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I TRODUCTION

The fixation phenomencn of soils is Ly no mcans new to
soil investi ators, altho like mony oclher phenomena there
are, no coubt, meny thinss yet to ve learned about it. Us
early as 1320 liay (48) expressed very delinite ideas concern-
ing the fixation of various substances by soils. Fixation

may be either chemicel or physical and is usuclly referred to

By

s eabsorption., There is enother term, "adsorption™ which 1is

3]

soretimes used and is defined by ratten (39) as "a difference
betwesn the concentration or density of a Tilm wdjocent o a
boundin; solid and that of the mess of licuid or gas that
bathes the solid", or "a specific attraction bhetween a solid
and. absorved maverial", There is a feelinz on the pnart of
seme investizators that the term "adsorption™ misht well be
dropped. In this work the writer hes chosen to disvense with
both of vhe above mentioned terns and use only the term "fix-
ation",

The power which soils have for fixing substances from
solution is far from beins the least important factor in soil
fertility. It is the belief of a lcrge number of present day
investizators 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 pleys a very important part in prevent-
ing soluble plunt Tood elements from beins lost thru leaching.
Anplied fertiliczers and materials mcde soluble in the soil are
prevented in this way from beins lost while at the same time
they are fairly easily accessibvle to the plants. ..s a rule

when salts, the anions of wihich form soluble compounds with



soil cations, are applied to soils the cations are fixred,
while the enions are free to leach out or unite with ovher
bases that have besn literaved. This rule does not hold
true, hovever, in the case of a phosphorous salt when applied
to soilse In this cazse the phosphate raedical is itself fixed.
The object of this work is not to detcrmine wvhether or
not phosphorous is fixed by soils, but rather to point out
some of the things that must be considered in studyinsy the
fixation of phosphorous and some of the effects,on the soil,

of an aprlicetion of a phosphorous salt.

According to Trescott (40) it was Xmown to .ristotle, the
Greek philosopher, that sea water lost some of its taste when
filtered thru sanrd. Ie suctes further that LeComte de lLlior-
selle in 1725 filtecred sea woiver thru garden soil and then
Tound by evaporation that o considerable anount ol salt had
been lost. DPrescott (40) quotes Gazzero as statin: in 1819
in a text book on nenuring that he observed that soils take
up soluble substonces, a phenomenon which he consicdered an
advantage to agriculture incsrmuch as this fixed material ma
become available later as the plants need it,

Thompson (47) made cuantitative cdeterminations of ab-
sorption in 1€45., e added solutions of armonium sulphate to
soils and then washed them out with woter., Analysis showed

that quite a2 lot of ammonie had been lost from solution and

caeleiun and mezuesium were Cound in the soluvion with the

sulphate racdical. Way (48) repeated the above experiments



~

with other bases and obtaincd about the saue rezulvs. e con-
sicercd the fixation due to a chemicul rcaction., Ile reasoned
that a physically absorbed substeince could be wached out with

ter while a chemically cbsorbed substonce was completely in-
soluble, In 1352 .ay publishcd another article (49) in which
ne registered his belield thot thie fixation of bvases was due to
tre formation of aluminum silicates with the bases used, this,
of course, vein: a chenmical rcaction cooin. Frescott (40) states
thet in 1358 J.V. Liebiz took ecicention to .ay's chenical theor::
and declared Tthet, in his belief, The attrzction of a soil for

salts was of a purely phy

( '1

ical nature.
Gordon (24), in en article putlished in 1920 described

four ciffcrent types of fi:atvion from solution, 1. Shemical

firetion which Tollows thiz mass law, £. excl.ance cdsorpivion
(onc ion ads cd in plece o~ one relecsed), c. porvition

e

ratio adsorption, cnd 4., elcctronic cdsorption.

Jemeron and Tell (7) exprecsed their telief thot fiza-
tion was both physicil end chowical, They report thet when
Trce PpOp is cdded to o s0il contuining Terric hyGroxide it

is eosoroed in such 2 wuy that the more ToOy there is in sol-

ution the more there will be Zound in the solid ferric hydrox-

i¢e; that is, the P O5 formis & colid ceolution with the lerric

hydroxide wtnd¢ the composition of the culid sslution chonges

o]

with thet of the ceoluvion above ite . hen P,O. is cdced to a
e~

($)1
£

soil convainin; Cul a s0lid solution is Torred also., The per
cent of 2 O5 in the solid phcse iancrcases with increcsed per-

crxrtain concentration

9

centacze of P_05 in the solution until

T

a
is reached, cnd further incrcsce of P00y In the solution does



not increase the per cent of 9205 in thes solid phase. 4 aefi-
nite chemical compound has been foriede.

Proscott (40) found that, in his work, the concentration
of P205 in the solution edded to hums hzd no effect on the a-
nount oz P205 fixed. It is the opinion of the writer that the

avove nientioned counclusions could not have bvecn drovm iZ a much

nhod veen used,

(0]

recter ranze ol concentrations of 2205

Schreiner and Fuilyer (44) founld, in their work, that coils
which ive up phosphorous when lecched with woter also fix lors
ceantities of this elenm.nt when solutions of Coly, (PO

RN . . -]

ced thru theme This is evid

4

tence, in the writer's opinion, that
the more conccitrated the phozphorous solution adied Lo & goil
the more phosphorous it will fix. Tere is, of course, & limit
to the amount ol phozphorous that con be fixed by certain nmat-
erial. Thece iuvegtiators wlzo Jind thut if water is possed
thru a soil hi hly satwoted ith phosshorous large rucntities

of the latter will be rcuoved immediately, but o very lorge cucn-
tity will remcin quite securely fixed by the soil. Sutcecuent
leechings will contein only small cuentitics o phosphorous, in-
Cicating that altro the abhsobed phosphorous content of the soil
is gr-at ‘he soil solution is about norri:l so for s phosphorous
content is coucerned.

Farker (57) in studying the selective avsorption of soils
Tound thet the total cguentity or Ce,ly;, &nd -1 in a colution ol
ICl after treatin; the sgolution with o svil was not ~uite ecguiva-
lent to th: K ebsorlied, but the Gifference as practically ecuil-

'

valont to the amount of free acld in the coluvion. Ile Tound thot

4.

in 2ll ccges of lose absgsorpition the golution was left acid. Ile

suzrzests thot a smell quoentivy of IIQNO:5 added to the coluvion



will prevent the livecration ol ovhicr —ascs such o3 Ca and 15.
Jrescott (40) cuotes KBnig as saying that peat that is
elmost entirely frece from ccleium =nd other Loses still ab-
sorbs phosrhoric cecide. .lco thaet he obscrved nciotive absorp-
tion. Thot iz, the wisorption ol weter instcod of salts from

colution. . reat trccted with IN/10 KC1 absorbed woter and

left tre suo.inetent liquid more concentrated then the oriji-
nzl solution,

seceording to ctotcunents nce Ty “attea ($9) Losersren

Tound. thot either the coluate or the zolvent could be adsored
o the wsolution couwld Secore 2ither nore concentrosed less

- " » ~ - - 1 .

concentrated on bein; adled to the soil. Solutions ol IlcCl,

101, T 5L and EH4Br Becune 1o 2.oecrioted when dfed ©o
crurcoal while tlhiese of lluljo., KO-, Na~S50,, K.SO
o v i 4 I 4

1

become lecs concentrateds Thiz investi ator Tound no chornge

and 111 4I~IO:,)
in the ecidity of the zolution wlien bases were cosorbeds That
is no®t in azcord with the Zincdings of most othzr inv-ostisators
woziing elon; this line,

4-1 4+ 1

Patten onC egoenan (69) found that wheon s.il hish in or-
sgonic matter was trocted with a ninure extract low in oranice
ravter the cxvract Tinclly became more couceutroated with or-
sJunic moticr. This nmorce necrly a _oroaches the vwriter's idea of
a case ol true recative lixation, hen a solution actuelly bLe-
comes more couczntraited e & recult ol sone sudbstance veing
civen up by the sclic, whevhor it be soil or soie other absorb-

ins materiale.



SX oL LI TAL
In sorie preliminary worlk it wus Tound that by trecting

L.

some nuex soils with a 0.1 II solution of uuA[(;O ) and then

anclyzins trhe svaernatent licuid approxinmotely six tines as
imueh rhosphorous wias Tixed os when the cane soile were troated

with a 0,02 It solution. It is evicdent from thz cbove noenticined
rosults ot i2 o ror: (ilute colution hod been uced there

would hove Deen indications of o s6ill cmeller cuount ol phos-

1

S
e
i

phorous fixed., .2 mi
phocphorous celution were ciied Lo o zoil convuining o loxs

coentity of rhosphorous the s.il ol ive up some of this

oy e A P A I . o - A .
element wich wovlda 0 SO congcentr.

-

2 {he¢ remeinin: solution.
This, ezein, wouk e an exwiplc of “ho writer's icea ol true

ne otive Tizetion. It was clco Towild (o) thwt when either

'-l
<
[
[)

0.10 Il or O.0cc I solutions of I.CLl were Lzcpt in contoet i

P PO s

rmick soils for a eriod of «lout 1o houwrs v colivions o
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phorouvs by macks

Zollowing method was clopted wiich is vory similar to Lt wosod
Ly other investijclors: - TFive _racs ol “hie alr dricd nmulericl
were pleced in rlynncyer flusglis 1n O slicate wnd ity c.c. oF
the desirced phoophorous suvl.vion ccred., The Tlusks were stup-
nered, sghaxen «ual alloved vo ctaad Tor twenty-fouwr hours, «lter

which tie licudd

tion made on an alicuot

Ww..s Tiltercd off eciid o

-

‘hosphorous Getoziina-

Tine

@

a rhozphorous Ceveruination was e on the orisincl sclution.
It was found thot on passing a 0.10 solution of CaH&(PO4)Q
~

in

phosrhorous convent could bte

detected by analysis, clthoush G.ll, lurdin and F.W. Zirbdbon (27)
Tound that 8 swar solution was mufe nore corcentrated by pos-

filter prper

ona le ated Ty pos-

cins it Thru a wet prpers To elirinute thic pocegivility of a
chinge in corcedtration ue Vo passin thc soluvion thru a



filter peper the first T ceCe 0 Tiltrute in ecch cace were

m.

iscurded. The phcsphorous detewrninctions were made vy the

(o9}

. - Ly s 2 : ~ - -
usucl velunetrice mothod
1.1 1 . al a9

Cnz ¢l “he ovgechis in nind us to suvuiy thoe elfect, on lin-

cClin; scolutions of Ciflerent concentrotions. In nok-

4

no Goutt, & poxrtion ol it wus coavert:zd into othor phosrhorous

cormoundse. The resicdue was Tiltered ofl cnd Trom the Tiltratve

2 sarics of diluticns wus made by use of carclully calibrated
pivettes. The soils vierc troewted in Goplicate, as alrculy Ceg=-

1 R4 IS BEPN

cribed, with the above vontioned gcolutions. .Ster Tiltering
the s501il out it was Tound necessary to further (ilute ti:e Til-
tratve telore cralyeis. This, also, was done with carefully cal-
ibroted pipettes, The recults of the cnalysis were caleulated
12 vesis of the total volums ol solution added, and ore
srovn in teble 1 aud fiss. 1 to 4 inclusive. The pH vielucs of
the oriinel mueciis are elso shown in teble 1. The reszults of
the anclyscs are the avoreges of too Getverninations wich, in
moct cases checxed very well., The "™ "™ =i ns in the table in-
Gicoete positive Timation, wwile the " " sisns incicate thot
tne Tincl colution was nmore concentrated thun thz oriincl, 7 ich

is comumonly spoxen of as negative Tfizxntion,
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e see Trom these Tiurecs thov The two mucks which were
Gescribed as bein: very acid toth showed ne_ative Tiation of
phosphorous firom the more concertrated solutions, while the
o0 her two choved positive Ti:etion from all concentrations of
solution used. T.cre is no doubt in the writer's mind but that
in all Towr z0ils there wos more phosphorous fixed Irown thie more
conecontrated solutioncthun from the more ¢ilute solutions, but
the indications ol uncative Tixation by two ol the mueks was
vrou nt adout by the foet “het they couvld not Jix ¢s much phos-
vhorous as there is in the water then was reudered uwnlree, honce
sore phosphorous was left to coicentrate the remcinin~; solution.
In the case of the other two mucks the zhosphorous wus fixed bty
comuining chemically with celcium liich accounts for tiis greater
cuantity fixed, thus leavins the final solution somewhat ciluted.
These stetenents will Le substanciated by .ork reported further
on in this paper,

In os ruech as the twio mucks with the hizher pH value chowed
no nesative fixation and the two very acid ones did show nezative
fixation the next step was Lo study the effect of added lime on
the fixation of phosphorous by the very sour mucks. iLleven sam=
ples of one hundéred sra:us cach were weished out ol each batch of
vory sour muck and mixed thoroughly with varying quantities of
cxlcium oxide. The following trectments were mode per acre, con-
sidering an acre six incheos of muek soil to weish 1,000,00C;)}: -
Mo treatment, 1 ton, o %ons, O tons, 7 tons, 9 tons, 11 tons,

1o tons, 16 tons, 20 tons and 25 tons. These cuuntities of cal-
cium oxide were wei_shed out and mixed thoroushly in a morter with

& smell portion of the 1C0 ram sample of rmmuck an¢ then adced to



the remcinder of the rmuck simple and nixed thoroushly with it.
This provided for a uniform distribution of the caleium oxide
throuchout the mueck. Crdinarily the oxide tends to remacin in
little bells. ‘hen thece mixtures were mode they we.e placed
in Jjars and one 1liter of water added. They vwere shalen occa-
sionally for a week and then Tilucred and Gried and fixations
st..ics made on them. The check sample was treated with vater
the sare as the rest, but it received no celcium oxides In
nelin - these stulies the conce:ltrations of phosphorous were
ugcd that gove a rroximately no fixation with the untreated

rmacke Tre results of these trestments are shown in table 2



Tavle 2. - The ry:s. of Thosphorous Iixed utuy Trowbridse and

oodworth muck Trreated with Calcium C:ice.

Ccao0 “rowbridze woodworth
Trecatuent

1%;8¢ P mM3Se P Mm;se I LS. P 1¥Se = MSSe T
adced recovercd fixed aCled vrecovered fixed

none 056410 640,10 4,00 657.50 648.€0 6.80
1 ton " 602640 500 " 645,50 12,10
o tons " $94400 2.10 " 0c84,10 1S.50
o " " 651430 4,80 " 627450 00480
7 " n 629490 6.€0 " 62°2.50 28.30
9 " " 027450 885 m 025620  34.40
11 v " 619.E5 16420 " 621.90 35.70
15 ¢ " 615.75 22600 " 599,060 58,00
e " " 585,10 50,00 " 073490 64,50
20 " " 551.70 €4,40 " 540.00 117,30

25 " " 008,50 127.60 B 505,90 151,70
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In prepcring The phosphorous colutions with wnich to treat

these soils cacenrirations were not securcd vhal ove exacetly
zero fixation. They wvere necar exncush the risht concentration,
D) . 2 oaa L R Tt ~ Lk e aAn -
hovever, L0 serve the purpoce viry wells ¢ see Tt Uy addling

to Tive _srars ol the Trowbrid_e muck ity cece 0L solutioun con-

teining 05G.1 m;

(@]

« 07 phosphorous there was & nesative Tixavion

of 4.00 mzse. I severul s lis ol nueck nov trected wwith 220 ho

P

received the sare trcavient of phosphorous solution the fixation

in each case s™wild hove veen Lhe same, dubt wnen the mueX receiv-

ing twenty-Tive tong ol caleium ouide v sutsecuently trcuoied

v

with the above monvioned phosphorous sclution it fied 107.0 is.
0. phosrphorousz. This diflezcuce in the wunount ol phosthorous
Zixed wos due o the coleium presente.e The incrcase in phocphor-
ous fixzation due to lue lime treotument s no% (irectly propor-

tioncl vo vhe noonitade ol the cmowt of 1line uldled. The curves

€

TR ~

in fi-:s. & w1l € gshow tlet tlere wos & clijht inerewscd Tixetion

with incrcace in lime trectinent uwp o & cortein point and Trom
tuers on the increcse in fizction was wrich reoter tinear the in-
creose in coount ol lime added. Sueh varictions are in all pro-
“ility due vo formation of diffcrent cowpounds of phosphorous
22 culecium. Trese csanc recults in general hold true wiovnh the

..

Woodworun rucitt. It will De intcresting to note at this vime

[©2)

]

shet the twenty-Tive tons ol culzium oxide per 1,000,C0C; of
muck did not neutralicze the Trowbridge rmer vl it raised the
pH vulue of thse VWouodworih muck only slisuntly above 7. Tha

(N .

&givcs onz an ideso of the cxirenme acidity ol thece navericlse.



Since fixatlion of phoschorous could ve go mulzedly incrceascd
in sowr mucxs by uvhe aG@ition of lime it wes thousht well to study
the effect on phos: horous Tization by hi h lime mueliis vy renoving
the lime with ecid or subetitubing for celecium e base that forms
a more soluvle comround with yhosthorous accordin 1y two 2Z00-

-
Py

n

ran sanmples of the Town Line ek were wei »ed into jars. o

¢

[d

one was added a liter ol & II KC1 and So *he other was added 2o
liter of 0.1 IHCl solution. The mmcks were &llowed to rencin in
contact with thcse colutions for twenty-four hours and then they
werc onrovm on Tilter rorers in lorge funnels and allowed to Craiz.
The necits of the Iunnels were then storpored andé zactlier liter of
gsoluticn added to cach one. Ticce gsolutions were allowed to drain

<

off efter 24 how's and each sarple wesheld with three liters of

weters The & I solution of IIC1 was recouiended by Zedroiz (16)
for substitution of ses in mincrcl soilse. Ile reports that the
me. jor porltion of the calcium is usually revoved Tfrom minceral soils
ty the first few leachin s. Gedroiz also uscd 10, ICl soluztion
for rcmoving bvases from mineiel soils. t wes thoujht that a

10, solution of HC1 w. uld be too strons to zdd to an or anic
soill, herice vhe veaker solution was used. The washing vwas per-
heps insufficient to remove vhe exeess of HC1l end ICLl from these
meverials. Further washing; was avoided tecause washing removed
such a lerge amoun’ of thie colloidael portion of the oranic na
erisl, esrecially whcen treited with ECl. In tnis cuse the lcach-
in:s were elmost bluck with oruanic colloids. JAlter these soils
were treated vith C;H4(PO4)2 end then leached with water the first

leachings carie thru Teirly clear, vut with continued leaching the

Tloceculoting

s retericl was renoved cad shie leachin;s ggoain con-



2.

tained lerge cuantities of colloidse. The Tittavion stilics vele
mede on these soils by the methol elready Gescriuved and the re-
sults are shiwviy in vible crd Tise 3

Tcble S. = ”’e I'se 0F Phosphorous Tixed by Tovm Line lluck

Treated

Jith EC1 end

#ith LG

1 and Suvsecuently

Treated with rfhosphorous Solutvions of Different
,ohcv“uration.
Treatment EC1l KC1
InEsSe P mise.e P . Se I 1158« P msSe D I.2Se P
adced recovered Tixed cdced recovered Tfixed
104,14 £le01 Zleo 106,06 CO560 21l.0

£06.99
o08.64
4£10.9

$15.28
615.00
717.00
818,40
920460

1022.30

The

alxalinity considerably

Ou-‘.CI' l SLASHC vl L«UO.L ».),

creased, vo iy

trectment,

phorous fixation

Testeds Iiad

ECL it is cuite

tion of

treatment o’

however,

this muck

275,19

070,50

.
cuv

extent,

&ltho

likely t:

.Y

e

trere

¢1l.70

r r

Sedd

this muck

its po

¢id ccuse a

~er.

been trceated

phosphoirous Tfrom & coiuncen

fijurcs

.S Ti0 11C

0!

722.8
85546
0745

1041.4

with KC

which 1is in accord

¢o

o Ti

consice

_)

aer L
»ilu

wt it would hao

trated

|

-3
D)

L]

[
W
[ ]

(&N
o
1 §V]
(&
o

O

i ok
(e} o
) [$A]
[} [ ]
3 AV] (®) (o))
¢ n
O ()] =
°
[@N] (e¢]

n

lav]

6447

()]
ca
(o] —
.

6

[

60e7

76946 64,0
874.8 62,

9E0.7 6047

1 solution incrcased its
with the Tindings of
not show thot it de-

% phocprhorous. The EC1L

roble (ecrecse in phos-
avive Tixation nuni-

h a2 stronger solution of

ave chown neeative Tixa-
gsolution., The vriter



ey
fav]
.

hes Tound (unpublished results) thoet when hi—h lime rmeks were

treated with II01 solutious of diffcrent concontrations and then

4 <4

trected with wnifornm troatnents ol phosrphorous csuluvions t

-

s=riple wvhich rececived nore concentrated colubtlons of IC1 Tixed

corresypondin_ly sualler cuentities ol phoc horous,

e rave ceenn iy very acld mmelks fix phocphorouws i ja-

L. Y do e A

tively Toom cocentr ol goluvions, Slot i line muclks Go not

fix phosphorous nc_wiively Tronm scvlutions ol aixy couccnvrations,
thaet very ceid yuclis wwhen trooied with 1lime ¢o not £ic phos-
phorous re_ztively, cnd thet hi h line muelts tend To ©ix less

with ceids It rerndns now To show an explanation foi tre co-

called neotive firation of phosphorous wihiich tihc writer be-
lieves %0 ng daue %0 “he irre wl-or ratio Letween the crmounts of
phosrhorous oad waber Tixed Trom molufioms ol Cifferent conceli-
tretionse

The warfree Juwoer leld bty thoce mucls wus Gevoonined by the
Cilosomster nethol ws devised by Souroucos (2), wnd ths Ly ro-
scopic cocellicicut was devermined in the weudl wepr Ly «lloving

tem vo rewmdin for o oveck in & seturiued othoghhicre in a (eosgi-
cavor over o cilute sclavlion of IL.50,. 7The reculis ol these de-
v pr

terdinctions o0 —iven in tolle 4,
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oz conelusion s vo how nmaen vl

cone o0l th.ce mucks

exloexiann le used. Tne Tijures

stuly of © vhosphorous Tixation By

Tound in tcble 1l

l. £0 cec solution «(Ced in eaclh cosee.

in moiking Tizati

Voodworth muck anc

unriree L.Ler

shovn in

o1
D

fiures re-

101

wes bolion out of

cr

e Liic follovin: is

vere ovtuined by a

Y
Cld

Z. 703 = m;s. phocphorous in SO0 cc of solution used -.hicn no
L:utlon, 1@1L“er neavive nor posivive, was evi-
cenced.
e 765 Z 15,3 = Use phosphorous in 1 ce ol cbove nitnvioned

solutioii.

ce HZO held wifree by Tive jravs
9. ©1.0C = ry's. phosphorous recovered ait r
nost Gilubte solution used.
o ©1e00 = 1,851 = 1::ze. phosphorous in 1 cc
[ ]

Tiltrate.

air Gy Luck usede

reatin.; soil with

ol avove mentioned
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4.

50=X ce ol Tree solution in 2ll ceac

CSe

(1)

12.3X = 3. phosphorous in water held unfree ©y soils vwhen

no Tixation wog evidenced.

Liow 1f we acswar that coills will fix the same amount

of phosrhorous re tidless orf tre couacentration o’ the
solution added, thcn

n;s. phosphorous rixed ©y soil frcm most Gilute czcl-

ution used.,

15.3X

10. Then 1Z.2X +1.821 (20-X) = m;s. phosphorous in Z0 cec

of tic moset Cilute solution uscd vhich was Zound %o
be 109,27

llo 1:05X+ 91.()5‘" 106:11 = l 9.~7

1Z. 19.,479X = 18,22

15, = 18.22 = 1,85 = ce H-0 mzde unfree by 5 jrams eir

15.479
Gried muclie

14. This rmack was Tound to hold 8J water when air dried.

Than 5 craws ol air dried muclk concisted of 446 Jrans
mack a:nd .4 grans of waters

15, 1.55 %44 = 1,75 ce eld unfree = &8p.
The sare methoda was used in det riining the anount of witer

held unfree by Trowbrid e muck, In mekin: these cetcouninctions

it

4.

/&8 necessary to assume that soils fixed the sane anwounts of

both woler und Sphorous fron tions o ong weentrati
Hoth e 1. phocphorous from solutions of cny concentrction

h
Ve !

tich, of course, is not execctly true. JLlthou h thz fi-ures ob-

tained in this way ere not exactly correct they will cerve in

1.1

v

che attempt to show the couce of negative Tixation,
For this work saiples of Trowbrid; e muck and Joodworth
muck were wei-hed invo urlynmeyer Tloslks as elready exploined

S . SR h) It ) ot 2l
ant es ruch water odded Lo each swuple espavould hold unriree,

They were then treated with phosphorous zolutions of diffesrent
concentratiors cs clrcady cxplained cnid the fizxation detorrina-

it

o
~e

ons rcde. The results ere chown in teble O, aund Tirse. 1 wnd



Teble 5. - The nse. ol :l o:phorous Tixed by Very icid Lucks
with as luch rure woter AGded as They Would Iold
Urnfzee,
Trovivrid._ e luck, O Srans Loodworth Luci, o _ram
loO cC "\'v'L.tGI' 104 cC vinoer
38 P 1i58. P I\7Se T 117Se £ YN3Se T 1S, &
edcéed recovered fixed cddied recovered fixed
105.02 %4.41 11.21 105.06 C7.68 12.¢8
2092.02 1©0.20 18.89 200,389 182.46 2249

olZ.54
416.00
2.17

Co
I3V}
>
fox
($)]

~3
()
O
[ ]

o
o

[o9)
Q
(&)
»
«x

om
o O

2416
408,793
91Z.20
615.70
720452

824

1

1o

NN

[Xe}
l

07

Iav)

1065430

10.c8
T.27
5487
8.E9
9.68
11.21
10.06
10.10

€0
413,05
010663
©19.82

£83.00
089,85
4:9u.05

592,19

'd.OO 698.75 24.:
Bloe2 795,20 55,00
929.08 20d.£0 L0608

1002.70

10C9.00

236670

The 1 cc of water added to five grems of Trowvrid e muck
air dried was sufficient with what water was already in 1it, to
meice £8.. Likewise the le4 cc added to Joodworth nmck was
sufficient to mcke $C.. Table 5 cnd Tijse. 1 and £ show the
when as much woter is added to a muck as it will hold unfree
there is not much verietion in the w.cunt of phosphorous fixed
by the muckx fronm lutions of different concentrations. There

is no indication at &11 of

It is

‘-7’31“0 SOLIe I
thet a suil

to cet:zinin

evidenv

cethod

will

v

c the

fromn

of cCet

hold wuniree it

act

(S

RN
wil®

erniin

arowt

ne;ative rfiatione.

rezcults of this woxrls that il Lhere
in: zccuretely the amouns ol woter
113

-~
v OL

vou s LGD

Le more i arly poscitle

Loy
vwild

1.9 ial thoet e coil wwould



o

rom solution,
Lffect of rhosphorous Treatment on ..ciditvy.

+e heve seen vhat the acidity of niuck soils has a tremen-

dous inlluence on their ability to fix phosphorous. It is in-

l— 5)

teresting now to note the efects ol a trectuent of CaH4(PO4)Q
“~

on the acidity of the soil., There is cuite & diffcrence of o

'3
[N

ion avong investioctors as to whether acia rthosphute wWill nole

suil soure. Rursess (o) found that tie wyplicatvion of ceid phos-

F

phave in virying aniunts cousel o glisht decrease in aciditye.

Commer (10) obtiinced wiout the sa e resulic. lorse (3Z) Tound

thet very litile chonie tooll place in the I-ion coucentratvion of

4.8, .- R

s»ils thwt hed been treated with cceid phosphate for o period of
‘Se Jliimner and Zecttie (40) reportcd o slipht increcse in
coil acidity due to the addlition ol acid pheesphote to tone of
their Tield plotse.e Coe () found that .ouwo-phos elffcetcd the

1

recceLion of soilil Lwo Lo Ulree inches awey Trom vhele the Jcrui-

licer vos apxplied in the hill, thc chonge in reccetion Gercrnding
on the anocunt of fcriilicer crplied.

The increose in wcidity Towid Ly Coe .es duce Lo excegsive
ayplications oL the ..10-7;hose.

Dorpor (29) found theat ceid phosprote erplied on the basis
nill Tertilication cuuced wil imiedicte iucrcace in ceidity
In cuce ol oils wiichh wre pocrly bvuflered with busic noterial,
such as C&Co; or eccily hydroljyuable silicuies and Co not con-
tein a very liroe woount of diron and alunmiiwa thwe acidity of

[

phcte wes very slovly ncutruelized. In cace of neutral or tasic

tme coll zolution precuced by thie hill cpplicution of zcid phos-



scils, or suils comtoinin: lurge coownts of  iron oud cluninun

tie acidity cuucced by thie ceic phocphote o3 ropllily noutrelic:d,.

w2idity o l-c¢t ol czi-

City procuced by & lyin; ccid rhosplwete to coils depend wion
thie cnoounnt of weid phosphicte wdled w.d the notures ol the coil,.

.Dter the phocphorouws colutions wewre reloved, by Tiltlerii-

1

Trom Shc vorious swinlog of ruck veod in thds onln thie pll ot~
pinctions wers node onm the recidue vy the elecetronouric method
Ceseribed by Spwrwey (40). I €11 cuses the phosphorous
rentg werre rice in @ .plicte. Therefore, there wore , in all

c..s¢s, Curnlicovte o 2les ol wesidue Lor ph deternivations. Cue
~tes hrow hous the work Jws leacted vith

400 ce of distilled wuoter L welore the pld Cetoridnction vus nede

-

wWwialle on thic ovher the dcebvaiidinction vics nicce v ithout 1 owching,.

Table 6 shows the pll volue of the rnotericls untrocted, cftir
trectient with phecphorous sclations of Ciflcerent conce.traiion,
cid olver sWesovent washing with 400 ce of woter. Thc phosphor-
ous trectuczts roferrced Lo are these given in vteble l. The cffect

of the C&H4(PO4) on the acidity of theze coils con Ue secn much

9

J

rore clzerly in Tigse. 7, 8, 9, and 10
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pH value,



The treatront inveriably couses i inerease in acidity, wnd
the greater the concentrution of tle rhosphorous sclution, the
Creever is this increase, Tzt is rot at W11 slrin e hen e con-
sider the fzct L¥at ‘the piI vilues of the phoszhorous coluvions
useG ra.sed Jrom S.85 in thc most (llute colviion Covm to Z.04
Sira Lol colubions e clinge in the pil violue of

41, A o~y S + R
the coils Gues to i

acCition of the phozphorous colution wvus nro-

[
{

porvionsl vo Lhe aifference teiveen “he oxricinel pll vilues ol the

)

suils and tret of ~“he cclutions add

o
ey
L]
bl
£
ot
|-
(6]

¢l e in
pll value wus Jreniect in the soils thot were nore newrly allzlinc
in reaction.

BN TS ¢ BENVERESIC]

O

S S 4. - N 3 L0
-~ ~ e N el
LC L/...‘vt...b NSOV E TV

coile wers louehed o 1 phospho.-
ous solution the ocidity in 21l cozes was Gerdinished. In the coce

4.9,

of ithe Trowbrid-e muekx the cz2idity o

thet of the orizincl coil., The ccicdity of “he .Joodworth rmeir wos

4L 1. . T, 2 e . 4 s T - o . RN . .
e csane cfver lecchin: as vhat of “he ori incl so0il. hile in
4 o F- AN . R ¢ -0 BN - AN 2~ g e <~ PR SN
cie case of Lthe Yown Line cid Collere rucls thie incvewscel acidity

to the phocrhorous “reaticnt wus not rcmoved by leachin: rith

L0 ec o wuter

(€3]
e

nce the ecidity of the Trowdbrid e muck wus loss alter btrout-
rrent wwith phocrhorous seolution andc subservent washing the.n it wes

ori~incily It wiis UVhow ht Lhnt iU miht be poccible To changce Th

acidity of 'he ori_inwl rmue’'s by weshin: then with woter.s ..ccorc-
inzly & e carpl-s were wel hed in®to Irlynmeyer Tlasks, £O0 ce of
wover adfed cnd ellowed Lo stand one Coy. They were thoen iltorcd
and washed with 400 ce of wetcr cachs The pH d-lorrnine.liouns wwere

then node ond the volues wre given in teble 7 clon; with those



Twble 7. = The pH Vzlues of Four ikuclk Soils clore
Leachin: wwith 400 cec 00 winiers

[

4.

_Tter

lale ol lauekx Criin=l pi Value pi Value elter
Lrzehing

Croiblidse o..1 SeO
woolwrorth J«70 S.7°
Tovm Line Ce00 J.58
Colle_ eol O.48

The Tisuscs in teble 7 o not chiow iy cohicistent chae
in She plovalue ol thezz rmexs Gus to owihidn thiem with ater.
‘e muct conelode thenr Lhotv Uiie hiher pof vaiue ol Lhic Trovw-
Vi ce el et troctient vith phosrhorous colution @i cub-
co vent leoein: s duce to vhie Zoct Uit the rhoorphorous troot-
nent clianoct thie weld pgreportics of i oseill in cueh o woy Lo
Lley could v Zenoved DYy lawe dn: with wusor.

Jable C crd fics. 11 onc 1% Jhowes the pll valuns of Trowbrill
. C Loodvorih sl Trowted wiin veryins v tivics of Jald and
savsooiinLly oooated Jith oo wadlorm uvroaticue of phesphorous soli-
wiion with L without suscowvent see e these
fi wres thoet wdédin: Cu0 o Ui Yrew atv v orave of L
tons to 1,000,000 rowws of rmelk d4id notv neutzelize 1t. Uot
Jeet ives ome ecu o iden ox the trewne czidity of the gsoil, The
gare treatronc ol CuO raisecd the »I vilue ol Uhe jocdworth mrek
to Tell, oSoreviiuy &uove Uht ncutral point.  The phoophorous
toentioave lacrnwsed e celdity ol thirge zoilo consideiadly,
but o loro pordion of Thwe 1acrouecd coidity wios rewmoved Ty
lewelhdng The cwrvies in fijse 11 tnd 12 shiew thiot thie phos-
phorous tr-av.izutsof thicoe toils ceouse o raduvcl rise in their

“



pH velue with incroiscd oo licoeslong ol liuic until o cortain

voint is reachied citor hich incrcngod linme wrplicutions ¢o not
chonge the acicity. This chicngs tolics ploce at o pH velus of
osrrozinstely 4 in booh soilec wid is, imoell protalility, due

4

to the Ternelion ol an insoluvle rhosphate. Toually the broeal

v

in sach curves occurs il her own vae pI scale.

Teble 8o - The pH Values o2 Yrowirid e anc \codworth luck
Treaved with Diflferent ‘uwantvivizcs of Cal cud
Suvsecuently Tro.ted wvith a Uniform Amount of
Calg (PO, )p with end cithout Sutsecqient Washing
with 400 Ce winter,

Ca0 Trcatment Trowbridse muci woodworth mrack

.C&O + CaH4(P04)3 'guO -#CaH4(PO4)2
alone o shed Tot 19T Tiioned ot
vashed ughed

ot

Iione 3620 Sel S.C4 CeED S04 c.11

1 ton o0 c T4 <elb $.90 SIS Seilld

4
)
i1 " 4,95 4,355 S T7 94605 4,80 3.97
6
6

o .78 954106 4.09 7.01 S.21 4,09
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The breull in the curve a2t o pll of 4 in this particulcr

0 vhe hih concertraiion ol phosphorouws solution

ck

c.ce is due
used. Austin (2) Tourd thet in litrotin: scolutions of CoHg(i( )e
with elireli similar trcelis in the cwaves weve produced which
verieG with the concestration of phozphorous colution used. The
hi her Thie couaceintravion of the phosphorouvs solution used,the
lower on the pll scale wig the trecak in the curve,

Table § and £f se 1o et 14 show vhe plh value ol Toum Lire

- 4

gk vreated with IICL1 and with ECL cnd in each case tresuted witn

phosphorous csolutions of cifferent conciutruitlons with cud with-

out subsecucnt woshing with 4C0 ce o water. The KC1 treatiment
left the 501l much more sllkcline then it wos “efore trectuent,
while the HC1 troatment mcde it more ccia., The *rectuent with
rhosphorous solution incrzased the acidity in each case, but,
a5 pointel out uvefore, the increase in acidivy varied with the
C.ifference be’reen the ccicity of the phosphorous colution and
that of the zoil. The increase in ccidity due to the phocphor-
ous trceatiieny wos envirely removed by washing in the case of the
s0il treated wwith HC1 as showvn in i, l4. This wzs true also
of Vioodworth muck treated with phosphorous solution, as shown
in fig. 8. The increase in acidity due ©to the phosphorous
treatient of the muel alrcudy treated .;ith LC1 .iws not romoved
by washing. This 1is in accord with the results ovtained with

2ll rueiis of hi_h pI value used in this worke.



(93}
[So]
°

Tcble 9, = The pH value of Tovn Line luck Trected with KC1
and wich HCl and suv.secuently Treoted in Zach
Case with rhosphorous 3olutions of Different Con-
corntrations with and wwithout Subcecuent ashing
with 400 ce wiater,

*Phosphorous Trevted with KC1 Trected with LG
Treatuent Crijl- Treuved Trezved Origi- Trccued  Srected
nal vilth an nal with and
rhoz. .ached “hos. vashed

7.03 6.09 6.05 Se64 Oel2 0.72

4,70 4,92 O e00 <07

3.94 4,50 Oel4 J462

Se72

fav
™
°

»
|—J
Q
[ ]

C
(Vo]
(]
[ ]

(@)]
(9]

Ueb

W0
>
[ ]

|_J
O
(Y]
[ ]

(@]
>
D)
[ )

o
[$3]

*Phosphorous treatment shown in table 3.
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Svery sample of muck vrcoted with phosshorous solution
throushou® thic work wis ruce distinetly more acid =znd only in
o Tew cases wus this acidity romoved by leachins. It must be
renembered that Yhcszs resulis cre not compareble with those ob-
tiined in e riculturel nroctice anl thoge Tomets €0 nov necessir-
ily disoute the sta'enients of investi ators o suy thot appli-
cations ol acid phosphate do mov mtke scil sour, Tor

plication o7 zhosphorous in This work is Tar in excess of any

me

ever used in e riculiurcl practice. The only cases in which in-
vestiators report any ccnsiderable desree of increased acidity
due to acid phosphcote trcotuent ic in case of an unusually large

errlication,
STLIARY

l. Thosphorous fixation studies were maCe on two very ccid

micks ané two more nearly neutral by trcating them with solutions

of CaH (Po4)2 of QifTerent concentritions.

I-4
ct
¢
H

2e Trese suudies vere renecated on one of the lotter of
trcatin; one sample with 1ICl end one with ICl.

b+ Phosphorous fixation stulies were mnude on the two very
acid rmeks by treating them with phosphorous solutions of unilorn
concentration after they had been treated with virying cnownts of
calcium oxiidee

4. rhosphorous fixction stucdics were mude on the two very

wcid mucks after &s much disvillied water had been added ws they

would hold unilree,
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5o pll deteiminations were rnicde on 1, 211 of the mucks
untrected, 2 those treched with ICl, & *those treeted with IC1,
4 those trcoted with veryin; cuertities of Ca0, and & on all

of the rucis

subsecuent leachin :

le. Very

of phosphorous when

of CaH4(P04)2.

troatmont

ith 400

acid mucks

vi'C

vith CaH;_«:(PO‘L)2 with and without

ce of water,

CCOLiCLUSICN

snow an indic«tion of negative fixation
aved with a hi_ hly concentrated solution
This phenocrmenon is duc to the fuct thut the rmeiks

cermot Tix as nmwueh phosrthorous Irom & conconitraved goluition s
there iz in Tthe woter lhet iz néered wirtree ond scne 07 thice
phozphorous is libtirated to coucontrate uhie remaining s:olution,

2e lluclis vith & relatively hish pX velus co not show wny
indications of nggative Tixation ol nhocphorous re urdless of
the coiec2 tration ol the solution with which they cre trected.

This is, no coub:, due to the fuet Lot  “he rhosphorous reccts
chenically with the li.z to form <n insoluble compound,.
Jde¢ .€n hizh linme muclis are trcated with eccid their abil-

ity vo Iix phosphorous

1y b
4. vili v

ien rmaclks

tive fizovion are {recs
decr wnfree the rhouphor
recardless o the concer
Tich tlley are treuaved.

A

Oe Lirse avplicati

Trom sclution is considerably lessened.

_how ctn

so-called ne;e-

ed i they can ren-

ous fixatli ve pogsitive

tratlion of phosphorous zolution with

o1z oL phocphorous such s were uced in

this worli increase “he ccidity of 5soils congicerebly, the
chenge  in pli velue veiny proporvicncl to the Ciffcrence te-
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viieen it ol the soil il thwy o thie solution used. That icg

the pl velue of o zoil that is newrly clizcline ill change mwch

rore vhoen 0ot ol one with & low pIl vilue.

O]

Ge It 15 apporent “hwt exceedin;ly lcr e volwais of water

" S ol

Covld te veldired Lo vewove viils increascl acicity in sonce
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