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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 

phosphoru~, only a very small proportion of this is available to plan~s. 

From 30 - 85C:~ of the ph0sphorus in our surface soils is present in an 
' ·: 

organic,for.m (Odynski, 1936, ~enshall and Dyer, 1939). Since our 

soils are relatively very poor in available phosphorus.0~. it appears 

that the lro:ge store of organic phosphorus is unavailable for plant 

use. 

The evidence of culture solution experiments (Schreiner and Ski-

nner, 1912, Schulow, 1913, weissflog and Mengdehl, 1933, .t'ierre and 

Parker, 1927) indicates that phosphorus is assimilated principally 

as the mono-phosphate ion (H2P04-). Therefore, the soil organic phos

phorus probably 1vill hav~ to be hydrolyzed into inorganic phosphate 

before it can be assimilated by plant roots. Pierre and Parker (1927) 

found that corn and soybeans could not use the organic phosphorus of 

soil. extracts. On the other hand, Wrenshall and I~icKibbin (193'7) con-
. ~. 

eluded from a study of the utilization of phosphorus by plants in pot 

tests, that some phosphorus must have been supplied from the or ga.nic 

phosphorus of the soil through decomposition. stoklasa (1911) believed 

that a soil was fertile ¥nth respect to phosphate if it had a large 

store of organic phosphorus. 

We may state the question thus: Does the large quantity of organ

ic phosphorus in our soils represent simply an accumulation of the end

products of the decomposition of organic material e.dded to the soil, 

thus being inactive and of little use for the phosphorus nutrition of 

plants; or does it still constitute an active part of the.phosphorus 

cycle in our soils, being a store, as it were, of or~anic phosphorus 

continuously being synthesized by micro-organisms or repleted from 

plant residues, and simultaneously being decomposed and mineralized 

by other micro-organisms, thus providing a source of phosphate readily 
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available for plant assimilation? Before this question can be ans-

wered , a great deal has to be learned about the .nature and properties 

of the organic phosphorus in so:i.ls . Undoubtedly, phosphorus in the 

soil takes part to some extent in a dynamic biological cycle, 43'd.o 

nitrogen, carbon and 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 l ikewise affected and thus it may be possible to change the con-

ditions in our soils so that organic phosphorus may be more readily 

mineralized. The phosphorus cycle in soil may be summarized as in 

the following diagramo 

plant and animal residues 
org. inorg. P 

soluble 
inorg •. P 

eterotrophic ~~ / ~,-~autotrophic 
(decomposing) (_: I '"- ··(synthetic) 
bacteria f ', / bacteria 

~ 

I I 

I 
I I 

I I 

l; 
soluble r• · . 
org. P <,_·~ 

fixed phosphate ~ 
According to the above scheme, plant and animal residues reaching 

the soil contain both organic and inorganic phosphorus compounds . A 

rap i d growth of micro - organisms ensues immediately and a part of the · 

inorgani c phosphate is converted into organic phosphorus of the micro-

bial protoplasm. Part of the organic 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. ~11en 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 organic phosphorus originates from two sources, 

the non-decomposed organic phosphorus of plmt and animal residues 

and that synthesized by the soil micro-organisms. There is therefore 

a continuous simultaneous synthesis and decomposition of organic phos

phorus compounds in the soil. Tottingham and Hoffma.n (1913) have shovrn 

that this s~1thesis of organic phosphorus occurs during the decomposi

tion of manure. The luxuriant growth of micro-organisms vd1ich 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 1the 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 ~~hile only 65% 

was retained if the same soil was first sterilized. He is mainly res

ponsible for the idea of a phosphorus cycle in the soil. 

It is thus evident that micro-organisms 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 absorption of phos-
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phorus is as important from the standpoint o~soil fertility as 

Stoklasa and later.Schreiner (1923) considered it to be. 

Some of the properties of t~e organic phosphorus compounds liable 

to occur in soil ~~11 now be considered. 

There are five classes of organic phosphorus compounds which could 

conceivably occur in soils. 

1. Phospholipids. It has repeatedly been sho'vn that only a small part 

of the organic phosphorus of soil is present as phospholipids (Stoklasa 

1911). ~enshall and McKibbin (1937) found 0.31 per cent of the soil 

organic phosphorus in this fractiono 

Further, lecithin is very readily decomposed by micro-organisms, 

(Stoklasa~ 1911, Plimmer 1913, Dox 1911) and is assimilated by plants 

in culture solution (Schreiner and Skinner 1912, Weissflog and Mengdehl 

1933). Auten (1923) showed that lecithin was 60 per cent decomposed 

in two months in sand cultures. 

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

soluble and very labile to chemical and enzymatic agencies. (Dox 1911, 

Pliiillller 1913) 
. . . 

Thus they would be easily decomposed in the soil and 

would be almost as available as inorganic phosphate for plant nutrition. 

Mengdehl and Weissflog (1933) showed that glycerophosphate and hexose 

diphosphate were readily absorbed by corn plants. . Hilbert et a~ (1938 )· 

and' Spencer and Stewart (19·3.4) have shown that glycerophosphates and 

such compounds were readily mineralized in the soil. 

8. Phosphoproteins. The phosphorus of casein is very readily split 

off by alkaline hydrolysis (Plimrner and Bayliss 1906, Rimington and 

Kay 1926). Dox (1911) showed that casein phosphorus is very readily 

hydrolyzed by micro-organisms, and Kelly (1915) and NeUbauer (1933) 

found that tliis compound was rapidly decomposed in the soil. 
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4. Nucleic Acid and Nucleotides. Compounds of this type are kno~v.n 

to be present in the soil (Shorey 1913, Bottomly 1919, h'renshall and 

:McKibbin 1937). 
1\ 

Nucleic acids are know/to be susceptible to acid and alkaline 

hydrolysis. The purine nucleotides are completely decomposed by two 

or three hours boiling with 5~S H2S04, while boiling under pressure for 
~ 

several hours vvith 25;,~ H2S04 is used to decompose the pyr~midine nucleo-

tides (Levene and Jorpes 1930). The nucleotides are readily decomposed 

by enzymes, which are present in the soil micro-organisms (Dox 1911, 

McFayden 1934), and it is difficult to see how these co1npounds could 

accumulate in the soil. Various -v-..rorker s ( Stoklasa 1911 1 Schreiner 

and Skinner 1912, 1t:Jeissflog and }iengdehl 1933) have shovm 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 

organic phosphorus in soil by 5 per cent H2S04 at 100° C and found it 
. 

different from nucleic acid, and more similar to the n:/~midine nucleo-

tides or to .phytin. 
-

The p~midine nucleotide theory vras further Rdvanced 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 pyr)nidine dinucleotides, and he postulated the presence of ea, Mg, 

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 i'solated. 

Recently Gulland and Jackson (1938) have observed that nucleic 

acid is only 75 per cent dephosphorylated by enay.mes. Thus there is 

an enzyme-stable residue of unlmovm composition which contains 25 per 

cent of the phosphorus. This does not fit in with our present day 

conception of the structure of nucleic acid, but nevertheless, this 

is what is observed. Gulland and Jackson (1939) claimed it to be of 

an adenine uracil nature, although close inspection of their publish

ed data does not confirm this conclusion. 

It is quite possible that this residual compound occurs in soil. 

The soil micro-organisms build up large ~ounts of inorganic phospha:te 

to nucleoproteins in their bodies and this is later broken dovvn enzy

matically by othe~ 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 can be 

decomposed, obviously there will be an accumulation of resistant or

ganic phosphorus in the soil. 

5. Phytin. This compound had not been detected in soil up to the 

time of the present investigation. 

Phytin is kno:.rm to be quite stable. It is very resistant to alka

line hydrolysis although not so stable to acids, hovrever being still 

relatively resistant. (Plimmer 1913) 

Phytin, like the nucleotides, is very readily decomposed by 

micro-organisms. It is easily hydrolyzed by the enzyme phytase occur

ring abundantly in the soil micro-organisms. (Dox and Gmlden 1911, 

Kawahara 1929, Shimoda 1927) 

Phytin is readily assimilated by plants from culture solution, 

(Weissflog and Mengdehl 1933, Schreiner and Skinner 1912) although less 

readily than nucleic acid. 
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In sand cultures, Auten (1923) finds 65 per cent hydrolysis at 

two months. 'Whiting and Heck (1926) and Heck and "Whiting (1927) found 

that phytin added to sand cultures was utilized by oats and clover. 

Since completion of this work 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 valueless for plant ass:imi-

lation. This will be discussed later. 

~otter and Snyder (1918) fom1d 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 for.ms 

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 explah1ed. 

The above discussion of the properties of the various organic 

phosphorus compounds shoiw that it is very dafficult to account for 

organic J!llU ..... pHorua acmnuula"Glun in soils. 

Nucleic acid and d~riva.t;ives were considered as the most likely 
l!ilbf.q_ t-t> tJC.~vr 1~ >" 11 

compound~. Otherwise one could only assume the existence of some hypo-

thetical combination of phosphorus v.ri th humus or lignin-humus, and this 

was tantamount to saying that we did not know how organic phosphorus 

actually existed in the soil. After the publication of Gulland and 

Jackson's results on nucleic acid and serious consideration of the 

presence of phytin, it became ver~r much easier to explain the accu-

mulation of soil organic phosphorus. 
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EXPERIMENTAL AND DISCUSSION 

A. Extraction and Separation of Organic Phosphorus from Soil 

1. 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 apparently is :-·~JeJ"f:- ·-·4-available for assimilation 

by plants. 

In studying this question it was deemed desirable to obtain infor.m-

ation from several aspects. Firstly, a study of the decomposition of 

various organic phosphorus compounds when added to the soil, and a com-

parison of the rates of decomposition of these with organic P preparations 

obtained from the soil itself; secondly, an investigation of the chemical 

properties and identity of the organic P compound or compounds in the 

soil. To these ends, it was necessary to obtain a quantity of the soil 

organic P. lf this preparation is to be representative of the soil er-

ganic 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 

alk&ies extracted a large proportion of the soil organic P along with 

other organic matter, and that the amount of organic P dissolved was 

increased when the soil was leached previously with dilute acid (Mulder 

1844). On precipitation of humic acid by acidifying the alkaline 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 
n 

(1904) and stoklasa (1911), all dem~trated 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 aeii. This was followed by Bottomley's work in 1917. 

He obtained a preparation which he considered to be an adenine-uracil 

di.nucleotide. The_method of isol'ation showed that this material was 
; ... S-

c_losely related to that obtained by Shorey. 
' . . •·. 

Potter gnd Snyder (1916) showed that nucleic acid added to soil was 

completely recoverable on NaOH extraction. 

Schollenberger (1918) made a thorough study of the extraction of 

organic P by NH3• The soil was first preleached with HCl (about 1%) 

and then extracted with 4% NH40H 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 nucleotides. 

The work of Shorey and of Bottomley has been confirmed by 10:'enshall 

rund McKibbin (1937) who were able to obtain a product containing about 

65% of the organic P extractable by NH3 from a muck soil. They demon

strated the presence of adenylic and uridylic acids in the preparation. 

In Shorey's method for th~ isolation of nucleic acid the soil was 
n 

extracted with NaOH and the humic acid was th~precipitated by acidifying. 

Sodium acetate was added to the filtrate alon~ with 3 or 4 volumes of 

alcohol • The precipitate was washed with alcohol and on hydrolysis 

yielded H3P04, pentoEe, adenine, hypoxanthine and cytosine. 

Bottomley (1919), on the other hand, found that NaHC03 dissolved the 

organic P from a raw peat while leaving most of the troublesome humic acid 

undissolved. The NaHC03 extract was neutralyzed, concentrated in vacuo 

and poured into four volumes of alcohol containing sodium acetate and HCl. 

The flocculent precipitate was cconsl.dered to be an adenine-uracil-dinucleotide 
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on the basis of isolation of adenine and uracil from the hydrolyzed 

material. 

Wrenshall and _McKibbin (1937) used a method similar to that of 

Shorey, but modified the procedure in several details. The soil 1vas 

first extracted with dilute HCl in order to effect the maximum solution 

of organic P by alkali. This treatment removes Ca and other salts and 

renders the humic acid and other organic co~pounds more soluble (Schollen-

berger 1918, Auten 1923). 

NH40H -vva.s used instead of NaOH, since the exce·ss could readily be 

removed by evaporation.. (Schollenberger showed the_t NH40H was just as 

efficient as NaOH). The humic acid 'Nas reprecipi tated -to recover the 

organic P carried dovm in this fraction (Potter and Snyder 1916). A 

higher final concentration of alcohol--80%--was found necessary to 

completely precipitate organic P from solutiono 

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 calorimetric determination 

of phosphorus was improved and with the use of a photoelectric colori

meter was applied to the determination of phosphate in soil extracts 

(colored or otherwise) (Dyer and {\renshall 1938, Smith, Dyer, :V~!'ensha.ll 

and Delong 1939). 

This method was satisfactorily applied to the determination of 

organic phosphorus in soil extracts and total organic phosphorus in 

soils (:1Frenshall and Dyer 1939). 

These methods have proved indispensible in carrying out the experi

mental work recorded in this thesis and in a great many cases results 

could not have been obtained without them0 
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2.. Separe.tiori of Organic Phosphorus from Soil 

In this experiment the·method used was essentially that described 

by 'Wrensh81l and McKibbin (1937). 

One kilogrrum of air-dry St. Clothilde muck soil was extracted with 

2,000 ml. of 1 N HCl by shr~ing for several hours. After filtering on 

a Buclmer funnel and washing, the soil was extracted with 8,000 ml. of 

cold 4 per cent NH40H for 24 hours. The mixture was then filtered 

through glass wool, as it was found to be virtually impossible to filter 

the solution through filter paper. The residue was washed two to three 

times with hot water in order to peptize as much organic material as 

possible. In order to .remove excess anunonia the filtrate was evaporated 

overnight in a vacuum still at a temperature not exceeding 40° c. The 

liquid was then acidified Yrith 2 N HCl (about 450 ml.) until the htnnic 

acid was precipitated.. This was filtered off on a fast filter paper 

and washed carefully with warm •:·rater (slightly acidified with HCl). 

Excess waahiag was avoided since peptization takes place very readily. 

In preliminary experiments acetic acid was used to neutralize the 

ammonia extract but the yield of nucleotide vras then found to be very 

low so that the procedure was abandoned. 

A reprecipitation of the hmnic acid ~as 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 ~1all 

volume (1450 ml.). A 5 per cent excess of' HCl was then added and the 

liquid was poured into alcohol such that the final concentration of 

alcohol was 80 per cent. The whitish gelatinous precipitate vms filtered 

off on hardened filter paper and dried in a vacuum oven at a temperature 

below 50° c. 

The yiel~ obtained was 6.9183 gms. end the phosphorus content was 
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2. 78 per cent p ( ;:C:: 4.6%. total soil organic P). Another extraction 

using the same soil and procedure a~ above gave the following results: 

yield 1.7170 gms., P content 2.15 per cent P (~ 6.7% total soil orgru1~ 

ic P). 

It is evident that the method gives highly unsatisfactory results. 

An. experiment was therefore carried out in which the distribution of 

organic P in each fraction was determined. 

500 g. muck soil (ground in.a ~Niley mill) vras moistened with 500 ml. 

water and treated with 1,000 ml. N HCl. It was sh~cen for several hours 

and filtered on a Buchner funnel. 2,500 ml. of acid extract (a) were 

obtained. 

The residue was treated with 5 litres of 4 per cent NH40H and shaken 

intermittently for 2 days. It 1':as 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-o5 litres of 4 per cent NR40H, filtered 

as be.fo.re, and washed vrell with warm water. The volume of the filtrate 

(c) was 5,500 ml. 

After taking samples for analysis, the filtrates (b) and (c) vvere 

combined and the excess NH3 was evaporated off in a vacuum still at low 

temperature. The liquid was then acidified with HCl until the humic acid 

was precipitated (pH 2.4). The precipitate was filtered off and washed 

with hot water (acidulated with HCl). The filtrate (d) amounted to 121 080 ...,_ 

ml. 

This we.s then evaporated in a large vacuum still at a temperature 

below 40° c. The final volume (e) was 500 ml. To this solution a 5 per 

cent excess of HCl (cone.) was added and it was poured into 95 per cent 

alcohol, ( 2,667 ml.) such that the final concentration of alcohol vll"as 

80 per cent. After standing overnight the precipitated nucleotide (1) 

was filtered off mnd dried in a vacuum desiccator, (11.468 g.). 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 ml., was 
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found to contain no phosphorus, organic or inorganic. 

In order to determine ~--~-i.r · }.: any appreciable amount of organic 

phosphorus was carried down with the humic acid precipitate above, this 

was dissolved in a minimum amount of ammonia (120 ml. conc. NH3) ~d 

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 acidi-

fied with HCl until the humic acid was again precipitated. The precipi

tate was filtered off and washed with hot water. The filtrate (d1 ), 

(10,800 ml.) was evaporated in the vacuum still to 425 ml. (e
1

). The 

nucleotide was then precipitated from this solution by alcohol as des-

cribed above. The nucleotide precipitate (2) amounted to 0.7831 g. The 

filtrate (F2
1 ) (2850 ml.) was neutralized with ammonia as above and the 

precipitate (4) (5.994 g.J we.s filtered off. 

The results are shown diagrammatically below. 

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 filtrate after humic acid· precipitation. Again only 60% of this 

was precipitated by alcohol so that the nucleotide precipitate contained 

only 10.2% of the soil organic P. 

By reprecipitation of the humic acid a further 2.9% was obtained, 

bringing the phosphorus contained in the nucleotide preparation to 13.1% 

(35.9 mg. P). Further these nucleotide preparations were very impure. 

Nucleotide ppt. (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 vacuo at 

a temperature of approximately 40° c. does not result in any measurable 

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

those in parenthesis, Organic Phosphorus (mg. P). 

HCl ext. (a) 
28.2 {6.6) 

Dissolved 

I 
Humic acid 

residue 

500 g. Muck Soil 

Humic acid pnt• 
I 

420 (275) 

1st NH~ ext. 
(b) 

46.0 (31.0) 

2nd NH~ ext. 
(c) 

44.0 (40.2) 

HCl ppt'n 

in NH3 

I 
and reppt. by HCl Filtrate (d) 

78.0 (47.0) 
Evap. 40° c. 

I 
Filtrate (d1 ) 

21.0 (16. 7') 
~~-~, I 
~· 

(e) (47.1) 

ppt'n acid 80% ale. 
' 

Soil 
Residue 

Evaf. 40° c. 
el (15.0) 

acid 80% ale. 
I 

, __ L_ _____ l 
nucleotide ppt. (1) filtrate (£) 1 . 

nucleotide ppto (2) 
7.9 

1 2s.o 5o.2 (19.8) 
filtrate (fl) 
10.9 (5.3) 

r 
ppt. ( 4) 
10.3 

neutraliz·ed 

I 
filtratl (g1 ) 

nil 

neutralized 

,J._. ------.1 
ppt. (3) 

52.2 
filtrate (g) 

nil 
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In this experiment about 35-40% of the organic P present remained 

in solution in acid, 80% alcohol. Neutralization of the alcoholic 

solution resulted in the precipitation of all organic and inorganic 

phosphorus, but the precipitate was very much contaminated with both 

organic and inorganic 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 HCl Extraction Method 

It vms observed that the strong acid used in the determination of 

total or~anic phosphorus in soils by the method of 1~enshall and Dyer 

(1939), dissolved considerable organic phosphorus from the soil. Accord-

ingly, this was investigated further in efforts to improve on the ammonia 

extraction method. 

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 fi1-

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 rummonia extraction and contained about 0.9 per cent P. The method 

was then applied to a larger sample. 

500 g. of the muck soil was extracted , ... 'ith 1,500 rnl. 1 N HCl, 

a.s above. (Acid extract (a) 1,000 ml.) 
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To the residue vras added 500 rnl. 12 N HCl· (equivo to 1,600 ml. 

~ N"HCl in the soil). After shaking occasionally for a period of 

24 hours, the liquid was filtered off, first through glass vmol, and 

finally on filter paper in a Buchner funnel, washing a little with 

N HCl. The filtrate (1,880 ml. ) was made to 80 per cent alcohol and 

after standing a few hours the precipitate was filtered off and dried 

in a vacuum desiccator. (Nucleotide precipitate (C) : 5.400 go, 0.625 

per cent P, 33.8 mg. P)e Analysis showed that the filtrate (b), 

12,030 m.l. still contained organic phosphorus to the extent of 50 per 

cent of its total phosphoruso 

Accordingly the filtrate (b) was neutralized 1Vi th am.rn.onia and the 

heavy precipitate obtained filtered off and dried in a vacuum desiccator 

(Precipitate D, 13.296 g., 0.55 per cent P, 74.3 mg. P)o The filtrate 

E (11,800 ml.) contained only traces of phosphorus, 3.55 mg. total Po 

This precipitate (D) was grossly contaminated ~Qth Fe and Alq 

hydroxides, phosphates and organic material. In orde1~ to determine if 

any separation of organic phosphorus could be made, 5 g. of (D) vms 

treated with 10 ml. NH40H and 90 ml. water. The brovmish red suspension 

was filtered. The filtrate was acidified with an excess of 2.5 per cent 

of its volume of concentrated HCl and treated 1vith alcohol (final cone. 

80 per cent). No precipitation occurred, but on neutralizing a nucleo

tide-like precipitate 1vas formed. (Da, 0.107 g., containing 0.05 mg. P). 

The residue from the above was taken up in 5 ml. 6 N HCl and water 

to make lOO ml. The dark brownish-black solution was treated 1:d th alco

hol (final cone. 80 per cent ale.) and the precipitate filtered off (Db. 

Oo875 go cont.aining 2.00 mg. P)o The operations are shovm diagrammatically 

below: 
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500 g. Soil 

420 (275) 

N HCl (a) 
27.0 ~(6.0) 

Residue 

ppto (e) 
33.8 

Acid 

6 N HCl ext. 
ppt. 80% ale. 

Filtrate (b) 
81.8 (42.1) 

Neutralized 

5 g. D 
27.0 

r 
ppt. D 

70.9 

80% ale. 

J 
l 

Filtrate E 
9.5. 

Residue 

No ppt. Dissolved 2.5% HCl 

I 
ppt. Da. 

.05 

Neutral 

Filtrate 
De. 

(0.6) 

ppt. 

I 
ppt. Db 

2.0 

The attempted separation of organic phosphorus from ppt. D did not 

prove very successful, only 2.0 mgo of P being obtained in a very impure 

This procedure is much simpler than the ammonia extraction method, 

but the low yield of organic phosphorus obtained, 33.8 mg. p:={}:: 12.2~,~ 

total organic P, was very disappointing (about the Sffine as Expt. A). 

80% a.lc. 

Fil tratl 
Dd 

(2.3) 
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Extraction of a mineral soil was next carried out to determine 

if. better re·sul ts could thus be obtained. 

500 g. of Macdonald College soil 1.~ras treated with 1,000 ml. N HCl, 

as before. The residue was treated with 1,000 ml.12 N HCl and 900 ml. B 

H20 ·(to make about 2,000 m1.6 N HCl)o After shaking occasionally and 

standing overnight, the extract was filtered off (C2, 2,085 mlo)e 95 
was added 

per cent alcohol/until the final concentration was 80 per cent and the 

precipitate was filtered off. (04, yello\~sh ppt., Oo6433 g., Oo7 per 

cent P). 

Since it ·was thought that this solution was too acid to allow the 

precipitation of nucleotides, NH40H ¥ms 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. (06 1 

2.193 g. (6.3 per cent P)~l38.6 mgo P)o It is evident from the dia-

gram that the phosphorus of this preci:?i tate was mainly inorganic. 

On completely neutralizing the filtrate another precipitate C8, 

was obtained, and only 4.6 mg. P remained in the filtrate. This is 

represented diagrannnatically belowo (se12 ,P.tS) 

4. Comparison of Efficiency of Various Extracting Solutions 

The above experiments led to a study of the efficiency of various 

methods and extracting solutions for organic 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, NH40H and Na2C03 were compared as extra.ctants 

for organic P and were used both with and without preliminary leaching 

of the soil with HClo 

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

sieve was used. 
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500 g. soil 

N HCl 685 (215) 

280 (7) 6N HCl 

80% ale. 

ppt. C4 

Residue 

Filtrate 
c3 

162 (0) . 

NH40 pH 2.8 

pp • CS 
138.6 

Neutralize 

I ppt. CB 

Here an almost negligible amount of organic nucleotide was obtained. 

~------------------------

In the tests where acid preleaching was carried out. 20 g. of soil 

were moistened with about 25 ml. of water and 40 ml. N HCl were added. 

After standing several hours with occasional shaking, the soil mass was 

filtered off, washed with about 25 ml. N HCl and finally washed thoroughly 

with cold water. 

For the alkaline extracts, the soil (20 g.) was ;Shaken up with 200r m1. 

of solution, and after standing several hours with occasional shaking was 

finally allowed to stand overnight. The extracts were filtered on a Buch-

ner funnel and washed well with warm water. 

I C7 
4.6 .... 
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The treatments were as follows: 

1. 20 g. soil I 200 ml. 1% Na2co3 

2. 20 g. soil I 200 ml. 4% NH40H 

3. 20 g. soil I 200 ml. 4% NH40H (hot) 

4. 20 g. soil, prelea.ched vvi th N 1IC1 f 200 ml. 1% Na2C03 

5o 20 g. soil, preleached with N HCl I 200 ml. 4% NH40H 

5. (a) Residue from No. 5, re-extracted with 200 ml. 4% NH40H 

6. 20 g. soil, preleached with N/10 HCl f 200 ml. 4% NH40H 

7. 20 g. soil, prel eached 1Ni th N HCl I 200 ml. 4~1o NH40H (hot) 

a. 20 g. soil, prelea.ched with N HCl I 200 ml. 4% N!L±OH (hot) 
Ca(N03) 2 

(added before filtering) 

In Nos. 3, 7 and 8, the soil and ammonia solution were placed:~ in 

a closed bottle and heated in a stea.lil bath for several hours, with 

occasional shaking. The mixture was filtered after standing at roorr 

temperature overnight. 

The ammonia extract in.No. 8 was treated with a saturated Ca(N03) 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 quan-

tity of organic phosphorus is thus dissolved. 

TABLE I. PHOSPHORUS IN ACID EXTRACTS 

Total p Inorg_ani c p OrKanic p Org. P 
Treatment oi.. ;O Total P of 

mg. P per lOO g. soil Soil I 

3 6.138 5.038 1.100 1.30 

4 6.489 5.187 1.302 1.56 

5 2.944 2.576 0.368 0.35 
-

* Total P of soil ::; 0.084% 

Organic phosphorus, total solids and ash WBre determined on the 

alkaline extract and the data are summarized in Table II. 

I 



~ 
\) 

N 
I 

T.tl..BLE II 

·.Eree?tment 

l e Na2G03 

("'; • ~1I40H 
.ashings 

Totd.l 

DIS'rRIBU'ri'JN O:B1 l)H'JSi)HOltUS :u~D J.c\G.f\.J,JI .. J ~·. LArTZ.tt II\- AJL:ALIN;:J" 
Jirl[TR.ACTS · J~, LJ;cK sur 

lm.mn~"' "P nP.r lOO sr. soil I or g • 1> as ;a -'"/_ 
tO Soil 

·rot&.1 soil Total I Orb~ .n.l. :. , 
J.

1 0 t a.1 :p I urganic ~ I Org . :Px (A) -;olids Ash } .. .~-a.t ter 
(B ) 

- -

~.02 ;:).45 O.l;:J 2 . 18 5 . 53 5 . 16 

2 . 29 1').')0 7 ~ 71 14. 0 6 . 95 1 . 18 1 5 . 77 I 
' 8r;. 6 "83 4 . 00 7 ,. ,.1 - '"".t. C"") 0 . 39 2 . 73 .Jt V • ...>u v . t.Jt::.: 

11 . 7~ 

••;-

1 . 04 
1 . 48 

-:> . NH4r;.)H (hot) 5.60 07~65 02 . 05 38 . 4 · 22 . 89 1 . 8-± 1 21 . o4 I 1 . 52 

I:-:~1 , Na2C03 ~ 6'" ..) • 0 :.4 . 84 9 . 18 16 . 7 7. 62 4 . 6.) .. 

V . RCl t NH40H t . a ._~1 . 88 27 . :1 50.7 18 . 67 1 . 17 1 17 . 50 I 1 .. 5 

5 . (a) 2nd NH40li 1 1.04 I ~1 . a I 10 . 8 I 19 . 7 
J:otal 38 . 7 70 . 5 

b. N/ 10 E:Cl .i NH40H 1 6 .• oo 126 .. 40 I 20 . 4 I ~7 . 8 115 .. 63 I 2 . 0J I 1~ . 63 I 1 . 5, 

7 . HOl ~ NH40H (hot) 1 B.o 162 .. 0 I 57 .. 0 I 103 . 8 140 . 66 I 1 . 06 1 39 . 26 I l a 5r~• 

8 . ECl ~ NE40H (hot} Ce..(NO:J 2 I 1 . 05 121 . 1 I 20.1 I 06 . 4 I;;-5 . 40 I 4 . 71 1 30 . 69 I 1 . 18 

Total soil organic P = 55 . 0 mg . ? per 100 g . soil 
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The datfi show that sodium carbonate which was used by Bottomley 

(lgl9) is a verv inefficient extractant for the soil organic phosphorus. 

Cold ~onia is a little more effective while hot ~onia extracts a 

fairly large proportion of the soil organic phosphorus (58.4 per cent). 

Preleaching \vith HCl is a very effective in increasing the ~ount 

of organic phosphorus extracted, N HCl being more effective in this res

pEict than 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 vd th N HCl follo-vied by treatment 

with hot ammonia 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(N03) 2 reduced considerably 

the amount of organic phosphorus extracted. In the light of the final 

isolation of phytin it seems likely that calcium phytate which is almost 

insoluble in alkaline solution would be precipitated under these condi

tions. The actual organic matter in solution is only 22~~ lovver than that 

of the hot ammonia extract without Ca(N03 )2 treatment, ~;·Jhile the organic 

phosphorus content is 67% lower. This would indicate a specific preci

pitation of organic phosphorus, thus confirming the above reasoning. 

·williams (1937) and Dean (1938) found that NaOH extracted only a 

part of the soil organic phosphor·us unless Ca was first removed, and this 

effect was more marked in neutral 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 runount 

of organic matter and organic phosphorus dissolved. This will be dis

cussed later o 

Extraction of the soil by hot NH40H (4 per cent) preceded by leaching 

with HCl (1 N) is the best extraction methodo 
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5o Separation of Organic Phosp}1orus from Soil by the Modified Ammonia 
EXtraction Method 

'Previously cold ammonia has been used in the extraction but hot 

wmmonia was now used for the separation of the nucleotide from the soil 

since it ~as shown that two extractions with cold ammonia gave only 70 

per cent extraction while hot ammonia completely extracted the organic 

phosphorus. The soil and ammonia mixture was heated in a steam bath for 

from 5-8 hours with occasional shaking and was then allowed to cool ove:t~·· 

night. The mass was then filtered through cloth and washed ;ith hot water. 

This procedure gave very satisfactory results giving extractions of 75-90 

per cent in most of the large scale experiment·s. 

1000 g. Macdonald College soil was extracted with 2000 ml. 1 N HCl~ 

and the residue was filtered off and washed· as in the regular procedure. 

10 litres o£ 4 per cent NH3 was added to the residue and the mixture was 

treated as described above... The excess ammonia in the extract was evapo-

rated·off under reduced pressure. The humic acid was precipitated by 

acidifying with 250 ml. N HN03 and the precipitate<·was filtered off and 

washed with hot water.· The ~onia extract contained 260 mg. organic 

phosphorus while the humic acid filtr·ate contained only 27 mg., J..e., 

only 10.4 per cent of the organic phosphorus remains in the humic· acid 

filtrate. This shows very markedly that most· of the organic phosphorus 

remains in· the humic acid precipitate and also why we have been unsuc-· 

cessful in isolating any appreciable quantity of organic phosphorus mater
· m 

ial fr~this soil. 

To determine the effect of. reprecipitation the humic acid precipi-

tate was dissolved in 200 ml. oonc. ~H3 and 10 litres of hot water, 

and then allowed to stand overnight. The excess NH
3 

was then evaporated 

off under reduced pressure, and the liquid ~11~s acidified with 1 l<J HN030 
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.L'he humic acid precipitate was filtered off and v.rashed as above. :rhe 

filtrate contained only 8 mg. organic p (4.1 per cent of organic ~ of 

NE3 extract). To determine the effect c£ t he volume of solution in which 

the humic acid is precipitated, the humic acid was dissolved in four Limes 

vhe volume of solu~ion used above. The organic P in the filtrate after 

reprecipitation of humic acid was still only 16 mg. 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 any 

significant amount of organic 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 organic P compounds 

from the soil. (60.5% of the total soil organic P was extracted as com-

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 thoyobtained with the 

muck soil, it was decided to study the organic P partition between the 

humic acid precipitate and filtrate in the extracts of various soils. 

6. Partition of Organic Phosphorus Between Humic Acid Precipitate 
and Filtrate in Various "s"oils -

The following soils were used in this experiment: 

Soil 1. st. Chlothilde muck (55 mg. organic P per lOO g. s-oil) 

2. Eastern Townships pod sol (38.6 mg. organic P per lOO g. soil) 

3. Macdonald College loam ( 4'3 mg. organic P per 100 g. soil) 

4. Eastern Townships pod solo 

5. " 11 " 
6o Podsol ~ Horizon (Halliday) (137 mg. organic p per 100 g. soil) 

7. " " n (Woist) (~10 mg. organic P. per lOO g. soil) 

8. Cultivated Podsolo 
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The· procedure, which imitated that of the le.rge scale experiments 

for the preparation of the rurumonia extracts and humic acid filtrates of 

the soil was as follows: 20 g. of each soil contained in a 500 ml. Erlen-

meyer flask was extracted ·with 40 ml. 1 N HCl by shaking occasionally 

during several hours. The soil was then filtered off and washed 1~rith 

water. It was extracted with 200 ml. 4 per cent NH3 solution by shaking 

and heating on a steam bath for several hours. After standing overnight, 

the mixture was filtered through cloth and washed with hot water. The 

excess NH3 was evaporated off under reduced pressure and the supernatant 

liquid was decanted from 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 phosphorus. The remainder was acidified 

with 1 N HNC .. 9 .After standing overnight the humic acid precipitate was 
'--

filtered off and washed with hot water. The filtrates were made to a 

volume of 500 ml. and analyzed for total and inorganic phosphorus. The 

results are given in Table 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 w:it h hot ammonia has removed a very high proportion of 

the organic P oontained in all these soils - podsols,90,91,92.~:: per cent; 

muCk, 77 per cent; calcareous lo~, 78 per cent. 

Recently Smith (1939) has shown that a small part of the organic 

p in these soils is quite labile and is easily decomposed by boiling 

rurumonia, although it is stable in cold solutions. The data from this 

experiment show that the loss due to this cause does not amount to more 

than 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 filtrate is very small. In the podsol soils only 8-14.8 

per cent of the organic P in the NH3 extr et · · th f"lt t a rema1ns 1n e 1 ra e, 
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While this figure is increased to 30.4 per cent in the case of muck 

soila These data explain why it has not been possible to isolate 

any appreciable quantity of organic P tram Ddneral soils and why better 

results were obtained previously with the muck soil. In the former 

experiment with muc); soil (p. 11) 60% of the NH3 soluble organic P re .. 

mained in the filtrate. HOwever. only a 25% extraction of organic P 

was obtained in the former experiment vmereas in the present oase the 

extraction was BC>r'• Apparently• the more diffioultly extractable 

organic compounds are also more liable to precipitation with the humio 

acid fraction. This may indicate the existence of two classes of 

organic P compounds. 

The podsols (and calcareous loam) all show about the same distribu• 

tion of organic P between precipitate and filtrate (7.8-14o8 per cent in 

the filtrate) and differ markedly fram the muck soil. This difference 

is probably not due to organic matter alone since the Halliday soil 

contained a~ost as much as the muck. There are two possible explana• 

tions. First. the organic P in the muck soil may be of different 

identity from that in the podsols. We know nothing about this. Second, 

there may be some specific substance in the humic acid precipitate 

vmioh combines with the organic phosphorus and the proportion of this 

material may vary in the different soil types. There are several sub-

stances which might act in this manner. Undoubtedly• the Fe. Al• and 

clay content of mineral soil extracts is considerably higher than the 

muck soil extracts. ln this connection it is known that ammonia exerts 

a considerable solvent action on Fe phosphates (Fraps 1911, Sohollenber-

ger 1918). 

In this experiment lfl{03 was used in the precipitation or humic acid 

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

partition. Hcwrever. the results of Sohollenberger (1918} indicate that there 
is ver,y little difference in the effeot of the ordinary mineral acids. 
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It was decided to determine the partition with acetic acid and also 

to determine whether the addition of compounds containing GC•OH groups 

such as oxalic acid• would inactivate the Fe {or Ca) or other possible 

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

into the humic acid filtrate. 

Humio acid filtrates of soils 1. 2 and 7 were prepared in the same 

way as in the previous experiment. except that l N acetic acid was used 

instead of HN03 for the precipitation of humic acid. The analyses of 

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

TABLE IV {a) • ORGANIC PHOSPHORUS IN AMMONIA EXTRACTS 
AND ACETIC ACID FIUTRATES. 

-~:&~) 

SOIL AMMONIA EXTRACT I ACETIC ACID FILTP~TE ORG. P. OF FI~RATES 
mg.P per lOO g. soil mg. P par lOO g. soil % Org. P of' HN~ Ext. 
Inorg. Total Or g. Inorg. Total Or go 

p p p p p p 

Uuok. 1 1.73 60.8 59.1 3.47 42.0 39.5 66.8 
Podsol. 2 7.83 48.0 40.2 2e83 10.0 7.2 17.9 
Halliday A1,7 10.2 115.8 106.6 9.50 91.2 81.7 

J 
77.5 

Tls.BLE IV (b). TarAL SOLIDS, ASH AND ORGANIC MATTER I~T 
AMMONIA EXTRACTS AND ACETIC ACID FILTRATES. 

SOIL 

1 

2 

7 

ToS• 

.AMMONIA EXTRACT 
g. per 60 ml. ext. 

Ash Orge Orgo% 
Soil(x) 

ACID FILTRATE I (B) I' 
g. per 50 mle ext. ! y/x 

T .so Ash Or g. Or g.% I x 100 I 
Soi1(y) 

1 

o.5454 o.o202 0.5252 33a09 o.2439 o.ooao o.2359 21.77 74.9 

.1337 .0439 .0898 5.39 e0214 o0024 e0190 le90 35e2 

.1778 .0478 .1300 7.80 .1058 .0240 .0818 8.18 105.0 

B/A 
RATIO 

lol2 
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Table IV (a) shOYIS the.t a good recovery of organic phosphorus was 

obtained in the hum.i• acid fil tra.tes from soils 1 and 7, while the re

covery was very low in the case of soil 2. On the other h~d, Table IV (b) 

shows, that very: little organic matter was ,removed _from the extracts of 

soils 1 and 7 by the- acetic acid precipi t~tion and that a greater amount 

was removed from the extract of soil 2. Thus the precipitation of org~ic 

phosphorus parallels that of the organic matter. In Table IV (a) and {b) 

(A) shows the organic P remaining in the humic filtrate as per cent of 

the organic P in the ~onia extract while (B) shows the percentage of 

NH3 soluble organic matter remaining in the filtrate. The- ratio B/A then 

gives :the relative rumounts of organ~c P and organic matter remaining in 

solution in the humic acid filtrate. The figures shmv that relatively 

more organic phosphorus than organic matter was removed from solution b:v 

the aeetic acid tre-atment, thus showing that CH3COOH partition is a dis

advantage rather than an advantage • 

. The CH3COOH filtrate was treated with 1 N HNO until the remainder . 3 

of the organic matter was precipitated. After filtering and washing, 

organic p was determined in the filtrate. Table V shows that acetic acid 

acidification followed by HN03 precipitation gives results very little 

different from the use of HN03 alone. 

7. PropoBed Oxalate Method 

~ .a.s mentioned above the effect of oxalate ion on· the partition of 

organic P was now investigated • 

.Ammonia extracts of soils 1, 2 and ·7 were prepared as above. To 

100 ml. (~3.3 g. soil) of each extract was added 0.5 g. ammonium oxalate 

·(~about 4.3 per cent Fe203 in th~ soil). The solutions were then acidi

fied with N HN03 and the humic acid was filtered off and washed as usual. 

The distribution of P was then determined in th~ filtrate. The results 

ar·e reported in Table 111. 
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TABLE V. PHOSPHORUS IN THE FILTRATE AFTER EN03 PRECIPITATION 
OF ACETIC ACID FILTRATES. 

Soil 

1 
2 
7 

MG. P PER 100 G. 
1------

Inorg. p Total P 

6ol 19.3 
-a 

11.3 27.4 

SOIL 

Or g. p 

13.2 

16.1 

~ Soil 2 gave no further precipitateo 

Org. P, ~% Org. 
P of NH3 

Ext. 

22.4 

15.3 

TABLE VI. ORGANIC PHOSPHORUS IN HID.1IC ACID FILTRATE IN THE 
PRESENCE OF OXALATE. 

SOIL MG. P PER 100 G. SOIL ORG. P, % OF INCREASE IN 
ORG. P OF NH·z RECOVERY OVER 

Total 
. u 

BN0!1 ALONE :A p Inorg. p Org. P EXT. 

1 34.3 12.7 21.6 36.6 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 (~OO%) 

-· -
1 Table III 

TABLE VII. EFFECT OF OXALATE ON THE PARTITION OF ORGANIC 
PHOSPHORUS. 

TREATMENT MG. P PER lOO G. SOIL 

Total P Inorg. P Org. P 

1 38.0 20.1 17.9 
2 77.5 20.6 56.9 
3 72.0 22.0 50.0 
4 72.5 .;~3.-5- 49o2 
5 63.5 20 l' • L} 42.6. 

-.--·~ 

ORG. P, ~~ OF OR·G. 
P OF NH3 EXT. 

19.2 
61.0 
53o7 
52.9 
45o7 
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Since oxalate ion interferes with the ceruleomolybdt:::te reaction, 

(Dyer and lfrenshall, 1938) it was necessary to determine the corrections 

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

The effect of the oxalate addition is very marked. The recovery of 

the organic P in the humic acid filtrate is increased in each of the three 

soils; for the muck from 30.4 to 36.6 per cent, for the podsol, from 10·.3 

to 28•4 per cent; and for the Halliday podsol A1 layer from 10.6 to 52.0 

per cent. The filtrates contained no more organic matter than ~.-ould be 

present with HN03 alone so that the use of oxalate is a very definite ad-

vantage. 

Repreeipitation" of the humic a·cid from soil No. 7 by HN03 after solution 

in dilute N.H3, yielded only a very small further ~ount of organic P in the 

filtrate (1.42 per cent}. It seems therefore that a fairly definite fra.c-

tion is ·precipitated in the presence of oxalate. 

The optimum concentration of oxalate was deterndned next. An 

ammonia extract of the Halliday soil (40 g.) was prepared in the usual way. 

The extract (1000 ml.) rontained 93.2 mg. organic P per lOO g. soil. 50 ml. 

aliquots (::0= 2 g. soil) were diluted to lOO ml. and treated as follows: 

Treatment 1. Acidified with N Illi03, excess of amount required to precipitate 
htun.ic acid. 

tt 

1t 

tt 

just acidified sufficiently to precipitate 
• humic acid. 

3. 0.3 g. COO(~;n.:) 2 , acidified in excess of amount required to 
precipitate humic aci. d. 

4. 1.0 g; COO(NH4)2 1 acidified in excess of amount required to 
precipi tn_te humic ::wid. 

5. 0.1 g. COO(NH4 ) 2, acidified in excess of amount required to 
precini~a.te humic acid. 

After standing a few h0l,r s the humic acid wr" ?i} -~,r0d off and 

•,vashed -vd th hot water (acidified vv-i th J1li0;-s). Organic p was determined 

in the filtrates. 
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The results~ presented in Table VII, indicate that, (1) the 

addition of only enough HN0
3 

for cmnplete precipitation gives the best 

results but it was observed that the rate of filtration was much slower 

than Yihen excess acid was used, ( 2) the addition of 0.15 g. ammonium 

oxalate to 50ml .. of extract (;{):- 1. g. so~l) seems to give the 

opt:iinum concentration of oxalate. ·rhe use of less oxalate results ill ~ 

d~crvaaed reoovery of organ1o P And more only emn~lioa~es the inorganic 

phosphate deter.mination. 

Since oxali:e acid is so effective in incref~ si11r, the solubility 

of the organic phosphorus it would seem auit.e probable that Fe, or possibly 

Oa ,was the c'".use of -t.}1e precipitation of the or E~~ru1ic :)hosphorus. 

With uodsol soil$, therefore~ the use of oxalate should allow the 

isolation of about three to five times as :auch organic P as with the- former 

method. At the same time the runount of impurities remain approximately 

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

8. Separation of Organic Phosphorus by the Oxalate Method. 

A quantity of organic P was then separated from lerger quantitieS 

of soil by the above method. Expt. H. 500 g. of Halliday soil (20 mesh) 

was extracted with 1000 ml. 1 N HCl as in the regular procedure. 5000 ma. 
4 per cent NH3 solution were added to the soil and this was then heatedi 

in a steam bath overnight (75° c. approx.). The mixture was fil tared 

through cloth and the excess NH3 in the filtrate_ was evaporated off under 

reduced pressure. After standing overnight, or longer, the supernatant 

li,quid was decanted from the deposited clayey precipitate. ~he ~xtract~ 18 

litres, contained 100.8 mg. organic P per 100 g. soil. 75 g- rummonium 

oxalate were added and the. extract was acidified with 1 N EN03 until the 

humic acid was completely coagulated. After standing several hours the 

precipitate was filtered off and washed well with hot water (slightly acid

ified with HN03 )• The filtrate and washings were evaporated in the vacuum 
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still to small volume (Temp. about 35 ° c.) and a smell amount of pre-
. •t ..!... Clpl a.v;·, .!>2" , J_ - l' ed .L .J_ '-· 1::-c • 

per loo g. soil. 

0
_,.. .... 
~- . The liquid• 1275 ml. contained 57.4 mg. org. P 

A 5 per cent excess of cone. 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 on 

hardened filter paper and ~inally dried in a vacuum desiccator over 

H2so4• The precipitate. 6.139 g., contained 4.05 per cent P (equivalent 

to 50.7 mg. P per lOO g. soil)o 

In the determination of inorganic phosphate in the humic acid 

filtrate and alcoholic filtrate, corrections were made for the inter-

ferenoe 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 ~onia and of this 53.2 per cent remained · in the humic acid 

filtrate. Only 3.4 mg. organic P r~ained · in the alcohol filtrate. 

rumounting to only 3.1 per cent of the total organic P of the soil. 

The precipitate contained a higher proportion of organic P than 

any obtained before in this work and represents a yield of 45 per cent 

o£ the soil organic P. 

Expt. G and F were carried out in exactly the same way as the above. 

The phosphorus distribution in the various fractions obtained in 

these three experiments is tabula.ted in Table VIII and in the accompany-

ing diagram. 

The diagram shows that the inorganic phosphate in the ammonia extract 
was practically all recovered in the alcoholic filtrate, and therefore 

that the nucleotide precipitate contained very little inorganic phosphate. 

In experiments G and F the extraction of organic P by ammonia was 

not quite aa complete as in the first expt. H, being 78 and 84 per cent 
as co.mpared with 92 per cent. 



( 
~ 

~ 

\ 

500 g. 110* 
Ha1lidayJSoil 

I . -
1 N HC1 Tiot 4% ,ffi3 Residue 

~H) 3. 0 100.8 ~10.8) 
G~ 3.0 85.3 13.9) 

(F ~3. 0 92.0 13.2) 

oxalate HN03 

-~.--- ·---···-·--1 
li'il trct te Humic Acid ppt. 

f 
(9.9) t) 57.4 

G~ 44.5 ~14.3~ 
F 47.8 14.9 

I 

Acid 180% Alcohol 

Ppt. Filtrate 

t~ 50.7 
3.5 (9.2~ 

G 38.6 7.0 ~12.9 
F 38.8 7.0 14.3 

*The figures show the l)hosphorus 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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H 
G 
:b, 

---

I 
'} 

7 
H 
G 
F 

rrABLE VIII. ORGANIC PHOSPHO~~.US DISrrEIBUTICJN IN VARIOUS }I"""'R.ACTIONS IN 
fOlT_r, ?1..'11' I SO LArl1 IQ""':r 11'Xl::_,fi1 f.;>}·"'. -rL'-: 7TS ll.LJ ,J.:Jl.!l l~ .u J • .L:J .•. JILL!Hi e 

ORG. P NH3 J~~xrrRAUT ORG. P HUi/IC ACID FILTRArrE 

mg.F yer 100 g. soil % total soil org. P mg.P per 100 g. soil % Org. P IU13 Ext. 

100.8 92.0 5?.4 53.2 
85.3 78.0 44.5 52.2 
92.0 84.0 47.8 52.0 

'----------- -----~------ - - . - - -

ORG. P ALUOEC:LIC J" 1ILTitATE ('DG P "·rue I "H'CVPIDF PPT . \. • J. ~ / _,_w •· • • :.1 • . 

Mg.P per lOO ~6 org.P 5'6 soil mg. P per lOO %org.P 
g. soil H.A. filtrate or_g. P Wei_ght ~p g. soil J'lli~ ext. 

3.4 5.92 3.1 6.1389 4.05 50.7 50.3 
7.0 15.7 6.3 5.7878 0.25 38.6 45.2 
7.0 14.6 6.3 11.6527 1.62 38.8 42.2 

-

% 
0 .1 :Ol 

Or g.:£ 

52.2 
40.5 
43.5 

.1 (;o soi 
I 1 

org.P 

46 
35 
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 ~onia extract. It also agrees with the values 

obtained in the oxalate experiment for this same soil which ranged from 

52.0--53.7. This constant ratio~ seems to indicate a very definite frac-

tionation possibly of ~vo distinct phosphorus compounds. 

Precipitation with 80 per cent alcohol gave a satisfactory separation 

of the organic P from solution. It is recommended that the solution sho~ld 

stand with the alcohol overnight since~in experiments G and Fin which 

the solution was allowed to stand only an hour before filtration, less 

complete precipitation was obtained than in the experiment H, and on 

st~ding the filtrate of G and F deposit~d a further amall amount of 

precipitate which, however, is not included in the analyses. 

The nucleotide precipitate from experiment F contained a large 

~ount of salt crystals (perhaps oxalic acid). 

The organic P distribution in the various extracts has been calculated 

and is given ln Table IX. 

ex PT. 

H 
G 
F 

TABLE IX. DISTRIBUTION OF ORGANIC PHOSPHORUS IN VARIOUS 
SOIL FRACTIONS. 

1---- ORG. P - %_.TOTAL SOI~--~~G~--~----- ---------0----~q------~ -~~-

3.0 
3.0 
3.0 

6.2 
21.7 
15.0 

39.8 
07~5 
40~5 

46.0 
35.1 
35.3 

98.1 -1.9 
103.6 f.3.6 
100.1 jto.1 

-----·------ ____ __._ __ 
z Includes also the organic P decon~osed by hot NH3, if any. 

This table shows that about 40 per cent of the soil organic phosphorus 

rema~d with the humic acid precipitate. From 35--46 per cent of the 

soil organic P was actually isolated. This compares very fav?urably with 

the yields of 5--15 per cent obtained with the for.mer methodso 
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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 ~oil re~idue, 

and this fraction includes also any organic P decomposed by hot !IIAfC'if 
, 

(Smith (1939) having found indications that a small fraction was 

labile to ~onia 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 extract~. This exper~nent 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 appl~cability of our method to the analysis 

of soil extracts. Further.more, this investigation could not have been 

carried out ~~thout such a method for phosphorus determination. 

If it should prove that the organic P of the humic acid 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 ~egard to studies 

on the identity of the organic P compounds is obvious. 

9. Conclusions 

Previous workers have concluded that the organic P separated from 

the soil by extraction with ~lff3 and treatment of the humic acid filtrate 

with alcohol was of nucleic acid or nucleotide nature. As the present 

work progressed, however, it becrune increasingly evident that the orgrumic 

phosphorus compounds present were much more stable than nucleic acid 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 

organio matter in such a way that the ordinarily 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 material. 

The inefficiency of the early attempts to separate organic P from 

soil (7--13% recovery) ~cs·· due to a variety of causes and we may now 

enumerate some of these. 

One or even two cold ~onia extractions removes only a part of the 

soil organic P, usually less than 50%. Probably the most important single 

faetor causing low recovery was the carrying d~rn of organic P by the 

humic acid precipitate, only 5 to 30% remaining in the filtrate. In

complete precipitation of organic P by 80% alcohol also accounted for 

a loss of organic P in some cases. The final product contained so much 

contaminating humic material that filtration and collection of the pre

cipitate was often quite difficult. Most of these difficulties have now 

been overcome. 

It has been known for a long time that preleaching the soil with 

Hel increases the ~aunt of organic P subsequently extracted by alkali. 

Schollenberger (191S) assumed that this was due to the removal of ea. 

Thus the insoluble Ca humates and other ea salts were decomposed and the 

humic acid, e~c. would then be dissolved by the alkali. 

Hot ammonia treatment (preceded by leaching) extracts over SO% 

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 organic P is labile 

to boiling NH3, but that this effect was negligible at temperatures almost 

approaching the boiling point. In most cases the temperature of extraction 

was approximately 75% so that it would seem that little decomposition of 

organic P occurred here, certainly not over 10--15% (since extraction 

was over SO% in most cases). 
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Nucleic acid and its derivatives, rund 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 ea by the 

preliminary acid treatment then the phytin might be partially repreoipi-

tated as the slightly soluble phytate. Thus rurumonia or alkalies in gene-

ral should dissolve the greater part of the soil organic 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 organic matter 

soluble in the subsequent alkali extraction. 

The data on the extraction of organic phosphorus from soil by 

various methods, showed that the ratio of the amount of organic phos-

phorus extracted to the amount of carbon extracted, remained practically 

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 soil. Their work 
s 

showed also that the proportion of easily hydrolyzable N compoun~(as 

percentage of total soil N) was much higher if the organic m~tter was first 

brought into solution by suitable means, (NH40H, NaOH, etc.). 

Our re.Ulta and those of Hobson and Page both indicate that the organic 

matter is bound in the soil in such a ~y 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 fact is that the organic matter con-

taining soluble and insoluble compounds in a more or less homogeneous miXture, 

is deposited in the clay-humus colloid, or is adsorbed on the soil particles, 

and then is incorporated in the soil particles vdth the colloidal clay or clay-
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humus colloidal material which coats the particles. A large part of the 

solubl~ material would thus be out of contact with the soil solution, or any 

extr_acting sol vent, and would behave as an insoluble material unless the clay

humus gel were first peptized. This theory agrees with the experimental 

results. Similarly the organic matter of the inner particle layers would 

be rele.tively unavailable to the action of the soil micro-organisms unless 

the whole colloidal structure was first attacked. 

Formerly, it was believed that most of the organic P remained in 

solution when humic acid "\vas precipitated from the ammonia extracts by 

acidification. The results with the Maodonald College soil (po 22) show 

that this is not so. This is probably the main reason why such poor re-

sul ts were obtained in the early isolation experiments. This low recovery 

of org~ic P in the humic acid filtrate may be due in large part to the 

more complete extraction of organic P compounds from the soil. It is 

probable 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 rummonia, 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 l~w with the mineral soils (8--15%) and higher 

with the muck soils (30%)• 

The addition of oxalate was found to increase the soluble organic P 

by large amounts in all soils (now 40--50%). This effect may be partly 

due to the precipitation of Ca but it seems more li~o be due to the 

binding of Fe in -.n unionized complex with the oxalic acid ( C(- OH cpd~) 

Reprecipitation of the hurr.ic acid now yields almost no further rumount of 

organic P although it still contains about 50% of the rummonia soluble 

organic P in most cases. ~th the Halliday soil the partition varied only 
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from 52--53% in small or large scale experiments. This would seem to 

indicate a fractionation of two distinct P compounds. It seems then 

that without the presence of oxalate the organic p precipitating with 

the humic acid contains a large amount of ferric phytate. The titration 

of phytin by FeC13 at the thiocyanate endpoint (see later) would indicate 

that the dissociation constants of ferric phytat~, and ferric thiocyanate 

were e.lmost the same. Also it is probable that that of ferric oxalate is 

of similar magnitude. Thus it may be that same ferric phytate is still 

being precipitated with the humic acid. 

The method of extracting soil with strong HCl (6 N) gave yields of 
g 

only about 10% of the soil organic p. The stro~~Cl 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 ~ount of organic P extracted seems to be that the 

organic P is protected by, or buried in the soil organic matter or colloidal 

material ·80 !-hat the acid cannot bring it into solution. 

Sinoe the oxalate treatment was satisfactory in increasing the recovery 

of organic P, the method was used in the separation of larger rumounts of 

soil organic p. The results were quite satisfactory and allowed the iso-

lation of 35--46% of the total organic P of the Halliday soil (compared 

with yields of 5--15% with former methods). The distribution of the 

organic p in the extracts was deter.mined and all was accounted for. The 

acid extract (1 N HCl) contained only about 3% of the soil organic P. This 

is probably composed of soluble nucleotide compounds and perhaps a small 

rumount of phytin. After hot ammonia extraction the soil residue con-

tained only 6--20% (by difference) of the soil organic P. This includes 

any organic P decomposed by the hot ~onia treatment and the remainder 

is presumably not dissolved. If Ca.-'4/'l!not leached completely_f:rom the 
would precipitate at this point. In «ddiTIOn,:erric phytate 

soil, it is probable that Ca phytatejmay not have been completeiy decomposed. 
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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 

made up largely of nucleotide compounds. These may be adsorbed on the 

humic acid colloids, or chemical complexes with the humic acid or lignin 

humus may actually be formed. The humic acid precipitate contains a very 

high proportion of NaOH-stable organic 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 NaOH-stable organic 

P it seems likely that there is not as much purine nucleotide as pyrimid:ilne 

in the soil. Again it is probabl~ that the simple nucleoti~f are not 

present in appreciable amounts. The 25 per cent enzyme-stable 

residue of Gulland and Jaokson is probably the principal nucleotide con

stituent of the soil organic phosphorus. Since its constitution or beha

vior to NaOH is unknown, we may only sa.y 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 

fraction. 

The organic phosphorus of the humic acid filtrate was almost completely 

precipitated by acid 80%1 alcohol, only about 3% remaining in solution. 

This is probably due to incomplete precipitation of phytin and nucleotide P. 

The fraction precipitated by alcohol contained 35--46% of the total soil 

organic p. Later examination of this pr~cipitate shows that it is composed 

of about equal amounts of phytin and nucleotides. A gmall rumount 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 srume. 

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 

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

associated. 
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B. ANALYSIS AND CONSTITUENTS OF THE SOIL 'NUCLEOTIDE' PREPARATION • ..., ____ --"- ·--·----·-----~~~ ._ . ..__.....,___,....,_ _ _...._.--=----=-=---

1. Soil "'Nucleotide' , PUrification 

An attempt was made to remove some of the cont~inating humic acid 
~· 

by dissolving the substance in wnmo.nia and then precipitating the humic 

acid by acid~fication with HN03• This process was tried using 1 g. 

ppt. Ga but it was found that no organic material was removed. 

Accordingly the material was purified by reprecipitation in acid 
" {P."33) 

alcohol. One such experiment is as follows: 3 g. ppt.(G)~were dissolved 

in about 125 ml. H20 I 3 ml. NH40H. The solution was filtered, a 5 

per cent excess of HCl was added and the liquid was poured into absolute 

alcohol such that the final concen~ration of alcohol was 80 per cent. 

After standing the precipitate was filtered off, triturated with a small 

amount of absolute alcohol and dried in a vacuum desiccator over concam-

trated ~so4• 

1 g. ppt. (G) yielded 0.454 g. ppt. (lOp) oo:ntaining 4.53% P while 

3 g. ppt. (G) yielded r;.91~ g. ppt. (llp) containing 4.20% P. 
• 5. 79 g. ppt. (H) yielded 3.607 g. ppt. (13p) containing 

5.88% P after the reprecipitation ~as repeated 3 times. The recovery of 

organic phosphorus was 90 per cent. 

In each case the alcoholic filtrate contained only a very small 

amount of organic P (l'1D.g• P or less). Ppt. (F) probably contained 

oxalic acid as an impurity since the alcoholic filtrate contained fairly 

large ~ounts of oxalate ion. (Shown by low recovery of added inorganic 

phosphate). When the precipitate from the first alcoholic precipitation 

was dissolved in water and then acidified with 5 per cent HCl, 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 individual 

nucleotides are precipitated in strongly acid solutions. Phytin in 

fairly concentrated solution is also ~recipitated under these conditions. 
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After three reprecipitations the yield from ppt. Fa was 3.739 g. 

mate~ial (12 P) contained 4.50 per cent P (91% recovery of organic P). 

It was evident that further reprecipitation did not increase the 

purity appreciably. 

2. Analysis of the Preparati~ 

(a) Nitrogen Content 

The nucleotides contain nitrogen as well as P, so the purified pre-

parations were e~alyzed for their N content. 

The mioro~jehldahl method according to Pregl (1937) was used for 
' ..... 

this deter.mination. The soomple used was about 25 mg. and 2 ml. of 

Crunpbe11 and Hanna's (1937) digestion mixture was used for each sample. 

The digestion was continued for about 1 to 1~ hours, the time being pr~-
longed in some cases by the addition of a drop of alcohol as recommended 

by Preg1. Approxhnately N/50 acid (HCl) and base (NaOH) were used. 

The blank was found to be 0.02 mg. N. The results are shovn1 in Table x. 

T.ABI.E X. NITROGEN CONTENT OF PREPARATIONS 

SAMPLE 

Sucrose 
.Ammonium 

oxalate 
Ppt. 12p 

" n 

Ppt. 13p 
tt 

" 
" 

-----....- .... ----~----- ·--------- .. -----~~-~--~--:-~""-"-·--~-
WEIGHT PERCENT N FOUND 

--~--------·---+--------·-----·-----,--.-----

25.0 mg. 
20.4 
20.0 
21.1 
22.4 
31.9 
23.2 
27.4 
23.5 
30.9 

0.090 
19.54 
19.44 

2.89 
2.82 
2.81 
1.91 
1.81 
2.04 
1.93 

(blank : 0.02 mg. N) 
(Theoretical : 19.44) 

2.84 <t. 0.03) 

1.92 <t.. 0.06) 
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The N content of the preparations was vary low. The N/P ratio. 

for preparation 12p is 0.63 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 ~ the organic p consisted only of simple 

nucleotides. 

Supposing the purine nucleotide to be xanthylic acid and the pYrimi-

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 ppt. 13p and 

only 69 per cent in ppt. 12p. 

Phytin seemed to b6 the only other organic P compound likely to 

be present and an atte~pt 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 nuclaotides, assuming that the N present 

is all nucleotide N. 

Purine N was determined by a micro-modification of the methods of 
e 

Tipson and Levene (1939) and of LeveE/and (Jorpes (1930). 

A s~ple of the material (about 200 mg.) was hydrolyzed by reflux-

ing with 10 ml. of 5 per cent HzS04 for four hours, the solution being 

heated by means of a micro-burner. To the hot solution was added a hot 

solution of Ag 2so4 (approx. 1 per cent) until the purines were completely 

precipitated. 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 Ag2S04 soln. The bases were dissolved in an 

excess of hot 1 N HCl solution. The precipitated AgCl was filtered off 

and 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-

kjehdahl method. 
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The determination was also carried out on a srunple 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 was 

allowed to stand overnight in the refrigerator. The results are given 

in Table XI• 

TABLE XI. PURINE N CONTENT OF PREPARATIONS. 

SAMPLE WEIGHT 
MG. --- --------~- ---- ----·-·-- .. 

Yeast nucleiy acid 
Ppt. 12p 
Ppt. 13p 

102.2 
202.8 
292.6 

-----·- ···------
PURINE N PURINE N, % OF 

_!..Q~% --~-- ____ TO_~_AL ___ N-. __ ~~--~--~--

9.14 
0.21 
0.218 

66.0 (theoretical = 66.7) 
7.4 

11.4 

-~--- ---------~---------------·- ...- ----

In the case of ppt. 13p the N remaining in the filtrate from the pre-

cipitation of Ag pur:tnes was determined and found to correspond to 1. 71 

per cent N (of original material}o This agrees with the total N minus 

purine N, 1.70 per cent. 

The results for yeast nucleic aci~how very good agreement with the 

theoretical a 

Found, 66.0 per cent purine N, theoretical, 66.7 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 than 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 Schmidt and Levene (1938), 

Levene and Jorpes (1930) and Levene and Bass (1931, P• 110) was selected 

as the best for this purpose. . a.ra.-f··oll 
, ,u~fe..otide P "e. P '' 

A quantity of .SIJI/ A _ :ias first hydrolyzed as for the determina-

tion of purine N above. The purines were precipitated by Ag2S04 and the 

Ag precipitate decomposed with HCl also in the s~e manner as above. The 

procedure of Levene and Bass was used for the separation of adenine and 

guanine. The HCl solution of the purines was neutralized to Congo red 
e 

by the addition of strong NaOH solution. The guani~thus precipitated 

was filtered off while still warm. It was dissolved in dilute HCl and 

reprecipitated by NaOH (to remove traces of adenine). The filtrate was 

concentrated and while hot was treated with a saturated solution of picric 

acid. The precipitate of adenine picrate 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 NH3 was used for neutralization. A crystalline precipitate of 

adenine picrate was also obtained in good yield. 
the 

In the case of/hydrolysate of the soil nucleotide, a gala-

tinous precipitate was o0t~J.ij,1.·3·.i :L--n::lediately on Rdding NaOH, but this 

precipitate redissolved again at the Congo red neutral point. No precipi-

tation occurred on standing. Guanine therefore appeared to be absent. 

On adding picric acid solution, no crystals were formed so that adenine 

also appeared to be absent. 

It seemed possible that the gel which first appeared might be 

xanthine. This purine forms salts with strong mineral acida but they 

are very easily hydrolyzed. The base then precipitates being insoluble 
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in dilute acids and water. It is soluble in alkalies and so dissolves on 

neutralizing a solution with NaOH. Thus the separation 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 

conditions. 

A few drops of' 2 N NaOH were added to the hydrolysate of l3p. A 

small rumount of gel precipitate appeared which on centrifuging off appear

ed quite brown in calor, having removed considerable coloring matter 

from solution. This precipitate was insoluble in dilute H2S04 but very 

soluble in NaOH. (It appeared to be humic acid mixed with some xanthine.) 

On adding a few drops more NaOH to the solution a oolorless gel was 

precipitated and the solution after centrifuging off the gel was almost 

colorless. This precipitate was soluble in 1TH3 and could be reprecipi

tated by H2so4 or 1 N HCl. Therefore it is not hypoxanthine or guanine. 

(Guanine is soluble in dilute acids and hypoxanthine is insoluble in NB$.) 

NaOH was added to the solution until it was just acid to Congo red 

and a further quantity of gel was precipitated. It was centrifuged oft. 

On making the solution just alkaline a very ~all amount of red-brmvn gel 

precipitate separated. This appeared to be composed mainly of the remain

ing coloring matter of the solution along with a very small amount of gel 

(possibly a trace of guanine). 

This experiment confirms the presence of xanthine. 

Again no precipitate was obtained with picric acid so adenine was 

absent. 

The xanthine reaction (Murexide test) (Levene & Bass 1931, p.ll2) was 

used extensively in these experiments to indicate the presence of the 

purines. The reaction is given by xanthine and guanine but not by adenine. 
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The purine solutions above gave a positive xanthine test and the 

xanthine precipitate gave a very strong reaction and also responded to 

Wiedel 1 s test - (a modified xanthine test not given by guanine). The 
d 

amount of xanthine precipitate obtain.!/was too small to allow making 

further analyses. 

The accumulated evidence indicates that the purine in this soil pre-

paration is xanthine. The presence of free xanthine in the soil has been 

reported by Schreiner rund Shorey (1910). Its presence would be accounted 

for by the decomposition of adenylic or guanylic acid and oxidation of the 

purine constituent to xanthine. Xanthylic acid has not been reported in 

soil up to this time. 

Its presence in soil could be accounted for ty the deamin~tion of 

guanyLic acid (see formulae) 

Guanylic Acid 

HN-
j 

EN = c 

• EN-

Xanthylic Acid 

EN
I 

oc 
I 

EN-

CO 
t 
c - N,\ 
f( 
c -
c~ c5Hao3 

N/ 

CO 
I 
C- N~ 

~ _ N/~C5Ha03 

- 0 -

OH 
I 
P~O 

\ 
OH 

OH 
/._ 

-o-P==o 

' OH 

There are certain enzymes which are present in soil micro-organisms 

(Waksman 1932• P• 421) that carry out this process. However, the origin 

of xanthylic acid in soil may be due to a specific synthesis of this sub-

stance by micro-organisms. 
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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 xanthylic acid in the soil. Further, adenine and guanine 

were obtained in the control experiment with yeast nucleic acid so it 

seems that adenylic and guanylic acids must be absent from the soil pre

paration. 

Adenylic acid was the only purine nucleotide found by Bottottaey (1919) 

and by Wrenshall and McKibbin (1937) in experiments on peat and muck soils. 

It is not contended that the A1 layer of the Halliday podsol is repre

sentative of all Quebec podsols but that probably the nucleotide consti

tuent varies in different types of soils. 

4. Pyrimidine Constituents. 

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

The material is hydrolyzed for 2 hours at 175° c. in an autoclave 

with 25 per cent H2S04• Attar hydrolysis sulphuric and phosphoric acids 

are removed by Ba(OH)2, Ba ions are removed quantitatively by H2S04. The 

solution is acidified and the purines are precipitated by Ag2S04 solution. 

Attar filtration the filtrate is saturated with Ba(OH)2• The precipitate 

consists of the Ag salts of the pyrimidines. This precipitate is suspended 

in water and decomposed by H2S• AgS and excess H2S are removed and the 

solution is concentrated under reduced pressure. (Thymine now separates 

out if present.) Ba ions are removed by H2S04• The warm filtrate is 

treated with a saturated solution of picric acid. The precipitate of 

cytosine picrate is filtered off and a second crop obtained by further 

evaporation. 

The excess picric acid in the filtrate is removed by H2S04 and ether, 

and then the excess H2S04 is ~amoved by Ba(OH)2 and the solution is concen

trated under reduced pressure. Uracil precipitates on cooling. 
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5 g. of yeast nucleic acid were hydrolyzed in the above manner 

and also 3 g. of the soil nucleotide (2 g. ppt. 12p f 1 g. ppt. 13p). 

A good yield of cytosine picrate 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 stro~ositive reactions with the 

Wheeler and Johnson test for pyrimidines (Levene and Bass 1931, p.61) 

but the soil nucleotide hydrolysate gave no response. These negative 

results are somewhat inconclusi've. It may be teclmically impossible to 

identify the pyrimidines by this experiment in view of the small quantity 

of preparation available for hydrolysis (3 grrums) and the relatively low 

nitrogen content of the preparation. On the other hand there is a dis-

tinct possibility that pyrimidines are actually absent from this prepa-

ration. It is true that a high proportion of the nitrogen present is 

not purine nitrogen, but there is,no direct experimental evidence that 
' 

it is pyrimidine nitrogen, <?ther than separation of a precipitate of Ag 

salt from alkaline solution. It is noteworthy that the vVheeler and John-

son test for pyrimidines was negative. 

5. Carbo~_ldrate Consti~~-eE-~s 

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 

hydrolysis. 

The Molisch test (Hawk and Bergeim 1927, p.71) was positive and Bial's 

and Tollen•s tests (p.86) for pentoses were also definitely positive indi-

eating the presence of p~ntoses. The Feulgen and Pine shaving tests 

(Levene and Bass 1931, p.259) for desoxy sugars were negative - thus 

showing that the sugar is probably ribose. 
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6. Other Constituents 

Phosphoric acid is liberated on hydrolysis of t~e compound by 

H2so4 as evidenced by positive calorimetric tests for phosphate ion. 

Since the compound contains nitrogen it is of interest to deter

mine -v .. tF ~, the compound contains any proteinaceous m.ater ial. 

Accordingly the various biochemical tests for protein were applied. 

(Hawk and Bergeim 1922, p.l62) 

Negative results were obtained with Millon's Test, Biuret Test, 

xanthoproteic reaction and the glyoxylic acid reaction, on solutions of 

the materials 12p and 13p - either before or after hydrolysis. Thus the 

preparations are assumed to be free from protein. 

7. Conclusions 

It has been shown that the isolated preparation contains phosphoric 

acid, a pentose sugar (probably ribose) and nitrogen. 

It is quite possible that some humic acid or lignin-humus material 

is contained in the preparation and these might account for a part o£ the 

N. Xanthine has been shmvn to be present thus it is concluded that 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 structure of nucleic acid 

(Levene's formula) and 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 

material under investigation, although they are applicable to nucleic 

acid which contains this fraction. The identification of xanthylic acid 
V 

is a new result, and as outlined ab~e it is quite reasonable that this 

compound should occur in the soil. 
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Adenylic acid was not isolated and it se~s impossible that this 

compound may remain 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 finding. 

It is now obvious that the pyrimidine N (precipitable by Ag2S04 ~ 

saturated Ba(OH) 2 solution)should have been determined as well as the 

purine N. We would then have an indication of the amount of non-nucleo

tide N present. 

However this does not altar the fact that the most significant 

conclusion obtained from the examination of the isolated m·ganic phos

phoric material is that the nucleotides do not account for all the 

organic phosphorus, and that the other organic phosphorus compound may 

by phytino 
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c. NaOH DECOMPOSITION OF ORGANIC PHOSPHORUS 

1. 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 

Halliday soil). This result suggests that there may be two or more dis-

tinct compounds comprising the soil organic phosphorus. 

A pertilllent question was now the determination of whether the parti-

tion of organic P between the humic acid precipitate and filtrate was 

related to the susceptibility of decomposition by NaOH of the organic P 

of each of these fractions. 

2. Method 

In the preliminary experiments runounts of solution corresponding to 

lg. of soil were placed in lOO ml. Erlemeyer flasks, evaporat~d to 25 ml. 

and 1.25 g. NaOH was added to make 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 and alkali 
f' t!Ot1 tent- of flz e 

it was found that the/\ blanks w~ very high ~ounting to nearly 25 per 

cent of the organic P cont~nt of the extr~cts. 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 than 

the ordinary reflux condensers. A stre~ of cold water was kept circu-

lating through these tubes. 
p ~{)ntefJf _o-F the 

With this arrangement it was found that th~ blanks w4S quite constant 

for a given time of refluxing. Refluxing for a period of 4 ho~rs was 

found sufficient by Smith, and this period 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 organic phosphorus 

being hydrolyzed. 
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3- Decomposition of Various Fractions 

(a) Humic Acid Precipitate and Filtrate 

Humic acid filtrates and precipitates were prepared from the Halliday 
• 

soil as described above. A solution of the humic acid 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 and washings made to 250 ml. after which inorganic phosphate was 

determined. The results are given in Table XII. 

This experiment shows that the organic P of the humic acid filtrate 

is quite stable to hydrolysis by NaOH. 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 organic P of the two extracts but not enough to postulate 

the separation into two definite P compounds. 
0~& 

In this soil Smith (1939) found about 68 mg.~P per 100 g. soil 

- stable to NaOH. 48 mg. of this has been separated in the humic 

acid filtrate. The remaining 20 mg. resistant orgenic P presumably re-

mains with the humic acid. The analyses show that 22 mg. (30-8) undecom-

posable organic P remain in this fraction, so the results check very 

satisfactorily. Thus we have removed only about 70 per cent cf the 

Ne.OH stable fraoti~cm of the organic P from the humic acid. 

(b) Nucleotide Precipitate. 

The decomposability of the organic P in the isolated fraction was 
!lfit/)1-f 

then determined. 0.615 g. ppt. G was dissolved in 2 ml. dilute I ·and 

water was added to make lOO ml. Aliquots of 25 ml. were used for hydr«D-

lysis which was carried out as in the above experiments. 



m ~ riJ -~-~, XI I 1.<L~ -L~ _ • NaOH DECOl>,LPOSI'l~ION OP ORGANIC PHOSPHOHUS IN HlE.~IC ACID 
_PRECIPIT.Ar rE AND FILTRATE 

EXTl~CT INORG. P INORG. P. BLANK 
ORIGINAL APTER RE- DECOlVfPOSITION 

PLUXING -
mg. P per 1q9_Jt. 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 (Blank = 5.2%) 

4 16.5 20.9 2.0 2.4 5.0 

Solution 1 1.4 11.6 2.6 7.6 25.4 
of Humic 2 1.4 11.2 2.0 7.8 26.1 
Acid 3 1.4 12.3 2.6 8.3 27.8 27.4(+1.7) 
Preci-oitate 4 1.4 12.5 2.0 9.1 30.4 (Blank-= 7.7%J 

-'-

. . . 
-

I 

~ 
(r) 

*·Org. P Hwnic acid filtrate= 48.0 mg. P per 100 g. soil, humic acid soln. = 29.9 

r 
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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, although not wholly satisfactory, 

show that the product isolated contains a large proportion of the NaOH-

stable organic P. 

The purine nucleotides are easily hydrolyzed by NaOH but phytin is 

much more resist:;.nt (Plinuner 1913) and is probably in the NaOH-stable 

class of organic phosphorus compounds. The phosphoprotein type of 

organic phosphorus compound is easily decomposed by NaOH (Plimmer 1913) 

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

in the /soils. 

TABLE XIII. NaOH HYDROLYSIS OF NUCLEOTIDE PRECIPITATE 

INORG.P 
Original 

INORG.P 
After Re-

------f------~---fl~?Ci~g ~. 

BLAI'iiK 

% Nucleotide ppt. 

1 0.04 0.970 

2 0.04 0.974 

3 0.04 0.974 

--.. ---------i.--....--~--- ___ ,_ ..... ----.-- -·-·-·-

AQrg. p = 3.15% 

~lank = 2% org. P. 

0.065 

0.049 

0.065 

DECOMPOSITION 

-- ----·----·-----

0.865 27.4 

0.885 

0.869 27.6tt _ __.___,~·-~--- ... - ---.. -----··-··----
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D. __ , SQI~_pEC~MPOSITION EXPERIMENTS 

1. Introduction 

The evidence of culture solution experiments (see Introduction) 

indicate the.~: organic P rlt~ st first be h;y-c1:r olyzcd to_ iLor .ji':~ic. phosphate 

before any appreciable amounts ~y be absorbed by plant roots. Schulow 

(1931), however 1 indicates that a small amount 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 cycle. It almost 
e 

seems that in our inferti!(podsol soils, the organic p is not being 

continuously synthesized and decomposed as in fertile soils but repre-

aents an accumulation of stable organic p. 

The more we know about this organic P in our soils, the more we 

will lmow how to ren.dlr this great store of P available for plant use. 

Therefore we have designed experiments with the object of studying the 

relative st~bility of various organic P compounds when they are added 

to the soil. 

The synthesis and decomposition of organic phosphorus compounds in 

the soil is probably almost completely a micro-organic process, the 

hydrolysis of organic P compounds being effected by enzymes and the 

synthesis by assimilation of inorganic phosphate by the bacterial cell. 

~here are no experiments cited in the literature on the actual de-

composition of organic P compounds in the soil itself. Hilbert et a1 

(1938),. found that Ne. glycerophosphate added to the soil was rapidly 

changed 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 that this type of compound is so·: readily attacked that it 

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

needs to be considered. 
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Lecithin represents only a small fraction of the soil organic P 

(2% or less) and therefore cannot be a factor in its accumulation. 

Phosphoproteins 1 as casein1 are very readily atta~d by micro

organisms (Dox 1911). Kelley (1915) shows that casein is completely 

decomposed in 7 days in the soil. Therefore it seems unlikely that 

this material 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 and then assimilated by the micro-organisms into the 

microbial protoplamns(principally in the form of nucleotides and 

nucleic acid). The nucleic acid was then decomposed on dissolution 

of the dead microbial bodies and became available to the plant or to 

other micro-organirnns. 

As atated before various workers have shown that nucleic acid is 

readily decomposed and assimilated by plants in culture solutions and 

sand cultures. If nucleic acid is only 75 per cent dephosphorylated 

in soils 1 then it seems probable that the enzyme stable residue would 

accumulate and thus the accumulation of organic P in soil would occur. 

The identity or structure of the residue is still unknown and 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 above Potter and Snyder (1918) found similar hydrolysis curves 

for phytin and the soil organic P and so thought that phytin might be 

present. Later workers however 1 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 decamposition of phytin in the soil itself has not been investiga

ted. 
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The above discussion shows that the organic P compounds most like-

ly to be present in soils are nucleic acid or one or more of its deri-

vatives. This is rendered more probable becaus~ of the known presence 

of adenylic and uridylic acids in certain soils. 

Therefore experiments were designed with the object of studying the 

decomposition of the above organic 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 
Inor~~i.c Pho~~phate! _ _£~(9H)...z __ ~_a Glu~o~ 

In the first experiment, nucl~ic acid, soil 'nucleotide' and inor-

ganic phosphate were added to a St. Chlothilde muck soil with with-

out treatments with Ca(OH)
2 

and glucose. Since liming a soil decreases 

the organic P (Vincent 193y), Ca(OH) 2 was added to obtain the maximum 

decomposition of organic P. Glucose, on the other hand, was added to 

supply energy material for the stil!lUlation of micro-organisms in order 

to obtain a synthesis of organic P. 

The rate of treatment of the soils ~d plan of the treatment was 

as followsa 

Plan of Treatments ------------- -··-- - -------- . ~ --------- - --------------------~---~-~-
--~--------·-~------~N_i_l ___ ~---- ~Q_a.(OH)2 ____ G_lu_c?~.~----
Nil 1, 11 

Nucleic Acid, 
Yeast 4, 14 

Nucleotide, 
Soil 

Cs.(H2P04)2•H20 7, 17 

--~-----------------

2, 12 3, 13 

5, 15 6, 16. 

10, 20 -
8, 18 9, 19 

~~-------~-~-------
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Rate of Treatment ------------
Glucose, 1% of dry soil (0.3833 g. par 100 g. wet soil) 

The equivalent of 2 tons Caco3 per acre 
lbs.) (Oo0567 g.) 

Ca(H2P04) 2.H20. 0.2% P of dry soil (0.3115 g.) 

(2,000,000 

Yeast nucleic acid. 0.248% P of dry soil (0.4875 g.) 

Soil nucleotide. 0.1% P of dry soil. 

For each test, 100 gm. of soil was placed in a g~ass tumbler and 

the required amount of amendment added. Water (25 ml.) was then added 

to bring the soil to approximately the field moisture content and the 

tumblers were then stored in a dark room at fairly constant temperature 

(about 23.5° c.). water was added from time to ttme to replace that 

lost by evaporation. 

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 readily soluble phosphate were used to indicate whether 

any decomposition of organic P, or vice versa, had taken place. 

For the determination of readily soluble phosphate. 0.5 gms. of 

the dried soil, ground to pass a 40-mesh sieve, were extracted with 

lOO ~. of Quebec solution (pH 3.0) (Wrenshall and McKibbin 1935) 

by shaking 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 srumples when they were being dried. To test this, a small amount 

of nucleic acid was heated to 1009 c. and then extracted with ~uebec 
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solution. The extract was found to have a very high phosphate content 

while nuclei9 acid extracted without heating yielded only a small rumount 

of phosphate. 

1 
11 

2 

4 
5 

Treatment 

Nil 1111 
1t " tt Ca(OH)2 

TABLE XIV 
---·-· --~-----~-~---· -~ ·---

Readily Soluble P 
mg. P per lOO g. soil --.......... ~--.... -----

8.oo 
8~00 
6o68 

--------~----~-~---.....---- ·-~~---+----~--------- -----------
Yeast N.A. Nil 

" Ca(OH)2 

---- ~---------~-·-~--------------=-------l~-------~-·------..-.--~----··----

10 s. nucleotide Ca(OH)2 
8.oo 
6.80 

__....,__~ --------...--~ .. -....-.... -....... ~-- --------------- -~----.--~-~----
7 
8 
9 11 

~-------~---- ------

Nil 
Ca.(OH)2 
Glucose 

----~-~---

123.2;1 
125.0 
108.0 

~--------

Sinorganic Phosphate added - 200 mg. P per lOO g. soil 
---------

The values for inorganic phosphate treatment show that one extraction 

is insufficient to extract completely the added inorganic phosphate. 

{54-62% extraction} 

Since heating in the oven has resulted in the decomposition of yeast 

nucleic acid, the above results were considered to be unreliable. In 

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 above. 

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

taken and 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 made. The results are given in 

Table xv. (Immediate) 

Comparison of the values withrhose in Table XIV show that the soil 

should not be heated to a high temperature for drying. 
s(1rtl ples 

After 45 daysAwere again taken and analyzed as before. The results 

are reported in Table XV (45 days). 

T.ABLE XV. SOLUBLE PHOSPHATE EXTRACTED BY QUEBEC SOLUTION 
mg. P per 100 g. soil 

Treatment 
Tllll.e 

Innnediate 45 days --- ---~-----t~--·~----~---......_ ____ ---------
1. Nil Nil 
2. " Ca(OH) 2 
3. " Glucose 
4. Nucleic Acid Nil 
5. " Ca(OH) 2 
6. " Glucose 
7. Ca(H2P0~)2 , Nil 
a. Ca(OH)2 
9. " Glucose 
10. Soil Nucleotide 

Ca(OH) 2 

3.54 -
4.43 

-
142.6 

5.90 

2.55 
2.70 
2.35 

161~2 
161.8 
163.0 
113~0 
109.0 
108.3 

11.35 

-~------------~-----~- ··~-----~~~------------------------

Table XV shows that the Ca(OH) 2 or glucose treatments did not affect 

the rumount of soluble phosphate. This is in contrast to the usual finding 

that liming decreases organic P in soils. (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 decrease in soluble phosphate was obtained 

in two oases (nil, and inorganic phosphate). This may be due to a fix-

ation of inorganic phosphate by ·~the soilo 

Table XVI shows the increase insoluble phosphate in the p treated 

soils over the nil, leaving the Ca(OH)2 and glucose treatments out o£ 

consideration. Table XVII shows the increase in soluble phosphate due 
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to the mineralization 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 stable. 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. INCRE.A.SE IN SOLUBLE PHOSPHATE OVER UNTREATED SOIL 
DUE TO MINERALIZATION OF THE ORGANIC PHOSPHORUS ADDED 

mg. P per lOO g. soil 

TREATMENT IMMEDIATE 45 DAYS 
~-~·-+----- -~--- ------~--

Yeast Nucleic Acid 0.89 159.5 

Soil Nucleotide 2.36 8.82 

Inorganic Phosphate 139.0 109.6 

-~-~------ -----------------

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

--~----- --~- ---~ --r -~---~------ -- -- ------~ 
TREATMENT INCREASE ORGANIC P ADDED % DECOMPOSITION 
___ -----------------~ . _ ~-.-·p per~oog~ __ so1:1 -· ~-- --~--'--------__ 

Yeast Nucleic Acid 158.6 

Soil Nucleotide 6.46 

Inorganic Phosphate -29.4 

*' rrJtJr;janJ(! pJ;o:sf'lu:rf-e dddettl 

248 

lOO 

200* 

63.8 

-14.7 

----~~--..-·~----- ---....-.------ -·---~--

3. Second Soil Decom osition Ex eriment - Yeast, Nucleic Acid Soil 
~ eo ide, Individual Nucleotides, :Manure andJnorganic Phosphate 

The results of the first decomposition experiment have shown that 

the soil •nucleotide' behaves very differently from yeast nucleic acid. 
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Only derivatives of adenylic and uridylic aoid 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 nuoleotides should persist in the 

soil. Therefore the next step was to prepare quantities of the nu

oleotides of ribonucleic acid• and to compare the decomposition of 

these compounds in the soil itself. 

{a) Preparation of Nucleotides fram Yeast Nucleic Acid 0 

The method or U.vene (1931, P• 218) was used for the preparation 

of the nuol~otides. lOO gms. of yeast ~uolaia acid was hydrolyzed in 

an autoclave with 550 ml. of 5 per oant ammonia at a teaperature or 115° 

c. for one hour. Gua~lic aoid was precipitated by pouring into alcohol 

and it was purified as outlined by Levene • The other three nuoleotides 

were separated by fractional crystallization or their brucine salts. In 

order to get complete separation nine recrystallizations are necessary. 

and the guanrlio aoid has also to be oarried through this crystalliza• 

tion to purify it £ram uridylic aoid. Each of the four fractions of 

purine salts was then deoamposed by Na40H• precipitated by lead acetate 

and the lead salts WBre decomposed by H2S• After repeating the lead 

precipitation several times. the solution of the free acid was evapora

ted at law temperature (Below 40°0.) and allowed to crystallize. 

Difficulty was experienoed in obtaining a cr.ystalline product and 

after attempts to obtain or~rstalline uridylic a.oid and its dia.mmonium. 

se.lt had failad• the oaloium salt was preparedo A small amount of 

Ca 012 was added to ~~ solution of uridylio acid and the solution was 

neutralized with Ca(OH)a solution. On concentration of the solution. 

the crystalline Ca tmlt was obtained. 



- 65 -

The yields and analyses of the products are given in Table XVIII. 

TABLE XVIII • PHOSPHORUS CONTENT OF NUCLEOTIDES 

Substance Yield 
Gm.s. 

Inorg. 
Water Sol. 
P04, % P 

Adenylic acia ~.....,21"R8"?1'6'7r6 +---~-~13 

Guanylic acid 3.7164 2.10 

Cytidylic acid 1.1589 3.07 

Ca-uridylate 3.5346 0.354 

Total 
p% 

8.60 

6.25 

----. -----1-------- -··----·-···~---··' ·-·----

·---.-------~- .. --
Organic 

p% 

6.50 

7.13 

5.90 

Or g. (Theoret.) 
%P 

8.94 

9.59 

8.56 

The nucleotides contain small amounts of inorgani~ 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 purpose. 

It was observed that the solutions of the compounds were stable to 

the molybdate sulphuric acid solution (0.4 N H2so4 ) used in the phosphate 

determination. 

(b) Nucleotide Decomposition Experiment 

An experiment was then planned 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 tpe samples. It was found, on account of 

the high content of soluble phosphate with some treatments, that an 

additional 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. 

1. Nil. 2. Yeast nucleic acid. 3. Soil nucleotide. 4. Guanylic 

acid. 5. Adenylic acid. 6. Cytidylic acid. 7. ea uridyla.te. 

8. Inorganic phosphate. 9. Manure. The manure treatment was started 

at a later date than the others and this necessitated a separate nil, 10. 

An amount of each phosphorus compound containing 25 mg. of phosphorus (P) 

was added to 50 g. srumples of a Macdonald College soil (20 mesh). Tho-

rough mixing was achieved by grinding the material ·,dth a few grams of' 

soil then thoroughly incorporating 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 conditions. 

The samples were then stored in a ds.rk room, kept at a fairly 
was 

constant temperature (23° c.). Water/ occasione.lly adde~ to replace that 

lost by evaporation. At intervals, a sample of about 3.5 g. (moist 

weight) was taken from each tumbler for analysis. Each sample was spread 

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 a 

40-mesh sieve and placed in a stoppered bottle. The moisture content 

of the samples was determined and all s~ples were found to have practi

cally uniform moisture content (2.30 per cent H20) which corresponded 

almost exactly with the original moisture content of the soil, so that 

for comparative results the very slight differences were considered as 

not significant and were neglected. 

Duplicate 1 g. samples of each soil were weighed out and extracted 

with 200 ml. Quebec solution by shaking for one-half hour as in the 

regule.r procedure. The residue was then re-extracted with 200 ml. Que-

bee solution as before. The concentration of inorgs.nic phosphate in 

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



TABLE XIX. SOLUBLE PHOSPHATE EXTRACTED BY QUEBEC SOLUTION 
Pr(OLf SAMPLES TAKEN AT INTERVALS ( C01vffiiNED FIRST 

_ .. ili~D SECOND EXTRACTS)-mg. P per lOO g. soil ----------
• 

Treatment 
Time - weeks 

0 1 2 4 9 12 
.. ' . ~ .. 

I 
·--·- _ ....... - .... - -. .. l --I 9i, 6J5i 

22.60 1 
-T·--

7.28 (0.63) 14.99 I 16.12 
Nil l 

.. :Jo\-' 

?.98 (3.24) 59.88 67.63 
' 550.50 

Yeast Nucleic A~id 2 

8. 14 ( ~-j. 06) 23.26 26.30 19.39 20.04 
Soil Nucleotide r" 

:) 

19.9~:) (8ll.65) 57.91 
; 

45.54 60.18 . Gv.anylic ... ~cid /L 

Adenylic Acid 5 1?. 86 ( 48. 14) 59.47 63.46 48.78 

CytirJ.y-11 c /tcid 5 2 n nq ( •) '! ? ,~~ \ vt:Jo·" (J o ); 59.64 62.54 :1 I I 47.{2 

ll :),3 ( :/) / 12 ) 61.04 62.97 49.90 - . . ' ) . . ( r..;a Uri·:i;;rla te 7 
~ 
\Q I "I ~ ... -· :::> c1 i c J i. 0 s·" i I ·=1 t::::::. 8 r .~. ~ u j_ • ~ Cl._, 1 ... '. ,;.;; ..... u. V· 11/3.70 ( l. i)!)) 61. 61' 62.96 50.12 

J rr : ··1ur(~' 9 ..... :j .... :........ _, ,·)r$. 19 40.29 43.22 

=;il 10 I ~- ()'·) 
·-.) . - ;'} 15.74 15.74 

_____________________________ ._ __________________________ ~-------------------------~~---------------~-----------------~-------------



- 68 -

The figures given represent the total phosphorus removed by the 

two extractions. The samples for 0 time were taken directly after 

moistening the samples, and the other s~ples 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 sampling. 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 samples, 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 ~or 0 

time in Table XX are subtracted from the values for each period. This 

corrects for the inorganic phosphate added along with the organic. The 

values given in Table XXI should show the amount of inorganic phosphate 

liberated from the added organic (phosphorus) compounds at the respective 

time intervals. 

The phosphorus trea~nents of the soils were made on the basis of 

the total phosphorus content of the materials with which the treatment 

was made. Inorganic phosphate was also present in most of these materials 

and the actual amount of organic phosphorus added with each treatment 

is tabulated in Table XXII. 

In Table XXIII the incree.se in soluble phosphate extracted by the 

Quebec solution over the initial value (~able X]l )is expressed as per 

cent of the organic phosphorus added in the treatments. The percentage 

recovery of inorganic phosphate is also shovm for comparison. 

The similar behaviour of the yeast nucleic acid and the individual 

nucleotides is well shown, while the soil nucleotide, on the other hand, 

acts altogether differently. There was no significant difference in the 

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



Treatment 

I 

·m 
m 

I 

2 

3 

4 

5 

6 

7 

8 

9 

-· 

·--------~------------· 

TABLE XX. INCREASE IN SOLUBLE PHOSPI1ATE OVER UNTREATED SOIL 
DUE TO" MINERALIZATION OF THE ORGANIC PHOSPHORUS 
ADDED - mg. P per lOO g. soil. 

Time weeks 
0 1 2 4 9 12 



Treatment 

- ..... ~., 

2 

3 

4 

I 5 

~ 6 
t 

7 

8 

9 

---·-

TABLE XXI. INCREASE IN SOLUBLE PHOSPHATE OVER THE INITIAL 
VALUES DUE TO THE MINERAJ..JIZATION" OF THE ORGAN"IC 
PHOSPHORUS ADDED - mg. P per lOO g. soil. 

-
Time - weeks 

1 2 4 9 12 

40.13 44.33 33.68 

3.35 2.84 3.54 3.06 

26.19 24.91 16.75 

29.83 30.28 22.08 

25.78 25.13 16.39 

38.19 36.57 29.98 

3.14 0.94 -5.42 

1.38 4.31 

-
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TABLE XXII. AMOUNT OF ORGANIC AND INORGANIC PHOS
PHORUS ADDED WITH EACH TREATMENT - mg. 
P per lOO g. soil 

----· ------------·---- ---- --- --·-- -"'---·--- ---- ------·-- _..,. ___ .... ~ ~..-... ·-----...... -·· ------ ..... ------
Treatment No. Organic P Inorganic P 

-- ·-~-- --- -- ·-+---~----·---- ---·~ -- -· 
1 -
2 50.0 

3 48.44 

4 37.80 12.20 

5 43.40 6.60 

6 34.90 

7 47.22 

8 so.oo 

9 12.00 38.00 

·---- - -.......- ----------------- ... _,_...,. _______ , __ _..._,.,..,. __ , ___ -......:: ... -•--



I 

N 
t-

1 

Treatment 

Yeast Nucleic Acid 2 

Soil Nucleotide 3 

Guanylic Acid 4 

A.denJlic Acid 5 

Cytidylic Acid 6 

Oa Uridylate 7 
r~-

vianure 9 

Iorganic Phosphate* 8 

TABLE XXIII. INCHEASE IN SOLUBLE PHOSPHATE OVER THE INITIAL 
VAL1JE ( r.rABI.~:i.~ XXI) E:;G?RESSED AS PERCENT OF PHE 
TOTAL ORGANIC PHOSPHORUS ADDED • 

. ;~ _,_ ____ - -
Time - weeks 

1 2 4 9 12 

·-· -
80.26 88.66 67.36 

6.92 5.87 7.63 6.32 -
69.25 65.95 44.61 

68.80 69.75 50.84 

73.82 72.00 46.96 

80.95 77.45 63.50 

11.50 35.95 

85.12 80.72 68.00 

---~-- -------- --~-~-

*Percent recovery of inorganic phosphate added. 
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of deoompo.sition. The data do not suggest any reason why only the ade-

nine and uracil nucleotides have been found in the organic soil phosphorus 

material isolated. 

A lOO per cent recovery of decomposed phosphate was not expected 

since some fixation has taken place, as evidenced by the incomplete re

covery of inorganic phosphate. The amount of phosphate recovered from 

the nucleotide compounds approaches very nearly that recovered from in

organic phosphate, thus indicating that the organic phosphorus was almost 

totally decomposed. Further, the results show that this decomposition 

took place within a week, which is quite remarkable. It might be thought 

that the decomposition occurred durhkg the extraction or during the deter

mination of phosphate. In Table XIX in the column for 0 time, the amount 

of organic phosphate in the extracts is given (in brackets). This shcrws 

a large proportion of organic phosphorus in the extracts. The nucleotddes 

ere very soluble in the Quebec solution, whereas yeast nucleic acid and 

the soil 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. 

Gulland and Jackson (1938) observed that in the enzymio hydrolysis 

of yeast nucleic acid by various enzymes and mixtures of enzymes never 

more than 75 per cent of the total phosphate was liberated. 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 amounting to 25 per C@nt of the organic P which can not be decomposed 

by the enzymes and therefore would accumulate in ~he soilo It seems very 

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

accumulation in soils. 
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According to Wrucmman (1932, p.244) when organic matter is added to 

the soil the activity of the micro-organisms is stimulated to a marked 

extent. The fungi and not the bacteria are the most active. It is pos-

sible that the ftingi 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~ hypothesis, since the 

organic 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 organic soil phosphorus consisted mainly of a non-

hydrolyzable compound. It is possible that the 25 per cent residue 

observed by Gulland and Jackson may be decompo~ed to some extent 

under certain soil conditions, and that it is this fraction which makes 

up a large part of the soil organic phosphorus. It would seem that this 
1 

problem sho~d be investigated further by a study of the properties of 

the isolated soil nucleotides and a purification of this material should 

be effected to determine if it is a single compound of a nucleotide 

nature. This was impossible at this stage in our investigation since 

the methods available were too inefficient to allow the isolatimt of 

sufficient nucleotide. 

Another point which is brought out in Table XXIII is the appreciable 

decrease of the soluble phosphate after 12: weeks. This ~ould be due 

to two processes. Firstly, a fixation, or rever0ion of soluble phosphate 

could have taken place, or, secondly, phosphate may have been assimilated 

by micro-organisms and built up into their protoplasm in organic form, 

i.e. a biological absorption of phosphorus. as Stoklasa (1911) termed 

it. may have occurred. 



- 75 -

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 0.4 N H2S04 solution. 

The procedure used was exactly the s~e 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 XXIV. 

The increase in inorganic phosphorus due to the decomposition of 

the organic phosphorus is approximately equal to the rumount of organic 

phosphorus added, in the case of the nucleotides and yeast nucleic acid, 

while the soil nucleotide is only decomposed to the extent of 27.3 per 

cent according to the results of this experiment. The recovery of in

organic phosphcrus i.s almost lOO per cent. Therefore the results indi

cate that no biological absorption of phosphorus has occurred but that 

that 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-organic stimulation has taken place 

soon after the beginning of the experiment. Vandecaveye and Vill~ueva 

(1934) report that in a manured soil the fungi are very active at first, 

but their numbers decline after 30 days and are reduced to normal after 

about 40-50 days. Thereafter the Azotobacter increase. Azotobacter 

are capable of decomposing the remains of the fungi and utilizing the 

organic phosphorus contained in their dead bodies. In 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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This experiment has shown that the soil •nucleotide' behaves very 

differently from the ordinary nucleotides and possible reasons for this 

difference have been discussed. The results showed that a method of 

obtaining a sufficient quantity of soil nucleotide was needeQ. This 

method should allow a practically lOO 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, and that the whole of the organic phosphorus complex is 

being investigated. 

4. Third Soil Decomposition Experi1.-1ent - Nucleic Acid and Soil Nucleo
t~de on TiTo soil Types 

At this stage the oxalate method of separation of organic P had 

been ~evelpped, end since a much larger proportion of the soil organic 

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 carried out on two different types of soils. 

one, the Macdonald College soil {calcareous loam) p~eviously used, and 

the other, a podsol soil from the Eastern Townships. These two types 

were selected since ordinarily organic P accumulates in ~he podsol and 

is decomposed to a greater extent in the calcareous soil. 

The soil samples were passed through a 20-mesh sieve to insure 

uniformity of sampling. Amounts of material containing 25 mg. P were 

added to 50 g. soil {air-dry) contained in a glass tumbler. Thorough 

mixing was attained 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 
Yeast nucleic acid 

1 
2 
3 

4 
5 

Soil nucleotide 6 

--. -"-----------~----
Eastman Kodak eo. nucleic acid and the soil nucleotide (expt.G) 

were used in making up the treatment. 

After thorough mixing of the samples, a dry sample (3.5 g.) of 

each treatment was taken 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. srumples were taken. These samples were spread out 

to air-dry for about 36 hours and were then ground sufficiently to pass a 

40-mesh sieve. Determinations of moisture and soluble phosphate were made 

on each sample. The procedure for the latter was the same as for the deter-

mination of Quebec soluble phosphate except that 0.4 N H2S04 was used as the 

extracting solution and two successive extractions were made. 

0.4 N H2so4 was used instead of Quebec solution for the extractiam 

since the results of the last experiment showed that this acid completely 

extracted the added inorganic phosphate while the Quebec solution gave 

incomplete extraction. 

The results of the analyses are given in Table XXV-xxvttl 

1n Table XXV corrections have been made for the different moisture 

contents of the various samples. The table shows that the phosphate ex-

tre.cted from the nil samples remained practically constant throughout the 

duration of the experiment and that the samples extracted immediately shawed 

almost 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) 

-·---~-----~ mg~P _per lOO g. SOIL. ----------

TREATMENT TIIvlE - WEEKS r--------- -- ------·~--------- ---- ·--
0 1 3 

~-~~.~-~----.---...--·--------- ~--

Macdonald College~~~!= 

Nil 
Yeast Nucleic Acid 
Soil Nucleotide 

Podsol Soil: 

Nil 
Yeast Nucleic Acid 
Soil Nucleotide 

1 
2 
3 

4 
5 
6 

77.57 
81.08 
78.85 

12.17 
12.26 
12.38 

79.74*. 
112~74 

78.26 

12.20 
15.64 
12.51 

77.40i: 
115~20 

78.40 

11.86 
17.03 
12.21 

-~---~- -------- ·------ -·-----·- -- ------~-~--~~-~---~ 
~Corrected to Moisture Content of original soil. 

TABLE XXVI.. INCREASE IN SOLUBLE PHOSPHATE OVER UN1~EATED SOIL DUE TO 
MINERALIZATION OF THE ORGANIC PHOSPHORUS ADDED - mg. P 
per lOO g. SOIL. 

TREATMENT 

2 
3 
5 
6 

__ ..;;;:...------=-~-------------------·--· -~---------·--·-·-
TIME - WEEKS 

t--------~-----1'-----·-.. -... ----·----
0 1 3 

--~---·---·-.. --.- --~-------------1------~-~ --- ---·- -----
3.51 
1.28 
o.og 
0.21 

33.00 
-1.48 
3.44 
0.31 

37.80 
1.00 
5.17 
0.35 

- -- .. "-- -- - ... ~ .. --------- -----~--~---J-- ~ . -~---- --------- -~-..-.!---. --~-~--



TABLE XXVII. 

TREATMENT 

2 
3 
5 
6 

- ~u -

INCREASE ·IN SOLUBLE PHOSPHATE OVER THE INITIAL 
VALUES (0-time) DUE TO MINERALIZATION OF TEE 
OBGANIC PHOSPH.9RUS __ AUD~D .:":'.-.~~· ___ P p~~--~_90 g._ SO,I~. 

TIUE - WEEKS -- -· ~ ' ----~-------·-·-"---- __ ,.. ________ -----· ---.,..- --~ ,.,. ______ ..,._ __ ...... .._-.- ... ..- .... -- "~ 

1 3 

29.49 34.29 
-2.76 -0.28 

3.35 5.08 
0.10 0.14 

TABLE XXVIII. INCREASE IN SOLUBLE PHOSPHATE OVER THE INITIAL 
VALUES (TABLE XXV! I ExPRESSED AS PER CENT OF THE 
ORGANIC PHOSPHORUS ADDED.t ---------·- ··---------------------

TREATMENT 

2 
3 
5 
6 

TIME - -~EKS 

1 

58.18 
-5.52 
6.70 
0.20 

3 

68.58 
-0.56 
10.16 
0.28 

iOrganic Phosphorus added was 50 mg. P per lOO g. soil 
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The increase in soluble phosphate extracted from the treated samples 

over that from the untreated samples is shmvn 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 latter 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 minerali1ed 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 organic phosphorus, 

becomes decomposed during the isolation precedure or remains in the humic 

acid fraction and it is possible that it is this ~action which becomes 

decomposed when a soil is limed. 

The results indicate that a large part of the soil organic P must 

be protected in same w~y from the action of the soil micro-organisns. 

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 P. 

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 solubility of the organ

ic matter. This however would result in much better aeration of the 

soil. The pH would become more favourable for the development of the 
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soil organimms. Thus the stimulation of the soil micro-organimns would 

lead to the decomposition of much more organic matter including organic 

phosphorus compounds and this would probably be much more important than 

the decrease in solubility of the organic matter. 

This however does not explain why the isolated organic 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 micro-organigms, it is difficult to explain this fact. It se~s that 

the organic phosphorus must be combined 1vith 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 

favourable for the degradation processes in this type of soil. 

5. Fourth Soil Decomposition Experiment - Phytin 

This experiment was undertaken when it became evident that phytin 

was one of the soil organic P constituents. Neubauer (1933} found that 

phytin was 59% absorbed by rye seedlings in sand 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 

manner to the last experiment, the same two types of soil being used, 

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

loam). 
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TREATMENT MACDONALD COLLEGE SOIL PODSOL SOIL 

Nil 

Phytin 

1 

2 

3 

4 

The soil was prepared as in the previous experiments. Amounts of 

phytin (prepared from wheat b-an by the method of Boutwell, 1917) contain-

ing 25 mg. P were added to 50 g. srumples of soil. This was mixed with 

the soil ~d the samples stored as before. 

sa:mples were taken immediately for the initial analysis and at 

the stated times thereafter. 

The s~ples were dried and analysed for soluble phosphate (0.4 N 

H2so4 as the extracting acid) as before. The results are given in 

Table XXIX. 

T.LABLE XXIX. SOLUBLE PHOSPHATE EXTRACTED BY 0.4 N H2S04 
(COMBINED FIRST AND SECOND EXTRACTS) 
mg. P per 100 g. SOIL 

TREATMENT T Ilv1E - 'WEEKS -
0 2 8 

Macdonald College 

Nil 77.5 73.1 75.1 
Phytin 78.1 74.3 101.9 

Pod sol 

Nil 14.1 12.9 14.5 
Phytin 13.7 13.9 16.8 

The results show that phytin was not decomposed~ either soil 

in two weeks. 
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At 2 months, however, about 51 per cent of the phytin had been decom-

• • posed ~n 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 mineral-

ized when compared with nucleic acid compounds. 

Since the completion of our results on the isolation 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 phytin. This aleo explains Neubauer's results. 

The stability of the soil '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 in pod sol and calcareous 

loam soils showed a marked difference. Conditions in the podsol soil 

were not particularly favorable for the decomposition precesses. 

Although it is certain that some soil organic P is taking part in 

the biological cycle being actively decomposed in the soil and synthesi~ed 

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 



- 85 -

the stable accumulating part of the soil organic P. 

Other P compounds. lecithin, phosphoproteins, and purine and 

pyrimidine nucleotides, probably exist in soil in small quantities, 

being actively concerned in the life processes of micro-organisms. 

This fraction represent• the dynamic portion of the organic P which is 

being added to the soil continuously by plant and micro-organic residues 

and is also being continuously decomposed by the soil micro-organisms, 

gradually liberating inorganic phosphate for assimilation by plant roots 

in the process. 

There is evidence that phytin and the enzyme-stable fraction of 

nucleic acid are stable in the soil and there is also the theory that 

decomposable compounds may become 'buried', so to speak, in the soil 

colloidal complex and so become perhaps positionally, unavailable. The 

evidence for this theory has become somewhat weakened since the finding 

of the unavailability of phytin and the nucleic acid residue, but the 

manner of solution of the carbon, nitrogen and organic P compounds is 

not readily explainable by any other means. Thus it would seem that 

the chemistry of organic P in soils is much more complex than 1vas origi

nally anticipated. 

This concept of the division, or perhaps fractionation, of the soil 

organic 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 may be orientated and re

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

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 presQnt. Only one attempted isolation from the soil has been repor

ted. Stoklasa (1911) was unsuccessful in an 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 'Whiting 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 way. There are two possible ways in which such a de-activation 

might occur. First, the phytin might become incorporated along with 

other dndecomposed organic matter with the colloidal material of the 

soil and become buried - so to speak 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, 

and it seems possible that this compound might be precipitated in the soil 

and thus remove the phytin from the sphere of bacterial action as above. 

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 organic P is very resistant 

and possibly is phytin. Therefore an attempt was made to confirm the 

presence of phytin in the material isolated from soil. 



- 87 -

2. Estimation of Phytin in the Soil Nucleotide Pre!aration 

The FeC13 titration method of Rather (1917) was first used. 28.8 mg. 

of ppt. 12p dissolved in dilute HC1 was titrated by FeC13 (0.5 mg. Fe per 

ml. in 1 N HC1) 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 FeCl3 solution was added to 

a solution of ppt. 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)

3 
and washing with hot water, organic P was 

deter.mined in the solution. The phosphorus ~ounted to 2.12 per cent P 

(~49 per cent Total P of ppt. 12p). This procedure was much more 

satisfactory than the direct titration. 

This shows that the isolated material, 12 P• contains almost half its 

P in an organic form precipitable by FeCl3 in acid solution and there

fore almost certainly P.hytin. 

The next step was to prove that this material was phytin. The 

characterization of phytin is usually made by an isolation of inositol 

after hydrolysis of the phytin material. 

A quantity of the soil 'nucleotide' was therefore treated with 

FeC13 in order to separate the phytin. 

1.674 g. ppt. llp I 1.158 g. ppt. 13p, containing 0.1384 g. Total P. 

was dissolved in 100 ml. dilute NH3, NH3 being added until just alkaline. 

The solution was then made slightly acid with HCl. 50 ml.FeCl3 solution 

was added and the solution was heated 15 minutes on the steam bath to 

coagulate the Fe phytate. After cooling, the precipitate was centrifuged 

off and washed with 20 ml. N/6 HC1. The filtrate was further treated 1r.Lth 

50 ml. FeCl3 and a second precipitate was obtained as above. 
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Each precipitate was dissolved in 50 ml. 1 N NaOH, aad heated 20 min. 

in a boiling water bath. The coagulated Fe(OH) 3 was centrifuged off and 

washed with hot water. The solution vvas just acidified with N HCl and 

a reprecipitation with FeC13 was carried out as above. The final NaOH 

solutions were united and concentrated under reduced pressure to 20 ml. 

Analysis of a portion showed 39.2 mg. total P and 35.7 mg. org. P. 

On neutralizing the filtrates from the Fe phytate above a small ~ount 

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 Ealt which was insoluble at a 

neutral reaction. Its presence could be accounted for by a slaw partial 

decomposition of the inositol hexaphosphate. 

3. Attempted Isolation of Inositol 

The solution of phytin in :na.OH obtained as described above was 

neutralized with n2so4 and 5 ml. cone. H2so4 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 H2S04 was hydrolyzed at the 

same time. 

H
2
so4 and H3Po4 were precipitated from the hot hydrolysate by hot 

saturated Ba(OH) 2 solution. The BaS04 and Ba3 (PC4)2 were filtered off 

and washed with hot water. The excess Ba was precipitated by C02 and 

the Baco3 filtered off. The solutions were then evaporated to 20 mlo 

The inosite was then precipitated by the method of Young (1934). lOO~. 

acetone and 50 ml. ether were added to each solution and the mixtures 

were placed in the refrigerator overnight. The pure Phytin ~elution gave 
a white crystm line precipitate immediately while the soil phytin gave a 
§ugary mass. The inosite precipitate was filtered off; washed with 

acetone and ether and dried for a short time at 100° c. The pure phytin 
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yielded 0.352 g. inositol (a) while the soil phytin gave 3.39 g. or 
impure material, (b). 

A portion of (b) gave a negative Soberer's test for inosite, while 

(a) gave a definitely positive test. This was taken to mean that Inaterial 

(b) was i;npure 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 substance was taken up with HCl and 3.0 g. Ba(OH) 2 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 ~ H2o04 was added, and the solution was heated 

45-60 minutes on the steam bath. the filtrate from BaS04 was evaporated 

to 3 ml. and precipitated with 30 ml. acetone and 15 ml. ether, as before. 

52.1 mg. of a white powder was obtained. 10 mg. gave a negative Scherer 

test. Recrystallization of the remainder yielded 37.3 mg. This material 

also failed to give the Fischler and KUrten (1930) test for inosite, while 
• 

the inositol prepared fram phytin gave a vezy 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 applied to ppt. 

lOp but since so much extraneous colouring matter was present the results 

were extremely dubious. 

The experiments described above were taken as being indicative of 

the presence of phytin in the soil preparations, but showed that some 
cl 

way mu·st be found to isolate it in a nearly pure state if co~usive 

tests are to be obtained. 
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4. Stability of ihytin to Oxidation-by Br 2 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 similar organic material. Lignin, humic .acid, protein 

and other related compounds are very readily oxidized by NaOBr, or NaOCl 

in alkaline or neutral solution (Feustel and Byers 1936, Norman 1939
1 

Dean 1938). 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 2 then extraneous organic 

compounds could easily be removed from the soil ph,,,rtin preparation. 

A sample of phytin prepared from ~t.heat bran by the methdi of B:>llltwell 

(1917) was used in this experiment. Analysis showed 21.33% P (moisture 

free basis)(Theoretical3 20.96 for calcium inositol hexaphosphate}e 

To 5 ml. of a 0.5% solution of the phytin in N/10 HCl were added 

10 ml. H2o, 5 ml. 5 N NaOH and 5 ml. saturated Br2water. After boiling 

for various periods, the solution was made acid with 5 ml·• 6 N HCl and 

the excess Br2 was boiled off. The solution was cooled, diluted to lOO ml., 

and inorganic phosphate was determined. The results are presented in 

Table XXX. 

TABLE XXX. DEC01WOSITION OF PHYTIN B Y ALKALINE B 

. ·sol_ uti on Time of Phytin Inorg • 
Boiling Present Found 
tMinutes mg. p mg. p 

Blank 0.004 
Inorg. P 5 ml. phytin 

soln. 4.00 0.028 
Total Blank 0.032 

al - 5 ml. phytin soln. 30 4.00 0.139 
a2 - " tt " 60 4.00 0.194 
a3i: tt 11 lt 40 4.00 0.300 
a4-U " 11 n 30 4.00 0.143 

za3 Yms boiled almost dry after acidification 
-~ large excess of Br 2 was used in this test. 

P04 

r2 

Decomposition 
mg. p % 

0.107 2.7 
0.162 4.0 
0.268 6.7 
0.111 2.8 
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The results show that phytin is very slowly oxidized by Br 2, only 

4% being decomposed by boiling for 1 hour with excess Br 2 in 1 N NaOH 

solution. (.tlcid hydrolysis gives a larger decomposition - a3} 

It appears that it should be feasible to use Br 2 oxidation in the 

isolation of soil organic phosphorus. 

If the phytin\ is converted only to inositol pentaphosphate, then 

2.75%-dephosphorylation represents the decompostion of 16.5% phytin. 

5. Separation of Phytin from Soil 

A preliminary exper:ilil.ent was undertaken to isolate ph~;-tin from soil 

by oxidizing the Na.OH soil extract with Br2 and precipitating the phytin 

from the clear acidified solution by Fecl3• 

50 g. Halliday soil was leached with 100 ml. N HCl and then washed 

well with vmter. The soil was then heated overnight on the ste~bath 

with 500 ml. 2~~ NaOH. The supernatant liquid was decanted off through 

a cloth and treated with a solution of Br 2 dissolved in the equivalent 

amount of NaOH. The solution was boiled nnd Br2 added until. the solution 

was decolorized. After acidifying w~ith HCl the excess Br 2 was boiled off. 

A white floccul ent precipitate now appeared which was removed. It resem

bled cellulose but was· easily soluble in 2~ Na.OH giving a dark colored 

solution containing no phosphorus. The light brown liquid contained 

42 mg. organic P. 

Feustel and Byers (1936) have sho'W!l 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. ehher. A large part of the yellow color 

was removed and the solution was now much clearer. 
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50 ml. FeC13 solution vms added to each solution ( also 31 ml. 5 N 

NaOH to make the solution just slightly acid}. The solutions were then 

heated on the sterum bath for 20 min. 

The ether extracted portion formed a precipitate almost immediately. 

The solution was cooled and the precipitate was centrifuged off and washed 

with N/6 HCl. It was a greyish white color and contained 11.7 mg. org~~ic 

P. On making the filtrate up to 80% alcohol a precipitate was obtained 

which contained a further 7 mg. organic p. 

The non-ether extracted portion gave n0 precipitate. Feustel wnd 

Byers found considerable oxalic acidaa.mong --the products of Br 2 oxida

tion of humic acid. It is possible that the~-OH organic acids formed 

by bromination inactivate the FeC1 3 so that ferric phytate is- not formed. 

Evidently ether extraction removes the interfering substances. The or
~recipitated 

ganic P was almost completelyjfrom the non-ether-extracted solution vmen 

a 5% excess of HCl and alcohol were added to give a final concentration 

of 80% alcohol. These results are sununar ized in the diagram below 

(The figures show the organic P present in the various fractions): 

acid 
pptl. 

19.0 

1 N HCl 50 • soil 
~------~--------~ 

.. j 

2% NaOH 
Br2 Oxid. 

42.0 
- - - - -

21 

80% 

rl-
alcohol ether ext. 

I J 

2.0 FeC13 

ppt. soln 
11.7 9.3 

acid 80% alcohol 

I 
I 

ppt. 
6.8 

I 
2.5 
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The ferric phytate is more nearly pure than the alcohol precipitate 

although the latter gives a greater recovery of organic phosphorus. This 

experiment showed that the Br 2 oxidation method is practical and so a 

larger rumount of soil was now extracted. 

500 g. Halliday soil were extracted 1~th 1000 ml. N HCl, and then 

heated overnight on the sterum bath with 5 litres 2% KaOH. The liquid 

was then decanted and treated with Br 2 dissolved in NaOH until the extract 

was decolorized. This proc&dure took several hours at the boiling temp-

erature. The solution was then acidified with HCl, the excess Br2 boiled 

off and a small amount of precipitate was removed after cooling. The 

solution contained 172 mg. organic P. After acidifying vrlth a 5% excess 

of HCl, the solution was made up to 80% alcohol. The precipitate o£ NaBr 

crystals and organic matter was filtered off, 41 mg. organic P still re-

maining in the filtrate. The precipitate was suspended in hot water and 

50 ml. FeC1 3 solution (5 mg Fe/nl. 1 N HCl) was added together with 4 g. 

NaOH to give 'pproximately N/Q HCl solution. After heating 20 minutes 

on the steam bath, the ferric phytate was centrifuged off. The light 

colored precipitate contained 121 mg. organic 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 mg. organic 

p was treated with 10 ml. FeC13 soln. After standing 2 days, 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 r.hich is e.lmost certainly ferric 

phytate. 
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The various alcohol precipitates from the above experiments 

were dissolved in 100 ml. N/10 HCl and the solution was treated with 

Fecl3 solution. The precipitate was collected in the usual way and 

was then dissolved in hot 1% NaOH solution. The solution was very 

dark in color and so was decolorized vdth Br 2 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 vacuum desiccator. It 

weighed 0.0596 g. (ppt. A). 

The ferric phytate precipitates obtained from the soil extract 

above were now purified by reprecipitation. The material was suspen-

ded in 100 ml. hot water and lOO ml. 0.8 N NaOH added. The mixture was 

heated 20-30 minutes on the sterum bath and after cooling the coagulated 

Fe(OH) 3 was centrifuged off and ·uashed with hot water. The filtrate 

contained 100.2 mg. P. The solution was acidified and ferric phytate 

prepared as before. It was dissolved in 150 ml. 1% NaOH and Fe(OH) 3 

removed. The solution was still dark colored so it was treated lrlth 

Br 2• After acidifying and boiling off excess Br 2, the solution was 

extracted with ether. This removed traces of Br 2 and the solution was 

now clear and colorless. Ferric phyt~te was again precipitated and 
a 

collected as before. It was/pure white product and contained 48.6 

mg. p (see below). This represents a 50% yield after two FeC13 precip-

itations, one Br 2 treatment, and two NaOH treatments. The loss is 

probably due to incomplete precipitation and partly to decomposition 

by Br 2 oxidation. 

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

Precipitate A was dissolved in 10 ml. hot water and 10 ml. 0.5 Ne.OH. 

After heating and cooling the Fe(OH) 3 was centrifuged off and washed 
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with hot water. The solution ollilta.ined 5.93 mg. P. The Fe (OH)3 was 

dissolved in HCl and Fe was determined by the dipyridyl method (Parker 

and Griffin 1939). 8.60 mg. Fe was present. 

This orresponds to an analysis of 9.97% P and 14.4% Fe, with a P/Fe 

ratio of Q.69. 

The sodium phytate solution fram precipitate B contained 48~p mg. 

P and the Fe Cl 3 solution 63.8 mg. Fe. The P/Fe ratio 'Was thus o. 76. 

It was found by ex~ination of same of the Fe~:(oH) 3 precipitates 

above that only trpces of phosphorus were precipitated along with the 

The P/Fe ratio of ferric phytate found by titration (Rather 19171 

Heubner and stadl! r 1914) is about 1.20 and this differs widely from 

the ratio found above. Accordingly ferric phytate was prepared from 
c 

pure phytin (prepared from bran) for/omparison with the above. 

0.323 g. phytin (80 mg.P ) was dissolved in N/10 HCl P...nd treated 

"'"' with Fe Cl3. The ferric phytate was decomposed by 1% NaOH and analy-
'-

ses made as above. The Ndrhytate contained 39.8 mg. P and the Fe(OH)3, 

55.8 mg. Fe, giving a P/Fe ratio of 0.71. This value agrees with the 

value from the soil ferric phytate. 

To determine if treatment with Br2 had any effect on the material, 

50 ml. of the above solution of sodium phytate from phytin was treated 

with Br2• The solution was acidified and excess Br2 boi~d off. It 
1----

was extracted with ether, precipitated by Fe Cl3 and the ferric phytate ...___ 

solution onntained 9.55 mg. P and the Fe(OH) 3 14.0 mg. Fe. 

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

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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dry 
A sample of ferric phytate (a~·/) prepared by Miss E. Knight by 

precipitation of phytin with FeC13 (phytin definitely in excess) was 

now analyzed. 

Moisture was determined by drying a sample of 48.5 mg. at 120° C. 

for 2 hours. The sample contained 13.8% H2o. The s~ple was then ig

nited with Mg(N03) 2 and P and 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. Fe. Thus 

the ferric phytate contained (oven-dry basis) - 19.8% P and 17.3% Fe. 

an·~-~ha.dea P/Fe ratio of 1.14. 

203.3 mg. of the ferric phytate s~ple were washed with alcohol and 

ether and dried in a vacuum desiccator. The sample still retained 9.64% 

H20• This is in accord with the results of Posternak (1921) who found 

that all phytin salts :conta:lned large amounts of water of crystalliz-

ation which was very difficult to remove. 

101.1 mg. of this dried preparation was decomposed with NaOH and 

the Fe(OH) 3 had removed as before. The sodium phytate solution contained 

17.4 mg. P while the Fe(OH) 3 had 15.75 mg. Fe. Thus the preparation 

contained a 

Ether dry basis - p •• l7.2% 

Oven dry basis- p •• l9.1% 

Fe •• 1£.6% 

Fe •• 17.3% -- P/Fe •• l.ll 

This shows that the two methods of analysis give identical results. 

The P/Fe ratio of this preparation differs widely from the prepar

ations above and corresponds with the titration ratio. This is explain-

ed in that an excess of FeC13~as not used and therefore the iron salt 
i ). 

formed was the srume as that for.med in the titration procedure (see later.) 



97 

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 Fa determinations were made as before. After drying 

with alcohol and ether the preparation still contained 17.5~ H~. On 

an ovandry b~sis the results showed:-

- P •• 15 .6% T Fe •• 23. 6;~~T P/Fe •• 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 literature. 

7. Titration by FeCla of Sodium Phytate from Soil and from Bran Phytin 

The fact that the P/Fe ratios obtained by analysis did not agree 

with the titration values given in the literature was now investigated. 

Heubner and Stadler (1914) first introduced the method of titration 
r 

of phytin by FeClg• RatruV(l917) Harris and MOsher (1934) Averil and 

King (1926) and others have introduced various modifications all desig-

ned to allow a more accurate determination o£ the endpoint. Rather's 

direct titration method using NH4CNS as an indicator was used in this 

work. 

10 ml.or sodium phytate solution was made up to 50 ml. (approx.} 

with enough H61 to me,ke a 0.6j! HCl solution. 2 ml. o£ 0.3% NH4CNS was 

added. The s elution was then titrated with FeCl3 solution (0.5 mg. 

Fe/ml. lN BCl) until a brownish calor, pef"ma.Dent for 5 minutes, was ob

tained. A blank determination required 0.15 ml. FeC13 solution. Results 

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

in Table XXXI. 
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TABLE XXXI. TITRATION OF PHYTIN SOLUTIONS 

Solution P present Fe added P/Fe 

mg.P mg. Fe 

5ml.soil N~phytate 1.41 1.10 1.27 ) ) 
1.23 

5m1 tt 1.41 1.19 1.19 ) ) 
"":,"'.!." .. ; 

lOml phytin u (a} 1.47 1.32 1.12 ) 1.21 

lOml .. " .. (b) 3.51 2.74 1 27 _...,) '~~ " ··-~~ _, ) • 
1.20 

lOmL " '* (c) 3.51 2.92 1.20 ) ) 

These values for the PjFe ratio agree very well with those found in 

the literature - Heubner and Stadler (1914) gave the value, 1.19, and 
er 

Rat~ (1917), 1.21. There is practically no difference between the so-

dium phytate prepared from phytin and that prepared from the soil pro-

duct. 

An: other titration was made with the phytin dissolved in just acid 

solution. The soil sodium phyt~te 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 aci4ity has some effect o·n the amount of 

iron taken up by the phytin. 

8o Discussion of Iron Salts~tf Phytin. 

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

summarized in Table XXXII. 
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TABLE XXXII • P AND ~ CONTENT OF PHYTATE., PREPARATIONS 

Preparation Analysis Titration P/Fe 

~,:p f3e P/Fe ratio {P p·resent mg.) o.s% HOl slightly 
acid soln • 

Fe phytate, soil 0.76 1.41 1.27 

1.41 1.19 

2.43 1.03 

-- ~ 

Fe phytate,soil 9.97 14.4 0.69 

(2 Br2 treat-
menta) 

- --- - -
Fe phytate,bran 

phytin (1) 0.71 1.47 1.12 

Fe phytate, prarJ 
12.9 19.5 0.67 3.51 1.20 

phytin (2) 
15.6~ lt X 

3.51 1.27 
( ~23 .5) 

Fe phytate }:>ran 
I -

phytin {Br2 treat-

ed) 0.68 1.04 

Fe phytate -

unsat•d 17o2 15.6 1.11 

(19.1, (17.3}x 

(1913 ~ (17 .3) 0 1.14 

x These values are on oven dry basis. The others are analyses of ether 

dry material. 

o Analysis bya:shing with Mg(N03l2• 
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The average P/Fe ratio by analysis is 0.72 for the soil preparation 

and 0.69 for the phytin preparation, so that the two agree very well. If 

one ass~umes a moisture content of 37.5% for the soil ferric phytate anal

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 assumed the iron salt formed by titration was a hepta

ferric salt (csHaOH.H3 (P04)5J 3 Fe7• 

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 octa.ferric salt [csH6J4(P04)ij3 Fee• 

The iron saturated salt would be represented by the tetraferric 

salt - C6ff6 (P04)6 Fe4. 

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

in Table XXXIII below. 

TABLE XXXIII. COMPOSITION OF FERRIC PHYTATES 

COMPOUND %P % Fe P/Fe 

C6Hs(P04)6Fe4 21.3 25.7 0.83 

(C 6H6H4 (P04 ) 6)3Fe8 23.2 18.6 1.24 

(CsHsOH H3(P04)5)3Fe7 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 
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very high amotmts of water and also he found that it was very difficult 

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 approaches very nearly that of the theoretiaal. 

The P/Fe·ratio shows that our preparations contained more iron than the 

tetraferric phytate {P/Fe 0.71 - 0.83) Assuming the preparation to contain 

CsHs(P04) 6Fe4 t Fe(OH} 3 f H20 then calculation shows the bran phytin 

preparation should contain 1.03 mols. F.e(OH) 3 and 11.6 mols. H20 per mol. 

of G6Hj{P04) 6Fe4 , and the soil phytin 0.82 mols. Fe(OH) 3 and5 0.6 mols. 

H20• This H2o content is of the same order as Posternak obtained for 

sodium phytate and other phytin salts, and it would seem reasonable that 

the highly colloidal ferric phytate precipitate could adsorb a molecule 

of Fe(OH) 3 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 theootaferric salt 

of inosi t ol hexaphm phoric acid or the heptaferric salt of inosi io 1 pent-

aphiSphoric acid, on the basis that the prepared salt again contains ad-

sorbed water. 

Regardless of whether the compounds agree with the theoretical or not 

the soil preparation 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 compounds. 

-t. Fisehler- Kurten Test for Phrtin• 
\ 

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

):. 

phytate solutions from pure phytin and from the s oil preparationa' lQml. 
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sodium phytate solution (containing ~pprox. tmg• phytin P per ml.) was 

evaporated almost to dryness (syrupy) in a 80 ml.Erlenmeyer Flask. 

Each solution gave a yellow-green color at this point. A knife point of 

N~02 was added, mixed well with the residue, and one to two drops of 

water added to form a paste. The flask was then carefully heated 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 solutions. 

Thus the Fischler Kurten teat indicated the prespnce of phytin in 

the soil preparation. 

10. Enzyme Dephosphorylation. 
ity 

Enzymatic hydrol~.-f is should give further proof of the iden·;~/ of the 

product isolated from soil. If it is phytin then phytase shou~ 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 hydrolysis of organic P was determined. 

(A) Action of Phosphatase. 

An enzyme extract was prepared by extracting the mucosa of pig;' s 

_intestine 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). lOml. of this extract was added to 

~~1. of teat solution and the solution was then brought to about pH 8.5 

(Just alkaline to phenolphthalein)~ lml. of to.~ene was added to each .A 

tube, and the samples were then incubated at 35°C. The test ~olutions 

were as follows: 
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1. 5 ml. water(blank) 

2. 5 ml. 1% yeast nucleic acid soln. 

3. 5 ml. Na phytate (soil prepn.) 

4. 5 ml. Na phytate (bran phytin) 

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

to 10 ml., and inorganic phosphate determination made. The results are 

given in Table XXXIV below. 

TABLE XXXIV. PHOSPHATASE DEPHOSPHORYLATION 

SUBSTRATE Org.P Inorg. P found DECOMPOSITION 
added mg. p mg. p % org. p 

Mg.P 
0 days 3 6 10 g -6 10 3 6 l'O 

l.Blank - 0.18 0.55 0.58 o.sa - - - - - -
2.Nucleic Acid 4.85 0.18 3.09 4.00 4.23 2.54 3.42 3.65 52.4 '70. 5 '75.0 

:f;-, 
9 -·-'. 

3.Na. phytate : .. ~ 

(soil) 1.22 b.l9 0.66 0.82 0.91 0.11 0.24 0.33 9.0 19.6 2'1.0 

4.Na phytate 
(phytin) 1.43 0.18 0.52 0.60 0.66 -0.02 o.o2 o.o8 -1.4 1.4 5.6 

The intestine extract contained some organic phosphorus and so the 

value for the blank was substracted from those of the \Y'.::_ ... :.' test solutions 

to give the rumount of added organic P hydrolyzed. The decomposition of 

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

This result is in accord with Gulland and Jackson's observation that yeast 
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nucleic acid is only 75% dephoaphorylated by enzymes. The importance 

of this in regard to the accumulation of organic phosphorus in soils has 

already been mentioned. The Na phytate from phytin was not attacked at 

all and that from soil only slightly, thus leaving no doubt that the 

soi1 phytate preparation is principally non-muc1eotide in natura. 

A nitrogen estimation on the soil Na phytate solution showed that it 

contained no nitrogen, so that the stability ot the organic phosphorus can 

not be due to its being composed 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 (Plim-

mer 1913). 3ml of this extract was then added to lOml. of test solution 
/I 

which had been adjusted to about PH 4.7 {just colorless to p-nitrophenol). 

~wahara (1930) st~tes the opitmum pH for the phytase enzyme is 4.67. 

The solutions •ere made up to 15ml., lml. of toluene was added to each 

and the solutions were incubated at about 35°0. 

The test s" olutions were as follows: 

1. lOml. water 

2. lOml. water 

s. lOml.Na phytate (bran phytin) 

4. 10ml. Na phytate {soil) 

s. lOml. Na Phytate {phytin Br2 treated) 

6. lOml. Fe phytate ( lt tt .. ) 

7. 3ml. 1% nucleic acid. 

At intervals 1 ml. samples were removed, diluted to 50ml. and phos-

phate determinations were made. The results are given in Table XXXV 
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TABLE X:XX:V. PHYTASE DEPHOSPHORYLATION i;\t --
SUBSTRATE Org. P 

added 
lnorg. P found DECOMPOSITION 

~------------~~--------------mg. p 
rng• P rng. p % org. P. 

0 day_s 3 7 3 days 7 3 
..-.::~.· 

- .1'" 
i • ~·· 

1.Water 0.84 1.12 1.12 -
2.Water - 0.86 1.12 1.12 - -
3.Na phytate 2.86 0.88 3.45 3.56 2.33 2.44 81.5 85.3 

(phytin 

4.Na phytate 2.44 0.87 2.84 3.30 
(soil) 

1.'72 2.18 70.5 89.4 

5.Na phyta.te 
(phytin Br 2 ) 1.47 0.89 2.34 2.52 1.22 1.40 83.0 95.1 

6.Fe phytate 
(phytin Br 2 1.47 0.81 1.10 1.16 -0.02 0.04 -1.4 

7.Nucleic acid 2.91 0.86 3.22 3.22 2.10 2.10 72.2 72.2 

--------------- ·-~---~--------------------~--------------~-------------

The ph~~in solutions contained practically no inorganic phosphate as 

the initial phosphate content was approxi ,.a.tely the same in all cases. 

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

solution was used as a blank. 

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 deoomposi-

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 75fo) so 
) 

that the extract must have contained some phosphatase active in acid 

solution. Plimmer (1913} also found that bran extract partially hydrp• 

lized nucleic acid. This is unfortunate in th~t we may not distin

guish between phytin and nucleic acid by the phytase 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 insolubility 

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. 

11. Conclusions 

The results of our investigation of phytin in soil have been very 

significant. One experiment showed that a sample of the organic p

preparation isolated from soil contained 49fo of its Pas phytin and in 

another experiment, about 25~ of the total soil organic P was obtained 
' 

in the form of phytin. The isolation was certainly not quantitative 

so that a large p:1rt 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 that the ferric phytate prepared from soil extracts 

by precipitation with FeC13 in acid solution 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 Br2 
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in al~~ine solution, and this treatment ~a found to be very effective 

in removing the extraneous organic 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 Br2 in 

boiling alkaline solution until an excess of Br2 was present. The extract 

was then acidified, excess Br2 boiled of£, and the phytin precipitated 

in acid 80% alcohol solution. The precipit~ote was dissolved in N/10 HCl 

and precipitated with FeCl3. The ferric phytate was collected, decomposed 

with NaOH and again treated with Br2 to remove extraneous organic matter 

completely. Excess Br2 was removed as before and the colorless acid solu-

tion was treated with FeCl3. The pure white ferric phytate was collected. 

Although this procedure was not quantitative, the product obtained 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

ration 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 FeCl3 to 

the thiocyanate endpoint g~ve 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
4
c6H6(P04) 6 and the other to the partially iron saturated 

salt (c6H6H4(P04) 6] 3 Fe a· 
Enzyme dephosphory~tion studies with phosphatase and phytase enzyme 

extracts 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 hydrolysis of 

nucleic acid was fully confirmed, and it seems probable that this un-

decomposed fraction may account for the greater part of the accumulation 

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
in 

tate would be precipitated and thus would be/a form in which it would not 

be attacked 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 lesser tendency to •ccumulate, 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 pant, to the liberation of phytin phosphorus. This 

is substantiated by the finding that phytin was partially decomposed on 

a calcareous soil. 

Similarly, Na2co3 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 thee(- 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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§.UMMARY 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 s~paration of 5 - 13 percent. This was unsatisfactory 

since it was almost impossible to obtain any appreciable amount of soil 

organic phosphorus with a reasonable amount of time and labor, and fur

ther it was considered that the small fraction 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 

Na2C03. Hot ammonia preceded by leaching with HCl removed 90 - lOO 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 Ca(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 ~ttempt 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 or the same order in several soils. 

In four podsol soils from 7.8 to 14.8 percent of the organic phosphorus 

of the ammonia extract was obtained in the humic acid filtrate. The 

Halliday podsol A1 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, ~liday 

podsol, A1 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 oxalate per extract from 1 g. soil. 

The hot ammonia extraction method with the addition of oxalate was 

used to separate the organic phosphorus from large amounts or H~liday 

sail. From 38 - 46 percent or the total soil organic phosphorus was 

~tually-separated as a •nucleotide' precipitate. About 38 - 40 percent 

remained in the humic acid precipitate, about 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 t~e case if the organic phosphorus 

consisted o£ nucleotide compounds. The nitrogen accounted for only 

34 percent and 69 percent o£ the organic phosphorus in two soil prepara-

tions. This suggested the occurrence o£ phytin. 

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

Xanthylic acid was the only purine nucleotide which ~ould be de

tected in the •nucleotide' 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 o£ 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 

n~cleic acid and the four nucleotides prepared from nucleic acid were 

rapidly dephosphorylated on muck and on calcareous loam soils. Addition 

of Ca(OH) 2 or glucose had no effect on the decomposition. The separated 

soil 'nucleotide' was stable under these conditions. The recovery of 

e,dded 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-

sol soil. The soil 'nucleotide' was 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 behave 

like the ordinary nucleotides. Titration of a solution of the soil 

•nucleotide' with FeClg showed the presence of material precipitable 

by FeC1
3

• A phytin determination according to the method cf l'fcCttsee · 

ehJ ~~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 presence of extraneous organic material. 

Phytin was found to be stable to oxidation by Br2 in alkaline solution. 

Phytin was isolated from soil by treating NaOH soil extracts with Br2 and 

precipitating phytin f'rom the acidified solution by FeC13 (in some cases 

by 80 percent alcohol). The preparation was purified by reprecipitat~on 
·'· 

and f'urther treatment with Br2 and was obtained .as a white precipitate 

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

total organic phosphorus of the original soil. 
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This soil ferric phytate preparation was analyaed and its Fe and p 

content (P/Fe r,atio - 0.72) corresponded with ferric phytate prepared 

from pure .phytin (wheat bran)(P/Fe- 0.69). Two iron salts were pre-

pared, the composition of which corresponded approximately to tetra

ferric inositol hexaphosphoric acid, c6a6-(P04) 6:re4f XH2o, and octaf'erric 

inositol hexaphosphoric acid,~6H6H4{P04) 6)3 Fe8 f iH2o. 

Titration with FeC13 of sodium phytate sol"tions prepared from the 

soil and bran phytin ferric phytate gave values for the P/Fe ratio or 

1.23 for the soil phytate and 1.20 for the bran phytin. These differed 

by less than the experimental error from the values of 1.19 to 1.21 

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 pe*cent). Nucleic acid was 75 percent decomposed 

and ferri~ phytate was not attacked at all. 

The evidence for the presence of phytin in the soil may be summed 

up as follows. 

1. Low NJP ratio of separated organic phosphorus. 

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

or Br
2

• 

3. The presence of organic phosphorus precipitable from acid solution 

by FeC13• 

4. The PJFe ratios, obtained either by titration with FeC13 or analysis 

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

pure bran phytin were identical. 
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s. The Fischler and Kurten test was positive. 

6. The soil phytin preparation contained no nitrogen. 

7. The soil pijytin preparation was rapidly dephosphorylated by phytase 

enzyme but was not attacked by phosphatase enzymes. 

8. 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 

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 apart 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 phospho.us. 

In this investigation, about 25 percent of the total organic 

phosphorus present in a podsol soil was isolated as phytin. About 40 per-

cent of the organic phosphorus of the same soil was separated as a 'nu-

cleotide' fraction. This was subsequently shovm 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 accumu~tion of large amounts of phytin in the 

soil. Calcium phytate is relatively insoluble in alkaline solution, 

and it is possible that phytin might also accumulate 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 material 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 o£ nucleotide compounds in the soil. The continual de

composition and synthesis o£ nucleic acids or nucleoproteins by the 

bacterial cell Would favor the accumulation o£ such an enzyme stable 

residue. Certain!~ the nucleotide compounds in n~t~ral soil are more 

resistant than those prepared from nucleic acid, although evidence was 

obtained that conditions were not particularly f~vorable 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 co•tings 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 signific&nt contributions have been made to the fraotion-

ation o£ 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 release• 

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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di~lution of the nucleotides is probably also hindered (pa.rtly,;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 

phyta,ta more completely and thus gives better extraction. This explains 

the results of llilli~ 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. 

T.he increasing solubility of organic phosphorus in acid as the 

strength of the acid is increased is due to the hydrolysis of ferric 

phyt~te 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 phyta.te in acid 

solution and the addition of oxalate partially prevents this by the 

formation of unionise4 complexes of F'e with theC(- OH acid. 

The stability of phytin to hydrolysis by NaOH explains the stability 

of the soil organic phosphorus to this treatment. T.he resistance o£ 

phytin to oxid'-tion by Br2 accounts f'or Dean's finding that only a small 

fr&etion of' organic 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. 

T.he well known fact that liming decreases the organic phosphorus 

of an acid soil is pDObably 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 p~ytin ~s partially decomposed in a calcareous soil. 

The effect of sodium carbonate treatments in increasing the soluble iron 

o£ a podsol soil is explained by the formation of soluble complexes of 

the iron liberated from the ferric phytate with theOC- OH organic acids 

ot the soil. 

In conclusion a word might be said of the significance of these 

conclusions as regards the practical problems of composting and manuring 

practices. If plant residues and manure are added directly to the soil, 

their phytin phosphorus, which may amount to 50 percent or more of the 

total phosphorus, would probably be fixed almost immediately as ferric 

phytate and thus become unavailable. The same thing may happen where 

soil is added to organic material in the making of composts. Thus 

theoretically,for a maximum 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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