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PHOSPHATE AVAILABILITY IN RJ) ILL SOILS 

INTRODTJCTI ON 

An adequate knowledge of the most effective methods of 

phosphate fertilization for maîr.taining the phosphate of the 

soil in a condition readily available for crop use is of 

great practical importance. Different plant species present 

marked differences in phosphate feeding power. Phosphate 

starvation of the crop may be due to eitber a low initial 

soil supply of phosphates or to lack of ready availability 

in amounts sufficient to meet crop needs. Field and labora- 

tory tests on the so-called red hill soils of western Oregon 

give marked incr3ases in yield from the uso of soluble phos- 

phate fertilizers. The total supply of phosphate in these 

soils is usually hih, indicating a low phosphate supplying 

power. In fact not infrecuently in these soils no detect- 

able phosphate can be found in solution. 



PURPOSE 

The work hero reported was planned in order to obtain 

data (1) on the treatments that would effect the availability 

of the natural phosphates in the soil, (2) the availability 

and movement of phosphates added to the soils (3) the power 

of the crop to procure these added phosphates. 
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III STORICAL 

It is common lowledge that the amount of phosphate oc- 

curring in the soil solution in soils in general, is very low 

in comparison witT other nutrients. But if the supply is con- 

tinuously renewed, even though it remains at a low level, 

plants are able to obtain sufficient phosphate from these 

very dilute solutions. This idea is held by Breazle and Bur- 

gess (2) and others. They obtained satisfactory growth frori 

so.utions containing as low as one tent part per illion of 

phosphate. 

Parker (11) using culture solutions obtained maximum 

growth of corn with a concentration of 0.5 p.p.m. of phosphate 

and a good growti: with 0.25 p.p.m., expressed as piosphorus. 

He also obtained maximum soybean growth .-ith a phosphate con- 

centratLon of 0.5 p.p.m. of p osphorus. Parker makes the 

following statement in connection wit the phosphc.te nutri- 

tion of plants. "From the fact that the displaced solutions 

of many productive soils contain but a trace of inorganic 

phosphorus the conclusion is considered necessary that plants 

do not obtain all of their phosphorus fro the solution re- 

presented by that obtained by the displacement method and 

that apparently solid soil matter has an important function 

in the pnosphorus nutrition of plants." 

Tidmore (17) states that plants made a better growth in a 
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soil whose displaced solution contained from 0.02 to 0.03 p.p.m. 

phosphate than in culture solutions with 0.1 p.p.rn. He also 

obtained niaximum growth in culture solutions with 0.5 p.p.m. 

where corn, sorghum, and tomatoes were used. 

Teakle (16) using flowing culture solutions to grow wheat, 

obtained results which he divided into two categories: (1) 

solution cultures containing 1 p.p.m. to 50 p.p.n. of posphates 

gave vigorous growth, with profuse tillering and high phosphate 

absorption, (2) solution cultures containing 0.05 p.p.m. to 0.1 

p.p.m. phosphate gave small growth, reduced tiliring and result- 

ed i:' low phosphate absorption. The phosphate concentration of 

the soil solution fro:: the soil cultures used by Teakle, was 

determined by analysis of the displaced solution. The concen- 

tration varied from 0.15 p.p.m. to 10 p.p.m. of phosphate. 

Pierre and Parker (11) point out that phosphorus in or- 

ganic combination cannot be used directly by the plant. Only 

te inorganic phosphorus in the soil is available at once. 

However, the phosphorus in organic coithination, may be liber- 

ated by bacterial action, and thus become available. 

Work by Noll (10) and Hepler and Kraybill (5) show that 

phosphorus may often become a limitin6 factor in crop produc- 

tion. Fertilizer tests have quite generally, if not always, 

shown that ti:e use of phosphatic fertilizers induces earlier 

ripening of crops on soils low in phosphorus. Increasng the 



rates of application of phosphate fertilizers beyond actual needs 

of the crop as indicated by yield response has not been accompa- 

nied by further increase in earliness. 

Phosphorus is essential in the formation of the proteins 

of the nuclei of all plant cells; consequently it is essential 

i_n the formation of any plant structure whether fruit or ege- 

tative part. Phosphorus (6) also occupies an important place 

in the respiratory processes, acting as a catalyist for the 

enzyme oxidase. It is a constituent also o sorae of the inter- 

mediate products of alcoholic fermentation. 

Wallace (20) working wit}. various fruits found t}.at where 

phosphorus was deficient, fruiting was somewhat decr ased, and 

the quality of the fruit was very inferior, the flavor being 

rather flat. 

There aro various factors which effect the rate at which, 

a soil can supply p osp.orus to plants and thus determine the 

amount of phosphate becoming available for plant production. 

Two very important factors are soil reaction, and the clay, 

or colloidal content. 

The soil reaction determines quite largely the form of 

phosphate combination in the soil, because it determines which 

elements may come into solution to per:ipitate or combine with 

the phosphorus. As a soil becoùies more acid, increasing amounts 

of iron and aluminum are found in the scil solution. The fresh- 
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'y percipitated iron and aluminum phoepha es may be readily avail- 

able sources of phosphorus for plants. Breazie and Burgess (2) 

Truog (18) Ì'Lagistad (8) and others point out that freshly percip- 

tated iron or aluminuni phosphate invariably contains an excess of 

phosphate ions over that required to form FePO4 and 1PO4. It 

is thus acid in reaction rather than alkaline, and hence much 

more soluble and available. Then aqueous solutions corae in con- 

tact with these phosphates, the phosphate ion is removed more 

rapidly than is the iron or aluminum which results in a basic 

residue that is relatively insoluble. As this reaction progress- 

es, and the degree of hydrolysis increases the phosphates become 

increasingly insoluble. This undesirable result may be hasten- 

ed either by removal of the soluble phosphate in plant growth 

or by constant contact between any soluble phosphate which may 

appear and te excess of iron hydrate present in acid soils. 

On the other hand as the soil becomes alkaline, in the 

presence of lime, phosphorus is porcipitated as tri-calcithil 

phosphate. The freshly percipitated tri-caLcium phosphate 

is quite readily available to plants, partly due to its fine- 

ly divided physical state making a large surface area upon 

which solvents may act. 

There is sore evidence to show that the colloidal frac- 

tions of soils adsorbs large quantities of phosphate. It is 

common for highly colloidal soils to adsorb large quantities 
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of phosphate which has been added to them. Stephenson and Chap- 

man (14) Treakie (15) and Stephenson (13) have found suc results. 

When an acid phozphte is applied to a neutral or alkaline 

soil which is well supplied with caicium, the phosphate is large- 

ly reverted to the di- or tri-cacium forms, which takes the 

phosphate out of solution but does not render it unavailable to 

the plant. Because it is removed froì solution the phosphate 

will remain where it is applied aiid will not move in the soil. 

In the case of applyin6 phosphates to an acid soil, they 

may be tied up as iron and aluminum phosphates, when the iron 

or aluminum is in excess. Ferne phosphate by hydrolysis forms 

(FePO4).. n(FeOH) which becomes increasingly inso1ubl, and 

hold the applied phcsphates in that portion of the soil in 

which application was made. 
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MATERIALS AND METHODS 

The soil used in carrying out the major portion of 

this study was a clay loam of the Aiken series. This series 

occupies extensive areas in western Oregon and occurs on the 

upper slopes and crests of the hills. In their early develop- 

nient the soils were cropped chiefly to grain and later used 

for orchards, especially prunes and walnuts. The soil is re- 

sidual in origin, and has been formed by the decomposition of 

basalt under the influence of relatively high rainfall. The 

heavier textured types predoiiinate and they are red in color 

with a high iron content. The reaction is distinctl acid. 

The study included both greenhouse and laboratory work. 

In the greenhouse two kilograms of soil were weighed into 

one gallon earthen-ware jars. In the first series there 

were twelve jars, all treated differently. A series of six 

were treated 0,2,4,6,8,10 tons of percipitated calcium carbon- 

ate per acre of two million pounds. secoúd series received 

0,1,2,3,4,5 thousand pounds of sulfur per acre. The sulfur 

was applied as sulfuric acid so that it would become at once 

active. The calcium carbonate and soil were mxed dry while the 

sulfuric acid v;as added in the water used to bring the soil to 

the optimum moisture content. moth series were maintinaed 

at optimum moisture in the greenhouse for a period of two 

months. Tests for limestone requirement, hydrogen ion concen- 
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tration, water soluble phosphates, and O.002N sulfuric acid 

soluble phosphate, were made at the end of thirty and si::ty 

days. 

In series two percolation tubes were filled with two and 

one half kilorarns of soil and brought to the maximum fild 

T-oisture capacity. They wer3 then treL.ted with phosphates 

and distilled water was allowed to percolate throuh the treat- 

ed soil. Foud liters of the percolate were collected for the 

tests. The treatments were as follows: No. 1, was leached 

with four liters of primary riono-calcium phosphate containing 

25 p.p.ra. of phosphorus; No. 2, was a check which was porco- 

lated in the saine way as the treated soils. No. 3, suEer- 

phosphate (16% P2o5) (phosphorus pontoxide) at the rate of 

1000 pounds per acre n-i.s added and mixed in the surface inch 

of soil. To No. 4 treble superphosphate (45% P2o5) was added 

at the rate of 350 pounds per acre. To No. 5 an amrnoniated 

phosphate containing 16.5 per cent nitrogen and 20.0 per cent 

of phosphorus pentoxide was applied to the surface inch, at the 

rate of 800 pounds per acre. To No. 6 a complete fertilizer analy- 

sizing 12 per cent of nitrogen, 24 per cent phosphorus pentoxide 

and 12 per cent potash was added to the surface inch at the 

rate of 660 pound per acre. No. 7 received a 20 ton per acre 
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application of barnyard manure. No's. 3 to 7 were leached 

with four 1itrrs of dLstilled water following the addition of 

the tretrnents. 

Analyses were made on the first, the second, and the third 

and fourth liters, that percolated through the soils. These 

determinations included electronietric hydrogen ion determina- 

tions, colorirnetric phosphate, and colorimetric iron determina- 

tions. 

After the percolate had completely passed through the soil, 

the soil was removed i; three inch layers and phosphate deter- 

minations made by extracting the soil with O.02N sulfuric acid 

buffered to pH 3.0. T1e Dcniges method as modified by Truo 

and eyer (19) was followed. The water extract gave no test for 

phosphates. 

In the third series of experiments tomato plants were 

grown in pots in the greenhouse using the same Aiken clay loam 

soil. The treatment for this study included primary mono-cal- 

cium phosphate in solution applied at the rates of 600 and 1200 

pounds per acre. both were applied to the surface of the soil 

and to the subsoil through an inverted funnel so that the two 

methods of treatment could be compared for both rates of treat- 

ment. At the end of three and a half months the crop was har- 

vsted and the green weights d'termined. The pots were retreat- 

ed and again planted. The second crop reached maturity in about 
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three months and the green weihts of the fruit and plants 
de- 

termned as before. TOEnatoes were used because they are very 

sensitive phosphate indicators. 
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RESULTS 

The data for the first series are presented in Tables I 

and II. The hydrogen ion concentrations and lime requirements 

indicate that a mo:th is 1on enou,h for both the lime and sul- 

furic acid treatments to take effect. 1thouCh the 1arest linie- 

stone treatments had not had ifficient time to completely re- 

act with the soil, as there was a little free lime left at the 

t.me the sampl..s were taken. 

Although the differences in the phosphate brought into 

solution by the various treatments are not ret enough to be- 

come very sinificant, a slight increase in soluble phosphate 

does occur fron treatments of lime on this type of soil. Though 

the differences here presented are too small to have much sig- 

nificance, they are in the same direction as those obtained by 

other workers. (1) (2) (4) (12). 

Undoubtedly the application of limestone to such soils 

previous to the use of soluble phosphate fertilizers would re- 

act favorably. It would seem thit the lime would probably have 

a much greater value for holding applied phosphates in solution 

than for bringing into solution those phosphates occurring 

naturally in the soils. 

There was no phosphate present in a water extract of these 

soils, in the first s3ries of greenhouse studies. 

Table III gives analytical data on the percolates that 
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were obtained from the percolation tubes in the laboratory study. 

These data again show no wator oluble phosphate. The 

trace found in the percolte from tube 3 is more than likely 

due to some contamination. The data from tube 4 does not indi- 

cate any more marked penetration with treble superphosphate than 

from any of the other treatments. 

The variations in hydrogen ion concentration, and iron con- 

tant as indicated by analysis of the percolates had no effect on 

the phosphate in the soil solution. Since there was no phospha 

in solution in any case this result can have little significance. 

The data presented in Table IV indicates that the phosphate 

applied in the various treatments is tied up vary rapidly and 

completely, only a very small part of it penetrating into the 

second 3 inches of soil. In no case is phocphte found in a 

water extract of these soils. In an acid extract of the soil, 

most of the phosphate applied is found in the surface 3 inches, 

with the exception of the tube treated with anìinonium phosphate, 

in which case a part of the aplied phosphorus is not recover- 

ed in an acid, extract. 

Although the data in Table IV is not conclusive work by ot}rs 

indicates the chemical form of phosphate fertilizers may have 

an important bearing on their availability. The excess calcium 

carried as gypsum in ordinary supr-phosphate night aid in hold- 

ing phosphate in solution. The ease with which ammonia is re- 
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moved by base exchange and nitrification in ammoniated phosphate 

may effect the speed with which they are tied up, thus decreas- 

ing their efficiency as compared with phosphates which carry a 

more stable base. 

In the trials with tomato plants grovm in the greenhouse, 

the data shows a high fixation of phosphate by the soil, and 

the necessity of applying the phosphate fertilizer materials 

close to the young roots. The data are presented in Tables V 

and VI. 



TABLE I 

Sarn1es Taken After One Month 
:Phosphorus in 

Jar: : :Lime requirement:.002N H2SO4 ex- 

No.: Treatment 
- 

: pH : Truog :tract in j.p.m. - 
1'. Rpercipitated CaCO3 at the rate of 2 T per A 6.4 slight 14 

2. 4T per A 7.0-7.2 very slight 14 

3. 6 T per A 7.5 blank 17 

tI 8 T per A 7.6-8.0 " 
17 

5. 
u 10 T per A 8.0-8.2 " 

15 

6. Check 6.4 strong 13 

7. H2SO equal to 1000 1hs. sulfur per A. 6.4 strong 13 

8. 2000 1hs. 
" U H 6.2 very strong 15 

9. " 3000 1b. I' tt 

5.8-6.0 ' It 13 

10. " 4000 lbs. 5.8-6.0 " 
13 

11. 5000 lbs. 
u 5.8-6.0 8 13 

12. Check 6.4 strong 14 
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TABLE II 

Samples Taken After Two Jonths 

Phosphorus in 
Jar :.002N H2SO4 ex- 
No. : Treatment _________ :tractjp. 
1. Repercipitated CaCO3 at rate of' 2 T. per A. 12 

2. 4 T. " " 11 

3. 6 T. 13 

4. ' 
8 T. ' 

12 

5. U 
10 T. 13 

6. Check 9 

7. 112SO4 eaual to 1000 lbs. sulfur per A. 11 

8. " 2000 lbs. " " U lo 

9. U 3000 lbs. 't 

't 11 

10. " 4000 lbs. " " " 11 

11. 5000 lbs. " H 10 

12. " Check _______ 10 _____ 



TABLE III 

i.na1ysis of Percolate ________ ---- _____________ ______ - - 
: lEiter : 2ndIJitr : 3d &4th Liter: 

Tube :pH : TFe:pH: :Fe:pIf: : Fe: 
:SoilTreatrneflt _______ :in.::ppra:uin: P :pym :Quin: P :ppra 

1. Leached with 4 liters of solution 

containin, 25 p.p.rn. phosphorus 6.18 0 .26 5.84 0 .016 5.86 0 .012 

as primary mono-calcium phosphate 

2. Leached with 4 liters of distilled 5.84 0 .036 5.75 0 .014 6.09 0 .028 

vat er 

3. Leached with 4 Liters cf distilled 
water. Ordinary superphosphate 5.08 Trace .026 5.84 Trace .016 5.86 Trace .010 

applied to surface inch at rate of 

1000 lbs. per A. 

4. Leached with 4 liters of distilled 

water. Treble phosphate aplied 4.83 0 .022 6.26 0 .024 5.86 0 .032 

to surface inch at rate of 350 lbs. 

per acre. 

5. Leached with 4 liters of distilled 
water. AmmoniRted phosphate 5.84 0 .016 6.01 0 .014 6.18 0 .012 

applied to surface inch at rate 

of 800 lbs. per A. 

6. Leached with 4 liters of distilled 
water. omplete fertilizer applied 5.84 0 .018 5.50 0 .014 5.96 0 .008 

to surface inch at rate of 660 
lbs. per A. 



T.BLE III cont'd 

Ana lv s is 

ist 

Tube: : pli 

No. : Soil Treatment :uin.: 

7. Leached with 4 liters of distilled 
water. Manure applied to surface 5.25 

inch at rate of 20 T. perA. - 

of Percolate 

Liter : 2nd Liter : 3d ec4th Liter 
:Te : pli: : Fe1 p1 : Fe 

P : p:uin: P : ppni:Quin: P : ppm 

0 .026 5.50 0 .08 6.03 0 .190 

t', 

r', 
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TABLE IV 

Analysis of Soil Fron Percolation Tubes ________ 
:5011 

__________ 
Horizon:Phosphorus in .002 N: 

_______ 2il Treatment : Tube :liepth :HSO4 extract in 

Leached with 4 liters of solution 1 3" 48 
containing 25 p.p.rn. phosphorus 6" 14 

as primary mono-calciun phosphate 9" 15 
12" 16 

15" 1__ __________ _____ 

Leached with 4 liters of distilled 2 3" 14 

water. 6" 21 

9H 20 

12" 21 

15" 30 _______ _______________ 

Leached with 4 liters of distilled 3 3" 48 
water. Ordinary superphosphate 6" 13 
applied to surface inch at rate of 9" 15 
1000 lbs. per A. 12" 11 

15" 14 

Leached with 4 liters of distilled 4 3" 80 

water. Treble phosphate applied 6" 24 

to surface inch at rate of 350 9" 18 
lbs. per A. 12" 19 

________ _________ ______________ 15" 18 

Leached with 4 liters of distilled 5 3" 36 
water. Ammoniatcd phosphate 6" 20 
applied to surface inch at rate 9" 14 
of 800 lbs per A. 12" 15 

15" 14 

Leached with 4 liters of distilled 6 3" 53 

water. Complete fertilizer applied 6" 15 

to surface inch at rate of 660 9" 16 
lbs. per A. 12" 13 

_______ ________________ 15" 19 

Leached with 4 liters of distilled 7 3" 38 
water. Manure applied to surface 6" 25 
inch at rate of 20 T. per A. 9" 12 

12" 12 

- 
151? 

14 
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TABLE V 

Tornato Yields 
Planted December 15 

Fruit Plants 
Soil Treatment :Pot Green wt. : Green wt.: 

___________ No.__:_March_24 April_5 

Check 12 0 (died) 
13 0 " 

14 0 
25 .2 ms. 
27 .2 ms. 

______ _______________ 22 ______ 

600 lbs. per A. primary mono- 38 .4 ms. 
calcium phosphate applied to 37 .0 gins. 
surface in solution ____________ 29 7.3 gms. 

600 lbs. per A. primary mono- 21 23.5 gms.21.l gins. 
calcium phosphate applied to 30 34.9 gins. 
subsoil in solution. 39 22.3 26.6 ems. 

12 lbs. per A. primary mono- 34 32.6 gins. 
calcium phosphate applied to 28 27.8 gnis. 
surface in solution. 26 31.2 gins. 

1200 lbs. per A. primary mono- 35 27.8 g::s. 
calcium phosphate applied to 24 26.0 gins. 
subsoil in_solution. ____ 23 20.7 gms 23.6 gras. 
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TABLE VI 

Tomato Yields 

______ Planted again and R treated April 5 

- : Fruit Plants 
:Pot Green wt. : Green wt. 

Soil Treatment :No. July 1 : July 1 

gins. gins. 

Check 22 0 5.0 

25 0 2.0 
27 4.0 _________ 

600 lbs. per A. prirmry mono- 29 7.6 9.0 
calcium phosphate applied to 27 3.0 4.2 
surface in solution. 

600 lbs. per A. primary mono- 21 27.4 28.0 
calcium phosphate applied to 30 31.3 31.0 
subsoil in solution. 39 40.0 30.0 

1200 lbs. per A. primary mono- 26 21.0 42.0 
calcium phosphate applied to 28 7.0 37.0 
surface in solution. 34 23.1 26.0 

1200 lbs. per A. primary mono- 23 44.3 40.0 
calcium phospTate applied to 24 22.5 50.5 
subsoil in solution. 3529.5 27.0 
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EFFECT OF PHOSPHATE TREATMENTS ON TOMATOES 

.GRO7 L GREENHOUSE 

f,' 
e" 

'k 

SIhLS 

TREATMENL' 

Pot 27 Cheek 

27 

Pot 38 600 pounds per A. of mono-calcium phosphate 

applied to the surface in solution. 

Pot 39 600 pounds per A. of mono-calcium. phosphate 

applied to the subsoil in solution. 

Pot 34 1200 pounds per A. of mono-calcium phosphate 

applied to the surface in solution. 

Pot 23 1200 pounds per A. of mono-calcium phosphate 

applied to the subsoil in solution. 



DISCUSSION 

The need. of more work in this field is very apparent. The 

data presented is farÍom conclusive in determining the relative 

significance of the different factors responsible for phosphate 

fixation by red hill soils. Neither is there any very definite 

suestion as to a practical means of preventing the soil tying 

up the phosphate. 

A point that particularly should be thoroughly tested is t} 

action of lime in correcting soil acidity and thus preventing 

the forniation of undesirable phosphate percipitates from applied 

phosphate fertilizers. 

This problem particularl is worthy of further study as a 

satisfactory answer would greatly increse the efficiency of 

phosphate fertilization. 

The results of the reenhouse trials with tomato plants 

indicate that the method of application is very important and 

may markedly increase the efficiency of phosphate fertilizers. 

The application of phosphate fertilizers in such a manner 

that the feeder roots of plants will readily absorb this fer- 

tilizer, is most important on red hill soils. It may be rather 

difficult however to work out a scheme of applying fertilizers 

for certain crops to accomplish this end. 

The concentrating of phosphates fertilizers into small 

areas stay prevent phosphates from becoming so completely fixed. 
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Too niuch broadcasting and mixing would appear undtsirable. The 

tying up of phosphate by an excess of iron or aluminum may be 

partly overcome by concentrating the fertilizer in smaller areas, 

so that it cornes into contact with too little soil to result in 

complete fixation. 

In this study barnyard manure in the rates used supplied 

practically as much phosphate in an acid extract of the soil 

as the more soluble forms of phosphate fertilizers did. 

Stephenson and Chapman (14) and others have called attention 

to the very beneficial effect of organic matter on phosphates 

in making them more readily available. This is particularly 

significant since manures and organic matter have already 

grom to be such an important part of the permanent fertilizer 

program. 
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CONCLUSI ONS 

1. The data indloates that with a deer jase in soil acidity 

by the addition of calcium carbonate there is only a 

slight tendency to increase the soi]. supply of easily 

soluble phosphate. This does not indicate that avail- 

able phosphate when added after correcting acidity will 

not be more readily available. 

2. There is no marked difference in the amount and rate 

of fixation of the different forms of phosphate used. 

3. There was ittle movement of phosphates from the upper 

soil layers to the lower horizons even where large 

amounts of easily soluble phosphat were added to the 

surface layers. 

4. For crop response to phosphate application the matrial 

should be placed near the growing roots. 

5. Crops may obtain phosphates that are not necessarily 

soluble in the solvents used. 
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