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INTRODUCTION 

According to the Soil Science Society^ Committee on 

Terminology (19) fixed phosphorus is that phosphorus that has 

changed to less soluble forms as a result of reaction with the 

soil. More specifically, it is that quantity of soluble phos¬ 

phorus compounds which, when added to soil, becomes chemically 

or biologically attached to the solid phase of soil so as not to 

be recovered by extracting.the soil with a specified extractant 

under specified conditions. Phosphate fixation has been a major 

concern of agronomic investigators for some time. It is econ¬ 

omically important to the farmer who adds soluble phosphates to 

the soil in the form of expensive fertilizers because only a 

small percentage remains effective for crop production - the 

remainder becomes fixed. A means of preventing this fixation 

or of releasing that which is already fixed in the soil would 

be of utmost value to him and to the population ae a whole. 

The prevention of this fixation in the soil is partially 

effected by banding, pelleting of phosphate fertilizers and 

adding phosphate fertilizers with manures. Several investigators 

(2,3,13,28,37,38) have reported that iron and aluminum are largely 

responsible for the fixation of phosphates In the neutral and 

acid soils. Phosphorus fixation by anion exchange within the 

crystalline makeup of the clay has also been proposed (22,29,35) 

as a mechanism of fixation. It seems well established that at 

pH 7.5 and above fixation is caused by calcium, magnesium, 

manganese, and other divalent ions. 
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Other investigators (1,17,20,23,39,40) believe that organic 

matter has an effect upon the release of those fixed soil phos¬ 

phates and phosphates in rock phosphate. Swenson, Cole, and 

Sieling (37) Struthers and Sieling (36) have indicated that organ¬ 

ic acids with the ability to form complexes with iron and alumi¬ 

num are effective in preventing the fixation of soluble phosphates 

and in the releasing of that already fixed by those ions. They 

studied definite organic acids as to their ability to prevent the 

precipitation of phosphorus by iron and aluminum under controlled 

conditions and found that the most effective acids were citric, 

oxalic, tartaric, malonio, malic, and lactic. Since these and 

many other organic acids occur in soils as a result of the action 

of microorganisms on organic matter it suggested that they might 

have an Important function in making soluble the phosphate which 

had been held in the soil in an insoluble form. It would be of 

practical significance to determine whether organlo matter, when 

added to a soil low in available phosphates, would increase the 

availability of the phosphates to growing plants. 

It was the purpose of this Investigation to determine the 

effectiveness in preventing phosphate precipitation by iron of 

organic compounds, some of which occur in soils in appreciable 

quantities and which have not been studied previously. It was 

also the purpose to determine whether certain organic substances, 

which serve as readily available energy sources for micro¬ 

organisms but which contain no phosphate, would have any effect 

on the phosphate availability of soils to which they were added. 



3 

EXPERIMENTAL 

Effect of Organic Subetanoes On Phosphate Precipitation 

By Iron As Influenced By -22 

Several organic substances, principally hydroxy organic 

acids, have been found to vary in their effectiveness in prevent¬ 

ing the precipitation of soluble phosphates by Iron or aluminum. 

Each organic acid has its maximum effect within a rather narrow 

range of pH values but may be quite effective throughout a rather 

wide range of pH values. Some acids were most effective at very 

low pH values, some In moderately acid solutions, and others 

near the neutral point. Therefore, within a soil containing 

organic matter, it seems likely that some organic acid will be 

produced by microorganisms which will be effective in releasing 

the phosphate from the insoluble iron and aluminum phosphates 

whatever the pH value of the soil. 

Soil organio matter is the product of decomposition of 

plant and animal residues by various microorganisms. It contains 

the degradation and resynthesized organic substances of the 

various biochemical reactions. Among the substances which oocur 

In soils, rather large amounts are the pectins or polyuronides. 

Some soils are known to contain as much as 35 per cent of their 

organic matter in this form. Since these polyuronides contain 

several hydroxy acid groups in their rather complex molecules, 

it seemed likely that they might show the property of freeing 

phosphate from its insoluble form as iron and aluminum phosphates. 

The purpose of the following experiment was to determine the 
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effect of pectin and galacturonio acid on the precipitation of 

phosphorus by iron at various pH values. 

Establishment of standard values of phosphate precipitation 

by iron at various pH levels. A procedure similar to that used 

by Struthers and Sieling (36) was used in this study. A solu¬ 

tion of 1 milliisol of FeCl3 containing a known amount of excess 

HC1 was mixed with.a solution containing 1 millimol of KHgPO^ 

in a 260 ml beaker. Water was added to this solution to make & 

final volume of 125 ml less the predetermined amount of NaOH 

that was required to give the desired pH value. Enough NaCl 

was added to make the final concentration 1 per cent. The mix¬ 

ture was heated to boiling and sufficient 0.2 N NaOH (carbonate 

free) was added to adjust the equilibrium pH to the approximate 

value desired. The resulting mixture was placed on the steam 

bath for one-half hour, cooled to room temperature for pH 

determination, reheated, and filtered while hot through Whatman 

Ho. 42 paper. The filtrate was received in a 500 ml volumetric 

flask. The precipitate was washed three times by filling the 

filter paper with hot 1 per cent NaCl solution adjusted approx¬ 

imately to the respective pH values. The volumetric flask was 

then filled to volume and an appropriate aliquot was used to 

determine the phosphate content by the ammonium molybdate 

method of Sherman (33). The phosphate in the filtrate was used 

as a measure of that not combined by an insoluble form by the 

iron. 

The values were determined for the phosphate not precipi¬ 

tated by Iron from pH 3 to pH 8. These values were used 
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throughout the study as standards for the amount of phosphate 

not precipitated under fixed experimental conditions. 

Determination of the effect of organic anions on the 

prevention of precipitation of phosphate at the various pH levels. 

The procedure used to determine the effect of the organic anions 

was essentially the same as the one mentioned above except that 

1 milllmol of the anion being considered was mixed with the 

phosphate solution before the iron and aluminum solutions were 

added. This method of procedure was also modified to get further 

information on the establishment of equilibrium in the systems 

where citric acid was the anion being studied. Curve b. In 

Figure 1 shows the influence of pH on the effectiveness of citric 

acid In preventing phosphorus precipitation by iron when treated 

in the above manner. 

The first modification was to change the sequence of adding 

the iron to the system. The citrate and phosphate anions were 

added to the beaker. The volume was made to 125 ml less the 

amount of NaOH to be added; then the predetermined amounts of 

NaOH were added to give the desired pH values. The solution was 

then boiled slowly for one-half hour after which time the iron 

was added while boiling and stirring the mixture. The mixture 

was allowed to cool to room temperature for pH determination, 

reheated and filtered while hot through Whatman No. 42 paper and 

the phosphorus determined as mentioned above. The curve b In 

Figure 1 shows greater effectiveness for the citric acid to 

prevent phosphate precipitation over a wider pH range than in 

the previous procedure and actually there was a 100 per cent 
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prevention of precipitation. These results show that when the 

anions were in equal competition for the iron, the citrate anion 

had the greater attraction. 

The second modification was the initial pH and the tempera¬ 

ture of the solution at the time of the addition of the iron. 

The citrate and phosphate anions were added to the beaker. Water 

was added to the mixture to make a volume of 125 ml less that 

volume of NaOH to give the desired pH.values. RaOH was added to 

give the desired pH values up to pH 4.5 where maximum effective¬ 

ness had been found to exist. To this mixture at room tempera¬ 

ture the iron solution was added and stirred thoroughly. Enough 

additional NaOH was added to give the desired higher pH values. 

The effectiveness was shown over an even wider pH range than the 

previous procedure. These results show the need for a standard 

procedure in determining the effectiveness of the organic anions. 

The organic acids studied were citric, dl-phenylalanine, 

<*d-galacturonlc acid, and citrus pectin in a 0.2N NaOH solution. 

The curves in Figure 2 3how that citric acid was the most 

effective of those materials in preventing phosphorus preclpita- 
•• 

tion by iron. The cyclic amino acid, phenylalanine, has been 

reported to be an excellent plant growth-substance former (20) 

but It was not effective In preventing the precipitation of 

phosphate by Iron. Actually more phosphate was precipitated 

when it wee present than in its absence. The *<d-galacturonlc 

acid, a decomposition product of pectin in nature, proved to be 

quite effective in preventing the phosphorus precipitation by 
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Iron; although, less effective.than citric acid up to pH 7.5. 

The maximum effect was at pH 3.2 end apparently pH 9 and a mini¬ 

mum effect at about pH 2 and pK 5.8. 

A systematic method was not followed for the study of the 

citrus pectin solution. Preliminary studies did indicate, how¬ 

ever, that the citrus pectin in 0.2N NsOH was a very effective 

agent in preventing phosphate fixation. Waksman (39) stated that 

uronio acids with the general formula CgH^o0? generally occur as 

polyuronides among plant products in the form of pectin, gums, 

mucilages, and are especially abundant in microbial gums and 

slimes. This introduced the question as to whether these poly¬ 

uronides decomposed and the uronlc acid was able to release some 

of the soil phosphates. A chemical analysis by a modified method 

of Hickson et al (8) and Pierce and Hasniech (30) indicated that 

the citrus pectin used in the present etudy was 54.48 per cent 

uronlc acid anhydride. 

Galacturonlc acid and pectin proved to he effective in 

preventing phosphate precipitation by iron. When one considers 

that these compounds are found in the organic matter of soils 

in varying amounts, it seems reasonable to believe that they are 

able to prevent the precipitation of soluble phosphates or re¬ 

lease that phosphate already precipitated In the soil. This 

suggested the use of plant cultures growing in soil to study the 

problem. The organic matter decomposition and resulting produc¬ 

tion of organic acids is a slow but steady process as it natur¬ 

ally occurs; therefore, the uptake of a growing plant seemed to 



be the ~iost logical tool for this type of study, 

pectin, sucrose, and glucose were used as sources 

matter as discussed later. 

Starch, citrus 

of organic 
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Q-reenhouse studleg Using Pot Cultures to Indicate 

Phosphate Removal From the Soil 

Previous investigators have studied the effect of organic 

matter upon the soil phosphates. Jensen (20) reported evidence 

of making soil phosphates more soluble by the addition of freshly 

decomposing organic matter. Bauer (1) found increased phosphate 

uptake where mixtures of organic matter and rock phosphate were 

used. These investigators used organic matter which contained 

phosphorus. Thus resulted their inability to be certain as to 

the source of the increased phosphate that the plants removed. 

Uerretsen (17) found results which pointed to the direction that 

microorganisms were able to make hitherto inaccessible phosphates 

available to the plant. His work with plants in sterile cultures 

indicated that the substances excreted by the roots make 

Ca3(P04)g and bone meal available to some extent. Copeland and 

Merkle (7) found that the aetively decomposing organic matter 

was more important in increasing the phosphate uptake by plants 

than was the total organic matter content of the soil. Waksman 

(39) stated that humus exerted a definite effect upon the avail¬ 

ability of the inorganic phosphorus in the soil and that rock 

phosphate interacted with some of the humus constituents to 

render some of the phosphate more soluble. In a study of this 

type It seemed highly desirable to use a source of organic 

matter which contained no phosphorus. This would leave no doubt 

as to the source of the phosphates removed by the plant. 
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and 160 pounds PgOg per acre plus the respective organic matter. 

Sucrose, glucose, etaroh, and citrus pectin at various rates of 

applications were used. Sucrose was added at 1 and 2 ton rates 

of application. Glucose and Btarch respectively were added at 

the rate of 2 tons per acre and citrus pectin at the rate of 

1 ton per acre. Chemical analyses were made to determine the 

phosphate content of the organic materials that were to he added. 

Sucrose and glucose contained no phosphorus. Phosphorus was 

added In the starch at the rate of 0.64 pounds PgO& per acre, 

in the citrus pectin at the rate of 0.61 pounds PgOg per acre, 

and in the 3 kernels of corn at the rate of 0.242 pounds PgO§ 

per acre for Quebec 83io and 0.298 pounds per acre for Quebec 

83n inbred lines. These were amounts so small that it is 

reasonable to believe that they had no significant effect upon 

the results. 

The corn was seeded July 16, 1949 and allowed to grow until 

it was out on August 3, 1949 at the tasseling stage. The plant 

material was dried in a steam drier for two days and was 

weighed, then ground in a Wiley mill. Moisture content of the 

plant material was determined and then the phosphorus content 

was determined. 

The phosphorus content was determined by using a one gram 

sample of oven dry plant material. Duplicate samples were 

analyzed. The sample was placed in a tall 250 ml beaker and 

10 ml of 1:1 HNO3 solution were added. This was placed on the 

steam bath for one-half hour or until the organic matter was 

gelatinous. To the beaker 6 ml of concentrated HN03 plus 7 ml 
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of 60 per cent HC104 were added. The materiel was digested on 

the hot plate until the solution was clear and dense white fumes 

of HCIO4 persisted, then continued for 20 minutes longer. The 

solution was cooled, diluted with hot water and transferred 

through Whatman 41-H filter paper into a 250 ml volumetric flask. 

A suitable aliquot was taken for phosphorus determination by the 

ammonium molybdate method of Sherman (33) modified for plant 

material. The total removal of phosphate from each pot was cal¬ 

culated from the percentages and oven dry yields of the plant 

material from each Jar. The data in Table 1 show the soil 

treatments for the com study. To eliminate any other limiting 

factors except phosphate the rates of 150 pounds of nitrogen 

per acre in the forms of Ca(N03)2*4Hg0 and Mg(N03)o*6H20 and 

potassium of 100 pounds of KgO per acre in the form of KC1 were 

added. 

The moisture content of the soil was adjusted to approxi¬ 

mately 20 per cent. To each Jar 4 kernels of corn were planted 

and thinned to three plants after they were approximately three 

inches high. Due to an unforeseen shortage of corn kernels 

two inbred lines of com were used. The two inbred lines of 

corn were Quebec 83io and Quebec 83ix which were developed at 

the Massachusetts Station, These lines developed purple lower 

leaves at low phosphate levels. 
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The results as Indicated by the phosphates removed by the 

corn are shown in Tables 2 and 3 and in Figure 3. In Table 2 

the results of the checks show that , the soil used was not complete 

ly depleted of available phosphates. It did, however, respond to 

the application of soluble phosphates and to the addition of two 

tons of glucose per acre. Where 80 and 160 pounds of Pg05 

acre were added as KHgPO^ the increased phosphate uptake was 

26*3 per cent and 60.5 per cent respectively. In the case of 

the 2 tons of glucose the Increase was 20.9 per cent. There 

appeared to be no Increase in the case of the starch and pectin 

material. These later materials are more complex in nature; 

therefore, it seems logical to expect them to be more slowly 

decomposed by the microorganisms. Norman (25) found evidence 

that the uronlc group is biologically less available than the 

hemloelluloses. It was interesting to note the greater ability 

of the inbred line Quebec 83n to remove phosphates from the 

soil. Since the removal from this variety on the checks was 

over 216 per cent greater than the inbred line Quebec 83^o> 

it seemed of no value to compare the treatments between inbred 

lines. With Quebec 83n it appeared as if the sucrose de¬ 

creased the phosphorus uptake when compared to the check. 

The 80 pounds PgOg per acre as KH2PO4 brought the uptake about 

equal to the check; therefore, it seems that for this short 

period the corn roots could not compete with the microorganisms 

for the available phosphates or those released by organic 

aeids. Furthermore this was shown because in each case 
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two tons of sucrose showed a decrease from one tone of sucrose, 

Chang (6) found that greater amounts of organic phosphorus were 

synthesized as the concentration of phosphate was increased. 

As indicated by the data of Table 3 the soil showed no 

significant response to rock phosphate when added alone to the 

soil even at the rate of 320 pounds of PgOs per acre. Slight 

response was shown by the addition of 1 ton of sucrose per acre 

and the Increase was even more when 2 tons were added which in 

this case was about equal to that response shown by starch. The 

2 tons of sucrose and 2 tons of starch approached the results 

obtained from 80 pounds of PgOg per acre in the soluble form. 

The 2 tons of glucose exceeded the results obtained from adding 

80 pounds P2O5 per acre and compared favorably with those results 

obtained from adding 160 pounds P2O5 per acre in the soluble 

form. It was not surprising to note that in each case where 

organic matter was added with rock phosphate there was an in¬ 

crease in phosphate uptake. Midgley and Bunklee (23) found a 

response in phosphate uptake where organic matter was added as 

manure. Waksman and Starkey (40), Shorey (34), and Forsyth (10,11,12) 

indicated that organic adds are produced upon the decomposition 

of organic matter. Swenson et al (37) showed that organic 

anions prevented the fixation of the phosphate ions by iron and 

aluminum. The organic compounds added in the present study con¬ 

tained no phosphorus. It seems logical to believe that upon 

soil microbiological activity small amounts of organic anions 

were produced. These acids in turn released the phosphate ions 
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from the iron and aluminum phosphates in the soil and the oaloium 

phosphates in the phosphate rock. 

Influence of organic matter upon the uptake of phosphates 

hy ladlno clover. The soil of two replicates of each treatment 

from the corn study was used for the ladlno clover study. The 

soil from the two pots was thoroughly mixed and by weight one-* 

third of the soil was used in each of three shallow glazed steam 

table Jars. The check soils were not treated further with 

KH2PO4 or rock phosphate. This allowed a longer time to study 

the effect on the soil phosphates. The variable treatments with 

the starch and citrus pectin were 2 and 1 tons respectively. 

The variable treatments with sucrose were applied periodically 

to make total rates of 10 and 20 tons of sucrose and with glucose 

at the rate of 20 tons per acre. In order to keep a more even 

population of microorganisms in the soil these latter organic 

compounds were added in Increments of 1/2 and 1 ton rates per 

acre. Those additions of soluble organic compounds were made 

over a period of 20 weeks. The data in Table 4 show the soil 

treatments used for the greenhouse study of phosphate uptake by 

ladlno clover. 

In order to eliminate all limiting factors except phosphates 

the following nutrient elements in solution were added to the 

soil. An initial application of nitrogen was added at the rate 

of 75 pounds per acre as Ca(N03)g‘4H£0. Potassium was added at 

the rat© of 50 pounds KgO per acre as KC1. Magnesium was added 

at the rate of 64 pounds per acre as MgB04*7H20. A rate of 
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25 pounds of nitrogen was added as CaCNOsJg^figO and as KNO3 

when nitrogen applications were made throughout the study. The 

idea was to force the growth of the plants by adding nitrogen, 

calcium, and potassium no oftener than once a week without get¬ 

ting toxic effects from an excess amount of salts in the soil. 

Ca(N03)2*4Hg0 was added a total of 25 times throughout the study 

and KNO3 a total of 11 times. A total of 40 pounds per acre of 

borax were added at two separate applications. 

The soil was adjusted to approximately 20 per oent moisture 

content and the surface allowed to dry. Eight ladino clover 

stolons were planted in the soil of each pot. In order to re¬ 

duce the error caused by differences between plants the following 

method was used. Enough stolons were obtained from a single 

parent plant to supply a single stolon for every Jar where 

possible or for at least one complete replicate of Jars* which¬ 

ever was possible. The plant material was out for analysis from 

the ladino clover every six weeks for a period of 30 weeks. 

After that period the plant material was cut every three weeks 

and two of these cuttings were used for a 6-week analysis. This 

was necessitated by the greater amount of growth during the 

summer period. The study covered a period of 42 weeks of growing 

time for the ladino clover. 

The plant material was dried in a steam oven, weighed, 

and ground in a micro-Wiley mill. One-gram samples from each 

pot were used to determine the phosphate content of the plant 

material. The method was the same as that previously described 

for the corn samples. 
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In Table 5 the cumulative yield results of this study are 

shown by 6-week periods of analysis where KH2PO4 was the resid¬ 

ual phosphate source. The data show in each cutting a response 

In yield from the addition of soluble phosphate to the soil. 

No greater increase was shown between the 160 pounds and 80 pounds 

PgOg per acre until the sixth analysis. In every case the yield 

was greater where starch and glucose were added to the soil. Of 

the two, starch produced the greater effect. Pectin showed a 

decrease in yield for the first four cuttings after which it 

showed an increase and the total yield was greater than the check. 

In Table 6 the cumulative yield results are shown with rock 

phosphate as the residual phosphate source. The data show a 

significant difference in yield the fourth analysis and continued 

through the seventh. The total effect was no greater from 320 

than from 160 pounds P2O5 per acre for the length of time of the 

study. In every oase, except the starch, where the organic matter 

was added, the total yield was greater than the check. The order 

of decreasing effectiveness was 20 and 10 tons of sucrose, one 

ton of pectin and 20 tons of glucose. 

The above data of yield do not necessarily indicate the 

effect of the organic matter upon soil phosphates. The results 

of phosphate removal from the soil where KH2PO4 was the residual 

source of phosphate are shown in Table 7 and Figures 4a and 5. 

The data in Table 7 show a significant increase in phosphate up¬ 

take from the residual effect of 80 and 160 pounds PgOs per acre 

as KH2PO4 to the soil. Some Increase was shown from the addition 
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Fig. 5. Relative Uptake of Phosphates From Soils Receiving 
No-phosphorus, Two Applications, and 

Three Kinds of Organic Matter 
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of 1 ton per acre of pectin. Outstanding results were shown 

from the addition of 20 tons of glucose and 2 tons of starch per 

acre. Both were overwhelmingly greater in their effect upon 

phosphate removal than the 160 pounds PgO§ per acre. In Figure 4a 

is shown graphically the relative responses of the treatments 

where KH2PO4 was the residual source of phosphate. The data in 

Figure 5 show the cumulative difference of the check of phosphate 

removed from three replicates where KH2PO4 was the phosphate 

residue. The effectiveness of the added organic matter was shown 

here to be apparent throughout the seven growth periods used for 

analyses. Apparently the organisms that decomposed the pectin 

were more successful in competing with the roots for the phos¬ 

phates for the first three cuttings. Apparently after the popu¬ 

lation of that particular group of organisms became great enough, 

then the decomposition products were sufficient to liberate soil 

phosphates. Apparently the decomposing organisms were able to 

decompose the starch and glucose more quickly as the response 

was shown from the first cutting. It is interesting to note 

that glucose and especially starch were more effective than the 

residual effect of the 160 pounds of ^2^6 Per acre as KH2PO4. 

In Table 8, Figures 4b, and 6 are shown the results of 

organic matter upon the phosphate removal from the soil where 

rock phosphate was the residual source. The data in Table 8 

show an Increase in uptake of phosphates where rock phosphate 

was the residual phosphate source. In each case the addition of 

organic matter resulted in the increase of phosphate removed. 
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The data show that 20 tons of sucrose were the most effective 

and 10 tons of sucrose, pectin, glucose, and starch were less 

effective. 

The curves in Figure 6 show the cumulative phosphate uptake 

in relation to that of the 60 pounds P2O5 per acre as the resid¬ 

ual phosphate source. These curves show the lack of control on 

the greenhouse study and that the microorganisms and their de¬ 

composition products may be effected by introducing additional 

variables. For no apparent reason the 160 pounds P2O5 g&ve & 

lower uptake than the 80 pounds until the fifth cutting. The 

uptake, however, was great enough for the other cuttings to give 

a greater total uptake. The 320 pounds P2O5 treatment was about 

equal to the 80 poundB P2O5 treatment until the fourth cutting 

and thereafter it showed a marked increase. The organic treat¬ 

ments pectin, glucose, and sucrose showed a cumulative increase 

throughout the period of study. Starch showed a cumulative de¬ 

crease starting with the fourth cutting. 

In Figure 4b is shown graphically the relative effeots of 

the organic compounds with a rock phosphate residue. With the 

rock phosphate residue the least effective organic compound was 

starch. It was, however, aB effective as the residual 80 pounds 

of P2O5 per acre as KHgPO^ The 320 pounds P2O5 treatment was 

as effective as 160 pounds P2O5 in the residual form of KH2PO4, 

The pectin and glucose in combination with 80 pounds P2O5 **oc& 

phosphate residue were as effective as the 160 pounds P2O5 as 

soluble KH2P04. Both sucrose treatments with 80 pounds Pg05 ex¬ 

celled the results from the 160 pounds PgOg the soluble form. 
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Bauer (1) noted toxic effects on corn grown in sand cultures 

where organic matter had been used in combination with rock phos¬ 

phate. In this study the starch alone in the soil and starch in 

combination with a rock nhosphate residue showed different effects 

upon phosphate removal. The biological activity in the soil is 

extremely unpredictable. The end products of fermentation are 

very unpredictable and varied depending upon the oxygen supply of 

the so11. This depends to a large degree upon the moisture 

supply of the soil which is humanly impossible to keep constant 

In pot culture work. A search of the literature produced no addi¬ 

tional information concerning the effect of rock phosphate upon 

the respective microorganism population which specifically de¬ 

composes starches. When causes for experimental error are con¬ 

sidered it seems unlikely that lack of moisture control would 

cause so great a difference throughout a period of 42 weeks; 

therefore, further study of this combination seems highly 

desirable, 

A study of the data in Figure 4b indicated that the soil 

responded to 80 and 160 pounds PgOg per acre. They Indicated 

that starch, glucose, and pectin increased the phosphate removed 

from the soil. They Indicated that the soil responded from the 

residual effect of rock phosphate and that sucrose, glucose, and 

pectin resulted in the liberation of phosphates from rock phos¬ 

phate. The glucose and sucrose contained no phosphorus. The 

starch and pectin contain phosphorus so that it amounted to the 

rate of 0.6 pound P2O5 per acre which is not significant. It 
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seems highly reasonable to believe that the various organic acids 

that were liberated upon the decomposition of the organic com¬ 

pounds made soluble the soil phosphates and phosphates in the 

rock phosphate. 

A more representative picture of the treatments may be 

realized by observing the total removal of phosphates by both 

corn and ladino clover. The period covered more than a year 

with plants growing in the soil under greenhouse conditions. 

The soil from replicates A and B used in the corn study was used 

for the ladino clover study. The phosphate removed by corn from 

the soil was added to that removed by the ladino clover and 

recorded in Tables 9 and 10 and shown in Figure 7. Starch, 

sucrose, glucose, and pectin gave significant increases in the 

soil phosphate uptake. These data seem to substantiate the fact 

that the organic acids that are produced by organic matter 

decomposition make soluble the soil phosphates and the phosphates 

in rock phosphate. 

Influence of organic matter upon the uptake of phosphates 

by tomatoes. Tomato plants were used to show the influence of 

the organic compounds starch and citric acid upon the uptake of 

phosphates. The various phosphates studied were soil phosphates, 

KH2PO4 added to soil, aluminum phosphate, and iron phosphate. 

Swenson, Cole, and Sieling (37) worked with solutions of iron 

and aluminum and found that phosphorus was fixed by those cations 

in the form of basic phosphates. They represented these com¬ 

pounds by the formulas AlfHgOj^tOHjgHgPC^ and Fe(Hg0)3<0H)gHgP04. 
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Table 9. Total phosphates removed, by corn and 
ladino clover from the soil with KHgPQ4 source 

No. of 
Treatment 

I 
ft « 
ft • 

Treatment Per Acre 
P2O5 J Organic Matter Total Removal 

ft IDS . ; tone 5p7T 

I 7S2.50 
II 80 889.14 
III 160 976.83 
VIII 8-Starch 1000.79 
IX 80 6-Starch 970.91 
X - 4-Pectin 837.39 
XI 80 4-Pectln 869.40 
XXIII 22-Glucose 963.91 
XXIV 80 22-Glucose 924t50 

XXVII 1137.90 
IV 11-Sucrose 1079.20 
V 60 11-Sucrose 1144.63 
VI 22-Sucrose 1145.41 
VII 80 82-Sucrose 1058.75 

Table 10. Total phosphates removed by corn and 
ladino clover from the soil with rock phosphate source 

No. of 
9 

• 
ft Treatment Per Acre 

Treatment ft 
ft PgOg : Organic Matter Total Removal 
ft" mt ft ibaT : tons i mgm. P 

XII 80 839.61 
XIII 160 890.01 
XIV 320 921.30 
XV 80 11-Sucrose 954.92 
XVI 160 11-Sucrosa 895.23 
XVII 80 22-Sucrose 1018.07 
XVIII 160 22-Sucrose 995.99 
XIX 80 4-Starch 888.24 
XX 160 4-Starch 356.95 
XXI 80 2-Pectln 920.04 
XXII 160 2-Pectin 879.17 
XXV 80 22-Glucose 964.97 
XXVI 160 22-Glucose 933.41 
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Russell (32) prepared freshly precipitated basic Iron and aluminum 

phosphates at a pH of 5.5. The unused pree5.pitates remained In 

the laboratory for more than a year and were thoroughly aged. 

Those were the iron and aluminum phosphates used in this study. 

Breaseale and MeG-eorge (4) used the tomato plant to advan¬ 

tage in determining the wilting percentage of soil. Their system 

consisted of a container of soil surrounding the tomato plant 

Just above the surface of the soil in which the plant was grown. 

This method is based on the fact, that the tomc.to will develop 

roots where a portion of its stalk Is in contact with moist soil. 

It seemed advisable to develop a similar means of studying soil 

chemistry b7 this method. This allowed the variable treatments 

to be in the soil in contact with roots of the plant and at the 

same time not to be influenced by the non-variable effects 

which were added to the container which held the plant. 

Preliminary studies were made on the solubility of the iron 

and aluminum phosphates to be used. These air dry compounds 

were ground w5.th mortar and pestle. To determine the total 

phosphorus content two 0.1 g samples were used. Each sample 

was dissolved in 7 ml 60 per cent HCIO4 and 5 ml of distilled 

water by heating on a hot plate. The solution was made to 

250 ml, a 25 ml aliquot was taken for phosphorus determination 

by the method of 3herman (33). The data in Table 11 show the 

actual and theoretical phosphate content of the iron and 

aluminum phosphates. 
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Table 11. The phosphorus content and solubility 
of the iron and aluminum phosphates 

In water and citric acid 

ass 

Relative Solubility 
in 

Formula Percentage P 

Theoretical; Found 
« 
9 •.Citric :Citric 

Water: Acid : Acid 

Al(H80)3(0H)2HgP04 14.62 16,16 2,4 100,0 88.8 

Fe(HgQ)3(OH)gHgP04 12.70 11.70 2.9 100.0 47.4 

The solubility was determined for these compounds by use 

of water, 0.5M citric acid and 1 per cent solution citric acid. 

Two 0.1 g samples of each were placed into tall 250 ml beakers 

and 100 ml water added. They were allowed to stand for 60 min¬ 

utes with occasional stirring. The solution was passed through 

Whatman 41-H filter paper and the residue washed three times 

with distilled water. The solution was made to 250 ml volume 

and an aliquot taken for phosphate determination. Bass and 

Siellng (2) used a 0.5M citric acid solution for extracting 

soil phosphates in determination of the fixing capacity of a 

soil. Two 0.1 g samples were placed into tall 250 ml beakers 

and 100 ml of 0.5M citric acid solution. This was placed in a 

boiling water bath for exactly 60 minutes. In that time both 

aluminum and iron compounds were completely dissolved. Dyer 

(9) used a 1 per cent citric acid solution to determine the 

probably available “mineral" plant nutrients in soils. In the 

present study two 0.1 g samples of eaoh compound were placed 

into tall 250 ml beakers and 100 ml of citric acid solution 
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were added. This was allowed to stand for 60 minutes and was 

stirred occasionally. The solution was passed through a Whatman 

41-H filter paper into a 250 ml volumetric flask. The residue 

was washed three times with water. The solution was brought to 

volume and an aliquot was taken for phosphate determination. 

The solubility results were recorded and appear in Table 11. 

The compounds were completely soluble by the Bass and Sleling (2) 

method using a 0.5M citric acid solution. The aluminum compound 

appeared to be less water soluble but much more soluble in 

1 per cent citric acid than was the iron compound. 

To each 3 gallon, glased Jar was added 25 pounds of 

Merrimac fine sandy loam with a pH 5.2. To give a banding 

effect of the nutrient elements they were added in solution about 

four inches from the surface of the soil. The last four Inches 

of soil were added after fertilization. In Table 12 the specific 

treatments were recorded. Nitrogen was added at the rate of 

75 pounds per acre and calcium at the rate of 107 pounds per 

acre as Ca(N0;j)2*4Ho0. Magnesium was added at the rate of 64 

pounds per acre and sulfur at 83 pounds per acre in the form of 

MgS04»7Ho0. KC1 was added to give 100 pounds per acre KgO. 

Nitrogen and calcium were added at weekly intervals throughout 

the study at one-third the,above rates. The treatments to the 

soil in the pots were identical for each. 

A single tomato plant of 3tookdale variety was planted in 

each Jar. The lower leaves w§re removed with a razor blade up 

to an approximate height of 12 inches as the plant grew. The 
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plants were supported vertically by twine attached to 2* x 2* 

cross pieces in the top of the greenhouse. A rubber sleeve 7 1/2 

inches long and 23/4 inches in diameter was brought down over 

the tomato plants as shown in Figure 8. A soft rubber disc of 

3M diameter was made to encircle the tomato plant which passed 

through a l/2 inch hole in the center. This was allowed by a 

slit extending from the hole in the center to the outside edge 

of the disc. The disc was spread apart, wrapped around the plant 

and closed again into the circular form. The bottom part of the 

rubber sleeve was stretched over the circular disc. Inside the 

rubber sheath the soil and/or sand containing the treatments 

was added after the treatments were applied. 

The check treatments for the soil were with no rubber 

sleeve on the plant, a rubber sleeve with 448 g of soil on the 

oven dry basis, a rubber sleeve with 448 g of soil and KH2PO4 

at the rate of 200 pounds P2O5 per aore. The variable treat¬ 

ments for the soil were the rubber sleeve containing 448 g of 

soil with corn starch at the rate of 2 tons per acre, rubber 

sleeve containing 448 g of soil with corn starch at the rate of 

2 tons per acre and KH2PO4 at the rate of 200 pounds of P2O5 

per acre. 

For the other part of this experiment washed beach sand 

was used. The beach sand was passed through a 1 mm sieve. A 

7 per cent solution of HC1 was allowed to stand on the sand for 

seven days. The HC1 solution was removed and the sand washed 

in a chum with distilled water until the solution coming off 
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Fig. 8. Method of Determining Phosphate Uptake From 
Various Sources and as Influenced by Organic Matter 

A, tomato plant; 3, soil or sand; C, rubber sleeve; D, elastic 
band; E, sponge rubber base; F, wooden euoport; G-, container; 
H, soil. 
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was pH 5.7 which was approximately that of the distilled water. 

The sand was then dried to the air dry condition. 

The check treatments for the sand were the rubber sleeve 

containing 700 g of sand on the air dry basis, rubber sleeve 

containing 700 g of sand and KH2PO4 at the rate of 200 pounds of 

P2O5 per acre, rubber sleeve containing 700 g of sand and 

alumina*phosphate at the rate of 200 pounds of P2O5 per acre, 

rubber sleeire containing 700 g of sand and iron-phosphate at 

the rate of 200 pounds of P2O5 per acre. The variable treatments 

were added to the rubber sleeve containing 700 g of sand. The 

variables were corn starch at the rate of 2 tons per aore, corn 

starch at the rate of 2 tons per aore and KH2PO4 at the rate of 

200 pounds P2O5 per acre, corn starch at the rate of 2 tons 

per acre and alumino-phosphate at the rate of 200 pounds Pg°5 

per acre, corn starch at the rate of 2 tons per acre and iron- 

phosphate at the rate of 200 pounds P2O5 per acre, alumino- 

phosphate at the rate of 200 pounds PgOg per acre and an equal 

mllliequlvalent weight of citric acid, iron-phosphate at the 

rate of 200 pounds P2O5 P0r aore and an equal mllliequlvalent 

weight of citrlo acid, KH2PO4 at the rate of 200 pounds P2O5 

per aore and an equal mllliequlvalent weight of citric acid* 

The tomato plants were transplanted May 22, 1950 and 

harvested September 5, 1950 without being allowed to bear fruit. 

The treated soil and sand treatments were added to the respec¬ 

tive rubber sleeve and the Ca(N03)g*4H20 in solution added 

weekly to the jars from July 29 through August 28, 1950. The 
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content of both the pots and. rubber sleeves was kept supplied 

with moisture throughout the study. 

An unavoidable delay in the arrival of the rubber supply 

hampered the study. The plants were almost through their rapid 

growing period before the soil was added to the rubber sleeves. 

That meant that by the time the roots had developed in the 

rubber sleeve the plant was almost mature. Before the plants 

stopped growing a treatment of cyanogas applied to the green¬ 

house killed some of the tip leaves of the tomatoes. After grow¬ 

ing approximately an additional foot tall the tips died alto¬ 

gether. This happened to a large number of plants being studied 

and thus terminated the study prematurely. 

To harvest and analyze the total plant would have diluted 

the phosphorus In the total sample. This was alleviated by 

harvesting each plant in two sections. The top section was 

taken 12 inches from the growing tip. The body section was 

taken 8 Inches from the bottom of the rubber sleeve. The plant 

material was oven dried, ground in a Wiley mill, and two 1 gram 

samples were taken from each section for determining the phos¬ 

phorus content. 

The yield and phosphate removed by the tomato plants of 

3 replicates were recorded In Table 13. These data show posi¬ 

tive results only in cases where KH2PO4 alone was added to sand. 

There was no apparent benefit where either starch or citric 

acid was added. KH2PO4 showed no significant response where 

added to soil alone. There is slight evidence that starch was 
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beneficial when used in combination with the Al(H20)3(0H)gH2P04 

and the Fe(H20)3(0H)2HgP04. The sectional analyses of the 

plants proved to be of value in that a greater concentration of 

phosphate was found to be in the top portion of the plants. In 

Table 13 the data for the sectional analyses of the plants show 

that there was a greater concentration of phosphate in the top 

and that the variation covered a wider range than was shown in 

the remaining part of the plant. In a study of this type it 

seems desirable to make sectional analyses of the plants whioh 

will show greater differences between treatments. 

It is believed that this technique has an important place 

in the study of soil chemistry. This study exposed many of the 

pitfalls of the technique as many unforeseen problems arose. 

It is suggested that the rubber sleeve be placed around the 

plant and the treated sand and/or soil added when at most 3 or 

4 leaves are beyond the top of the sleeve. The leaves below 

should be removed. The sleeve should be supported approximately 

1 Inch above the surface of the medium used. Sufficient nutrient 

elements should be added to force the plants from this time 

until harvested. It appeared that the greatest concentration 

of phosphorus was in the tops. A sectional analysis of the 

plant seems advisable in future studies. 
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DISCU3SI0N 

Results of this study Indicated that the phosphates that 

have become fixed In the soil may be released by organic acids 

produced in the soil. One realizes that nature has provided a 

natural means for supplying phosphates to plants. That Is 

realized In forest soils where apparently no available phos¬ 

phates are added. Those phosphates added by the return of 

leaves to the soli would be expected to be fixed In the soil 

before a depth of 2 or 3 inches is penetrated. By now one must 

realize that the microorganisms play their role in decomposing 

the organic matter and producing organic acids that release the 

fixed phosphates. 

Polyuronides and uronio units are widely distributed in 

nature as products of plants, animals, and microorganisms. It 

seems reasonable to believe that the uronlc acid group plays a 

part in the phosphate release. Norman and others (10,11,12,14, 

15,16,25,26,27,34,39) have studied the polyuronides and it has 

been stated that as much as 10 to 38 per cent of the organic 

carbon in soils is uronio. 

Citric acid is produced when fungi decompose organic 

matter. Aspergillus nlger has given successful results in 

producing citric acid on an industrial basis according to 

Prescott and Dunn (31). It seems logical to expect citric acid 

to be formed in small amounts in acid soils with these fungi 

always present. 

Fraser (14) pointed out that in moderately dry soil over 
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30 per cent of the organic matter may be microorganisms*—living 

and dead. He believed that further progress in the study of 

soil organic matter is more likely to be mad6 from the micro- 

bioohemlcal side than from application of direct chemical analyses 

to soil organic matter in the mass. Hester (18) pointed out that 

in pot cultures very little response was obtained from the addi¬ 

tion of phosphates where the organic matter content was 3 per oent. 

The present study showed that rock phosphate may have an 

important role in agriculture where proper management Is a prac¬ 

tice. Data in this study Indicate that for quick response the 

available form of phosphates is desired. They show that response 

was realized from rock phosphate after a period of time. Rock 

phosphate, however, should not be considered a substitute for 

the more available forms of phosphates but as a supplement for 

them. The P2O5 in the rock is less expensive to add pound for 

pound. 

Brown (5) showed that biennial surface applications of 

superphosphate in acid soils penetrated no more than 2 or 3 

inches and perhaps less in 16 years, whereas, rock phosphate 

similarly applied penetrated 7 indies. It is not surprising 

that Beuer*s work (1) failed to indicate a solvent action of 

decaying organic matter on rock phosphate. He moistened the 

soil and organic matter and let it set in the greenhouse for 

5 months, then let the soil become air dry and then tested for 

soluble phosphates. Evidently the sesquoxides became hydrated 

and tended to increase the phosphate fixing power of the soil. 
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H© did shorn, however, that in some oases mixtures of organic 

matter and rock phosphate increased the phosphate uptake. That 

investigator failed to appreciate the fact that the phosphate 

release is a slow but steady process and the plant roots must be 

there to utilize those released phosphates as they are liberated 

by the organic acids. Paul and DeLong (28) showed that prolonged 

flooding of soils followed by desiccation to air dry state under 

aerobic conditions produced undesirable effects with respect to 

the solubility relations of both native soil phosphate and added 

water soluble phosphates. They gave the acids credit for change 

ing the pH of the solution but did not give them credit for the 

downward movement of the phosphorus in the soil which they 

noted especially in the soil-glucose solution system. 
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Organic compounds << d-galaeturonlc acid, citric acid and 

citrus pectin in a 0.2N NaOH solution were fopnd to be effective 

in preventing phosphate precipitation by iron. The dl-phenyl¬ 

alanine showed.a negative effect in preventing phosphate precipi¬ 

tation by iron. The effectiveness of citric acid was found to 

vary according to the sequence of adding the anions and iron 

which indicated a need for a standard procedure for this study. 

Pot cultures of corn were used to study the effect of 

organic matter which contained no phosphorus on the soil phos¬ 

phates and rock phosphate. The soil phosphates responded to 

soluble phosphates added to the soil. Sucrose added at the rate 

of 2 tons per acre showed a 21 per cent increase in soil phos¬ 

phate removed. Starch and pectin added alone to the soil gave 

no response by the corn. The corn showed no significant response 

to rock phosphate alone. Corn did respond to rock phosphate in 

combination with sucrose, starch, glucose, and pectin. 

Pot cultures of ladino clover were used to show the effect 

of organic compounds on residual &H2PO4 and rock phosphate that 

served as variable treatments for the above corn study. The 

clover showed a response to the residual KHgPO^. The soil phos¬ 

phates responded to the addition to the soil of starch, glucose, 

and pectin. Starch and glucose caused a greater uptake of phos¬ 

phates from the soil than did the residual effect of the KH3PO4. 

The soil with the residual rock phosphate showed In each case 

that the addition of organic matter resulted in an increase in 
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phosphates removed. Indications were that microbiological 

activity in the soil produces small amounts of organic acids 

which release to the plant the soil phosphates and phosphates 
* > , . 

from rock phosphate. 
. .V..' ; -s: ?' , • S , ' ' i 1 

A new method for studying soil chemistry was investigated. 

The variable treatments were made in a rubber sleeve which con¬ 

tained soil or sand and in which tomato plants had been allowed 

to establish adventitious roots. The plants were forced by 
i » 

adding the check treatments to the soil that held the plants. 
t • . * 1 ' 

This technique showed favorable possibilities. 
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