounds is obvious,

9 Conclusions

Previous workers have concluded that the organic P separated from
the soil by extraction with NHz end treatment of the humic acid filtrate
with alcohol was of nueleic acid or nucleotide nature. As the present
work progressed, however, it became increasingly evident that the orgemic
phosphorus compounds present were much more stable than nucleic aecid or
the simple purine nucleotides.

For a long time therefore, there was no indication of just what
organic compound or compounds were present. It was thought that the
ordinary nucleotides might form a complex with the humic acid or soil

organic matter in such & way that the ordinerily labile nucleotides were
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now quite resistant to dephosphorylation, since it was impossible to purify
the isolated organic P from the humic acid meterial,

The inefficiency of the early attempts to separate organic P from
soil (7--13% recovery) was due to a variety of causes and we may now
enumerate some of these.

One opr even two cold ammonia extractions removes only a part of the
soil organic P, usually less than 50%. Probebly the most important single
factor causing low recovery was the carrying down of organic P by the
humic acid precipitate, only 5 to 30% remaining in the filtrate., In=-
eomplete precipitation of organic P by 80% alcohol also accounted for
e loss of organic P in some cases. The final product contained so much
conteminating humic meterial that filtretion and collection of the pre-
cipitate was often quite difficult. Most of these difficulties have now
been overcome.

It has besn known for a long time that preleaching the soil with
HCl increases the amount of organic P subsequently extracted by alkalie
Schollenberger (1918) assumed that this was due to the removal of Cea.

Thus the insoluble Ca humates and other Ca salts were decomposed and the
humic acid, ebce. would then be dissolved by the elkali.

Hot ammonia treatment (preceded by leaching) extracts over 80%
of the total organic P of the soil, thus increasing greatly the efficiency
of extraction. Smith (1939) has shown that in same soils there are in-
dications that a small fraction (10% or less) of the orgsnic P is lasbile
to boiling NHgz, but that this effect was negligible at temperatures almost
approaching the boiling point. In most cases the temperature of extraction
was approximetely 75% so that it would seem that little decomposition of
organic P occurred here, certainly not over 10--15% (since extraction

wes over 80% in most cases)e
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Nueleic acid and its derivetives, and phytin are all soluble in
ammonia and should be extracted by ammonia from the soil. Treatment
with hot ammonia would decompose Fe phytate with the formation of solu-
ble ammonium phytate. If the soil was not leached free from Ca by the
preliminary acid treatment then the phytin might be partially reprecipi-
tated as the slightly soluble phytate. Thus emmonia or alkelies in gene-
ral should dissolve the grester part of the soil orgamic P.

The results of the extraction experiments show quite definitely
that preleaching with HCl is necessary, and further that this is prin-
cipally because of its effect in rendering the soil organie metter
soluble in the subsequent slkali extraction.

The data on the extraction of organic phosphorus from soil by
various methods, showed that the ratio of the amount of organiec phos-
phorus extracted to the emount of carbon extracted, remained practicelly
constant regardless of the method used or the degree of extraction. The
work of Hobson and Page (1932) leads to a similar conclusion in regard
to the extraction of carbon and nitrogen from the scil. Their wor%
showed also that the proportion of easily hydrolyzable N compougg/Kas
percentage of total soil N) was much higher if the organic matter was first
brought into solution by suiteble meens, (NH,0H, NaOH, etec.)e

Our results and those of Hobson and Page both indicate that the organic
matter is bound in the soil in such a way that even the soluble constituents
may not be removed without dissolving or peptizing the whole of the
organic matter complex.

One possible explanation of this faet is that the organic matter con-
teining soluble and insoluble compounds in a more or less homogeneous mixture,
is deposited in the clay-humus colloid, or is adsorbed on the soll particles,

and then is incorporated in the soil particles with the colloidal clay or elay-



- 39 -

humus colloidal material which coats the particles., A large part of the

soluble meterial would thus be out of contact with the soil solution, or any
extracting solvent,end would behave as an insoluble material unless the clay-
hurus gel were first peptized. This theory agrees with the exper imental
results. Similerly the orgenic matter of the inner particle layers would
be relatively unaveilable to the action of the soil miocro-orgenisms unless
the whole colloidal structure was first attacked.

Formerly, it was believed that most of the orgenic P remained in
gsolution when humie acid was precipitated from the ammonia extracts by
acidification. The results with the Macdonald College soil (pe 22) show
that this is not so. This is probably the main reason why such poor re-
sults were obtained in the early isolation experiments. This low recovery
of orgenic P in the humic acid filtrate may be due in large part to the
more complete extraction of organiec P compounds from the soile. It is
probeble that the more difficultly extractable compounds are also more
readily precipitated with humic acid. (It now seems likely that ferric
phytate is more completely dissolved by hot ammonia, and that ferric
phytate is reformed on acidifying the solution and precipitates with
the humic acid).

Experiments with different soils showed that the partition varied,
the recovery being very low with the mineral soils (8-~15%) eand higher
with the muck soils (30%)e

The addition of oxalate was found to increase the soluble organic P
by large smounts in all soils (now 40--50%)s This effect may be partly
due to the precipitation of Ca but it seems more likel/to be due to the
binding ¢f Fe in &n unjonized complex with the oxalic acid (o-OH cpd, )
Reprecipitation of the humric acid now yields almost no further smount of
organic P although it still contains about 50% of the emmonia soluble

orgenie P in most cases. With the Halliday soil the partition varied only
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from 52--53% in small or large scale experiments. This would seem %o
indicate a fractionation of two distinet P compounds. It seems then
that without the presence of oxalate the organic P precipitating with
the humic acid contains & large amount of ferric phytete. The titration
of phytin by FeCl; at the thiocyenate endpoint (see later) would indicate
that the dissociation constaents of ferric phytats, and ferric thiocyanate
were aslmost the same. Also it is probable thet thet of ferric oxalete is
of similar magnitude. Thus it may be that some ferric phytate is still
being precipitated with the humic acid.

The method of extracting soil with strong HCl (6 N) geve yields of
only about 10% of the soil organic P. The strog/gcl would probably decom-
pose ferric phytate thus allowing some phytin to dissolve. The acid had
very little dissolving action on the organic matter thus the only plausible
reason for the small amount of organic P extracted seems to be that the
orgenic P is protected by, or buried in the soil organic matter or colloidal
material :§O0 ‘hat the acid camnot bring it into solution.

Since the oxalate treatment was satisfactory in increasing the recovery
of organic P, the method was used in the separation of lerger amounts of
soil orgeniec Pe The results were quite satisfactory and allowed the iso-
lation of 35--46% of the total orgenic P of the Halliday soil (compared
with yields of 5--15% with former methods)s The distribution of the
organic P in the extracts was determined and all was accounted fore The
acid extract (1 N HC1l) contained only about 3% of the soil organic Pe This
is probably composed of soluble nucleotide compounds and perhaps a smell
amount of phytin. After hot ammonia extraection the soil residue con-
tained only 6--20% (by difference) of the soil orgeanie P. This includes
any organic P decomposed by the hot ammonia treatment and the remsinder

is presumably not dissolved. If CaweFenot leached completely from the
would precipitete at this point, In eddifion,’srric phytate

v

soil, it is probable that Ce phytatq/may not have been completely decamposed,
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The humic acid precipitate contained 38--40% of the soil organic P
A large part of this is probably ferric phytate, even though exalate ion
was present in solution as mentioned above. Probably the remainder is
mede up largely of nuecleotide compoundse. These may be adsorbed on the
humic acid colloids, or chemical complexes with the humic acid or lignin
humus mey actually be formed. The humic acid precipitate contains a very
high proportion of NeOH-stable orgenic P (see later section). Thus the
pyrimidine nucleotides may be adsorbed to greater extent than the purines.
But since the humic acid filtrate contains just as much NaQH-stable organic
P it seems likely that there is not as much purine nucleotide as pyrimidine
in the soil. Ageain it is probable that the simple nucleoti@g'are not
present in appreciable amounts. The 25 per cent enzyme-steble
residue of Gulland and Jackson is probably the principal nucleotide con-
stituent of the soil organic phosphoruse. Since its constitution or beha-
vior to NaQOH is unknown, we may only say that its properties are probably
in accord with the above facts. Since phosphoproteins are very labile to
hot alkalies it seems unlikely that any large portion is present in this
frection.

The organiec phosphorus of the humic acid filtrate was almost completely
precipitated by acid 80%, alcohol, only about 3% remesining in solutione
This is probably due to incomplete precipitation of phytin end nucleotide P.
The fraction precipitated by alcohol contained 35--46% of the totel soil
orgenic P. Later examination of this precipitate shows that it is composed
of about equal amounts of phytin and nucleotides. A small amount of xanthylie
acid was found in the nucleotide fraction and the remainder appeared to be
made up of pyrimidine nucleotides.

It appears that, although the oxalate method gave a big increase in

total yield of soil organic P, this increase is probably almost all due to
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phytin so that the amount of nucleotide material isolated may be practically
the same,
The above discussion is intended to interpret as fully as possible
the data on the extraction and fractionation of soil organic phosphorus
on the basis of present knowledge of the phosphorus compounds involved

snd the nature of the colloidal complex with which they are intimately

associated,
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Bo ANALYSIS AND CONSTITUENTS OF THE SOIL 'NUCLEOTIDE' PREPARATION.

l, 8Soil 'Nucleotidet Purification

An attempt was made to remove some of the conteminating humic acid
by dissolving the substance in ammonia and then precipitatiné the humié
acid by ecidification with HNOze. This process was tried using 1 ge
ppte Ga but it wes found that no organic material was removed.

Accordingly the material was purified by reprecipitation in acid
alcohols One such experiment is as follows: 3 g ppt.(ng&SEZ dissolved
in about 125 ml. H20 £ 3 ml. NH40He The solution was filtered, a 5
per cent excess of HCl was added end the liquid was poured into absolute
alcohol such that the finéi concentration of alcohol was 80 per cent.
After stending the precipitate was filtered off, triturated with a small
amount of absolute alcohol and dried in a vacuum desiccator over concem-
trated H,S04e
1 g+ ppte(G) yielded 0.454 ge ppt. (lOp) containing 4.53% P while
3 go ppt. (G} yielded I.915 g. ppts (1lp) conteining 4e20% P.
5¢79 ge ppte(H) yielded 34607 ge pp‘:b. (13p) comtaining
5488% P after the reprecipitation was repeated 3 times. The recovery of
orgenic phosphorus was 90 per cent,

In each case the alcoholic filtrate contained only a very small
emount of orgenic P (I'mge P or less)e Ppte (F) probably contained
oxaliec acid as an impurity since the alcoholic filtrate contained fairly
large amounts of oxalate ion. (Shown by low recovery of added inorganie
phosphate)s When the precipitate from the first alcoholic precipitation
was dissolved in water end then acidified with 5 per cent HC1l, part of the
material was thrown out of solution as a gel. This agrees with the
fact that nucleic acids and the hydrochlorides of the individusl

nucleotides are precipitated in strongly acid solutions. Phytin in

fairly concentrated solution is also precipitated under these conditionse
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After three reprecipitations the yield from ppte Fa was 34739 ge
material (12 P) contained 4450 per cent P (91% recovery of organic P)e

It was evident that further reprecipitation did not increase the

purity appreciably.

Z2e Analysis of the Preparations

(2) Nitrogen Content

The nucleotides contain nitrogen as well as P, so the purified pre-
parations were analyzed for their N contente

The micro-Kjehldahl method according to Pregl (1937) was used for
this determination. The sample used was about 25 mg. and 2 ml. of
Cempbell and Henna's (1937) digestion mixture was used for each samplee
The digestion was continued for about 1 %o 1% hours, the time being pr6;
longed in some cases by the addition of a drop of alcohol as recommended
by Pregl. Approximately N/50 acid (HC1l) snd base (NaOH) were useds

The blank was found to be 0,02 mge. N. The results are shown in Table X.

TABLE X, NITROGEN CONTENT OF PREPARATIONS

SAMPLE 1 WEIGHT PERCENT ¥ FOUND )
Sucrose 2540 mg. 0,090 (blank = 0.02 mg. N)
Ammonium ' 204 19,54 (Theoretical = 19.44)
oxalate 20,0 19.44
Ppte 12p 21.1 2.89
" 22.4 2082 2484 (£ 0.03)
" 31.9 2.81
Ppte 13p 2342 1.91
" 2744 1.81
" 2345 2,04 1.92 (£ 0.06)
" 3049 1.93
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The N content of the preparations was very low. The N/P ratio.
for preparation 1l2p is 063 and for 13p, 0,33, while that for yeast
nucleic acid is 1,69 It is thus evident that the N content is much
lower than would be the case if the orgenic P consisted only of simple
nucleotides.

Supposing the purine nucleotide to be xanthylic acid and the pY¥rimi-
dine to be uridylic acid and these present in the ratio found in the next
section, only 34 per cent of the P would be accounted for in ppte. 13p and
only 69 per cent in ppt. 12p.

Phytin seemed to be the only other organic P compound likely to
be present and an attempt was made later to confirm the presence of

phytin in the material.

(b) Purine Nitrogen Content

The determination of purine N enables us to estimate the propor-
tion of purine and pyrimidine nucleotides, assuming that the N present
is all nucleotide N

Purine N was determined by a micro-modification of the methods of
Tipson and Levene (1939) and of Leveg/gnd Jorpes (1930)e

A seample of the materiel (about 200 mg.) was hydrolyzed by reflux-
ing with 10 ml. of 5 per cent HpS04 for four hours, the solution being
heated by meens of a micro-burner. To the hot solution was added a hot
solution of Ag2804 (approxe. 1 per cent) until the purines were completely
precipitateds The solution was cooled and allowed to stand overnight in
the refrigerator. The precipitate of silver purines was then centrifuged
off and washed twice with Ag,804 soln. The bases were dissolved in en
excess of hot 1 N HCl solution. The precipitated AgCl was filtered off
end washed with hot water (slightly acidulated with HCl). The filtrate
was made to 50 ml. and N was determined in 25 ml. aliquots by the micro-

{(jehdahl method.
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The determinetion was also carried out on a sample of yeast
nucleic acid.

The Ag purine precipitate obtained with the soil nucleotides con-
tained considerable dark colored material. It was found that the Ag
purine salts were not completely precipitated unless the solution wes
allowed to stand overnight in the refrigerator. The results are given

in Teble XI.

TABLE XI. PURINE N CONTENT OF PREPARATIONS.,

e S —————_ . o v e 2P T

SAMPLE WEIGHT | PURINE N PURINE N, % OF
| .. MG, | FOUND # | TOTALN, _
Yeast nucleic¢ acid 102,.2 9414 6640 (theoretical = 6647)

a—— - o e i s e e i St e - mran

In the case of ppte 13p the N remaining in the filtrate from the pre-
cipitation of Ag purines was determined and found to correspond to l.71
per cent N (of original material)e, This agrees with the total N minus
purine N, 1.70 per cent.

The results for yeast nucleic acﬂ?%how very good agreement with the
theoretical

Found, 660 per cent purine N, theoretical, 667 per cent.

The purine N content of the nucleotide preparations is very low,
only 7 to 11 per cent of the total N. This indicates that the preparation
contains a much higher proportion of pyrimidine then purine nucleotides,
provided that all the total N is nucleotide N

This suggests that the purine nucleotides are absorbed to a large

extent by the humic acid or that they are easily decomposed in the soil.
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3. Purine Constituents

An adaptation of the methods given by Sehmidt and Levene (1938),
Levene and Jorpes (1930) and Levene and Bass (1931, p. 110) was selected
as the best for this p‘urizzlee_.o‘hue prepara’ﬁ'o'l

A quantity of.S;'L’I/A_~ #as first hydrolyzed as for the determina-
tion of purine N above. The purines were precipitated by AgoSO4 and the
Ag precipitate decomposed with HCl also in the same menner as above. The
procedure of Levene and Bass was used for the separation of adenine and
guanine. The HCl solution of the purines was neutrelized to Congo red
by the addition of strong NeOH solution. The guani_r_l/zhus precipitated
was filtered off while still warm. It was dissolved in dilute HC1l and
reprecipitated by NaOH (to remove traces of adenine), The filtrate was
concentrated and while hot was treated with a saturated solution of pieric
acid. The precipitate of adenine piorate was then filtered off.

This procedure gave satisfactory results with a yeast nucleic
acid hydrolysate. A good precipitate of guanine was obtained when either
NaOH or NHz was used for neutralizetion. A crystalline precipitate of
adenine picrate was also obtained in good yield.

In the case oﬂ/iggrolysate of the soil nucleotide, a gela-
tinous precipitate was obtainad imiediately on adding NeOH, but this
precipitate redissolved again at the Congo red neutral point. No precipi-
tation occurred on stending. Guanine therefore appeered to be absent.

On adding picric acid solution, no crystals were formed so that adenine
also sppeared to be absent.

It seemed possible that the gel which first appeared might be

xenthine., This purine forms salts with strong mineral acidg pyt they

ere very easily hydrolyzed. The base then precipitates being insoluble
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in dilute scids end water. It is soluble in alkelies end so dissolves on
neutralizing a solution with NeOHe Thus the separetion of xanthine from
other purines is possible because of its insolubility in dilute HCl, the
hydrochlorides of the other purines being stable and soluble under these
conditionse

A few drops of 2 N NaOH were added to the hydrolysate of 13p. A
small emount of gel precipitate appeared which on centrifuging off appear-
ed quite brown in color, having removed considerable coloring matter
from solution. This precipitate was insoluble in dilute H5S04 but very
soluble in NaOHe (It eppeared to be humic acid mixed with some xanthine.)

On adding a few drops more NeOH to the solution & colorless gel was
precipitated and the solution after centrifuging off the gel was almost
colorless. This precipitate was soluble in NH; and could be reprecipi-
tated by HpSO, or 1 N HCIl. Therefore it is not hypoxenthine or guanine.
(Guenine is soluble in dilute acids end hypoxenthine is insoluble in NH3.)

NaOH was added to the solution until it wes just ecid to Congo red
and a further quantity of gel was precipitated. It was centrifuged off,.
On meking the solution Jjust alksline e very small amount of red-brown gel
precipitate separated. This appeared to be composed mainly of the remein-
ing coloring matter of the solution along with a very small emount of gel
(possibly a trace of guanine)e

This experiment confirms the presence of xenthine.

Again no precipitate was obtained with picric acid so adenine was
absent.

The xenthine reaction (Murexide test) (Levene & Bass 1931, p.112) was
used extensively in these experiments to indicate the presence of the

purines. The reaction is given by xanthine and guanine but not by edenine,
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The purine solutions ebove gave & positive xenthine test and the
xenthine precipitate gave a very strong reaction and also responded to
Wiedel's test - (a modified xenthine test not given by gusnine)e The

d
amount of xenthine precipitate obtaiqg/was too small to allow making

further ;nalyses.

The accumulated evidence indicates thet the purine in this soil pre-
peretion is xenthine. The presence of free xanthine in the soil has been
reported by Schreiner end Shorey (1910)s Its presence would be accounted
for by the decomposition of adenylic or gusnylic acid and oxidation of the
purine constituent to xanthine. Xenthylic acid has not been reported in
soil up to this time.

Its presence in soil could be accounted for ty the deamination of

guenylic acid (see formulae)

Guenyiic Acid

HN - GO
| J OH
HN = C C = Ny /
| CH ____——— CgHgO3 - 0 = P=0
HN - C - N/ \
OH
Xenthylic Acid
HN - CO
I OH
OC C - Ny /.
//CSHBOS-O-P——O
BN-C-N \
OH

There are certein enzymes which are present in soil micro-organisms
(Weksmen 1932, pe 421) that carry out this process. However, the origin
of xanthylic acid in soil mey be due to a specific synthesis of this sub-

stance by micro-organismse
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Under the conditions of isolation the adenylic or guanylic acids
do not give xanthine as a hydrolytic product, so the data indicate the
presence of xenthylic acid in the soil. Further, adenine and guanine
were obtained in the control experiment with yeast nucleic acid so it
seems that adenylic and guenylic acids must be absent from the soil pre-
paratione

Adenylic acid was the only purine nucleotide found by Bottomley (1919)
and by Wrenshall and McKibbin (1937) in experiments on peat and muck soils.

It is not contended that the A; layer of the Hallidey podsol is repre=-
sentative of all Quebec podsols but that probably the nucleotide consti-

tuent vearies in different types of soils.

4, Pyrimidine Constituentse

The method cited in Levene and Bass (1931, p.58) was used.

The meterial is hydrolyzed for 2 hours at 175° Ce in an autoclave
with 25 per cent HpSO4e After hydrolysis sulphuric and phosphoric acids
are removed by Ba(OH)g, Ba ions are removed quentitatively by HoSO4e The
solution is acidified end the purines are precipitated by Ag2S04 solutione
After filtration the filtrate is saturated with Ba(OH)s. The precipitate
consists of the Ag salts of the pyrimidines. This precipitate is suspended
in water and decomposed by HsSe AgS and excess HoS are removed and the
solution is concentrated under reduced pressure. (Thymine now separates
out if present.) Ba ions are removed by H2SOs. The warm filtrate is
treated with a saturated solution of picric acide. The precipitate of
cytosine picrate is filtered off eand & second crop obtained by further

evaporation.
The excess pieric acid in the filtrate is removed by H2S04 end ether,

and then the excess H2S04 is removed by Ba(OH)2 and the solution is concen-

trated under reduced pressure. Uracil precipitates on coolinge.
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5 ge of yeast nucleic acid were hydrolyzed in the above menner
end also 3 g. of the soil nucleotide (2 g. ppte 12p £ 1 ge ppte 13p)e
A good yield of cytosine pierate was obtained from the yeast nucleic acid
but none could be detected in the soil nucleotide hydrolysate. Similarly,
uracil crystals were obtained from the yeast nucleic acid but none were
obtained from the soil nucleotide. The cytosine and uracil from the
yeast nucleic acid both gave very strog/%ositive reactions with the
Wheeler and Johnson test for pyrimidines (Levene and Bass 1931, pe6l)
but the soil nucleotide hydrolysate gave no response. These negative
results are somewhat inconclusive. It may be technically impossible to
identify the pyrimidines by this experiment in view of the small quentity
of preparation available for hydrolysis (3 grems) end the relatively low
nitrogen content of the preparation. On the other hend there is a dis=
tinet possibility that pyrimidines are actually ebsent from this prepe-
ration. It is true that a high proportion of the nitrogen present is
not purine nitrogen, but there is no direct experimentel evidence that
it is pyrimidine nitrogen, other then separation of a precipitate of Ag
salt from alkeline solution. It is noteworthy that the Wheeler and John-

son test for pyrimidines was negative.

5. Cerbohydrate Constituents

If the compound contains nucleotides, these would be split by
hydrolysis into the component purines, pyrimidines, sugar, and phosphoric
acid. Various sugar tests were applied to the solution of 12p and 13p
after hydrolysis to detect the presence of any sugars liberated by the
hydrolysise

The Molisch test (Hewk end Bergeim 1927, pe71) was positive and Bisl's
and Tollen's tests (p«86) for pentoses were also definitely positive indi-
cating the presence of pentoses. The Feulgen end Pine sheving tests
(Levene and Bass 1931, pe259) for desoxy sugers were negative - thus

showing that the sugar is probably riboses
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8¢ Other Constituents

Phosphoric acid is liberated on hydrolysis of the compound by
H,S04 as evidenced by positive colorimetric tests for phosphate ion.

Since the compound contains nitrogen it is of interest to deter-
mine v. &F - the compound contains sny proteinaceous materiel,

Accordingly the verious biochemical tests for protein were applied.
(Hawk end Bergeim 1922, pel62)

Negative results were obteined with Millon's Test, Biuret Test,
xenthoproteic reaction and the glyoxylic acid reaction, on solutions of
the materials 12p and 13p - either before or after hydrolysise. Thus the

preparations sre assumed to be free from proteine

7. Conclusions

It has been shown that the isolated preperation contains phosphoric
acid, a pentose sugar (probably ribose) and nitrogen,

It is quite possible that some humic acid or lignin-humus materisl
is contained in the preparation and these might account for a part of the
N. Xenthine has been shown to be present thus it is concluded thet xan-
thylic acid is present. Since the purine N accounted for only 10 per
cent of the total N, the remainder is probably present, as pyrimidine
nucleotides - cytidylic or uridylic acid, as lignin-humus nitrogen, or
as some other unidentified nitrogen compound,

As stated elsewhere the 25% undecomposed residue of Gulland and
Jackson does not fit in with the present day struecture of nucleic acid
(Levene'!'s formula) end thus it is of unknown constitution. It may not,
therefore, conform to the ordinary reactions of the purine and pyrimidine
nucleotides and thus it is possible that the ordinary schemes for sepa-
ration and hydrolysis of these nucleotides may not be applied to the
materiasl under investigation, although they are applicable to nucleic
acid which contains this fraction. The identification of xenthylic acid

v

is a new result, and as outlined abgf it is quite reasonable that this

compound should occur in the soil.
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Adenylic acid was not isolated and it seems impossible that this
compound may remein with the humic acid precipitate. No evidence could
be obtained for the presence of pyrimidine nucleotides, but since such
small quantities of material were available no significance is attached
to this findinge

It is now obvious thet the pyrimidine N (precipitable by AgoSO, im
seturated Ba(OH)s solution )should have been determined as well as the
purine Ne We would then have an indication of the amount of non-nucleo-
tide N present.

However this does not alter the fact that the most significant
conclusion obtained from the examination of the isolated orgenic phos-
phoric material is that the nucleotides do not account for all the

organic phosphorus, and that the other orgenic phosphorus compound may

by phytine
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Ce NaOH DECOMPOSITION OF ORGANIC PHOSPHORUS

o — ——— s . T

l. Introduction

Smith (1939) has found that boiling dilute NaOH hydrolyzed a definite
portion of the soil organic P (about 45 per cent being decomposed in the
Hallidey soil)e This result suggests that there may be two or more dis-
tinct compounds comprising the soil orgenic phosphorus.

A pertiment question was now the determination of whether the parti-
tion of organic P between the humic ecid precipitete and filtrate was
related to the susceptibility of decomposition by NaOH of the organic P

of each of these fractionse

2e Method

In the preliminery experiments amounts of solution corresponding to
lg. of soil were placed in 100 ml. Erlemeyer Flasks, evaporated to 25 ml.
and l.25 geo NeOH was added to meke a 5 per cent NaOH solution. The solu-
tion was then refluxed under a reflux condenser for 4 hours. Although
the flasks had been thoroughly weathered by boiling with acid end alkali

pconfenf‘ of €
it was found that the blenks wa3 very high smounting to nearly 25 per

N

cent of the organic P content of the extractse Thus the results obtained
were not very satisfactory. Short pyrex test-tubes which loosely fitted
the mouth of the Erlemmeyer flasks were found to be more suitable then
the ordinary reflux condensers. A stream of cold water was kept circu-
lating through these tubes. o eontent p‘Fﬂe

With this arrangement it was found that th%bla.nks was8 qguite constant
for a given time of refluxinge. Refluxing for a period of 4 hours was
found sufficient by Smith, and this periocd was used throughout,

In order to reduce the relative magnitude of the blank aliquots
corresponding to about 5 g. soil were used in the later experiments.

The blank then amounted to about 5 per cent of the orgenic phosphorus

being hydrolyzed.



3. Decomposition of Various Fractions

(2) Humic Acid Precipitate and Filtrate

Humic.acid filtrates and precipitates were prepared from the Halliday
soil as described above. A solution of the humic aeid in dilute ammonia
was used for hydrolysis. Aliquots of solution corresponding to 5 g« soil
were refluxed 4 hours as above. The solution was then filtered and the
filtrate end washings mede to 250 ml. after which inorgenic phosphate was
determined. The results are given in Table XII.

This experiment shows that the orgenic P of the humic acid filtrate
is quite stable to hydrolysis by NeOH. The hydrolysis found, 4.5 per
cent is quite small and could be accounted for by the slow partial hydro-
lysis of resistant compounds.

The organic P of the humic acid precipitate is decomposed to the
extent of 27.4 per cent. Thus there is a definite difference in the
stability of the orgenic P of the two extracts but not enough to postulate
the separation into two definite P compoundse

In this soil Smith (1939) found about 68 mé?f%hper 100 g. soil

stable to NaOHe 48 mg. of this has been separated in the humic
acid filtrate. The remaining 20 mg. resistant orgenic P presumably re-
meins with the humic acid. The analyses show thet 22 mg. (30-8) undecom-
posable orgenic P remain in this fraction, so the results check very
satisfactorily. Thus we have removed only about 70 per cent o the

NeOH stable fractiom of the orgenic P from the humic acid,

(b) Nucleotide Precipitate.

The decomposability of the organic P in the isolated fraction was
then determined. 0.615 g. ppt. G was dissolved in 2 ml. dilute '{ﬁ*ggd
water was added to make 100 ml. Aliquots of 25 ml. were used for hydro-

lysis which was carried out as in the above experiments.
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TARTE XII. NaOH DECOMPOSITION OF ORGANIC PHOSPHORUS IN HUUIC ACID

PRECIPITAN

'l AND FILTRATE

EXTRACT INORG. P | INORG. P. | BIANK

ORIGINAL | AWTER RE- DECOMPOSITION

FLUXING

mg. P per 100 g, soil % Org. P*
Humic 1 16.5 21.4 2.6 2.3 4,8
Acid 2 16.5 20.7 2.0 2.2 4.6 4.,5(+0.5)
Filtrate 3 16.5 20,8 2.6 1.7 3.5 (RBlank = 5.2%)

4 16.5 20,9 2.0 2.4 5.0

Solution 1 l.4 11.6 2e6 7.6 25 .4
of Humic 2 1.4 11.2 2.0 7.8 26.1
Acid 3 1.4 12.53 2.6 8.3 27.8 27.4(+1.7)
Precipitate 4 1.4 12.5 2.0 9.1 30.4 (Blank = 7.7%)

*0rg. P Humic acid filtrate = 48.0 mg. P per 100 g. soil, humic acid soln. = 29.9
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The data in Table XIII show that 27.7 per cent of the organic P was

decomposed.

4, (Conclusions

The results of these experiments, elthough not wholly satisfactory,
show that the product isolated contains a large proportion of the NaOH-
steble organic P.

The purine nucleotides are easily hydrolyzed by NaOH but phytin is
much more resistsnt (Plimmer 1913) and is probebly in the NaOH-stable
class of organic phosphorus compounds. The phosphoprotein type of
orgenic phosphorus compound is easily decomposed by NaOH (Plimmer 1913)

so that it. is probable that only small amounts of this compound exist
se

in the /soils.

TABLE XIII., NeOH HYDROLYSIS OF NUCLEOTIDE PRECIPITATE

INORG.P | INORG.P BLANK DECOMPOSITION
Original| After Re-
fluxing S B
% Nucleotide ppte. % OrgePk
1 0.04 0,970 0.065 0.865 2744
2 0.04 0.974 0.049 0.885 2841)27.7(40.3)
3 0.04 0.974 0,065 0.869 27 o 62k

xXOrg. P = 3015%

XaBlank = 2% orge. Pe
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D. _SOIL DECOMPOSITION EXPERIMENTS

-

le Introduction

The evidence of culture solution experiments (see Introduction)
indicete thet orgenic P must first be hydrolyzed to fiorgeiic phosphate
before any appreciable emounts may be absorbed by plant roots. Schulow
(1931), however, indicates thata small emount of phytin may be assimi-
lated directly by plant roots,

If the large store of organic P in our soils is to be of use to
plants then it must be brought actively into the P cycles It almost
seems that in our infertil/godsol soils, the organic P is not being
continuously synthesized end decamposed as in fertile soils but repre-
gents an accumulation of stable organic Pe.

The more we know about this organic P in our soils, the more we
will know how to ren.dr this great store of P available for plant use.
Therefore we have designed experiments with the object of studying the
relative stability of various orgenic P compounds when they are added

to the soil.

The synthesis and decomposition of organic phosphorus compounds in
the soil is probebly almost completely a micro-orgenic process, the
hydrolysis of organic P campounds being effected by enzymes and the
synthesis by assimilation of inorganic phosphate by the bacterial celle

There are no experiments cited in the litereture on the actual de=-
composition of orgenic P compounds in the soil itself., Hilbert et al
(1938), found that Ne glycerophosphaete added to the soil was rapidly
chenged to an insoluble form. They concluded that it was hydrolyzed
by the soil micro-organisms and then the phosphate was fixed by the soil.
It would seem thgt this type of compound is so:readily attacked that it

could not remain in the soil for any length of time end therefore hardly

needs to be considered.
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Lecithin represents only a smell fraction of the soil organic P
(2% or less) and therefore cannot be a factor in its accumulatione

Phosphoproteins, as casein, are very readily attacked by micro=-
organisms (Dox 1911)s Kelley (1915) shows that casein is completely
decomposed in 7 days in the soil. Therefore it seems unlikely that
this materisl would accumulate in the soil,

Nucleic acid is very readily decomposed by phosphatase enzymes
as are the individual nucleotides. Stoklasa (1911) assumed that the
inorganic and organic phosphorus added to “he soil by plant residues
was mineralized end then assimilated by the micro-organisms into the
microbial protoplasms(principally in the form of nucleotides and
nucleic acid)e The nucleic acid was then decomposed on dissolution
of the dead microbial bodies and became availeble to the plant or to
other micro=-organismse

As stated before various workers have shown that nucleic acid is
readily decomposed and assimilated by plants in culture solutions and
sand cultureses If nucleic acid is only 75 per cent dephosphorylated
in soils, then it seems probable that the enzyme stable residue would
accunmulate snd thus the accumulation of organic P in soil would occur,
The identity or structure of the residue is still unknown end so we may
only postulate that it is nucleotide in nature.

Phytin has not been detected in soil up to the present. As men=-
tioned ebove Potter and Snyder (1518) found similar hydrolysis curves
for phytin and the soil organic P and so thought thet phytin might be
present. Later workers however, have left phytin almost entirely out
of consideration. Auten (1923) assumes that since it is so easily
hydrolyzed by phytase that it could not accumulate in the soil. Again

the decomposition of phytin in the soil itself has not been investigae-

ted.
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The above discussion shows that the orgenic P compounds most like-
ly to be present in soils are nucleic acid or ome or more of its deri-
vatives, This is rendered more probable because of the known presence
of adenylic and uridyliec acids in certain soils.

Therefore experiments were designed with the object of studying the
decomposition of the above orgenic P compounds in the soil itself and
determining whether any evidence could be obtained for the decomposition
or synthesis of organic P in the soil itself,

2. First Soil Decomposition Experiment:- Nucleic Acid, Soil. Nucleotide
Inorganic Phosphate, Ca(OH)o and Glucose

— e

In the first experiment, nucleic acid, soil 'nucleotide! and inor-
genic phosphate were added to a St. Chlothilde muck soil with with=-
out treatments with Ca(OH)z end glucose. Since liming a soil decreases
the organic P (Vincent 1937), Ca(OH), was added to obtain the meximum
decomposition of organic P. Glucose, on the other hand, was added to
supply energy material for the stimuletion of micro-organisms in order
to obtain a synthesis of organic Pe

The rate of treatment of the soils and plan of the treatment weas
as follows:

Plan of Treatments

e et h e e — R LI R A v . . e i - e

— - L Nil ~ Ca(OH)» Glucose
Nil 1, 11 2, 12 3, 13
Nucleic Acid,

Yeast 4, 14 5, 15 6, 16
Nucleotide,
Soil - 10, 20 -

Ca(HaP0y )2+Ha0 7, 17 8, 18 9, 19

————— T S



Rate of Treatment

A & .

Glucose, 1% of dry soil (043833 g. per 100 ge wet soil)

Ca(OH)5e The equivelent of 2 tons CaCOz per acre (2,000,000
1bse) (0,0567 g.)

Ca(HpPOy)peHs0s 0e2% P of dry soil (043115 ge)

Yeast nucleic acide 0.248% P of dry soil (044875 ge)

Soil nucleotide. 0417 P of dry soil,

For each test, 100 gme of soil was placed in a glass tumbler and
the required smount of smendment added. Water (25 ml.) was then added
to bring the soil to approximately the field moisbure content and the
tumblers were then stored in a dark room at fairly constant temperature
(about 23.5° Ce)e Weater was added from time to time to replace that
lost by eveporatione

Samples of the treated soils were taken immediately and dried in
the oven at 100° C.

To follow the decomposition dilute acid extractions (Quebec
method) for reedily soluble phosphate were used to indicate whether
any decomposition of organic P, or vice versa, had taken places

For the determination of readily soluble phosphate. 0.5 gms. of
the dried soil, ground to pass a 40-mesh sieve, were extracted with
100 ml. of Quebec solution (pH 3.0) (Wrenshall and McKibbin 1935)
by sheking for 30 minutes. After filtering, inorganic phosphate was
determined on the filtrate by the method of Dyer and Wrenshall (1938),
The results are given in Table XIV.

The high results for yeast nucleic acid show that some decom-
position has taken place either by the extracting acid or by heating
the semples when they were being dried. To test this, a small amount

of nucleic acid was heated to 1009 C. and then extracted with Quebec
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solutione The extract was found to have a very high phosphate content
while nucleic acid extracted without heating yielded only a small amount

of phosphate.

SR oo TABLE XIV B
Noe Treatment Readily Soluble P
o nge P per 100 ge soil
1 Nil Wil 8400
11 " " 8.00
2 " Ca(0H)2 6068
4 Yeast N.A. Nil 2044
5 " Ca(OH)g 18,9
. tid 8,00
10 | Se nucleotide Ca(OH), 6 80
7 Ca(HoPOs)aeHoO  Nil 12342k
8 2P0f2 Ca(OH)s 125.0
9 " Glucose 108,40

s e o —— - rrn it —y o s " P ——

XInorgaenic Phosphate added - 200 mge. P per 100 g. soil

The values for inorganic phosphate treatment show that one extraction
is insufficient to extract completely the added inorganic phosphate.
(54-62% extreaction)

Since heating in the oven has resulted in the decomposition of yeast
nucleic acid, the above results were considered to be unreliable. 1In
order therefore to obtain initial values for comparison with the incu-
bated soil, a new series of treatments was made up in exactly the same
way as in the original case.

However, no glucose or Ca(OH)2 was added since no differences were
indicated in the aboves

After bringing to the same moisture content as before, samples were

teken esnd dried at about 35° C. for a few hours, then overnight at room
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temperature. The soils were ground/40-mesh, and moisture and Quebec

soluble phosphate determinations were mades The results are given in
Table XVe (Immediate)
Comparison of the values with%hose in Teble XIV show that the soil
should not be heated to a high temperature for dryinge
am P%QS
After 45 day§ﬂwere again teken and snalyzed as beforee. The results
are reported in Table XV (45 days).

TABLE XV. SOLUBLE PHOSPHATE EXTRACTED BY QUEBEC SOLUTION
mge P per 100 g. soil

T T “Time T
Treatment Immediate 45 days
1, Nil Nil 3.54 2455
2, " Ca(0H)o - 2470
3. " Glucose - 2435
44 Nucleic Acid Nil 4,43 161.2
Se " Ca(OH), - 1561,.8
6o " Glucose - 16340
Te Ca(HzPO%)z .+ Nil |142.6 113.0
8e Ca(0H)2 - 109.0
O, " Glucose - 10843
10¢ So0il Nucleotide

Ca(OH)s | 5490 11.35

Table XV shows that the Ca(0H)s or glucose treatments did not affect
the amount of soluble phosphate. This is in contrast to the usual finding
thet liming decreases organic P in soilse. (Vincent 1937) Numerous instances
might be cited where liming was found to give an increase in the available
phosphate status of soils and also that calcareous soils generally have
a lower organic P content. A decresse in soluble phosphate was obtained
in two cases (nil, and inorgenic phosphate). This may be due to a fix=
ation of inorganic phosphate by ‘the soil,

Table XVI shows the increase insoluble phosphate in the P trested
soils over the nil, leaving the Ca(0OH), and glucose trestments out of

consideration. Table XVII shows the increase in soluble phosphate due
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to the minerslization of added organic P during 45 days. This is expressed
also as percentage of the organic P added.

The results show that the yeast nucleic acid is decomposed to a
large extent while the soil nucleotide was relatively very steble. The
actual percentage decomposition figures are not very accurate since only
between 55 and 70% of the added inorganic phosphate was recovered and so
it is probable that the recovery of decomposed organic P is also low.

TABLE XVI. INCREASE IN SOLUBLE PHOSPHATE OVER UNTREATED SOIL

DUE TO MINERALIZATION OF THE ORGANIC PHOSPHORUS ADDED
mge P per 100 g. soil

TREATMENT | IMMEDIATE _ 45 DAYS L
Yeast Nucleic Acid 0.89 15945

Soil Nuecleotide 2436 8482

Inorganic Phosphate 139,0 109.,6

TABLE XVII. INCREASE IV SOLUBLE PHOSPHATE DURING 45 DAYS
OVER THE IMMEDIATE VALUES DUE TO MINERALIZATION
OF ORGANIC PHOSPHORUS

. o r— > e b S —s —— - - o~ -—sre—

TREATMENT INCREASE ORGANIC P ADDED % DECOMPOSITION
. I'"mgs P per 100 g+ soil T L
Yeast Nucleic Acid 158.6 248 638

Soil Nucleotide 6646 100 6e5
Inorganic Phosphate -29.4 200 ¥ 14,7

* Inorganic phosphate ddded
3¢ Second Soil Decomposition Experiment - Yeast, Nucleic Acid, Soil
Rucleotide, Individual Nucleotides, Manure and_Inorganic Phosphate

The results of the first decomposition experiment have shown that

the soil 'nucleotide! behaves very differently from yeast nucleic acide
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Only derivatives of adenylic and uridylic acid had been obtained from
the soil up to the time of this experiment and there was no evident
reason why only two of the four nucleotides should persist in the
solls Therefore the next step was to prepare quantities of the nu-
cleotides of ribonucleic acid, and to compare the decomposition of

these compounds in the soil itself,

(a) Preparation of Nucleotides from Yeast Nucleic Acide

The method of Levene (1931, pe. 218) was used for the preparation
of the nucleotidese 100 gms, of yeast nuclsic acid was hydrolyzed in
an autoclave with 550 ml, of 5 per ocent ammonia at a temperature of 115°
Ce for one houre Guanylic eacid was precipitated by pouring into alcohol
and it was purified as outlined by levene. The other three nucleotides
were separated by fractional crystallization of their brucine saltse In
order to get complete separation nine reorystallizations are necessary,
end the guanylic acid has also to be carried through this orystallizam
tion to purify it from uridylic acide Each of the four fractions of
purine salts was then decomposed by NH OH, precipitated by lead acetate
and the lead salts were decomposed by HoS, After repeating the lead
precipitation several times, the solution of the free acid was evapora-
ted at low temperature (Below 40°C,) and allowed to orystallizee

Diffioulty was experienced in obtaining a erystalline product and
after attempts to obtain crystalline uridylic acld and its diammonium
selt had feilod, the calcium salt was preparede A small amount of
Ce. Cl, was added to the solution of uridylioc acid and the solution was
neutralized with Ca(OH)p solutione On concentration of the solution,

the orystelline Ca salt was obtained.
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The yields and enalyses of the products are given in Table XVIII.

TABLE XVIII. PHOSPHORUS CONTENT OF NUCLEOTIDES

Substence Yield Inorg. Total Orgenic | Orge (Theorets)
Gms. Water Sols | P % P % % P
HPOA-:«% P . . L .
Adenylic acid | 7.2866 | 1.13 8486 Te43 8e 54
Guanylic acid | 3.7164 | 2.10 8460 6450 8494
Cytidylic acid| 1.1589 3607 10,21 Tel3 9459
Ca-uridylate 345346 | 04354 6425 5090 Be56

The nucleotides contain small amounts of inorgenic phosphate origi-
nating probably from hydrolysis during the preparation. The analysis
shows that pure compounds were not obtained but the products are suffi-
ciently pure for the present purposee.

It was observed that the solutions of the compounds were stable to
the molybdate sulphuric acid solution (0.4 N H2804) used in the phosphate

determinstions

(b) Nucleotide Decomposition Experiment

&n experiment was then plammed to determine the behaviour of these
nucleotides when they are added to the soil. Any decomposition of organic
phosphorus compound added to the soil liberating inorganic phosphate,
should produce a corresponding increase in the easily soluble phosphate
in the soil. Accordingly, extractions of phosphate soluble in Quebec
solution (pH 3) were made on the samples. It was found, on account of
the high content of soluble phosphate with some treatments, that an
edditional extraction was necessary to recover all the readily soluble

phosphate.
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The soil treatments were as follows - nine tests being carried on.
le Nile 2 Yeast nucleic acide 3. Soil nucleotide. 4. Guanylic
acide 5. Adenylic acide 6. Cytidylic acids 7. Ca uridylsate.
8¢ Inorgenic phosphate. 9. Menure, The menure treatment was started
at a later date than the others and this necessitated a separate nil, 10.
An asmount of each phosphorus compound containing 25 mg. of phosphorus (P)
was added to 50 g. samples of a lMacdonald College soil (20 mesh). Tho-
rough mixing was achieved by grinding the material with a few grams of
soil then thoroughly incorporeting this mixture with the remainder of
the soil. The treated soil was placed in glass tumblers and 15 ml. of
water was added to give a moisture content similar to that existing under
field conditionse.

The samples were then stored in e derk room, kept at a fairly
constent temperature (23° C.). Watep/Ziiasionally edded to replace that
lost by evaporation. At intervels, a sample of about 3.5 g. (moist
weight) was taken from each tumbler for anaelysis. Each sample was spreead
out in a thin layer on a watch glass and allowed to air dry at room
temperature for about two days. The soil was then ground to pass &
40-mesh sieve and pleced in a stoppered bottle. The moisture content
of the samples was determined and all semples were found to have practi-
cally uniform moisture content (2.30 per cent Hp0) which corresponded
almost exactly with the original moisture content of the soil, so that
for comperative results the very slight differences were considered as
not significant and were neglected.

Duplicate 1 g. semples of each soil were weighed out and extracted
with 200 ml. Quebec solution by sheking for one-half hour as in the
regulsr procedure. The residue was then re-extracted with 200 ml. Que=-

bec solution as before. The concentration of inorgenic phosphate in

each extract was determined. The results are shown in Teble XIX.



TABLE XIX. SOLUBLE PHOSPHATE EXTRACTED BY QUEBEC SOLUTION

FROK SAMPLES TAKEN AT INTERVALS (COMBINED FIRST
AND SECOND EXTRACTS)-mg. P per 100 g. soil

Time - weeks
Treatment O 1 2 4 9
Nil. 1 7.28 (0.63) | 19,05 22.60 14,99
Yeast Nucleic acid 2 7.98 (3.24) 55:58' 67 .63
Soil Nucleotide 7, 8.14 (5.06) | 23.26 26.30 19.39
Guanylic ..cid A 19.95 (24.65) | 57,91 60.18
Adenylic Acid 5 17.868 (43,14) | 59.47 63 .46
Cytidylic Acid 5 22.00 (27.75) | 59,64 62.54
[ ca Uridrlate 7 11.93 (57,12) | 61.04 62.97
; Inor ranie Prnossuate 8 3,70 (1.00) | 61.61 62.96
I snure 9 53419 40.29 43,22
Wil 10 15,08 15,74 15.74
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The figures given represent the total phosphorus removed by the
two extractions. The samples for O time were taken directly after
moistening the samples, and the other samples were taken after the
periods indicated in the table.

Table XX shows the increase in soluble phosphate over that of
the untreated (nil) soil, at each period of samplinge This subtrac-
tion of the soluble phosphate values of the untreated soil from those
of the treated soils should eliminate any difference caused by varying
conditions of drying the semples, and of extraction, etc., which might
alter the proportion of the soil phosphorus rendered soluble.

Table XXI shows the increase in soluble phosphate over the initial
values, at each sampling period. The soluble phosphate values for O
time in Table XX are subtracted from the values for each period. This
corrects for the inorgenic phosphate added along with the organic. The
values given in Table XXI should show the amount of inorgenic phosphate
liberated from the added organic (phosphorus) compounds et the respective
time intervals.

The phosphorus treatments of the soils were made on the basis of
the totel phosphorus content of the materials with which the treatment
was made. Inorganic phosphate was also present in most of these materials
end the actual amount of orgenic phosphorus added with each treatment
is tebulated in Teble XXII.

In Teble XXIII the incresse in soluble phosphate extracted by the
Quebec solution over the initial value (Table XXI )is expressed as per
cent of the orgenic phosphorus added in the treatments. The percentage
recovery of inorgenic phosphate is also shown for comparison,

The similar behaviour of the yeast nucleic acid and the individusel
nucleotides is well shown, while the soil nucleotide, on the other hand,
acts altogether differently. There wasno significant difference in the

beheviour of the individual nucleotides, either in the rate or extent



TABLE XX. INCREASE IN SOLUBLE PHOSPHATE OVER UNTREATED SOTTL
DUE TO MINERALIZATION OF THE ORGANIC PHOSPHORUS
ADDED - mg. P per 100 g. soil.

Treatment Time - weeks
0 1 2 4 9 12
2 0.70 40.83 45,03 34,38
3 0.86 4,21 3.70 4,40 3,92
4 12.67 38.86 37.58 29,42
L 5 10.58 40,42 40,86 32,66
? 6 14.81 40.59 39.94 31.20
7 3.80 41.99 40,37 33.78
8 39.42 42.56 40,36 34.00
9 23,17 24,55 27 .48




TABLE XXI. INCREASE IN SOLUBLE PHOSPHATE QVER THE INITIAL
VALUES DUE TO THE MINERALIZATION OF THE ORGANIC
PHOSPHORUS ADDED - mg. P per 100 g. soil.
| Time - weeks
Treatment 1 2 4 9 12
2 40,13 44,33 33.68
3 5.5 2.84 5.54 35.06
4 26,19 24,91 16.75
. O 29.83 30.28 22.08
S 25.78 25,13 16.39
E 7 38.19 36.57 29.98
8 3.14 0.94 -5.42
% 1.38 4,31
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TABLE XXI1I. AMOUNT OF ORGANIC AND INORGANIC PHOS-
PHORUS ADDED WITH EACH TREATMENT - mge.
P per 100 g. soil

—— e | A B e

Treatment Noe. F Orgenic P Inorgenic P
1 - -
2 50.0 -
3 48,44 1456
4 37480 12.20
5 43440 6460
8 34,90 15,10
7 47,22 2478
8 - 50400
9 12,00 38400
— , e e e ) I e




TABLE XXIII. INCREASE IN SOLUBLE PHOSPHATE OVER THE INITIAL
VALUE (TABLE XXI) EXPRESSED AS PERCENT OF THE

TOTAL ORGANIC PHOSPHORUS ADDED.
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Time - weeks

Treatment 1 2 4 9 12

Yeast Nucleic Acid 2 80.26 88.66 67 .36
Soil Nucleotide 3 6.92 5.87 7.63 6,532
Guanylic Acid 4 69.25 65.95 44,61
Adenyglic Acid 5 68.80 69,75 50.84
Cytidylic Acid 6 73 .82 72 .00 46.96
Ca Uridylate 7 80.95 77 .45 63.50
&anure 2] 11.50 35.95

Iorganic Phosphate® 8 85.12 80.72 68.00

#*Percent recovery of inorganic phosphate added.
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of decompositions The date do not suggest sny reason why only the ade-
nine and uracil nueleotides heve been found in the orgenic soil phosphorus
materiel isolated.

A 100 per cent recovery of decomposed phosphate was not expected
since some fixation has taken place, as evidenced by the incomplete re-
covery of inorgenic phosphate. The amount of phosphate recovered from
the nucleotide compounds spproaches very nearly that recovered from ine
organic phosphate, thus indicating that the orgenic phosphorus was almost
totally decomposed. Further, the results show that this decomposition
took place within a week, which is quite remarkeble. It might be thought
thet the decomposition occurred during the extraction or during the deter-
mination of phosphate. 1In Teble XIX in the colum for O time, the amount
of orgenic phosphate in the extracts is given (in brackets). This shows
g large proportion of organic phosphorus in the extractses The nucleotddes
are very soluble in the Quebec solution, whereas yeast nucleic acid and

the so0il nucleotide are almost insoluble,

In contrast to the nucleotides the soil 'nucleotide!' was only decom-
posed to the extent of about 6-7 per cent, and showed almost no change
from its value at 2 weeks. The difference in behaviour of the soil
‘nucleotide! and ordinary nucleotides is thus definitely established.

Gullend end Jackson (1938) observed that in the enzymic hydrolysis
of yeast nucleic acid by various enzymes and mixtures of enzymes never
more than 75 per cent of the total phosphate was liberatede The decom-
position of organic phosphate in the soil is probably almost entirely
an enzymic process so that if the above is true there should be a resi=-
due asmounting to 25 per cent of the organic P which can not be decomposed
by the enzymes end therefore would accumulate in the soil. It seems very

probable that this is the reason for a large part of the nucleotide P

accumulation in soilse.
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According to Waksmen (1932, pe244) when orgsnic matter is added to
the soil the activity of the micro-orgenisms is stimulated to a marked
extent. The fungi end not the bacteria are the most actives It is pos-
sible that the fingi may build up a part of the phosphorus into compounds
which may not be hydrolyzed by the soil agencies, as suggested above.
However, it is rather difficult to credit such an hypothesis, since the
orgeanic phosphorus content of some soils may be considerably reduced
by tilling and liming the soil (Vincent 1937) and this would not be
possible if the orgenic soil phosphorus consisted mainly of a non-
hydrolyzeble compound. It is possible that the 25 per cent residue
observed by Gulland and Jackson may be decomposed to some extent
under certain soil conditions, end thet it is this fraction which mekes
up a large part of the soil organic phosphorus. It would seem that this
problem sho;d be investigated further by a study of the properties of
the isolated soil nucleotides and a purification of this materiel should
be effected to determine if it is a single compound of & nucleotide
naeture. This was impossible at this stage in our investigation since
the methods available were too inefficient to allow the isolation of
sufficient nucleotides

Another point which is brought out in Teble XXIII is the apprecieble
decrease of the soluble phosphate after 12 weekse This could be due
to two processes. Firstly, a fixation, or reversion of scluble phosphete
could have taken place, or, secondly, phosphate may have been assimilated
by micro-orgenisms and built up into their protoplasm in orgenie form,

je8e & biological absorption of phosphorus, &s Stoklases (1911) termed

it, may have occurred.
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If the decrease was due to fixation of inorganic phosphate, then
this phosphate should be recovered by the use of a stronger acid for
the extracting agent.

The 12 week samples were extracted with O.4 N H3S04 solution.

The procedure used weas exactly the same as that used in the extrac-
tion by Quebec solution, and a re-extraction of the samples was also
made as with the Quebec solution. The results aregiven in Table XXIVe.

The increase in inorganic phosphorus due to the decomposition of
the orgenic phosphorus is approximately equal to the amount of organic
phosphorus added, in the casé of the nucleotides and yeast nucleic acid,
while the soil nucleotide is only decamposed to the extent of 273 per
cent according to the results of this experiment. The recovery of in-
organic phosphcrus is almost 100 per cente. Therefore the results indi-
cate that no biological sbsorption of phosphorus has occurred htut that
thet the decrease was due to fixation of inorganic phosphate,.

Fable XXIII shows further very interesting results for the manure
treatment. At nine weeks the soluble phosphate is still increasing in
spite of the fact that a marked micro-orgenic stimulation has taken place
soon after the beginning of the experiment. Vandecaveye and Villanueva
(1934) report thet in a menured soil the fungi are very active at first,
but their numbers decline after 30 days and are reduced to normel after
about 40-50 days. Thereafter the Azotobacter increase. Azotobacter
are capable of decomposing the remains of the fungi end utilizing the
orgenic phosphorus contained in their dead bodies. 1In this process
part of the organic phosphorus is liberated as inorganic phosphate and
this may account for the observed increase in soluble phosphate. Also

the Azotobacter should attack any organic phosphorus contained in the

manure.
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TARLE XXIV. PHOSPHATE SOLUBLE IN 0.4 N HeS04 (12 WEEK SAMPLES)(COMBINED
PIRST AND SECOND EXTRACTS)- mg., P per 100 g. soil,
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This experiment has shown that the soil 'nucleotide! behaves very
differently from the ordinery nucleotides end possible reasons for this
difference have been discussed. The results showed that a method of
obtaeining & sufficient quentity of soil nucleotide was needed. This
method should allow a practically 100 per cent recovery of organic
phosphorus from the soil, at least in some cases, to ensure that no
fractionation of the soil organic phosphorus takes place during the
extraction, end that the whole of the organic phosphorus complex is
being investigated.,

4, Third Soil Decomposition Experinent - Nucleic Acid and Soil Nucleo-
Tide on Two 501l Types

At this stage the oxalate method of separation of orgenic P had
been developed, end since a much larger proportion of the soil orgenic
P was now being isolated, it was deemed advisable to test the decompo-
sition of the product isolated by this procedure. A series of decom=
position experiments were cerried out on two different types of soils,
one, the Macdonald College soil (calcareous loam) previously used, and
the other, & podsol soil from the Eastern Townships. These two types
were selected since ordinarily organic P accumulates in the podsol and
ig decomposed to a greater extent in the calcareous soil.

The soil semples were passed through a 20-mesh sieve to insure
uniformity of sempling. Amounts of material containing 25 mg. P were
added to 50 g. soil (air-dry) conteined in a glass tumbler. Thorough
mixing was ettained by the methods used in the former experiments.

Three treatments were used - nil, yeast nucleic acid and isolated

soil nucleotide - arranged as follows:
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TREATMENT MACDONALD COLLEGE SOIL PODSOL SOIL
Nil 1 4
Yeast nucleic acid 2 5
Soil nucleotide 3 6

- -

Eastman Kodak Co. nucleic acid and the soil nucleotide (exptG)
were used in meking up the treatment.

After thorough mixing of the semples, a dry sample (3.5 ge) of
each treatment was teken for analysis of original moisture and soluble
phosphate content.

15 ml. water was added to each culture and the series of soils was
stored in a dark room kept at a fairly constant temperature, 22-23° C.

Distilled water was added to the cultures periodically to keep the
moisture content nearly constant.

At intervals 5 g. semples were taken. These samples were spread out
to air-dry for about 36 hours and were then ground sufficiently to pass a
40-mosh sieve. Determinations of moisture and soluble phosphate were made
on each semple. The procedure for the latter was the same as for the deter-
minstion of Quebec soluble phosphate except that 0.4 N HyS04 was used as the
extracting solution and two successive extractions were made.

O¢4 N Hy SO, was used instead of Quebec solution for the extractiom
since the results of the last experiment showed that this acid completely
extracted the added inorganic phosphate while the Quebec solution gave
incomplete extractions

The results of the enalyses are given in Table XXV-XXVILI

In Table XXV corrections have been made for the different moisture
contents of the various samples. The table shows that the phosphate ex-
tracted from the nil samples remeined practically constant throughout the
duration of the experiment and that the samples extracted immediately showed

elmost identical soluble phosphate values,
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TABLE XXV. SOLUBLE PHOSPHATE EXTRACTED BY 0.4 N H2S04 FROM SAMPLES
TAKEN AT INTERVALS (COMBINED FIRST AND SECOND EXTRACTIONS)

mge P per 100 go SOILe

TREATMEN T ‘m_“JEEQQJLﬁgﬁKS N

L L 0 1l 3 ~
Macdonald College Soils
Nil 1l 7757 79§7ét T7.40%
Yeast Nucleic Acid 2 81,08 112,74 115,20
Soil Nucleotide 3 78485 78626 78440
Pod591 Soil:
Nil 4 12,17 12420 11.86
Yeast Nucleic Acid 5 12,26 15.64 17,03
Soil Nucleotide 6 12,38 12,51 12,21

RCorrected to Moisture Content of original soil,

TABLE XXVL. INCREASE IN SOLUBLE PHOSPHATE OVER UNTREATED SOIL DUE TO
MINERALIZATION OF THE ORGANIC PHOSPHORUS ADDED - mge P

per 100 go SOIL.

TREATMENT TIME - WEEKS .
U o 1 3
2 3451 33,00 37480
3 1.28 -1,48 1.00
5 0409 3e44 5417
6 0.21 0431 0435

—— e v e s e i e N meemtem m T - —

o et



TABLE XXVII. INCREASE IN SOLUBLE PHOSPHATE OVER THE INITIAL
VALUES (O-time) DUE TO MINERALIZATION OF THE
) ORGANIC PHOSPHORUS ADDED - mg. P per 100 g. SOIL

R

TREATMENT | _TOE - WeEKS .
1l 3
2 29449 34,29
3 - 2 L] 76 -0 ® 28
5 3635 5.08
6 0.10 O.14

TABLE XXVIII. INCREASE IN SOLUBLE PHOSPHATE OVER THE INITIAL
VALUES (TABLE XXVIIEXPRESSED AS PER CENT OF THE
ORGANIC PHOSPHORUS ADDED.H&

TREATMENT TIME - WEEKS
1 3
2 58,18 68458
3 -5.52 -0456
5 6.70 10.16
6 0420 0.28

20rganic Phosphorus added was 50 mge. P per 100 g. soil
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The increase in soluble phosphate extracted from the treated samples
over thet from the untreated samples is shown in Table XXVI. The increase
over the initial values due to mineralization of the organic phosphorus
added is recorded in Table XXVII, In Table XXVIII this letter is expres-
sed as per cent of the organic phosphorus added.

The yeast nucleic acid was almost 70 per cent decomposed on the
Macdonald College soil but only 10 per cent on the podsol soil, and de-
composition was still proceeding at the end of 3 weeks in each sample.

These results are in agreement with the well known fact that organic
phosphorus is more easily mineraliged by calcareous soils. No decomposition
was shown by the soil nucleotide compound on either soil. This again
demonstrates the great stability of at least a large part of the soil
organic phosphorus.

It may be that the most labile fraction of the soil orgenic phosphorus,
becomes decomposed during the isolation precedure or remains in the humic
acid fraction and it is possible that it is this fraction which becomes
decomposed when a soil is limed.

The results indicate that a large part of the soil orgenic P must
be protected in s@me way from the action of the soil micro-organismse
This again suggests that the organic P may be 'buried' in the organic
matter as in the theory advanced to explain the manner of solution of
the soil organic Pe.

One reason why liming a soil brings about a decomposition of organic
phosphorus is probably to be found in the resulting immense stimulation
of micro-organic activity. Liming a soil causes the aggregation of the
soil colloids which would probably decrease the solubiiity of the organ-
ic matter. This however would result in much better aeration of the

gsoile The pH would become more favourable for the development of the
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soil organisms. Thus the stimulation of the soil micro=-organisms would
lead to the decomposition of much more organic matter including orgeniec
phosphorus compounds and this would probably be much more importent than
the decrease in solubility of the or ganic matter,

This however does not explain why the isolatedl orgenic phosphorus
was not decomposed when incorporated in the soil. Apparently, it is
stable to the ordinary soil decomposition agencies under the conditions
present in the soils studied. Since (see later) the isolated material
probably contains both phytin and nucleotides which are both decomposable
by miero-orgenisms, it is difficult to explein this fact. It seems theat
the organic phosphorus must be combined with humic acid, Fe, or some
other inert material in such a way that the action of the soil decom=
posing agencies is inhibited. However the slow decomposition of yeast
nucleic acid on the podsol soil suggests that conditions are not very

favouraeble for the degradation processes in this type of soil,

5¢ PFourth Soil Decomposition Experiment - Phytin

This experiment was undertaken when it became evident that phytin
wes one of the soil organic P constituentse. Neubauer (1933) found that
phytin was 59% absorbed by rye seedlings in send cultures, and when soil
was added phytin became unavailable. There was no explanation of this
behaviour,

The tests in the present experiment were arranged in a similar
menner to the last experiment, the same two types of soil being used,

a calcareous loam (Macdonald College) and a podsol (Sherbrooke sandy

lO&Iﬂ.)o
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TREATMENT MACDONALD COLLEGE SOIL PODSOL SOIL
Nil 1 3
Phytin 2 4

The soil was prepared as in the previous experiments. Amounts of
phytin (prepared from Wwheat bran by the method of Boutwell,1917) contain-
ing 25 mg. P were added to 50 g. semples of soil. This was mixed with
the s0il and the samples stored as before.

Sa_mples were taken immediately for the initial enalysis and at
the stated times thereafter.,

The semples were dried and enalysed for soluble phosphate (0.4 N
H2S0, as the extracting acid) as before. The results are given in
Table XXIXe

TABLE XXIX. SOLUBLE PHOSPHATE EXTRACTED BY Oe4 N H2S04

(COMBINED FIRST AND SECOND EXTRACTS)
mge P per 100 go SOIL

TREATMENT TIME - WEEKS

0 2 8

Macdonald College

Nil 775 73.1 7561
Phytin 7841 74¢3 | 10149
Podsol

Nil 14.1 12.9 14,5
Phytin 1367 13.9 1608

The results show that phytin was not decomposed ‘m either soil

in two weekse
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At 2 months, however, about 51 per cent of the phytin had been decom-
posed sn the calcareous soil, while no decomposition took place ¢n the
podsol. This agrees with the known facts that organic P tends to be
decomposed on liming a soil. The phytin however is only slowly minereal-
1zed when compared with nucleic acid compounds.

Since the completion of our results on the isoletion of phytin, it
would seem that precipitation in the soil of the very insoluble ferric
phytate, which is not attacked by enzymes, is the reason for the stabi-
lity of phytine This ale®o explains Neubauer's resultse.

The stability of the so0il 'nucleotide! preparation therefore is
almost completely explained. Probably, it is composed mainly of enzyme-

stable residue of nucleic acid and phytin and these are both stable.

6. Conclusions

Nucleic acid and the four nucleotides of yeast nucleic acid are
rapidly dephosphorylated when added to the soil. Phytin and the separated
soil 'nucleotide'!, on the other hand, are relatively stable.

The decomposition of yeast nucleic acid g podsol and calcareous
loam soils showed a marked difference. Conditions in the podsol soil
were not particularly favorable for the decomposition precessese

Although it is certain that some soil orgamnic P is teking part in
the biological cycle being actively decomposed in the soil and synthesiged
in the bodies of micro-organisms, it is probable that the greater part
represents an accumulation of relatively stable organic P compounds.

The properties of phytin would suggest that it is responsible for
a considerable part of the organic P accumulation in acid soils. This
will be discussed in more detail in the next section. The nucleotide P
of the accumulating fraction of the organic P is probably composed mainly

of the 25 per cent enzyme-stable residue of nucleic acid. This enzyme=-

stable fraction along with phytin probably makes up the major part of
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the steble accumuleting part of the soil orgenic P,

Other P compounds, lecithin, phosphoproteins, end purine end
pyrimidine nucleotides, probably exist in soil in smell quentities,
being actively concerned in the life processes of miecro-orgenismse
This fraction represents the dynemic portion of the orgenic P which is
being added to the s0il continuously by plant and micro-organic residues
end is also being continuously decomposed by the soil micro-orgenisms,
gradually liberating inorgaenic phosphate for assimilation by plent roots
in the process.

There is evidence that phytin and the enzyme-stable fractiom of
nucleic acid are stable in the soil and there is also the theory that
decomposable compounds may become 'buried'!, so to spesk, in the soil
colloidal complex and so become perhaps positionally, unavaeilables The
evidence for this theory has become somewhet weekened since the finding
of the unavailebility of phytin and the nucleic acid residue, but the
manner of solution of the carbon, nitrogen and orgenic P compounds is
not readily explainable by any other meanse. Thus it would seem that
the chemistry of organic P in soils is much more complex than was origi-
nally anticipated.

This concept of the division, or perhaps fractionation, of the soil
orgaenic P is now being introduced into soil chemistry for the first time,
A considerable body of evidence has been brought forth in support of the
conclusions, and even if they do not prove to be strictly correct, they
do afford a basis from which future research mey be orientated and re-

present a very significant contribution to the knowledge of soil orgemicP .
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E. PHYTIN

I. INTRODUCTION

Very little is known about phytin in the soil. A search of the
literature reveals that phytin has not been detected in the soil up to
the present. Only one attempted isolation from the soil has been repor-
ted. Stoklasa (1911) was unsuccessful in en attempt to obtain a Cu salt.

Plant residues contain up to 85 per cent of their phosphorus in the
form of phytin (Rather 1917, Heck and Thiting 1927) so that considerable
quantities of phytin are added to the soil annually. Many bacteria,
fungi, etc., contain the enzyme phytase and are able to hydrolyze phytin
(Kawahara 1930, Dox and Golden 1911), so it would seem very probable that
it would be hydrolyzed in the soil by these agencies. One would not ex-
pect phytin to accumulate in the soil unless it were de-activated in
some waye There are two possible ways in which such a de-activation
might occur. First, the phytin might become incorporated along with
other undecomposed organic matter with the colloidal material of the
soil and become buried - so to spesk on the soil particles by further
deposition of colloidal material in such a way that further bacterial
decomposition would be prevented for the time being. This is the same
explanation as that advanced for the persistence of the nucleotide com-
pounds in the soil. Second, phytin forms a very insoluble iron compound,
end it seems possible that this compound might be precipitated in the soil
and thus remove the phytin from the sphere of bacterial action as aboves,

The low N content of the preparations obtained in the work on the
separation of organic P indicated the presence of phytin. Also Smith
(1939) has found that a fraction of soil orgenic P is very resistant
and possibly is phytin. Therefore an attempt was made to confirm the

presence of phytin in the materiel isolated from soil.



2. Estimation of Phytin in the Soil Nucleotide Prefiaration

The FeClz titration method of Rather (1917) was first used. 28.8 mg.
of ppt. 12p dissolved in dilute HCl was titrated by FeClg (0e5 mge Fe per
mle in 1 N HCl) in the presence of KCNS. Using the factor 1.19 (Rather
1917) for converting Fe to phytin P, the phytin phosphorus found was
1.34 per cent, although the endpoint was very uncertain. Due to this
difficulty, the procedure of McCance and Widdowson (1935) for the deter-
mination of phytin was tried. An excess of FeClz solution was added to
e solution of ppte 12p, the Fe phytate precipitate was filtered off and
washed with N/6 HCl. It was then decomposed by heating 15 minutes on
the steam bath with a 1 per cent NaOH solution. After centrifuging
off the coagulated Fe(OH)5 end washing with hot water, organic P wa.s
determined in the solution. The phosphorus smounted to 2.12 per cent P
(=9=49 per cent Total P of ppt. 12p). This procedure was much more
satisfactory then the direct tibration.

This shows that the isolated meteriasl, 12 p. contains almost half its
P in an organic form precipitable by FeClz in acid solution end there-
fore almost certainly phytin.

The next step was to prove that this material was phytine The
cheracterization of phytin is usually made by an isolation of inositol
after hydrolysis of the phytin material.

A quankity of the soil thucleotide! was therefore treated with
FeCl, in order to separate the phytin.

1.674 go ppte 11p £ 1.158 ge ppt. 13p, containing 0.,1384 g. Total P,
was dissolved in 100 ml. dilute NHz, NHz being added until just alkaline.
The solution wes then made slightly acid with HCl. 50 ml.FeClz solution
wes sdded and the solution was heated 15 minutes on the steem bath to
coagulate the Fe phytate. After cooling, the precipitate was centrifuged

off and washed with 20 mle. N/6 HCle The filtrate was further treated with

50 ml. FeClz and a second precipitate was obtained as above.
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Each precipitate was dissolved in 50 ml. 1 N NaOH, a1d heated 20 min,
in a boiling water bath. The coagulated Fe(OH)z was centrifuged off and
washed with hot water. The solution was just acidified with N HCl1l and
a reprecipitation with FeCl; was carried out as above. The final NaOH
solutions were united and concentrated under reduced pressure to 20 mle
Analysis of a portion showed 39.2 mge. totel P and 35.7 mge. orge. Pe

On neutraelizing the filtrates from the Fe phytate above a small amount
of precipitate was obtained. This only precipitated in just acid solution
even after reprecipitation and contained only 0.4 mg. P. This might
possibly be an Fe salt of inositol triphosphoric acid since Anderson (1912)
found that this compound gave an iron salt which was insoluble at a
neutral reaction. Its presence could be accounted for by a slew partial

decomposition of the inositol hexaphosphate.

3+ Attempted Isolation of Inositol

The solution of phytin in NaOH obtained as described above was
neutralized with H,80, and 5 ml. conc. Hp30, added - total volume 25 ml.
This was then hydrolyzed for 4 hours in an autoclave under pressure at
150° C. to liberate inosite (Anderson 1915). As a check experiment a solu-
tion of 5 g. phytin in 25 ml. of 20 per cent HoS04 was hydrolyzed at the
same time.

32804 end HLPO4 were precipitated from the hot hydrolysate by hot
saturated Ba(OH), solution. The BaSO4 and Baz(PCy)s were filtered off
and washed with hot water. The excess Ba was precipitated by COs and
the BaCO3 filtered off. The solutions were then evaporated to 20 ml,

The inosite was then precipitated by the method of Young (1934). 100 ml.
acetone and 50 ml. ether were added to each solution and the mixtures

were placed in the refrigerator overnight. The pure phytin solution gave
a white crystal line precipitate immediately while the soil phytin gave a

gugary masse. The inosite precipitate was filtered off'; washed with

acetone snd ether end dried for a short time at 100° C. The pure phytin
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yielded 04352 ge inositol (a) while the soil phytin gave 3.39 g. of
impure material, (b)e

A portion of (b) gave a negative Scherer's test for inosite, while
(a) gave a definitely positive test. This was teken to mean that material
(b) was inpure since the test works satisfactorily only with relatively
pure material.

An attempt was therefore made to purify the material according to
the procedure of Young (1934),

The substence was teken up with HCl end 3.0 g. Ba(OH), was added.,
The mixture was heated 5 minutes on the water bath and 40 ml. alcohol
was added. After standing 2-3 hours the precipitate was filtered off,
washed twice with 5 ml. absolute alcohol and dissolved in 40 ml. hot
water. A slight excess of 2 n Hpw0, was added, end the solution was heated
45-60 minutes on the steam bath. “The filtrate from BaS0, was eveporated
to 3 ml. and precipitated with 30 ml. acetone and 15 ml. ether, as before.
52.1 mg. of a white powder was obteined. 10 mg. gave a negative Scherer
test. Recrystallization of the remainder yielded 37.3 mge This material
also failed to give the Fischler and Kurten (1930) test for inosite, while
the inositol prepered from phytin gave a veiry definite test. Apparently
the product was still impure, since the test works satisfactorily only
on a relatively pure sample of inositol.

Also the Fischler and Kurten test for phytin was epplied to ppte
10p but since so much extraneous colouring matter was present the results
were extremely dubiouse

The experiments described above were taken as being indicative of
the presence of phytin in the soil preparations, but showed that some

cl

wey must be found to isolate it in a nearly pure state if cogausive

tests are to be obtainede.
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4. Stability of Phytin to Oxidation by Br, in Alkaline Solution

The attempts to separate the organic phosphorus compounds from
soil have shown that it is very difficult to free the product from
humic acid or similer orgenic material. Lignin, humic acid, protein
and other related compounds are very readily oxidized by NaOBr, or NaOCl
in elkeline or neutral solution (Feustel and Byers 1936, Norman 1839,
Dean 1938)s On the other hand ph.tin and the organic phosphorus material
of soil are quite resistant to decomposition in NaOH solution. Thus if
phytin should prove stable to oxidation by Br, then extraneous organic
compounds could easily be removed from the soil phytin preparation.

A sample of phytin prepared from wheat bran by the methad of Powtwell
(1917) was used in this experiment. Analysis showed 21.33% P (moisture
free basis)(Theoretical » 20,96 for celcium inositol hexaphosphate)s

To 5 ml. of & 0e5% solution of the phytin in N/10 HC1 were added
10 ml., Hy0, 5 mle § N NaOH and 5 ml. saturated Brywater. After boiling
for verious periods, the solution was made acid with 5 mly, 6 N HCl and
the excess Bry was boiled off. The solution was cooled, diluted to 100 ml.,
and inorganic phosphate was determined. The results are presented in
Table XXX.

TABLE XXX, DECOMPOSITION OF PHYTIN BY ALXALINE Brg

Solution Time of | Phytin Inorge. POy Decomposition
Boiling | Present | Found mge P %
Minutes |mge P mge P
Inorge. P 5 ml. phytin
SOlno 4.00 00028
Total Blank 0.032
ep - 5 ml. phytin solnl 30 4,00 0.139 0,107 2ol
85 - " n " 60 4,00 0.194 0.162 4,0
agk n " " 40 4,00 0,300 0.268 6e7
a Mk " " " 30 4.00 0.143 0.111 2.8

kez was boiled almost dry after acidification
BRA large excess of Bro was used in this test,
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The results show that phytin is very slowly oxidized by Brs, only
4% being decomposed by boiling for 1 hour with excess Bry in 1 N NaOH
solution. (@cid hydrolysis gives a larger decomposition - a3)
It eppears that it should be feasible to use Brs oxidation in the
isolation of soil organic phosphorus,.
If the phytin. is converted only to inositol pentephosphate, then

2.75% dephosphorylation represents the decompostion of 16.5% phytin.

5. Separstion of Phytin from Soil

A preliminary experiment was undertaken to isolate ph.,tin from soil
by oxidizing the NaOH soil extract with Bry end precipitating the phytin
from the clesr acidified solution by FeClgze

50 go Helliday soil was leached with 100 ml. N HCl end then washed
well with weter. The soil was then heated overnight on the steambath
with 500 mle. 2% NaOH. The supernatant liquid was decanted off through
a cloth and treated with & solution of Brg dissolved in the equivalent
amount of NaOHe The solution was boiled and Brgy added until the solution
was decolorized. After acidifying with HCl the excess Bry, was boiled off,
A white flocculent precipitate now appeared which was removed. It resem-
bled cellulose but was easily soluble in 2% NeOH giving a dark colored
solution containing no phosphorus. The light brown liquid conteined
42 mg. organic Pe

Feustel and Byers (1936) have shown that a large proportion of the
products of bromination of lignin and humic acid are soluble, The
liquid was divided into two parts, one of which was extracted successively
four times with about 50 ml. ether. A lerge part of the yellow color

was removed snd the solution was now much clearer.



- 92 =

50 ml. FeCl, solution was added to each solution ( also 31 ml. 5 N
NaOH to meke the solution just slightly acid). The solutions were then
heated on the steam bath for 20 min.

The ether extracted portion formed a precipitate almost immediately.
The solution was cooled and the precipitate was centrifuged off end washed
with N/6 HCl. It was a greyish white color and contained 11.7 mg. orgenic
P. On making the filtrete up to 80% aleohol a precipitate was obtained
which contained a further 7 mg. organic P.

The non-ether extracted porticn gave no precipitate. Feustel end
Byers found considerable oxalic acidaemong -.the products of Bro oxida-
tion of humic acid. It is possible theat the®-0H organic acids formed
by bromination inactivate the FeCl; so thet ferric phytate is not formed.
Evidently ether extraction removes the interfering substences. The or-

recipitated
ganic P was almost completely/from the non-ether-extracted solution when
a 57 excess of HCl and alcohol were added to give a final concentration
of 80% alcohol. These results are summer ized in the diagram below

(The figures show the organic P present in the verious fractions)s

1 NH1 50 ge soil

. j
: 2%| NaOH
’ Br 2 Oxid.
) 42,0
21 21
acid 80% alcohol ether ext.,
ppth ' 1
19,0 240 FQCI3
pptj | soln
11.7 943

acid 80% alcohol

I
l I
ppte 25
648
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The ferric phytate is more neerly pure than the alcohol precipitate
although the latter giwves a greater recovery of organic phosphoruse. This
experiment showed that the Br, oxidation method is practicel and so a
larger amount of soil was now extracted.
500 g. Halliday soil were extracted with 1000 ml. N HCl, and then
heated overnight on the steam bath with 5 litres 2% MeOH. The liquid

was then decanted and trested with Br, dissolved in NeOH until the extract

2
was decolorized. This procedure took severel hours at the boiling temp-
ereture. The solution was then acidified with HCl, the excess Brg boiled
off end & small amount of precipitate was removed after cooling. The
solution contained 172 mg. organic P. After acidifying with a 5% excess
of HCl, the solution wes mede up to 80% alcohol. The precipitate of NaBr
crystals and organic matter was filtered off, 41 mg. orgaenic P still re-
maining in the filtrate. The precipitate was suspended in hot water and

50 ml. FeCl, soclution (5 mg Fe/il. 1 N HCl) was added together with 4 g.

3
NaOH to give mpproximately N/¢ HC1l solution. After heating 20 minUtes
on the steam bath, the ferric phytete was centrifuged off. The light
colored precipitate contained 121 mg. orgenic P. This represents 71%
of the organic P present in the oxidized extract and about 25% of the
total soil organic P.
ing

The filtrate from the alcohol precipitation contain/'41 mge organic
P was treated with 10 ml, FeCl5 soln. After standing 2 deys, the pre-
cipitate was removed and found to contain all the organic P present.

Thus we have succeeded in separating a large proportion of the soil

organic P in the form of an iron salt vhich is slmost certainly ferric

phy‘ta‘te .
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The various alcohol precipitates from the above experiments
were dissolved in 100 ml. N/iO HCl and the solution was treated with
Fecl3 solution. The precipitate was collected in the usual way and
wes then dissolved in hot 1% NaOH solution. The solution was very
dark in color and so was decolorized with Bry after which ferric phy-
tate was again prepared. The product was now pure white and after
washing with alcohol and ether was dried in a wvacuum desiccator. It
weighed 0.0596 g. (ppts A)e

The ferric phytate precipitates obtained from the soil extract
sbove were now purified by reprecipitation. The material was suspen=-
ded in 100 ml. hot water and 100 ml. 0.8 N NaOH added. The mixture was
heated 20-30 minutes on the steam bath and after cooling the coagulated
Fe(OH)z was centrifuged off and washed with hot water. The filtrate
contained 100.2 mg. P. The solution was acidified and ferric phytate
prepered as before. It was dissolved in 150 mle 1% NaOH and Fe(OH)g
removed. The solution was still dark colored so it was treated with
Bro. After acidifying end boiling off excess Br,, the solution was
extracted with ether. This removed traces of Brg and the solution was
now clear snd colorless. Ferric phytate was again precipitated and
collected as before. It was/;ﬁre white product and contained 48.6
mg. P (see below)., This represents a 50% yield after two FeClz precip-

jtations, one Br, treatment, and two NaOH treatments. The loss is

2
probably due to incomplete precipitation and partly to decomposition

by Br, oxidation.

6. Analysis of Iron Salts from Soil and from Bran Phytin

Precipitete A was dissolved in 10 ml. hot water and 10 ml. 0.5 NaOH.

After heating and cooling the Fe(OH)z was centrifuged off and washed



96

with hot water. The solution ontitained 5.93 mg. Pe The Fe (0H)z was
dissolved in HCl end Fe was determined by the dipyridyl method (Parker
end Griffin 1939). 8.60 mg., Fe was present.

This orresponds to en enalysis of 9.97% P and 14.4% Fe, with a P/Fe
ratio of (.69.

The sodium phytate solution from precipitaste B contained 48.6 mg.
P and the Fe Cl 3 solution 63.8 mg. Fes The P/Fe ratio was thus 0.76.

It was found by exemination of some of the FélXOH)S precipi%ates
above tThat only treoces of phosphorus were precipitated along with the
Fe (OH)z.

The P/Fe ratio of ferric phytate found by titration (Rather 1917,
Heubner end Stadl r 1914) is ebout 1,20 and this differs widely from
the ratio found above. Accordingly ferric phytate was prepared from
pure phytin (prepared from bren) fon/Zmparison'with the ebove.

04323 g. phytin (80 mg.P ) was dissolved in N/10 HCl and treated
with ngblg. The ferric phytate was decomposed by 1% NaOH end analy-
ses mede as above. The N%Phytate contained 39.8 mg. P and the Fe(OH)z,
5548 mg. Fe, giving a P/Fe ratio of 0,71, This value agrees with the
velue from the soil ferric phytate,.

To determine if treatment with Bro had any effect on the meterial,
50 ml. of the above solution of sodium phytate from phytin was treated
with Bro, The solution was acidified end excess Brg boiled off. It
was extracted with ether, precipitated by FéiClg gnd the ferric phytate
solution ophtained 9.55 mge P and the Fe(OH)z 14.0 mg. Fe.

Thus the P/Fe ratio is 0.68, in agreement with the sbove,

Thus the P/Fe ratios of the soil ferric phytate preparation are

identical with those of ferric phytate prepared from pure phytin.
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A semple of ferric phytate (air‘/%r%repared by Miss E. Knight by
precipitation of phytin with Fecl3 (phytin definitely in excess) was
now analyzed.

Moisture was determined by drying e sample of 48.5 mg. at 120° Ce
for 2 hours. The semple oontained 13.8% H,0. The sample was then ig-
nited with Mg(NOS)z and P end Fe was determined after solution of the
residue in HCl. (No interference of Fe with the P determination could
be observed.) The solution contained 8.30 mg. P and 7.25 mg. Fee Thus
the ferric phytate conteined (oven-dry basis) = 19.8% P end 17.3% Fe.
and:hedae P/Fe ratio of l.l4.

20343 mge of the ferric phytete semple were washed with alcohol and
ether and dried in a vacuum desiccator. The sample still retained 9.64%
Ho0e This is in accord with the results of Posternak (1921) who found
that all phytin salts contained large smounts of water of crystalliz-
ation which was very difficult to remove,

10l.1 mge of this dried preparation was decomposed with NaOH and
the Fe(OH)s had removed as before, The sodium phytate solution contained
17.4 mg. P while the Fe(OH)z had 15,75 mg. Fe. Thus the preparation
contained :

Ether dry Basis = P..17.2% Fe.e15.6%

Oven dry basis = Pe.19.1% Feeel7e3% - P/Fesslall
This shows that the two methods of analysis give identical results.

The P/Fe ratio of this preperation differs widely from the preper-
ations gbove and oorresponds with the titration ratio. This is expleine
ed in that an excess of Fe(Cl was not used and therefore the iron salt

AN
formed was the seme as that formed in the titration procedure (see later.)
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To check the above results, another sample of phytin was treated with
excess Fe:Cl3and the ferric phytate precipitated was decomposed in
NaOH and P and Fe determinations were made as before. After drying
with alcohol and ether the preparation still contained 17.5% Ho0e On
an ovendry bgsis the results showed:=
= Peel5.67 5y Fe.e23.6%,y P/Fo..0.67

Thus we -have isolated two iron salts, both precipitated in acid

solution, but one containing much more Fe than the other,

No data on these salts could be found in the litergture.

Te Titration by FeClg of Sodium Phytate from Soil and from Bran Phytin

The fact that the P/Fe ratios obtained by analysis did not agree
with the titragtion values given in the litergture was now investigated.

Heubner and Stadler (19%4) first introduced the method of titration
of phytin by FeClge Reth®/(1917) Harris and MOsher (1934) Averil and
King (1926) gnd others have introduced various modifications all desig-
ned to allow a more accurate determination of the endpointe. Rather's
direct titration method using NH,CNS as an indicator was used in this
worke

10 ml.of sodium phytate solution was made up to 50 mle. (approx.)
with enough HE1 to make a 0.6% HCL solution. 2 ml. of 0.37% NH,ONS was
added. The solution was then titrated with FeClz solution (0.5 mg.
Fe/ml, 1§ HC1) until a brownish color, permenent for 5 minutes, was ob=
tained. A blank determination required 0.15 ml. FeClg solution. Results

on the sodium phytate solutions from soils and from phytin are given below

in Tgble XXXIe
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TABLE XXXI. TITRATION OF PHYTIN SOLUTIONS

Solution P present | Fe added P/Fe
mge P mge Fe
5ml, soil N%phytate 1.41 1.10 1.27 ) )
1.23

5ml " 1.41 1.19 1.19 ) )

10ml phytin * (a) | 1.47 1.32 1.k2 ) 1.21

0ml, " *(b) | 3.51 2.74 1.277) )

1.20

IomL " " (e) 3.51 2.92 1.20 ) )

These values for the P/Fe ratio agree very well with those found in
the literature - Heubner and Stadler (1914) gave the value, 1,19, and
Rath/°?1917), 1.21e There is practicall$ no difference between the so-
dium phytate prepared from phytin and that prepared from the soil pro-
duct.

Another titration was made with the phytin dissolved in just acid
solution. The soil sodium phyﬁiﬁte gave a value for the P/Fe of 1.04
while the bran phytin sodium phytate gave 1.03. Again the results are
practically identical, although differing from the value obtained in

acid solution. Apparently the acidity has some effect on the amount of

iron teken up by the phytin.

8, Discussion of Iron Salts.of Phytin.

The P/Fe ratios found by analysis and those found by titration are

summarized in Table XXXIT.
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TABLE XXXII., P AND Re CONTENT OF PHYTATE PREPARATIONS
Preparation Analysis Titration P/Fe
1.p| #Fe |P/Fe ratio (P present mg.)| 0467 HC1 |slightly
acid scln.
Fe phytate, soil 0.76 1.41 1.27
1.41 1.19
2443 1.03
Fe phytate, s011]9.97 14.4 0.69
(2 Bry treat-
ments)
Fe phytate, bran
phytin (1) 0.71 1.47 1,12
Fe phytate, bra.% .
12,9 [ 19,5 | 0,67 3.51 |1.20
phytin (2) (15.63%23.5)" 3.51 1.27
Fe phytate, bran
phytin (Br, treat-
od) 0.68 1,04
Fe phytate =~
unsat'd 17,2 | 15.6 | 1.1l
(19.1%(27.3)*
(198 f(17.3)° |1.14

x These values are on oven dry basis.

dry materisle.

o Analysis by ashing with Mg(NOg) .

The others are analyses of ether
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The average P/Fe ratio by enalysis is 0.72 for the soil preparation
and 0.69 for the phytin preparation, so that the two agree very well. If
one assZumes a moisture content of 37.5% for the soil ferric phytate amal-
yzed then the P content is 15.9% P and the iron 23.1% Fe which is almost
identical with the composition of the phytin salt,

As to the theoretical composition of ferric phytate, we have very
little data on which to base our conclusions,

Rather (1917) assumed that phytin was a salt of inositol pentaphos-
phoric acid and sssumed the iron salt formed by titration was a hepta-
ferric salt [06H60H.H3 (PO4)5’J 3 Feoe

On the basis of Anderson's conclusion that phytin is a salt of
inositol hexaphosphoric acid, it appears to the writer that the iron salt
would be represented best by the octaferric salt[:06H6H4(P04)é]3 Fege

The iron saturated salt would be represented by the tetraferric
salt - CgHg(PO4)g Fege

The P and Fe contents and R/Fe ratio of these compounds are given

in Teble XXXIII below.

TABLE XXXITI. COMPOSITION OF FERRIC PHYTATES

COMPOUND % P % Fe _ P/Fe
CgHg(POy ) gFey 2143 2547 0.83
(CHgH, (P04 ) g) 5Fes 2342 1846 1.24
(CeHgOH H3(PO4)5)sFeq 20,8 17.5 1.19

The theoretical iron saturated salt contains a higher percentage of
P and Fe than that found in either the soil phytin or phytin preparations.

Posternak (1921) found that phytin salts in general adsorbed



101

very high amounts of water and also he found that it was very d ifficult

to remove this water from the salts. If it is assumed that these prep=-
arations contained adsorbed water (as the soil phytate preparation cert-
ainly did) then the analysis spproaches very nearly that of the theoretiaale.
The P/Fe ratio shows that our preparations contained more iron than the
tetraferric phytate (P/?e 0.71 - 0.83) Assuming the preparation to contain
GgHg(PO4)gFe, # Fe(OH); # Hp0 then calculation shows the bran phytin
preparation should contain 1.03 mols. Ee(OH)s and 1l.6 mols. HoO per mol.
of GGHQ(PG4)6F94, and the soil phytin 0.82 mols. Fe(CH), and5 0.6 molse
HyO. This Hp0 content is of the same order as Posternak obtained for
sodium phytete and other phytin salts, end it would seem reasonable that
the highly colloidal ferric phytate precipitate could adsorb a molecule

of Fe(OH)5 even in acid solution.

The ferric salt formed by titration and that precipitated in a sol=-
ution with excess phytin agrees very well with either the octaferric salt
of inosit ol hexapha phoric acid or the hepteferric salt of inosit 1 pent=
aph@sphoric acid, on the basjs that the prepared salt again contains ad=-
sorbed water.

Regardless of whether the compounds agree with the theoretical or not
the soil preparstion agrees almost exactly with the bran phytin in every
respect.

Two different ferric salts of phytin have been prepared and it is ob=

vious that more work is needed on the chemistry of these phytin compoundse

$. Fischler=- Kurten Test for Phytine

er and .
The Fischl/ Kurten (1932) test for phytin was applied to the sodium

phytate solutions from pure phytin and from the soil preparationa‘ 10ml.
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sodium phytaste solution (containing mpproxe 4mg. phytin P per ml.) was
evgporated almost to dryness (syrupy) in a 80 ml.Erlenmeyer Flask.
Fech solution gave a yellow-green color at this point. A knife peint of
Na,0, wes added, mixed well with the residue, and one to two drops of
water added to form a paste. The flask was then carefully hested for
1=2 minutes over a flame until a spot of carmine-red appeared which spread
over the whole surface. A definite carmine-red color test was obtained
from both solutionse.

Thus the Fischler Kurten test indicated the presence of phytin in

the soil preparetion.

10, Enzyme Dephosphorylation.

ity
Enzymatic hydroly:is should give further proof of the ideni/ of the

product isolated from soile If it is phytin then phytase shoulk hydrolyze
the organic phosphorus whereas phosphatase enzymes should not attack the
compound. These two enzymes were allowed to act on the sodium phytate

solution and the extent of hydrolysdés of organic P was determined.

(A) Action of Phosphatase.

An enzyme extract was prepared by extracting the mucosa of pig's
dntestine with water. It was allowed to autolyze for 24 hours and was
then filtered. This extract should contain both diesterases and mon-
oesterases (Levene and Dillon 1937)s 10ml. of this extract was added to

5@1. of test solution gnd the solution was then brought to about pH 8¢5
P 4

(Just alkaline to phenolphthalein). 1/;{11. of toduene was esdded to each

tube, and the samples were then incubated at 350¢, The test solutions

were as follows:
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5 ml., water(blenk)
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5 mle 1% yeast nucleic acid soln.

5 ml. Na phytate (soil prepn.)

5 ml. Na phytate (bran phybtin)

At intervals 1 ml. of solution was removed from each tube, diluted

10 ml., and inorgenic phosphate determination made.

given in Table XXXIV belowe

The results are

TABLE XXXIV. PHOSPHATASE DEPHOSPHORYLATION
SUBSTRATE Orgel Inorg. P found DECOMPOSITION
added mge P mg. P % Orge P
Mg.P
P days 3 6 10 1 & 6 10 3 6 10
1.,Blank - 0,18 0455 0458 0658 = - - - - -
2.Nucleic Acid] 4.85 [0.18 3.09 4,00 4.23 254 3442 3.65|5244 7045 7540
3eNa phytate N Tao%
(58011) |1422 P19 0466 0682 0,91 0411 0424 0433 9.0 19.6 2740
4.,Na phytate
(phytin) [1.43 .18 0452 0460 0466(-0,02 0,02 0,08¢-1.4 1.4 5.6

value for the blank was substracted from those of the =

to give the amount of added organic P hydrolyzed.

The intestine extract

— e

contained some organic phosphorus and so the

RIS test solutions

-

The decomposition of

nucleic acid proceeds to 75%, thus showing that the enzymes were active.

This result is in accord with Gullend and Jackson's observation that yeast
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nucleic acid is only 75% dephosphorylated by enzymes. The importance
of this in regard to the accumulation of organic phosphorus in soils hss
already been mentionede The Na phytate from phytin was not attacked gt
all and that from soil only slightly, thus leaving no doubt that the
soil phytate preparation is principally non-mucleotide in naturs.

A nitrogen estimation on the s0il Na phytate solution showed that it
contained no nitrogen, so that the stability of the organic phosphorus can
not be due to its being compoaed of the 25% undecomposable fraction of

nucleic acid.

(B) Action of Phytase.

A phytase enzyme extract was prepared by extracting bran with about
5 times its weight of water for an hour and filtering off the bran (Plime
mer 1913}, 3ml of this extract was then added to lggl. of test solution
which had been adjusted to about pH 4.7 (just colorless to p-nitrophenol).
Kgwahara (1930) states the optimum pH for the phytase enzyme is 4.67.
The solutions mere made up to 15ml., lml. of toluene was added to bach
and the solutions were incubagted at about 35°C.
The test s olutions were as follows:
1. 10ml, water
2¢ 10ml, water
3. 10ml.Na phytate (bran phytin)
4, 10ml. Na phytate (soil)
5¢ 10ml. Ne Phytate (phytin Brg treated)
6¢ 10ml. Fe phytate ( * " " )

7o 3ml, 1% nucleic acide

At intervgls 1 ml. samples were removed, diluted to 50ml. and phog=

phate determinations were made. The results are given in Table XXXV
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TABLE XXXV, PHYTASE DEPHOSPHORYLATION: =
|
SUBSTRATE |org. P Inorge P found DECOMPOSITION
added mnge P
mee P - — , Nge P %f_)_r_g. Pe
0 days 3 7 3 days T 3 7
1. Water - | 0e84 1.12 1.12 - - i, -
Z.wa‘ber - 0086 1012 1012 - - - -
3«Na phytate 2¢86| 0488 3.45 3,56 2033 2e44 8le5 8563
(phytin]
4,.Na phy'bate 2e44)| 0487 2.84 3630 1.72 2018 7065 89.4
(soil)
5.Na phytate
64Fe phytate
(phytin Br2: 1.47|0.81 1,10 1l.16 -0,02 0,04 -1,4 e 7
TeNucleic acid 2,91 |[0.86 3,22 3.22 210 2610 722 7262
e L -

The phytin solutions contained praetically no inorganic phosphate as

the initial phosphate content was approxi.ately the same in all casese

The bran extract contained some phytin and so the water and enzyme

solution was used as a blanke.

All the sodium phytate preparations, from soil or phytin, were

dephosphorylated, from 85-95% of the organic P being decomposed, there

being no difference between the soil and phytin solutions,

These results considered with those of the phosphatase decomposi-

tion experiments leave no doubt that the soil phytin is the same as the

pure phytin in its behaviour toward enzymes,
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The phytase also decomposed nucleic acid (again almost 75%) so
that the extract must have contained some phosphatase active in acid
solution. Plimmer (1913) also found that bran extract partially hydto=
lized nucleic acide This is unfortunate in that we may not distin-
guish between phytin and nucleic acid by the phytsse enzyme from bran.
However the phytin was decomposed to a greater extent than the nucleic
acid.

A result of very great significance is that ferric phytate was not
decomposed. It is quite possible that this is due to the inselubility
of ferric phytate. It seems likely that in soils, the majority of which
are slightly acid and contain Fe in an active state, that phytin will
be precipitated as ferric phytate which is not decomposed by the soil

enzymes, and thus phytin would accumulate in the soil.

11l Conclusions

The results of our investigation of phytin in soil have been very
significent. One experiment showed that a sample of the organic P
preparation isolated from soil contained 49% of its P as phytin and in
another experiment, about 25% of the total soil organic P was obtained
in the form of phyiin. The isolation was certainly not quantitative
so thet a large part of the organic P of some of our soils must be
present as phytin. The significance of this will be discussed later.

It was found thet the ferric phytate prepared from soil extracts
by precipitation with FeCly in acid solutien contained too much
contaminating organic matter, which could not be removed by ordinary
means, to allow the characterization of phytin compounds.

Phytin has been found to be quite stable to oxidation with Brp
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in alkaline solution, and this treatment was found to be very effective
in removing the extraneous orgasnic matter and leaving the phytin, although
some loss of phytin undoubtedly occurred. The following procedure was
found to be effective for the isolation of phytin. The soil, leached
with 1 N HCl as usual, was extracted with hot 2% NaOH for several hours.
The extract was forced from the soil residue and oxidized with Brg in
boiling alkaline solution until an excess of Bry was present. The extract
was then acidifidd, excess Bry boiled off, and the phytin precipitated
in acid 807 alcohol solution. The precipitate was dissolved in N/10 HC1
and precipitated with FeClz. The ferric phytate was collected, decomposed
with NaOH and agein treated with Bry to remove extraneous organic matter
completely. Excess Brg was removed as before and the colorless acid solu=-
tion was treated with FeClz. The pure white ferric phytate was collected.
Although this procedure was not quantitative, the product obitained was
quite pure and analysis showed that it was identical with ferric phytate
prepared from a pure sample of bran phytin.

The ferric phytate preparations contained considerable water of hyd-
retion and when this is taken into account, the P and Fe content of the
prepared ferric phytate agrees very well with the theoretical value, al-
though they contain more Fe, which could be accounted for by absorbed Fe.

Analysis of the sodium phytate solutions by titration with FeClg to
the thiocyanate endpoint gave results agreeing with the theoretical value,
and the value for soil phytin again agreed with the bran phytin.

Two iron salts were prepared, one corresponding to the iron satur-
ated salt Fe,Cglg(POy)g and the other to the partially iron saturated
salt [CgHgHa(PO4) 4 [ 3 Feg-

Enzyme dephosphorylption studies with phosphatase and phytase enzyme
oxtracts confirm the presence of phytin in the soil preparation. Phos-

phatase hydrolyzed nucleic acid (75%) while it had little action on bran
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phytin or the soil phytin preparations. Phytase decomposed all three
substances, the soil phytin and bran phytin to the same extent (85-95%)
and nucleic acid to about 72%. Since the soil preparation contained no
nitrogen the dephosphorylation must be due to hydrolysis of phytin.

Gulland and Jackson's observation of a 75% enzymatic hydroiysis of
micleic acid was fully confirmed, and it seems probable that this un-
decomposed fraction may account for the greater part of the accumuletion
of soil organic phosphorus which is not due to phytin.

The presence of phytin in the soil, and the fact that ferric phytate
is not hydrolyzed by the phytase enzyme, is very important. The phosphorus
of plant residues is present to a large extent as phytin. When this is added
to soils, the majority of which are slightly acid, very probably ferric phy-
tate would be precipitated and thus would bq/inform in which it would not
be attecked by the enzymes of the soil micro-organisms. Thus a large part
of the accumulation of organic phosphorus in soils would be accounted for-

We may speculate that in calcareous soils, where ordinarily organic
phosphorus shows a legser tendency to accumulate, the insoluble ferric
phytate either would not be formed or would be decomposed (since it is
unstable in alkaline solution), thus liberating the organic phosphorus
for the action of micro-organisms. The beneficial effect of liming acid
soils may be due, in part, to the liberation of phytin phosphorus. This
is substantiated by the finding that phytin was partially decomposed on
a calcareous soil.

Similarly, Na,CO3 treatments of soil would result in the hydrolysis
of ferric phytate, thus rendering the phytin more subject to micro-organic
attack, Also, particularly in podsols, the iron liberated from the ferric
phytate would probably form complexes with the OC- OH organic acids present

in these soils, and would thus be rendered available for plant absorption.

In this way the increased yields and increased iron content of plants grown
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on sodium carbonate treated soils (DeLong 1939, Dyer and McFarlane 1938)

may be explained.
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SUMMARY OF NEW RESULTS

The methods of separation of organic phosphorus from soil in use
at the outset of this investigation were found to be very inefficient,
allowing only a separation of 5 - 13 percent. This was unsatisfactory
since it was almost impossible to obtain any appreciable amount of soil
erganic phosphorus with a reasonable amount of time and labor, and fur-
ther it was considered that the small frection obtained might not be at
all representative of the principal organic phosphorus compounds present,

A new method of extraction using 6 N HCl was also tried but the re-
sults were again unsatisfactory, giving yields of from 2 - 12 percent.

Investigation of various extracting solutions and methods showed
that extraction with hot ammonia was much superior to cold ammonia or
Na5CO3. Hot ammonia preceded by leaching with HC1l removed 90 - 100 percent
of the soil organic phosphorus. In all cases the amount of organic matter
dissolved paralleled the amount of organic phosphorus dissolved. The addi-
tion of Ga(N03)2 to the ammonia solution before removing the soil residue
was shown to have a specific precipitating action on organic phosphorus.

When hot ammonia extraction was used in an attempt to separate organic
phosphorus material from the soil it was found, that after humic acid was
precipitated by acidifying the ammonia extract, only about 10 percent of
the organic phosphorus remained in solution.

This organic phosphorus distribution between the humic acid pre-
cipitate and filtrate was found to be of the same order in several soils.
In four podsol soils from 7.8 to 14.8 percent of the orgenic phosphorus
of the smmonia extract was obtained in the humic acid filtrate. The
Halliday podsol Ay layer yielded 10.1 percent, a calcareous loam 8.4

percent and the St. Chlothilde muck 30.4 percent, thus showing a differ-

ence between the muck and the other soils.
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It was found that if ammonium oxalate was added to the ammonia ex-
tract before acidification that the recovery of organic phosphorus in
the humic acid was very much increased (20 =- 400%) ; for the muck soil,
from 30.4 - 36.6 percent, a podsol, from 10.3 - 28.4 percent, Hglliday
podsol, A; layer, from 10.6 - 52.0 percent. The organic matter content
of the solution remained practically the same. The optimum concentration
was found to be about 0.15 g. ammonium oxalste per extract from 1 g. soil.

The hot ammonia extraction method with the addition of oxaslate was
used to separate the organic phosphorus from large amounts of Halliday
860il. From 38 = 46 percent of the total soil organic phosphorus was
actually separated as a 'nucleotide' precipitate. About 38 - 40 percent
remained in the humic acid precipitate, sbout 3 percent in the acid ex~
tract (leachings) and in the alcoholic filtrate, and from 6 - 20 percent
remained in the soil residue.

The nitrogen content of the purified ‘'nucleotide' preparations was
found to be much lower than would be the case if the organic phosphorus
consisted of nucleotide compounds. The nitrogen accounted for only
34 percent and 69 percent of the organic phosphorus in two soil prepara-
tions. This suggested the occurrence of phytin.

About 10 percent of the total N was accounted for by purine N.

Xanthylic acid was the only purine nucleotide which could be de-
tected in the 'mucleotide' preparation and attempts to identify pyri-
midine nucleotides were unsuccessful. Ribose sugar and phosphoric acid
were present.

Hydrolysis with NaOH showed that 75-95 percent of the organic phos-
phorus of the humic acid precipitate, filtrate and the separated 'nucleo-
tide' material was stable to NaOH.

Soil decomposition experiments, in which organic phosphorus compounds

were added to soil and the mineralization of organic phosphorus determined
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by acid extractions of the soil at suitable intervals, showed that yeast
nucleic acid and the four nucleotides prepared from nucleic acid were
rapidly dephosphorylated on muck and on calecareous loam soils. Addition
of Ga(OH)2 or glucose had no effect on the decomposition. The separated
soil 'nucleotide' was stable under these conditions. The recovery of
added inorganic phosphate was approximately the same as that of nucleic
acid phosphorus indicating almost complete decomposition.

Another experiment showed that nucleic acid was rapidly decomposed
on a calcareous loam while it was only slowly decomposed on an acid pod-
8ol soil. The soil 'nucleotide' wgs stable on both soils. This suggests
that podsol soil conditions are not very favorable for the decomposition
of nucleotide compounds.

A further experiment showed that phytin was stable on the podsol
soil while it was slowly decomposed on the calcareous loam. These ex-
periments show conclusively that the soil 'nucleotide' does not hehave
like the ordinary nucleotides. Titration of a solution of the soil
'nucleotide' with FeCl3 showed the presence of material precipitable
by FeCl,. A phytin determination according to the method of MeCasce
ghd Widowsem showed that about 49 percent of the organic phosphorus was
present as phytin. An attempted isolation of inositol from a hydrolyzed
portion of the soil ‘'nucleotide' was unsuccessful, very probably due to
the pressnce of extraneous organic material.

Phytin was found to be stable to oxidation by Br, in alkaline solution.
Phytin was isolated from soil by treating NeOH soil extracts with Br, and
precipitating phytin from the acidified solution by FeClg (in some cases
by 80 percent alcohol). The preparation was purified by reprecipitation
and further treatment with Br, and was obtained as a white precipitate

of ferric phytate, in amount corresponding to about 25 percent of the

totel organic phosphorus of the original soil.
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This so0il ferric phytate preparation was anslyzed and its Fe and P
content (P/Fe ratio = 0.72) corresponded with ferric phytate prepared
from pure phytin (wheat bran)(P/Fe - 0.69). Two iron salts were pre-
pared, the comﬁosition of which corresponded approximately to tetra-
ferric inositol hexaphosphoric acid, CéHs(P04)6Fe4{‘XH20, and octaferric
inositol hexaphosphoric acid,[CgHgH,(PO,)g]; Feg # XH,0.

Titration with FeClg of sodium phytate solutions prepared from the
soil and bran phytin ferric phytate gave values for the P/Fe ratio of
1.23 for the soil phytate and 1.20 for the bran phytine These differed
by less than the experimental error from the values of 1.1l9 to l.21
given in the literature.

The Fischler and Kurten test for phytin was applied to the above
sodium phytate solutions and was positive, thus indicating that phytin
was actually present.

Enzyme dephosphorylation studies showed that the sodium phytate
from the soil ferric phytate was hydrolyzed to only a slight extent by
a phosphatase enzyme system, while it was readily decomposed by a phy=-
tase enzyme (85 - 95 pegcent). Nucleic acid was 75 percent decomposed
and ferric phytate was not attacked at all.

The evidence for the presence of phytin in the soil may be summed
up as follows.

1. Low N/P ratio of separated organic phosphorus.

2. The presence of organic phosphorus stable to decomposition by NaOH

or Brz.

3. The presence of organic phosphorus precipitable from acid solution

by FeClB.
4. The P/Fe ratios, obtained either by titration with FeCls or analysis

of the iron salt, of the phytin preparations from the soil and from

pure bren phytin were identical,
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6.

Te

8.
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The Fischler and Kurten test was positive.
The soil phytin preparation contained no nitrogen.
The soil plytin preparation was rapidly dephosphorylated by phytase
enzyme but was not attacked by phosphatease enzymes.
The presence of phytin explains the behavior of the soil organic
phosphorus: stability and accumulation in soil, effect of oxalate

on the precipitation of organic phosphorus with humic acid, etc.
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GENERAL CONCLUSION

of
In the introduction it was stated that the organic phosphorus/soils

was thought to consist mainly of nucleic acid type compounds. A small
amount of phospholipids (2 £ or less of the organic phosphorus) and
small amounts of nucleotide material containing adenylic and uridylic
acids had been isolated, but spart from this there was no definite in-
formation as to the identity of the organic phosphorus compounds making
up a large fraction of the soil organic phosphomus.

In this investigation, about 25 percent of the total organic
phosphorus present in a podsol soil was isolsted as phytin. About 40 per-
cent of the organic phosphorus of the same soil was separated as a 'nu-
cleotide' fraction. This was subsequently shown to contain about half
its phosphorus as phytin so that the actual nucleotide phosphorus sepa-
rated was only about 20 percent of the soil organic phosphorus. The
‘nucleotide' product obtained by previous investigations also probably
contained phytin. This was actually found to be the case with the pro-
duct obtained by Wrenshall and McKibbin (1937). Thus their conclusion
that 65 percent of the ammonia soluble organic phosphorus was nucleotide
in nature was not valid.

Thus the identity of a considerable fraction of the soil organic
phosphorus has been determined.

Phytin in acid soils is probably present as the insoluble ferric
phytate. This compound is not acted on by the phytase enzyme and this
probably explains the accumulation of large amounts of phytin in the
s0il. Calcium phytate is relatively insoluble in alkeline solution,

and it is possible that phytin might also sccumulate to some extent in

calcareous soils.
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A considerable part of the nucleotide fraction of the organic
phosphorus may be made up of the enzyme stable residue of nucleic acid.
As yet this mgterial is of unknown constitution, and, until its struc-
ture and properties are more clearly defined, it can only be stated
that the existence of such a residue affords an explanation for the
accumulation of nucleotide compounds in the soil. The continual de-
composition and synthesis of nucleic acids or nucleoprotéins by the
bacterial cell would favor the accumulgtion of such an enzyme stable
residue. Certainly the nucleotide compounds in netural soil are more
resistent than those prepared from nucleic acid, although evidence was
obtained that conditions were not particulgrly favorable for the decom=
position of nucleic acid in one podsol soil.

A small amount of nucleic acid is undoubtedly present in soil in
the undecomposed bodies of micro-organisms, but this can only account
for a small fraction of the total. Perhaps a small amount of the
ordinary purine or pyrimidine nucleotides exist in the soil 'buried’
in the soil particles or colloidal coatings such that they are protected

from the decomposition agencies.

Apart from the isolated material there are indications that a con-
siderable part of the remainder may be phytin phosphorus along with
more of the nucleotide phosphorus.

Thus very significgnt comtributicns have been made to the fraction-
ation of soil organic phosphorus.

This conception of the soil organic phosphorus explains its behaviour
in the field and in the laboratory remarkably well.

Ferric phytate is decomposed by alkalies and the phytin released
along with the nucleotide compounds is then dissolved. If Ca is present

part of the phytin probably reprecipitates as calcium phytate and the
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dié%lution of the nucleotides is probably also hindered (partly,.at least,
due to the insolubility of calcium humates). If Ca is first removed then
the phytin and nucleotides are dissolved. Hot ammonia decomposes ferric
phytate more completely and thus gives better extraction. This explains
the results of Williams and of Dean who found that a large part of the
organic phospharus could not be dissolved in alkali without first re-
moving exchangeable calcium.

The increesing solubility of orgenic phosphorus in acid as the
strength of the acid is increased is due to the hydrolysis of ferric
phytate and of calcium compounds, allowing phytin and nucleotides to
dissolve.

The precipitation of organic phosphorus with the humic acid pre-
cipitate is largely due to the precipitation of ferric phytate in acid
solution and the addition of oxalate partially prevents this by the
formation of unionized complexes of Fe with the( - OH acid.

The atability of phytin to hydrolysis by NaOH explains the stability
of the soil organic phosphorus to this treatment. The resistance of
phytin to oxidation by Brs accounts for Dean's finding that only a small
fraetion of orgenic phosphorus was lost by this treatment.

The presence of phytin and the enzyme stable nucleotide explains
the accumulation and resistance to decomposition of the organic phos=-
phorus in the soil. This also explains why plants may not readily use
the soluble soil organic phosphorus, since there is little evidence that
appreciable amounts of organic phosphorus may be assimilated without
first being hydrolyzed.

The well known fact that liming decreases the organic phosphorus
of an acid soil is ppobably explained by the decomposition of ferric
phytate in local alkaline spots in the soil and the consequent liberation

of phytin for the action of the soil micro-organisms. This is corroborated
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by the finding that plytin was partially decomposed in & caleareous soil.
The effect of sodium carbonate treatments in increasing the soluble iron
of a podsol soil is explained by the formation of soluble complexes of
the iron liberated from the ferric phytate with the OC - OH orgenic acids
of the soil.

In conclusion a word might be said of the significance of these
conclusions as regards the practical problems of composting and menuring
practices. If plant residues and manure are added directly to the soil,
their phytin phosphorus, which may emount to 50 percent or more of the
total phosphorus, would probably be fixed almost immediately as ferric
phytete and thus become unavailable. The same thing may happen where
80il is added to organic material in the meking of composts. Thus
theoretically,for a meximum utilization of phosphorus, the material should
first be allowed to decompose so that the phytin phosphorus would be hyd-
rolyzed and converted to nucleotide phosphorus of the micro-organic tissue,

in which form it would probably be more available when added to the soil.
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