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IETRODUCTION

The fixation phenomenon of soils is by no means new to

soil investigators, altho like many other phenomena there

are, no doubt, many things yet to be learned about it. he

early as 1820 Way (48) empressed very definite ideas concern-

ing the fixation of various substances by soils. Fixation

may be either chemical or physical and is usually referred to

as absorption. There is another term, "adsorption" which is

sometimes used and is defined by Patten (39) as "a difference

between the concentration or density of a film adjacent to a

bounding solid and that of tie mass of liquid or gas that

bathes the solid", or "a specific attraction between a solid

and absorbed material". There is a feeling on the part of

some investigators that the term ”adsorption" might well be

dropped. In this work the writer has chosen to disbense with

both of the above mentioned terms and use only the term "fix-

ation".

The power which soils have for fixing substances from

solution is far from being the least important factor in soil

fertility. It is the belief of a large number of present day

investigators that nearly all, if not all, of the material

fixed by soils is fixed by the colloidal portion of the soil.

Fixation by the soil plays a very important part in prevent-

ing soluble plant food elements from being lost thru leaching.

Applied fertilizers and materials made soluble in the soil are

prevented in this way from being lost while at the same time

they are fairly easily accessible to the plants. gs a rule

when salts, the anions of which form soluble compounds with
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soil cations, are applied to soils the cations are fixed,

while the anions are free to leach out or unite with other

bases that have been liberated. This rule does not hold

true, however, in the case of a phosphorous salt when applied

to soils. In this case the phosphate radical is itself fixed.

he object of this work is not to determine whether or

not phosphorous is fixed by soils, but rather to point out

some of the things that must be considered in studying the

fixation of phosphorous and some of the effects,on the soil,

of an application of a phosphorous salt.

According to Prescott (40) it was known to Aristotle, the

Greek philosopher, that sea water lost some of its taste when

filtered thru sand. He states further that LeComte de har-

selle in 1725 filtered sea water thru garden soil and then

found by evaporation that a considerable amount of salt had

been lost. Prescott (40) quotes Gaszero as statin* in 1819

in a text book on manuring that he observed that soils take

up soluble substances, a phenomenon which he considered an

advantage to a*riculture inasmuch as this fixed mate:ial ma

become available later as the plants need it.

Thompson (47) made quantitative deterninations of ab-

sorption in leer. He added solutions af ammonium.sulphate to

soils and then.washed them out v4ithMaer. Analysis showed

that quite a lot of ammonia had been lost from solution and

calcium and na'nes ium were found in the solution with the

sulplate radical. Way (48) repeated the above eXperiments
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with other bases and obtainea about the same results. Ie con-

sidered the fixation due to a chemical reaction. he reasoned

that a physically absorbed substance could be washed out with

water while a chemically absorbed substance was completely in-

soluble. In 1352 'ay published another article (49) in which

he registered his belief that tflG fixation of bases was due to

tre formation 01 aluriinum silicates with the cases used, this,

being a chemicalireaction again. Erescott (40) states

8 J.V. Liebig took exception to Jay's chemical theory

and declared that, in his belief, the attraction of a soil for

salts was of a purely physica nature.

Gordon (24), in an article published in 1923 described

four different types of fixation from solution. 1. Chemical

fixation which follows the mass law, 8. exciane adsorption

(one ion ads01oed in place of one released), 8. :t1t1tion

C
‘
f
‘

ra io adsoorption, and 4. electronic adsorption.

Cameron and Bell (7) expressed their belief that fixa-

tion was bo+h physical aiid chemical. They report that when

free P305 is added to a soil containing ferric hydroxide it

is absorbed in sue a Way tna the more P205 there is in sol-

ution the more there will be found in the solid ferric hydr x-

(
+
-

ide; that is, the T205 forms a solid solu-ion with the ferric

hydroxide and 1e composition of the solid solution changes

with that of tnc solution above it. qhen P205 is added to a

soil containing CaO a solid solution is forzed also. The per

cent of 3205 in the solid phase increases with increased per-

centaas of P205 in t-e solution until a certain concentration

is reached, and further increase of P,05 in tie solution does0

Cu



not increase the per cent of P205 in the solid phase. A defi-

nite chemical compound has been formed.

Prescott (40) found that, in his work, the concentration

of P205 in the solution added to humus had no effect on the a-

mount 0: P205 fixed. It is the opinion of the writer tha the

above mentioned conclusions could not have been drawn if a much

greater ran;e of concentrations of P205 had been used.

Schreiner and Failyer (44) found, in their work, that soils

which give up phosphorous when leac ed wit water also fix large

giantwties of this element when solutions of CaFA(PO

sed thru them. This i evidence, in the writer's Opinion, tha‘U
}

‘ l

the more concentrated the phosphorous solutionaddei Q0 a soil

f H H
.

5 H
.

dthe more phosphorous it will fix. There is, of course,

to the amount of phosphorous What can be fixed by certain mat-

erial. These invees ti:ators also find that if water is pissed

thru a soil hihly saturated uith phosphorous large guantities

of the latter will be removed immediately, but a very large quan-

tity will renain quite securely fixed by the soil. Subsequent

leachiings will contain only small quantities of phosphorous, in-

dicating that altho the absobed phosphorous cortent of the soil

is great the soil solution is about normal so far as phosph01ous

content is concerned.

Earker (57) in studying the selective absorption of soils

found that the total quantity of Ca,hg, and “l in a solution of

K 1 after treatiny the solution with a soil was not Quite equiva-

lent to the K absoried, but the diiienence .as pracLi'cally equi-

F‘ u H I , q

..valent to the amount 01 iree a01u in t
1" J.fl

1e solxrtiont .he foruxl that

all cas es of base absorption the solution was 1eft acid. He

?

Siggests that a small cuntity of fiaJOS added to the solution



will prevent the liberation of other Vases such as ea and hg.

fi’*escott (40) quotes Kdnig as saying that peat that is

almost entirely free from calcium and othsr oases still ab-

sorbs phosphoric acid. Also that he observed no4atire absorp-

tion. That is, the absorption of water instead 01 salts from

solution. 1 peat trezted with r/1o KCl absorbed water and

left the supernatent ligiid more~concentrattd than the ori4i-

nal solution.

r7

according to statements made 3y :atten (a9) Lagergren

found that either the solute or the solvent could be absorbed

J-

'her more concent11ted or less

J

(
.
L~.1 4» .,- - - m- .:

e111 w1e solirtion cords: 1ecche 111

‘

concentrated on bein; added to the soil. dolutions of HaCl,

101, 3143 L and HHéBr becone more e._c;:.;ated.131en adfed to

charcoal While those of Echo , KIOQ, NanSO K180 and EH.NO
u w ,4, 4 4 3

become less concentrated. This invesgi4ator found no ch;n4e

in the aciuity of the solution when bases were absorbed. That

is not in accord with the findings of no t otln inv sti4ators

l:’o:'l;in4 8110114 "51118 line.

Patten and Ua44eman (39) found that when 11 hLh in or-

'4anic matter was treated xith a manuie extract lor 'n or4anic

matter the extiact 1inzlly became more concentrated with or-

4anic nL tcr. This more nearly a preaches th writer's ieea of

a case of true ne4ative 1ixation, when a olution actually be-

comes more concentrated as a result of some substance being
, .

4iven up by the solic, thethrr it be soil or sore other absorb-

inr material.
C)



L-\.._J.L.I;L«Li.‘LJLIJ

1

r

|In some p1eliminery E-rh it Was found that :y treating

some muck soils with a 0.1 E solution of CLH,(EO d then) FL

I 4 2 ‘

l

---1 *— .- + ' ~ ' 1 T 11-1- -~ -—:1 -— ~.
analyz L4 the s pernau nt llqu1d approliuatcly sil blLCS a

with a 0.02 K solution. It is eV1ddent fr 1 the above nentionc

result“ that if a nor: dilute solution had been used tiere

till szaller amount of phos -

- - 1.1:" , : .14- -..~ - fi _ '1‘... 1-1. .J- '--’-‘ - 1,1,. “ tphorous 11led. Le m14n reason 1urther 11du 11 a Ve1; e1'lu e

phosphorous solutioz were added to a soil containing s large
‘L

...,1.1 0 -0 1‘ "fin 1', _ 1-1., .1 ... -1 " ..: 1 .1 1o .1 -

g1uht1tby oi ho1pno us the S111 Lduld 41ve up some 01 this

11 J- ...V..2 1 __-1 '1 , .1- 4. _~4 m a -. .--1- '

elenedt 1_1c1 L1t11 4o 10 concentrdtc the 1emain 1.,4 solution.

."1 - 1- , '1 1-.. n -o a ,3, ..._’--J-,1- 1, 1: .. -1 n -

111s, s4a1n, Loul1 08 :1 elamplc o1 Jhs AJlUUJ'o irea o1 true

(1 -

nefatite iixation. It Las also found (85 0;;1 Khan either

0.10 H or 0.003 I solutions of LCl Lere kept in e:1;act with

much soils for a teriod of stout 1; hours the solutions heca e

less corcchtrLtei than it was before Zeinw added to the soil,

‘-ilc a 1.0 E solution 01 the same salt he;t in OGHtLCt :itl
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port plant growth. 5. Town Liie muck, Liich is ffirly well
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has a pn value 0. loss LLLn 7. 1. Col 636 much, ullCh is Lair-

. ' . V f. t -1 ' {1 . '1 . “ ‘ i "L . 2" \~ \

lg .81]. (L Li 1 LLCL only slightly Lciu 1n :oLotion. .11.]. 88.11..-
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lolloL143 m€u£~g ”Ls Luopted JLlCfl lS [Lid LimilL: DO L-Lt aL\u

_ n .< _ I __ J_ ‘ __. fl 0 _ ‘1‘.“ ' {-1 _‘ _’_\ ,'_“ 3 . o ‘ c ‘. 'V __" i _f_ 3‘71 0 .
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(.82.? placed. in _;.l"nr:1v'*“r :lle:s in C..i.‘r:lic:;;';e LIL; fiftv c.o. o;

the desired phoL“hoionL Solgtion LCCed. The flLsks were stop-

pered, shaken and allowed to stand for twonty-fou: hours, thcr

which the liquid WLs filtered off and L phOLphorouL determina-

tion mc'Le on an Llia;uot part of the iluiLLe. LL 0

a phosphorous Qeuo;LinLL;on was nLC.e on the orii21Ll solution.

It was found tth on passin3 a 0.10 H solution of CLH4(P04)2

thru L filter pLoer no cth3e in phosphorous c ntent coulu is

detected by Lnlesis, L though 3.2. lurain and F.W. ZirbLn (2:)

found that a su3L solution was dee more c :3“: trL‘ted by pLs-

siu3 it thru a d”? fi ter papo and loss concent“Lted ty pLs-

sing it thru a wet p‘p 3. To Gllkilut the possibility of a

Can3e in conoentrL ion fine to pass1n3 tnc splution thru a
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u1nw solutlons 01 elfierent concenursoions. In mak-

°- -1 . #1.. pm . - .: . o ?‘-f‘- .1 < 1.-- .4- .- - -1
111, LP Dues; SQlLLJLOIlS 01 oilfe°enu eorcvutithwn a stool sol..--

' ‘- "' .0“ «'1' ‘1. 1*.“ H ' 1 ‘ . ‘ c ,. o "'I‘ ‘1'”,1 n.‘ J“

t1on ”as 11’st piegwred oy eis.olvilg CaH4(PO4)n 1n Meter ut the

(.3

grams per liter. The salt did not all dissolve, and,

.1.

no doubt, a portion.of lb nus co-n1di,<1:1e0 other hosghorous

compounds. The residue was filtered off anu from the filtrate

"I

series of dilutions was made by use 01 carefully calibrated

‘

x . ‘, 4- - .. x ‘ . . ,fi .., x.) 1-5,. ’1‘ .' J_- o .N fl_ . ._ “3 I: “ '

Pieettes. Ine soils Heie ulclted 1n unplic1te, as d1,\ULJ oes-

41 1 ' J_w .1.‘ '1. l__ _ 4.1.1. - -14. - .1” .94-,1 1,. A .2.

Cl-LLDCCL, “1‘911 LIA—1'3 8.0071": L.-9;lUlOl’led. SOlyuUlOALD. 5&UV113j—1U3‘ 111
L)

_L_‘

tge 5111 out it was found necessary to further Cilute the lil-

rate before analysis. @113 , also, was done with sreflly cel-

ioreteu pipettes. The results of the analysis were calculated

g

J-w, . 1 -

on ole} 06.8 H C
)

O H
.
)

C
+
-

(
J

total volume of solution neeed, and are

shown in table 1 and figs. 1 to 4 incl sive. The pH Values of

the orL n11 mucks are also snown in table 1. Th results of

the analyses er the av rs es of txo Qe"'r1nntions which, in

most cases checked very well. The " " signs in the table in-

Lieate lositive iixation, while the ” " 81;ns indicate that

the final :olution was more concentrated then the ori;in;l, WTich

is commonly spoken of as nLstive fixation.
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He see from these fi,1res that the two mucks which w re

described as being ve1°y acid 30th showed ne3atite fixation of

phosphorous from the more concentrated solutions, ”11118 the

o:her two shoxed positive fixation fiom all cozlcentrations of

solution used. Tiers is no doubt in the writer‘s mind but that

J

in all four soils there was more phosphorous fixed iron the more

conccimtated solutionsthan from the more dilute solutions, but

the indications of negative fixation by two of the mucks was

orotht about by the fact Lhat they could not fix as much phos-

phorous as there fins in the water than was rendered unfree, hence

some phosphorous was left to concentrate the remaining solution.

In the case of the other two mucks the phosphorous was fixed by

combining c‘emic1ll" "’htcalcium which accounts for the 3reater

antity fixed, thus leaving the final solution somewhat diluted.

These statememiwill be substanciated by u rk reported further

on in this paper.

In as much as the two mucks with the higher pH value showed

no ne3ative fixation and the two very acid ones did show negative

fixation the next step .as to study the effect of added liLle on

the fitation of phosphorous by the very sour mucks. Lleven sam-

ples of one hundred grams each were wei3hed out of each batch of

vcr sour muck and mi::ed thorou3hly with varyin3 quantities of

calcium oxide. The following treatments were male per acre, con-

sidering an acre six inches of luck soil to ueih 1,000,000}: -

No treatment, 1 ten, 5 tons, 5 tons, 7 tons, 9 tons, ll tons,

13 tons, 16 tons, 2 tons and 25 tons. These quantities of cal-

cium oxide were wei3hed out and mixed thoroughly in a mortar with

a small portion of the 100 gram sample of muck and then added to



the remainder of the muck sample and mixed thoroughly with it.

This provided for a uniform distribution of the calcium oxide

throughout the muck. Ordinarily the oxide tends to remain in

little halls. Uhen these mixtures were made they were placed

in jars and ne liter of water added. They were shaken occa-

sioially for a week and then filtered and dried and fixations

st dies made on them. The check sample was treated with water

the same as the rest, but it received no calcium oxide. In

making these studies the concentrations of phosphorous were

used that gave a;proximately no fixation with the untreated

muck. The results of these treatments are shown in table 2

and ligs. 5 and 6.
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Taole 2.

Waoodiorth muck Treated
.=._‘ J-

I. _J__ U

- The mgs. of Ihosrhorous Fixed by

Calcium Oxide.

Trowbridge and

 

CaO

11°CL'cltllent

Trowbridge Xoodworth

 

 

H

{
J
r

‘S
,

C

P mgs. P

recovered fixed

H158. mgs. 3 mgs. P

recovered fixed
 

none

1 ton

5 tons

5 H

7 H

9 H

11 "

15 "

16 ”

20 "

25 "

C
) r71»-

00

H

H

H

H

H

640.10

659.40

554.00

631.30

629.50

637.35

619.85

615.75

586.10

551.70

508.50

4.00

5.30

2.10

H

Y?

648.80

645.50

538.10

627.50

540.50

505.90

8.80

12.10

9.50

C
]

O (
:
3

O

F C
L
)

. (
)
1

O

4.40C
1
]

55.70

58.00

84.50

117.50

151.70
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19.

In pr paring the phosphorous solutions with which to treat

these soils coxcentretions were not secured that gave exactly

zero fixation. They were near nough the 1Lht concentration,

however, to serve die puruoxe very well. Go see t1.t by adCing

to five J“QLS of the Trowbridge muck fifty 0.0. of solution con-

taining 036.l mas. of phosphorous there was a 1e'st ive fixation

of 4.00 mas. 1 severe sum 12s of much not treated with 0:0 had

received the same oreu't1ent 01 phosphorous solution the iiLetion

in "eon case Should have been t1c saxe, but when she mt-ck receiv-

11L;1A111ty-1ifretons O CCanJun oxide nix; 11ws guentlfi*fnmx tea

with the above nentioned phosphorous solution it fixed l27.6 m4s.

of ph spherous. This di1“ercnce in the uneunt of phosyhorous

fixed was due to the calcium pre~en‘t . She increase in phosphor-

ous fixation due to the lime treatment nus not Cirectlv propor—

1. h
tionel to the jliiiuJGG of the amount of lime udCed. The 0““v~~

in 11"8. 5 3.1:; 6 show tl";e there 2311.3 1:. Slif'hb increused fiizati 11

'1e increese in fiLution was much “reuter yuan the in-

creese in amount of lime e'dde d. Such variations 318 in all pro-

Eility due to formation of different eozrou-s of phosphorous

and calciun. These same results in general hold true with the

4-1.1 ' J- '.‘,,

0111.3 0111.8(
E
1

Woodworth much. It will he iLter HtiQ to note at

n

that he twenty-:ive tons 0; calcium 0::ide per 1,030,000; of

muck did not neutralize the 1rowoiLe muc: unL it raised the

_ ‘ _n .111 .‘ “'Y’,“ ,. ‘.. _ I ‘ q 1, ,4- . .: n“ A 57‘s ‘

pH V7,;1lb3 01 tile .10001-1'01‘1111 {1111611 0111:] {311.11131” aduve 7. 1115;
"U

.0 ..~ . 1-- . -

ea O.‘. 5118 03501191318 3.01

:1 u v

1
““v 'F‘ ~.‘\'L- i.l“

Llof o1 thee~ e u«teiiels.(
T
:

gives one an i



:horous could as so markedly increased

in sour mucks by the addition of line it was thought well to study

the effect on phosghorous fiLation by hirh lir1e muchs 1y removing

the line with acid or sucolonin; for calcium a base that forms

a more soluble comgound with lhOSphOTOES. Accordin'ly two 200—

ran samples of the Town Line muck were nei#hed into jars. To

one was added a liter of 3 H "Cl an1 to the other was adzed a

liter of 0.13 HCl solution. The mucks were allowed to remain in

contact with these solutions for twenty-four hours and then they

were thrown on filter 1‘1“ ”rs in law-e funnels and allowed to drain.

J

Tr1e nec.:s of the funnels were then sto;pered and another liter of

r
“

‘lution awded to eacli one Tiese solutions were allowed to drain0
?

C
\

or 24 hours and each sample washed with three liters ofc
f- .51 fl

1. 3.10 r
e

water. The 3 H solution of 101 was reeomnended by Gedroiz (16)

for suostitution of bases in mi:icral soils. He reports t1at the

major portion of the calcium is usually reroved from mineral Soils

by the first 1ew lea11ings. Gedroiz also used lOfi HCl solution

for removing bases from mineial soils. It was thou that a

10; solution of HCl would be too strong to add to an or_:nic

soil, hence the weaker solution was used. The washing was per-

haps insufficient to remove the excess of HCl and £01 from these

materials. Further washin; was avoided Pecause 1as11nc removed

such a large amount of the colloidal portion of the organic mat-

erial, eSpecially when trented with HCl. In tnis ease the less:-

ings Jere almost black .ith orLanic colloids. After these SJilS

.Jere treated “ih C:.H4(1O4 )2 and then leached with water the first

leacnin s came thru fairly clear, but with continued le aching the

-0 - ' »- -~r '- Aw? ' P "'r - V _, r; " "1'." fl 1 ' ‘. V. ..‘.' ° ‘\ .—

1locculat1nJ mate1ial was reuoved and one leac11n s again can



tained large guantities of colloids. The fixation SoLCiGS were

”A N . . u 1 .L‘ _' a J_1 - ‘ _ ‘." ': '§ (1., 5 o 11.3, “ -‘_ ‘

made on tn—se soils my the neonoo a ready cescriotd and

 

salts a:e Shlvn in table 5 and fig. 5.

Table 5.5- The m5s. of PhosphOious Tixed by Tomn Line Tuck

Treated Tith HCl an«i with K01 and SULquU€PUlJ

Treated tith -h sphorous Solutions of Difieient

Concentrat i on.

Treatment HCl KCl

 

 

:s. 2 H58. P mgs. P firs. P
;)

mgs. P ms. P n5

‘ fixed added recovered fixedadCed recovered
 

104.14 81.61 22.55 106.6 85.0 21.6

206.59 174.69 51.70 210.4 17”. L
0

i
n

H o (
)
3

(
I
)

(
,
3

410.90 570.50 40.60 418.2 562. U
!

0 C
I

6

508.64 275.19 55.45 514.5 265.0

2

7 C
*
1

L
O

0 (
>
1

515.28 475.50 57.78 522.0 462.

615.00 575.50 59.70 627.9 561.2 64.7

717.00 685.95 51.05 7 9.1 60.7

818.40 785.75 52.65 855.6 769.6 64.0

920.60 888.50 52.5 957.5 874.8 62.

l 22.50 99 6.90 25.40 1041.4 980.7 60.7

The treatment of this muck with KCl solution incr ased its

alkalinity considerably which is in accord ii M1 the findings of

ther investigators, but the fi'ures do not show that it oe-

creased, to any extent, its po e1 to ii :phophorous. The HCl

treatment, however, did cause a cons deraole decrease in phos-

J fl

phorous fixation altho there was no no ative fixation mani-

fested. Had this muck oeen treated with a stron5er solution of

HCl it is quite likely that it would have shown ne.;;Wive iixa-

tion of phosphorous from a concentrated solution. The writer



has 1‘ ound (unpublished results) that when hih

treated with 1C1 solutions of different

n

reated :ith uniform treatments 1 :1m 3;horous

sample fiflxfl1'received.ru)re cone ordnuxmal solutio
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7. 50-K : cc of free solution in all cases.

8. lo.3X - m5s. phosphorors n aster helt unfree by soils when

no fixation ass evidenced.

9. How if we assume tha' soils will fix the same amount
...,

Iof phosphorous re;.1ules o; the concentration of the

solution added, then

15.3K = m5s. phosphorous 11red by soil from most dilute sol-

ution used.

10. Then 15.3X +1.821 (50"X) = n53. phosphorous in 50 cc

AM ‘

of Um; most cilute solution used uhich was found to

be 109.27

11. 15.51+-91.L5-l.€21X ' 1C9.27

2. 15.479X : 18.22

15. K 3 18.22 - 1.55 3 cc H20 1?de unfree by5

13.479

1ied muck.

 

14. This muck we found to hold 8p water when air dried.

Than 5 5ravs of air dried Huck ecs'sted 01 4.6 5rams

O

lmuck and .d 5rs s 01 water.

15. 1.55'*.4;= 1.75 cc Held infree 3 38¢.

The same method was used in de t~;ninir5 the amount of water

held unfree by Trowbrid5e muck. In mu;in5 these Cetzrminstions

it was necessary to assume tlmt soils fixed the same amounts of

both water und phosphorous'°rom solutions of any concezitzstion

which, of course, is not exactly true. Althou5h the figures oh-

tsined in this way are not exactly correct they Hill serve in

the attempt to show the cause of ne5stive fixation.

For this work samples of Trowbrid5e muck and Ioodworth

muck were wei5hed into Erlynmeyer ileslzs as already explained

- .. it 1 _ q
and as much ws‘er added to each sample esAwould hold uniree.

They were then treated with phosphorous solutions of different

fl

fin '1 ‘ r": _. r' v W h . - 3 (~ '0 . ‘V' " -. 1 'L ' V“ ' 1"

concentrdd-018 as sirea‘y expls1ned 2-1d th: 111at10n QBuCILlnm-

tions made. The results are shoun in tsole 5, and figs. 1 and

{
‘
0



 

 

 

Table 5. - The Q38. of 110oslhorous Fixed by Very Acid fucks

'ith as finch rure Hater hdded as They Wonll Hold

Lilli-:1. e e O

Trowbrid3e Iguck, 5 3rans Joodworth finch, 5 3rams

1. 0 cc Hater 1.4 cc water

m3s. P H33. P n33. P mgs. P m3s. P mgs. 2

added recovered fixed added recovered fixed
 

103.62 94.41 11.21 1 3.06 27.68 13.38

2

0

209.09 190.2 18.89 06.3 183.46 22.93

312.54 302.16 10.38 309.86 286}00 23 .86

416.00 408.73 7.27 413.05 389.85 23.20

”19.17 515.30 3.87 516.63 492.35 24.28

624. 65 613.76 8.89 619.82 592.19 27.63

730.00 72 .32 9.68 723.00 698.75 24.25

835.35 8' 1
3

“
'
3

“
=
-

.1 11.21 826.20 793.20 33.00

7

940.80 0. 10.08 9539.58 905.80 35.58t
o

C
]

t
o

1046.20 1033.30 10.10 1032.70 1009.00 23.70

The 1 cc of water added to five 3niams of mromiwdbe muck

air dried was sufficient,with what water was already in it,to

mak 26“. Likewise the 1.4 cc added to Uoodworth muck was

U
1

sufficient to make 583. Table ard Figs. 1 and 2 show that

when as much water is added to a muck as it will hold unfree

there is not much Variation in the amount of phosphorous fixed

51 the muck from solutions of diffeieit concentrations. There

is no indication at all of ne3ative iixation.

It is evident from th; results of this o;k that if Lleie

were so.‘;c method of determining accurately the amount of water

q

that a soil will hold unfree it 2:31:10. he more l'l'.ill"l;' possible

4.

b

'1 J- ., -._ .. - 4-1fi ) 3.. .1- _,-. L£3_,, ' _- J-1 .L. 3‘ , _.., ,2 ° . .' . -

o detcinine the elac a: ount oi nutciial bpub one 2011 Honld



Nfi from solution.

Effect of Ihosyhorous Treatment on nciditi.

ye have seen tlnt the acidity of muck soils has a remen—

dous influence on their abilityto fi1- Mh spherous. It is in-

J...

te1eSti1n3 noH to note one e1:
-."

a treatucnt of CaH4(P04)2

on the acidity of the soil. There is grits a ‘iffeee

ion a:on; 1n.es i:ators as to whether acil thosphate will make

soil sour. Bur3ess (6) found that the agilication of acid phos-

phatc in VLP"iQ a'1.t caused a slight decr2ase in acidity.

Conner (10) obtained alout th“ sate esults. horse (55) fo“n

that V2rv litle change took place in the K-ion egncentration of

soils that had been treated with acid phosphate for a period of

years. Skinner and seattie (43) resorted a sli3ht increase in

soil acidity due to the addition of acid phos hate to some of

t_:eir field plots. Coe (9) found that lumo-phos effected the

- .. r' ,.‘2 _' . f) ‘1 _' Jr??? .1. J- 2 .o 0 a". 1 q.” _ n- .1 _,_V “no .. \1'1- 0

reaction 0; soil tHo to thiee inches ataJ from he-e the 121C1-

. I" ,-1-. c uf‘ -‘ -: ‘ . 4“" . —n'-1..‘ A. ‘~ ._ "‘. a J . __ H I I ..

11203 Has agplied 1n the hill, the enan3e in 12action depeLd1n3

, , HL .0 a ' 2 . \ \ 1

I the abount 01 ie;tilise° ’ lied.

4r ’\ . ~. " ~ ( f~ . ~ '. '- : I} . ‘V -..“ r" " ‘l-" 1 f‘ ' . w W' y "‘ " " 1 ‘4 .

111-33 1110;,‘01_.‘..1Jt3 111 2.01.0111" 1011.10. J" 009 .33 (10.0 00 8210\‘3221‘18
d d

I L H

*
d L
)

*
‘
3

A

K
C
!

0
.

V

:
J ”5‘“ ‘7‘ ‘ . ‘f. '\ ‘f‘ e". w‘ . ~ 1"»fi1 "g“ (1 .

t1und that acid phospna e uupllefl on the 2231s
.A.

4" ‘4' ~""\ 4-: 'r-.j ' --~'~.Jq n 7 ' 1' ‘ ' ~ “N °~ n '2'4-

01 hill lbrblll tion canned a; in ed1:;te 1ncrtasc 1n .ClLl V.

(1?. 4 " -r~~ ' "-7;- w. - 1“ l v 1' -f‘.’) -. -.H_: .3.‘ 7 ‘ r.‘ ° - -’— \— ’

In was 01 a 113 Hnicn are poorly dullered Hitn basic naterial,

such as CaCor or easi'ly “Jdioldzaole silicates and do not con-
U

tain a very ar3e amount of iron and alumil1um the acidity of

the soil solution p1oCuced ;r the hill a3; ication of acid phos-

phate was very slowly neutralized. In case of neutral or basic



i 13 c o 111‘; L- i ni n3 1113e
I‘.: 111‘,

M. «'W',. 8 iron and aluminum

the acidity cddsed Ev the acid 1hooentte figs rep; lv neutiulin;

mhese results even to izficete tlgt the azidity or l.ck of nei—

City l.roC..1.ce‘1 by e;jl*in3 acid jnoeplete to soils depend u;on

the :2. unt o; cCL 3121-12.11” “need ...-1 '5.1e -21 01 the 'oil.

After the phosfhorO‘s gelxtions were renoved, hv 1 l ri;3

fr» Jet 'nrious su-vl s of muck used in this aor: the pH Cettr-

ninetions ~re LLCS on th- res1due ef the electro;e*ric method

‘ ~ ~» —. 1;“ '\ (7‘ 1"- "'r‘ 1 '1 ‘ (‘_ .‘. "1 1‘, {-1 J , \ . J‘- 1 5. J-

LO'CQldud Dy speruey (do). I; ell ems - .13 m1 sph01'01is tiedo-

~ " "1 ’_1 . T " a“ («7‘ ..O ‘ ' '1‘ ‘n \' ". ° ‘ -

Ients ne1e mute 1n e plnlte. inereiore, tgeie ”:3e , in all

.. ,1 ‘ f .-.. -- .~ 1. , N ., .. .. q ‘ - ~. 1—1' a... ..o,‘ ’_" '3 J- ,.,,l_ -

elses, thllcwud in 3les o- 1es1 de 1or pn us 5-1iLwtions. Cue

.0 a 4“ 3" h - . t‘. J“ n.“ -‘ '- 4-3-1 "'/ “.11.? a r: "2‘fi ' °

01 each SCU 01 hhpllCubes throw hodu tie .o_1 us seeded .1th

n - J. '1 '1 "' " ...- J. .~ -. ‘ . '1 -. ‘. 1’ .‘_ .. , - - 3,.

4oO cc oi disuiiied Hebe: .elore the pH deterin tion “ls unde,

ver“ . ‘1"‘L‘1u -'\.- -‘ .J' 1_ ,1 . ." '1' . ‘ "'I' ~\ ‘ ' ~: 1‘ - x; . ,‘O

1.2111119 on Una, o uner the do 1.111111. 1011.1-.s made .1 11110111., 1 (1.0111113.

/‘

-

Table 0 shows the pH velu o; the Clueriels untredted, sit-

treatment xioh lnworoiouo sol’dtions of diffrr01t sense tretion,

ent wi‘tcr en’seuuent washin3 31th 400 cc 01 ”ltor. The phosphor-

ous treatments referred to are tlose gian in teole 1. its off'ect

of the CeH3(P04) on the acidity of these soils 03. as seen inch
0

k

sore clearly in fi3s 7, 8, 9, and 10.
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case 01 HLe 1oHn 11no

due to the ph :phorous ire

ZCO cc of rater

Since the noiCpity of
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with ph horous

the difference
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The tieah in the curve at a pH of 4 in this particular

case is due to the high concentration of phosphorous solution

used. Austin (2) found that in titretinfi Solutions of CaH4C£h)2

with alkali similar Er3aks in the curves were produced which

varied with the concentration of phosphoroussMl-ti on used. The

higher tie conceitia ion of the phosphorous solution used,the

lower on the ph scale was the treak in the curve.

Table 9 anfi 1__fs. 13 5.118 14- she-.1: the pH value of Term Line

much treated xith Eel and with HCl and in eac case treated with

phosphorous solutions of different concentr;3 ens with anC Vith-

out 8beegicnt ”as11in; with 400 cc of water. The KCl treatment

left the soil much more a haline than it was ”efore treatment,

while the HCl treatment reade it more acid. The treatment with

Phosphorous solu ion inm3ased the acidity in each case, but,

as pointed out before,the increase in acidity cried with the

difference between th acidity of the phosphorox solution and

nc soil. The inc:ease in acidity due to the phosphor-

ous treat;mnt was entirely removed by washing in the case of the

soil treated with HCl as shown in fig. 14. This we true also

of doodworth muck treated with phosphorous solution. as shown

in fig. 8. me increase in acidity due to the phosphorous

treatment of the muck alrehdy treated ;ith KCl ”as not letHOVd

by washing. This is in accord with the results obtained with

all mucks of hidh pH value used in this work.
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Table 9. - The pH value of Town Line muck Treated tith KCl

and with HCl and sudsequently Treated in Each

Gas with Phosphorous Solutions of Different Con-

centrations with and without Subsequent Hashing

with 400 cc water.

 

 

*Phosphorous Treated wit KCl Treated with HG

Treatment CTiQI' Treatedi Treatedi Origi¥ Treatedi Treated

nal with and 1a with and

Phos. jashed Enos. Iashed
 

7.03 6.09 6.05 5.64 5.52 3.72

4.70 4.92 5.35 5.67

‘.7' 4.31 5.09 3.55(
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*Phosphorous treatment sh wn in table 5.
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Every sample of much treated with phos:horous solution

throughout this work was made distinctly more acid and only in

a fei cases was tgus acidity removed by leaching. It must be

remembered that these results are not comparable with those ob-

-'

.‘ . . g“ .4 I a J‘QH" . \fi‘l , J<-: '-.~—~.'-q. 1- \fX ~' ~f‘.-i .1 J— - I. .

dined 1n a.riculte°al wractice and these iicts eo not necess r—C
.
"

ily dispute the stafiements of investigators who say that appli-

cations of acid phosphate do not make scil sour, for the rate of

plication of 1hosph01ous in this work is far in exces s 01 any

ever used in agricultural practice. The only cases in which in-

vestigators report any considerable degree of increased acidity

due to acid phosphate treatment is in case of an unusually large

application.

SULLARY

l. Phosphorous fixation studies were made on two very acid

mucks and two more nearly neutral by treating them with solutions

of CaHé(P04)2 of difierent concnltrs.tions.

.1.11 1, a, - : A. 1- .- .- .1- -9 1- / ,. ,. .04. ..

These studies Here repeated on one 01 the latter altert
o

treatine one sample With 101 and one with H01,

3. Phosphorous fixation studies were made on the two very

acid mucks by treat in: them with 1hOSphorous solutions of uniform

concentration after they had been treated :1th v;rying amounts of

calcium oxide.

4. Thosphorous fixation strdies were made on the two very

acid mucks after as much distilled water ad been Edeed as ghey

vould hold unfree.



45.

5. pH dete11 inations were made on 1, all of the mucks

untreated, 2 those treated with HCl, 5 those treated with KCl,

4 those treated with varyingccrantities of CaO, and 5 on all

.9 4-1 . u -ru-.- .1.._. ... .1. -.-.1.

01 the muons eater treatment wit ea

1 1
11

:.

A

P04 )2 xvii th 8.1161. 1'v'vi t hout

subseguent leaching Uith 400 cc 0: water.

COKCLUSION

1. Very acid mucks show an indication of negative fixation

of phosphorous when treated with a highly concentrated solution

of Cai(P04) . This phenomenon is due to the fact that the muchs

‘.““L
- a ° ' 1 w .r n 1, (1: 5‘s 1 v -- ,1 f '1‘ 1. 7 w" '1‘.“ °

cannot 111 as much phosphorous iron a concouorateu solution as

—~

the water that is rendered unfree and some of this

phosphorous is lib3rated to concentrate the remaining salution.

2. Huchs with a relatively high 15 value no not shoz any

indications of edative fixation ofphosphorous regardless of

the conce;tration of the solution with which they are treated.

3 ‘ J J-

This is, no doubt, due b0 the fact ugad Jhe phosphorous reacts

“1‘

cliem 3ally'i tn the line to form an insoluble compound.

(-a

a. ”hen high lime muchs are ‘reated with acid their abil-

ity to fix phOSphorous from “:1tion is co: siderably lessened.

4. mien mucks that show an indica ion of so-called nega-

q

J-. er . 1fr'i . ~-—'1. . .. ‘ -.v J - ., ‘1 ‘-

tive fiiation 3.:1e t1 eat cu with as much tater as they can ren~

.1-

the rhos1horous fixation results Jill as positive
A

der unfree

(”I

regardless 01 the conce11t11ation of phosphorous solution with

riich tley are treated.

5. Large applications of phosphorous such as were used in

this work increase the acidity of soils considerably, the

O r
,

(
I
)

(
‘
1

‘
J

F
J

change in ph Value being droportional t



fl

0;. ‘tlie

the pH value of e

unre‘munltfist of

6. It is apps

ould be r \uired

F

I'LL:0911 u that 0; solution used.

‘

rw ' ‘ r Jr- ' qr v n 1-‘_ ° . " ' r‘r

scil Jflgo 1s nenrly uln1line ”111 one

on“ Jigh a low pH Vulue.

a . 4- ~' A.“ ~4- ~v A 1 ' a. . - .--; 4 rue..." : n.

*ent .Jn1t enceeoJJPQLf lu1oe t .mn‘-s o
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