THEBIS

AN _SOIL PHOSPHORIS STUDIES

Submitted by
James B, Goodwin
In partiel fulfillment of the reguirements
for the Degree of Master of Saience
Golorado dgricultural College
Fort Colline, Colorade
May 1, 1984



COLORADO AGRICULTURAL COLLEGE

GRADUATE WORK

May 7, 193 4

1 HEREBY RECOMMEND THAT THE THESIS PREPARED UNDER MY

SUPERVISION BY James B. Goodvwin

ENTITLED "The Use of Electrodialysis in Soil Phosphorus Studies”

BE ACCEPTED AS FULFILLING THIS PART OF THE REQUIREMZNTIS FOR TiE

DEGREE OF MASTER OF _Science

MAJORING IN Agronomy (Soils)

CREDITS 10 i) Ty oo T

In Charge of Thésis

APPROVED EZfreen C:;<L7K—1,~

Head of Department

Recommendation concurred in

Committee on Final Examination Commi e on Advan grees

<:2«-4&A—-u"7 e /4;7,
oma WG
i W ket

4/%%/

: 4
3 ‘ b 4/_
Ly Nt QA

Vd

J/a4QQ4Z%QCL¢5174L~ J

This thesis, or any part of it, may not be published without

the consent of the Committee on Advanced Degrses of the
Colorado Agricultural College

T e




TABLE OF CONTENTS
Page
momﬁl.!l‘..o....ii..l.!o.t.“ 5

INTRODOOTION, o ¢ o ¢ ¢« s ¢ s ¢ o 6 6 s ¢ 006 2 06 0 0 9 03855 ¢
Bffect of BaltBe o ¢ ¢ o ¢ ¢ ¢ s 2 s o 58 0o 0 0 0 ¢ ¢ s s 0
Effect of Type of HeabTANd ¢ o« s s o » o ¢ 9 o ¢ 0 8 0 o ¢ »
Effoct of Temperatulos ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 4 s & » & 2 0 ¢ 3 2 @
Effect Of PH o ¢ ¢ ¢ a s » ¢ s 6 s 0 0 0o s s e s v 0 ¢ 0 0o

REVIEWG OF LYTERATURE 4 s o 0 0 6 0 9 0 0 0 0 0 2 2 6 ¢ 0 0 s 00

MATERIALS AND METHODS o « o o 5 s ¢ 6 0 0 s s ¢ 6 2 000 s s 00

“Eﬂﬂﬂaﬁlh

80118 UBed « o o 2 ¢ » 2 ¢ o ¢ 5 + 5 2 0 06 6 0 000t 00
Statistical Analyels of Date o o ¢ o 0 2 9 2 ¢ 5 s » ¢« 2 ¢ o
Preliminary Studicse ¢ ¢« o ¢ o ¢ ¢ 6 ¢ 8 ¢ s ¢ ¢ ¢85 0 0 ¢ ¢

Bffect of Salts and Type of Menbrants o« ¢ o ¢+ o « « s »

.- &

VOltage 2 # ¢ 0o ¢ ¢ ¢ ¢ s 2 0 6 ¢ 0 s ¢ 0 0002000
Temperature and Stirring of Seil Suspension . .v s » o @

pH Qonsiderctionsd ¢ o« o« » o ¢ ¢ ¢ v 9 o ¢ 4 s ¢ s ¢ ¢ o

Method of RlootrodialysiBe o ¢« ¢ » ¢ ¢ s 9 0 s ¢ 4 9 ¢ ¢ o o
EXPERIGENTAL RESULTSe o o o 9 0o 0 ¢ 6 0 5 ¢ ¢ ¢ 0 0 ¢ 00 0 ¢ 0

W'O'I.COO"‘QQ'OO."Q.O.QOOI.O

CONCLUSIORS w o s o 5 6 ¢ 6 0 s 5 ¢ 8 8 v 0 ¢ ¢ 0652900 ¢80 0 4
mm‘...""...'.."...."““".

LITERATURE GITEDs o o o ¢ ¢ o s ¢ s s ¢ 6 s 0 2 o v 00 5 ¢ 050

g 9 & 2 ¥ BB RRB S



m suthor takes this opportumity to thank Professcr
Alvin tunr for making this work possible.

n. wishes to express his appregiation to Professer
B¢ Du Hockenamith and Br, Bobert Gardner for the menner in which
thay have plaged their technical knowledge and eiperionea at kis
disposal. |

| Bre D, ¥s Robertscn, Bre He E. Breshsker and Profes-
sor Warren H, Leonard have kindly criticised the statistical anslysis
of the date dontained in the paper,

The suthor 1s deeply indebted to Mrs, Lois €, Pailiips
for bey rhetoricel oriticisme of the manuscript.



ZHE USE OF ELECTRODIALYSIS
! HOROS 8

(By James B, Goodwin)

INTRODUCTIOCH

An acourate, practical lsboratory method for msasur-
ing available plant mutrienis in the soil is highly desirable., Many
methods, both chemical and biological, have been advanced for this
purpose but all oi them have limitations, Electrodiaslysis has been
proposed by several investigators as a method for studylng soil fer-
tiligy.

The electrical conductance of soclutions of electro-
lytes involves the actual movement of mstter., These carriers of
current wers termed "ions® by Faradsy (25)%., The ions which moved
toward the cathode he called ®cations® and those which moved toward
the anode he called "anions.,® Faradsy'!s studies led to nis uni-
versal law that for a definite amount of current transferred, defin-
ite quantities of matter were deposited at both the cathode and
&node, which are proportional to their chemical equivalents. Fare
aday's quantitative law is one of the most exact in physical chem-
istry,

Ipefersnce by numbsr (in parenthesis) is to "Literature Cited.?



There are certsin guelitetive predietions wnich mey
be made by applying the above principle to a colloidal sol sep-
arated from the cathode and anode by means of suliable mezbranes.

If a direct current is passed through this system, a process known
as electrodialyeis, only those ions to whish the czexnbranes are per-
meable will conduct the curremt between the poles. Hence, elec—
trodialysis offers & compsratively rapid means of separating crystal-

loids from collolds,

The quantitetive rezowel of the readily soluble,
or available, phosphate ions froa a soil suspension by means of elec-
trodialysis involves a very complex sysitem. The imporiance of the
interaction of each varisble on all of the other varisbls factors

affecting elsctrodialyssble phosphorus cannot be over-emphasized.

An intelligent interpretation of the amount of phos~
phorus removed froam arid and semi-arid solls would be impossible
without controlling the temperature and pHl changs of the soil sus-
pension being electrodialyzed; the total socluble salt content,
types of salts, and hydration of ions, or at least a knowledge of
the manner in whioh these wariable fuctors cohange during the pro-

cesg of electrodialysis,.

Bifect of Selte

Two soils having exactly ths same availabla phos-

phorus content but heving either different total salt coatents or



different kinde of salts, or both, will not deliver equal asountis of
phosphorus in the anode chamber for onefaraday of current trausfer-
red, PFrom Ohm's law, I = g, it is evident that the RI drop across

the electrodialysis cell iz & funciion of the resistance oifersd by
the soil suspension. Therefore, if the above mentloned soils wers
electrodialyzed under equal and coastent potential for the saame period
of time, all other faciors beisg equal, the azount of phospnorus re-
moved from the two soils would be more nearly equal. In other words
the same tendency (potential) exists for the phosphate ions o carry

& part of the current in both soils,

]

fect o ne

Bradiield (9), Bredfield and Bradfield (12), Komagata
(38), and Liddesdl (41) have studied the effects of positively and
negatively charged membranes on the rate of ion rexovel froz pure
solutions and soil suspensions. Like charges repel and unlike
charges attract. Their resulis show that this fact is a messurable
quantity for membrane permesbility to ions, From the work of
Michaelis (47), (48) on membrane permsability to electrolytes and
electro-endosmosis, the effect of ion hydration is very much
elucidated, He stales thal differeacss in lonic mobilities are
wmagnified enormously when passing through s membrane, This is
probably due to the friction caused by the number of water molecules

which each ion drags through the capillary capnals of the membrane,



He further states that a change in pH may increese the friction due
to the bound charge on the capillary welle and thus retardsor in-
creases the velocity of the passing ion. There is a large difference

in the hydrodynamic radii of ions, as has been shown by Jenny (35).

Effect of Temperature

Any temperature change in the soil suspension will
regult in & whole series of changes in the system, External factors
(room tempersture, etc.,) remeining constant, temperature variation
will be a result of the current transferred, Incrcased tempersture
decreases the viscosity of the dispersing medium, alters the hydra-
tion of the ions, affects the solubility and ionization of ths com-
pounds present, including solid phase phosphates, and changes to
gowe extent the permeability of the membranss., Due to the heter-
ogensity of most soils, it is difficult to obtain any two szmples
which, upon electrodialysis under constant potentiel, will mailntain
the same temperature or will vary in temperature to tae same degres,
it is almost impossible to zaintain 8 constant temperature even with

a cooling system,

Effect of pH

Continued electrodialysis results in a gredusl de-

cresse in pH of the soil suspension due %o an incresse in hydrogen

ioun saturation of the non-diffusible soill materisl, If the membranes



are not equally permeable to their respective loams, there will be a
tendency for repid pH ochange until most of the readily soluble saits
are removed, As & result, the solubillitiea of all compounds present
are altered, conductivity changes and tempersture fluctuates, Con=
sequently, the transport numbers are dirierent for every ion and
again thers is no way ol knowing what part of the current is being

transferred by the phosphate ions.

Freundlich and Loeb (24) by the use of various mem—
brane combinations and a sodiuz chloride solution, show that tae
pH can be increased, decrsased, or held practically constant, The
ionization of the phosphates is & function of the pH but the pH
range involved during electrodislysis should not affect the mobility
of the phosphate ions unless there is a difference in hydration be-
tween HpPOY, HPOY, and POG™ Buehrer {14) has shown there is very
little difference betmeen the mobility of HgPOy and BP0 The ef-
fect of pH change on membrane permeability slready has been mentione
ed,

The equation which Heymann (28) derives, for the
amount of current cerried by a pure solution of an electrolyte,
expresses yuite adequately the relstionship of these vsriables and

is as followsy

Id=q*te: 1075 (u+v) e



where
J = gurrent in amperes
e = degree of dissoclation
] = goneentration

u and v = reletive ion mobilities and
E = f where e = potential in volis between
the electrodes and 1 = distencs bhetween

the electrodes,

REVIEW OF LITERATURE

Cameron and Bell (16), in 1905, used an electrical
current for removing the beses and hydrolyszed products of minerzls.
Konig, Hasenbéumer and Hassler (39), in 1911, used this principle
in studying soll colleids.s They believed that it furnisned a reli-
able method for determining the easily solubls plant mutrients in

golls,

Mattson (44) bas stimilated recent intersst in eleo-
trodialysis by using it to purify soil samples for cetaphoresis ex-
periments., 8ince Matison's application of eleoctrodislysis to the
study of soil exchangeable bases, it has been used by meny investigat~
ors for this purpose (11), (18}, (50}, (59), (60). It has been
uded for the pretreatment of s0il samples for mechanical analysis
(11), (44), (58), for measuring the translocation of calcium in soils



(61), and for other purposes (1), (5), (23), (26), (z0), (24), (36),

(45).

Yegarov (62), ia 1905, observed tast after an elec-
tricel current had been passca through & soil the citrlie scid sol-
wble phosphorus wes increased almost 100 percent, while tue altrle
nitrogen was decreased, Rost (53) attaehed little value to eleo~
trodielysis as a method for deteraining plant availabie puosphorus.
Taranov (58), Kdtigen end Diehl (40), Di Gleris (19), Harper (27)
and Brewsr and Rankin (13) have compared slectrodialysie with other
methods, especially the HNeubeuer, for measuring the availebilily of
mineral nutrients. Theay report varying degrees of wgreenent between
the methods. Harper (27) found very close agreezent bstweez elec-
trodialyzable phosphorus, dilute aeid soluble phosphorus and plent
responss to phosphate fertilizers, HNeithsr the pH wvalues nor the
line contents of the 80ils he ussd is given but it is probakle that
thaey were non-calecarecus, Jjudging froa the close agreszent obitained
betwsen field response to phosphate fertilisers and diluts acid sol-
uble phosphorus. MeQeorge (46), after studying some of the calcar-
sous soils of Arizona as well as soils from other parts of the Unlted
States, believes that ths dstermination of available phosphorus by
electrodialysis presents sueh thet 1s promising provided certain
limitations are recognirzed, namaly:

i. 8oluble phosphate is lower in sandy soils

but the plant's ability to obtain phosphorus
is greater,



2. There is s greut difference between the de—

gree of phocphute dissvclation in celcoureocus

and nom~cuzlcareous goils,
He concludes, "l. The process of elscirsdialysis is ax excellent
means of dissolving ths active or available forms of phoschate from
calearsous soils with lssst interferczance from the culcium carbonate
present," and "4, The method iz sufficiently delicats to mezsure the
increase in phosphate content of the zoil following an ordinary ap~

piication of phosphate fertilizer."

The coils of Arizouc zxe probably very sizilaer Yo
those of CGolorsdo, ssseciully in tieir alkslinity, zoluble sult conw
tont, lize contenty snd totsl phogghorus contents For thlcs reason,
the wethod of elsciradialysis, aé proposed uy McGsorge, {or seasur—
ing phosphate avaliability should be a8 epplicable to Colorzuo soils

as to the soils of Arizcns.

A chemical eunalysis of the soils used hy these inves-
tigators is not included in these articles aud this omission ldadts
the abliity of the resder to drawn specific couclusions froa the elec-
trodialysis date which ars given. Io muny caces, it is probable
thut the soils used rrom other states wers scia which would miRimize
certain variables, such &s total salt content anu lime contends, af-
feoting electrodialyzable phosphorus. 4 phosphorus deficisucy in

such soils might even indicate a deficiency in total phosphorus
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unich usually ig not the case in western cslenresus ccils. 7€ &0
curcey wita w.ich the alectrodielyzed phosphorus resulis gould be
repected haf 20% been diecussed by most investigulors, excepi for
suen Stobeaents &5 Mauplicel: .uclyses agreed falrly well." The
duta of meny of t2e invesiljotors saow thet much nore rapld methods
Ior estincting evailable phos;.orus egree with field resgormte W
phosphate fertilizatlon elaocy xo .ell =2 thelr aethod of electro-
dialysigss Their data are not sufficient to determine wnether e
differences between ih: variouc metaods used are statlstically

significant or due merely 0 Chaale,

HATSRIALS AHD “oTHODS

Soils Used

Tue aoll samples used in tals invesitigation havae been
collscted froa wany purts of ths stote, These eamples were sscured
fros the untrected plotc of fleldes to whieh trebls superphosphate
had been &;plieds The rospoucs of the crop beiag grown (usually
ulfalles, cugar beets, or iteuck crops) to e phosph.te fartiliser
wae deterddned by ebservelion. QOuly flelds ;roducing large arops
sad showdng o sppereny lacrscce due to the fertllizer tocaluent,
were used lor the soils high in availstle phocphorus according to

field trislse Sisdlirly, ondy {ields which were procucing poor

orops and to which the application of treble superphospoais increased



the crop yield sufficiently to be very evident by ebservaeiios, were
used for the goils low in avsilable phosphorus. Bzcu tample is ihe
couposite of at least 10 borings to z dentn of 6 iacnes froa the

untrested portion of the fields.

The Pznalysis of variznce" (22) was used to deteraine
the stutistical eilgnificance of the differences obitained., Tae prin-
ciple of the methiod, =22 spplied to th.se experizents, zay b2 given
brieily. The sumaction ol vuriablliity of esci elsctrsdlsiysis deter-
misction (susm of syusres) iz divided iatc various Kaown causss, leuve
ing & remainder attributed to uncontrollsd or wEXnown Causase 1a@
standard error {stuudird deviation) ie eslcuietsd froa the rezninuer
gum of sguaress Ihs vari.oid (S.E.z) dug to any perticulsxr cauce
is found by dividing the suwm ol sguares by the proper degress of
freedome The significance of tiae resulis 80 oblaluned 1 daterained
frou the tubles of distribution of ¥Z¥ ze given by Fisher (L2). If

the obtained "Z® wvelue is equal to, or grezter then, ths expected

[#4]

percent point, the odds &re at least 19 to 1 tact the didfersnces are
significanty simllarly with a "Z® valus equel to, or excecding, the 1

porcent polnt, the odds are at least 9 to 1 Jor significance.

In this psper the 5 percent point {correspending to
£ BuE,) 18 tsken as the minimum level of significance. OComparisons el

80 are made on the basis of the 1 percent point, The "differsnce for
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significance® as given in the tables is twice the standard error of
a difference. The standard error of & difference is obtzi-.ed by

multiplying the standard error of the mean by ﬁ.

The estimetion of covariance was made by means of the
correlation coefficient, Fisher's ®t® test (22) being used to deter-
mine the significence of the associstion. The level of significance
used in this investigation was the 1 percent point, Hence, an
obtained "t¥ value which is &s great as, or greater than, tne ex~-
pected gives odds of at least 99 to 1 that the correlation iz sig~

nificant.

It seemed advisable to determine the practical iapor-
tance of some of the factors which, theoretically, should affect
electrodialysable phosphorus. The soils of Colorsdo ere so widely
different in soluble salt contents ana lime contents that the vare

iability due to these factors should be nesr & meximum,

The several types of electrodialysis cells, which
have been used so far, are discussed in deteil by thelr designers
(4), (8), (10), (21), (81), (42), (48), (5], (54). Each invest-
igator has designed or modified a cell to fit his requiremsnts., The
apperatus used in this investigation is the Bradfield three-compart-

went type, similar to the electrodialysis cell described as No. 4461



in the Arthur B, Thomss Company's catalog. However, the cenier Cox
partament was sligntly codified in order to permlt the recoruing ol
temperatures ana pH determinations ss well as the stirriag of the
soil suspension. A 250 ec. pyrex beaker, with the to: and bottox
reaoved an. four holes drilled as close together as possibls in ihe
side, served &s the Oenter coupartzent., Direct curreant was obtaeined
from a .otor generator set wit: & field rheostat and sufiicient re-
gistance in the circuit to give a potentisl frou 5 to 300 voltz. 4
voltmeter and a wide range amaeter remsined in tune circudt st ali

tiues,

The procedure ussd by McGeorge (48) wae followsd as
closely as possible with the sbove described equij.msnt, The coanstunt
amperage as used by McGeorge was reduced to O.l aspers:z becauss of
heating. However, it was found impossible t0 maintain scourataely
a constent current throughout a perioed of nine hours or more. 7o
overceme tiis difficulty, two electrodialysis cells were connected
in seriee which necessitated the same current passing through bsth
unitss Thus the resulte oy ths two cells for any one run are com-
parable providing there sre no diiferences within the cells. To detem
mine any cell variation, the sanme soil was placed in both cell: for
several runs, The results ere givenm in Tuble l. The diirfsrent
runs are not comparable, A collodion hemoglobin membrane was used
on the anode side and a psrchmsnt paper sexbrune on ths cathoce side.

Humfeld and Alben (33) have studied vurious electrode coibinetiocus.
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Taere, no doubt, is a differeuce i conductivity of tne different
elsctrodes which affects their sfficiency but so long ac the elec~
trode does .ot give up iona to the surrounding solution, there shouid
be no particular disadvantage to any one of the geverzl types shieh
these asuthors discussed. 4 platious anode and a nickel cathode,

as supplied with the cells, were used tnroughout this investigation,
A S-gram soil semple was used in order to facilitste gitirring acd t©0
decrease heating. 4 small motor stirrer was used o xeep lie soil
in suspension. To the center cospartazent were added 18U cc. of
distilled water and to both the anode and cathode chambers were added

100 cc. of distilled water,

The dialysates were anslyzed for phosphnorus by tae
Deniges colorimetric method as modified by Hockensmitn, Gardnsr,
and Goodwin (29). The other ions were far below the conceniraticns
which Chapman (17) shows interfere with the blus colored formetion.
The dialysates wers removed froa both cells at the same time witnin
each run, but the intervale vary between runs as well as the total
time of electrodiaslysis. This was done for the purpose of deter-

mining the most suitsble procedurs.

From runs 1 and 2 (Table 1), it can be seen that the
results of the two cells are coaparebles Hence, the data obtained
from the two cells of the same run msy be compared, i.e., if & dif-
ferent soil is placed in each ¢ell, any difference in slectrodislys-

able phosphorus should be due to the soil wvariation rsther thsn to



the method of elecirodislysis. In runs 3, 4 and 5, the effsct of
aguing CaC0z to the soil suspension in the center copartwasnt for
different soils wac studied, In run 3, the addition of 0.5 grazms
of CalQz has reduced the phosphorus electrodialyzed from 0.696 mil-
ligrans to 0.120 milligrams. In run 4, the adaition of 1.0 and 2,0
graus of CeC0g to cells 1 and 2, reapsctively, shows no eignificant
difference, probably because sufficient CaCQg was added to furnish
a golid phase of CaC0z in both cells, In run § with soil 125-4,
the addition of 0,2 and 0.7 grams of Callg to cells 1 and 2, respec—

tively, shows a difference in elecitrodiaiyzable phosphorus.

It has been shown theoretically that any varistion
in salt content should affect the auwount of phosphorus electrodi-
alyzed. Ia run 6, neither soil responded to phosphate fertilizers
under field conditiens. Soil 87-i4 is very low in soluble saltis
and contains less then one-half as much K2G052 goluble phosphorus
a8 80il 102~A which has a large amsount of soluble salts. Both
8olls are sandy. The phosphorus slectrodialyzed is in the reverse
magnitude of that obtaiced with ths KoC0g exiractant but the soil
with the lower soluble selt content yielded wmore electrodialysabls
phosphorus. In run 7, electrodialyzsble phosphorus doas not agres

with either field results or KsCOg soluble phosphorus. The CalOg

Eﬁha KglOg method bas given the closest agreamént with fiaid respouse
to phosphats fertilizers of any method 8o far used in this lsbor-
atory on Colorado soils {(29).



gontent of these s0ils is much higher tnan any of the soils so far

electrodialyzed, Again the salt content may account for the differ—

ence, Tne results of run 8 agree with K5COz soluble phosphorus and
field trials. It should be noted that the salt coatent, iacluding

the percent lime, of the two soils favors these results. In run 8
electrodialyzable phosphorus does sot agree with either field response
or K500z soluble phosphorus, but tae selt content may again account
for these differences. It is probable that the CaCOx contents of

both soiis in this run are sufficient to give a solid phase,

These date indicate that electroaialyszable phospinorus
in soils obeys tne laws of pnysical cneaistry, as would be expected.
Hence, the electrodialyeis of Colorado': szighly variable soils with
a constant current appesrs to be of littie value. With the excep—~
tion of the Arizona work (46), investigators have used soils whigh
were probably acid. Acid soils are usually formed unuer coaaitions
of excessive leaching which means tae soluble salt content is pro-
bebly very low and there is no CaCOg pressnt. This may account
for the favorable results reportsed by other investigsiors witaout
any &pparent consideration of the wariables which might affect the

resulis.

The nexi part of tiie investigation was 4. deteramine,
if possible, some procedure whereby electrodlelysable phosghorus

would represent "plaat available® phosphorue. It wes thought sd-
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vigsable to cetermine the effect of different salts wiich usually are
found in these soils, teapersture and :tirring of the soli suspen—

sion, membranes ugsed snd tne potentizl om electrodialyzable phogphor-

USe

The effects of the diiferent salte and tyyes of cem-
branes were determined on salt solutions of 0.04 normslity. In
the first series of experizents, & collodion hemoglobinecozted anode
aembrane was used with & parchment paper cathode membrans. I the
second serise & cellophsne anode membrane was used wita the parche
ment psper cathode membrane. The rocedurs wat as followas 100 cc.
of & solution containing epproxizstely 13 perts per mlilion of pnoiw
phorus as KHpPO4 were pipetited into tie center coupartmsnt of boln
cells for every runj 80 cce. of tue 0,04 noras=l selt solution to be
studiea wers added to this, The two ¢alls were run in parslliel under
& constant potentlial of & woltses The current was so szall that the
temperature remsined practically the szme ac tnat of the isboratory
and any varlation due tw temperature cen be igacred. The results

of the various runs shoulcd be couparable in thase experizentis,

The dats are prssented graghiecally in fige I. Wita
the cellophane membrane, the eifects of the different sults vary
considerably mors than when the colledion hemoglobin mesbrene is

useds The depressing effect of Callg should be exphasized, This
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makes the cellophene meudrans less deeirahle than the collodion
hemoglobin membrane for the electirodialysis of Oslorado soils which
are usually calcareous, The very slight effects of Hs0, Callg,
HagsOy4, NaCl, and CeBOg, all of whioh are comson salts in Colorado
soile, on the golladion hemoglobin membrane should be noted, In the
cese of HaglOg, the pH wes above 0.6, The decrease in electrodie
alyzable phosphorus when Nagl0y is used might be explained by the
high alkalinity which may dec¢rease the permeabllity of tbe meubrane
or yelsrd the ionization of the phosphate cowpounds,

REach puint on the collodion hemoglobin curve in fig.
I s the average of triplicate electrodielysis smalyses and each
point on the cellophene curve is the average of duplicate analyses,
The cxx.sc:fxmt was 20 parformed with the collodion meabrane that it
was poseible 1o analyze the dats statistically., These data and
analyses are given ic Table 2, From the "Z" welue for replications
the error is not significant. All of the salts studied except 0aCOg
reduced the amount of phosphorus electrodialysed significantly when
compared with no salt added,

The external woltage to be used in eleotrodialysing
soils will very with the resistance offersd by the particular eguipw
asnt being used and can be detarained Yy experimentation only. The
factors to be sonsidered arei
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? (average of Deviation ffon

fals RgR. AL pet,

g0 0,544 0.00
Ca00y 0,555 2,02
HapS0, 0,508 6462
NaCl 0.439 16.11
CaS0,4 0.489 10.11
KCl 0.408% 25.92
CaGly 0,257 52.78
NegCog 0.088 83.82

Z » -0,3869 for replications, 5% pt. = 0.8594, 1¥ pt. = 0.357C
Z= 2,9428 for treatments, 5% pt. = 0.5099, 1§ pt. = 0.7287
8. B, of mean = (,008
Differencs for significance = 0,028

8. Es 4n pets of mean = 2,07
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1, Conduotivity of soil suspension « the mere
ourrent carried the grester the heating. The
theoretival effects of increased temperaturs
on elestrodialyzable phosphorus have alresdy been
discussed,

2. Ascunt of elsotrodialyzable phosphorus cone
tained ia the seil,

If a partioular current is dosired, ths externsl voltage 1 imsatere
ial 80 long as thers is pufficient resistance to maintain the desire
od amperags. through the scii suspension. As has alreedy been shown,
electrodialysis using & oonstant current is of little value in Cal-
orado soils, The current in the following experiments will be ale
lowed to vary with the soil suspension, holding the RI drop betwsen
the elsotrodes of the eell as nearly constant as possibles The
external voltage which was foeund to be best for the equipament used

in thig investigation was 130 wolts,

The difficulty of meintaining a oconstant temperature
for any period of time is evident with an sver-changing conductivity
of the soil suspension being slectrodialysed and such wide differ-
enget in eonductiviyy betuwesn solls, A study of the magnitude of
this error and ; posaible eor;eouon were undertaken, Soll 185 was
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ohosen for this purpose because of the large amount of eleatrodialyz-
able phosphorus it was known 1o ¢ontsin and because of its tendency o
heat without the use of a water-eooling system which wes inserted in
the cethode and anocde compartments of the ocellss The two cells wers
connected in parallel and a copper coulometer placed in seriez with
each cell to measure the totel pumber of coulombs tranaferred during
electrodialysis, All sxperiments were continued for a U-hour perw
iod in which the dialysates were removed esch hour for four hours,
followed by one 2-hour period, and this followed by ope S-hour per-
ieds The aéi.l‘auspemions ware stirred by means of an selectric
gtirrery A Segramz g£0il sample and 180 c¢c. of distilled water were
placed in the center compartment, Gollodion hemoglobinwcoated

anode membranes and parchment paper cathode membtranes were used,

The results are given in Table 8. The soil was
slsctrodialysed twice 1n cell I and onoe in cell II in order to study
the comparablensss of the internal resistance of the two eells which
are now in parallel and independent of each other, Runs 1, 2 and
§ give tha data for this study., The temperature wes held as nearly
conatant as possible with the cooling system, The approximate averw
age temperature for sach S-hour run ig given, which varies about
one degree, The total amount of phoaphorus actuslly slectrodialyszed
varies to the extent of 0,3 milligrams of phosphorus. But the actual
¢oulombs of current transferred vary in the same order which suge-
gosted the possibility of & gonstent ratic betwsen coulozbs transfer-
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red and phosphorus electrodizlyzed. These dsta are given under

the column heeded WHga. P per 1,000 coulombs." The variability
betweern different runs and the two cells has bees reduced from 0.3
miliigrass to 0,087 miiligrams of phosphorus. Thzt is waat would
be expected if temperature variation did not markedly change tue ratio
of transport numbers between the phosphate ions sna itae other ions

present,

To further study the effect of tempersture variability,
in runz 6 and 7 (Table 3), a burﬁer va8 placed under the cells, both
of which were wrapped with asbestos, to incresse the temperature.
Throughout the 9~hour period of electroaialysis, the teampersture was
maintained between 40 and 50 degrees C. with an approximate aversge
of 42,2 degrees C, in run 6 end 41,1 degrees C, in run 7. The
actual amount of phosphorus electrodialyzed in run & has incressed
considerebly when compared with runs 1, 2 and 8, In run 7, the cell
had been taken apert and resssembled because of & torn membrane, This
may account for no increase in actual phosphorus electrodislyzed
when compared with ruas 1, 2 and 8. If the data of runs 6 and 7
are based upon 1,000 coulombs transferred, tie results chsck very

well with runs 1, 2 and 5.

However, it would be possible to have a soll, con~
talning the proper kinds and amounts of salts, wherein a marked
incresse or decrease in temperature would change the transport num~

bers of the various ions, In this case the ratio of phosphorus



elactrodialyzed to coulombs transferred would be of little value, For
this reeson the temperature should be held as neerly coastent as pos—

sible during the process of electrodialysis.

The effect of the torr membrane in run 7 suggested
a possible error due to veriation in cell constant, ©Since it was
ne¢esgary to teke both cells spart éeriodically to clean theam, it
would be almost impossible to reasseuble the cells with exactly thae
same internal resistance as before, which is largely due to varia-
tion in distence between the electrodes, Iun run 8, the electirodes
were moved 1 centimeter awey frou the membranes., The §hcsphorus
electrodiclyzed has been reduced zlmost one-hslf, but when based on
1,000 coulombs transferrea thz results sgree very well with runs 1,
2, %, 8 and 7. The effect of cell variation on electrodicly=sble
phosphorus iz reduced by cemparing the hoophorus electrsdislyzed on

the basgsis of coulambs trsasferred.

The importeuce of stirring the soil suspension is
ghown in rang 4 and 5. Only about ons-fourth as much phosphorus
actually was electrodialyzed and when these data are based on 1,800
couwlombs transferred, the results do not agres with those of runs

1, 2, 3, 85, 7 end 8, QConditions ere so changed without stirring

thet the results hardly would be expected to be compareble. By
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The fimpracticability of waintainiog a uniform paﬂ

change in the soil suspenalon being elegtrodialyzed ie obvious with
a gystea ag variable as these sollse The amount of phosphorus elecw
trodialyzed mlght be lanterpreted better if the pH of the soil suspen—
sion gould be determined at intervals during the period of electrow

dialysis,

The eléctrodes to be used for determining the pil
of the genter coapertment must meet certain requirements, Few
ions should be liberated from the electrodes because the corductivitly
vof the soil suspension would bs altered and thus interfers with sube
aequent; daemdialysis; The equilibriun potential mst be reached
quickly. m elsotrode should have oonsiderable mechaenical strength,

The guinhydrone electrode, as ordinarily used, would
ronder the =oil suspension unfit for subsequent electrodislysis.
Bugher (15) demi’oes & gquinhydrone electirode covered with a sollodion
mombrene whieh vorked very satisfectorily., However, he states that
certain dlsselved sslis may alter the correct pil value, Considerable
time s required to make the electrode and the slow diffusion of quine
hydrons through the membrane ascessitates replacing the electrode at
frequent intervals,



The bydrogen elecirodes could be used but il is less
desirable because of the time required to reach equilibriuam, 7This
electrode would require troublesome gas connections which would

greatly complicate the elscirodialysis,

The glase electrode seemed to it the requirements
for these pH measurements, But, the danger of breaking the glass
membrane would be increased because it was desired to make ths pH
measurements while the soil suspension was being sitirrsed. The e~
tensive electrical equiyment and vibratios woule interfere witn the

amplifying sy:tex necessary witn the glasc elecirode.

Since the electrodes were to be left in the soii sus-
pension only long enough to make the reading, the antimony electirode
seemed best sulted for the purpose because of its mechanical strength,
rupid equilibriuam potential and becmuse it does not reguire the ad-
dition of any foreign material. Kolthoff and Hartong (37) and
Roberts and Fenwick (52) have shown the applicability of the antimony-

antimony trioxide electrode for measuring ecidity.

Various forams of the antimony electrode have been
uged by the different investigators for measuring the pH of the soils
{2), (&), (8), (20), (49), (55), (57). Antizony amalgam electrodes
were prepared soccording to Shukoli and Adwsejewitsoh (55), Consid-
erable "drifting® was obscerved witi: this type of elsciroie, The

eleotro-deposited antimony gradually diffused off whigh necessitated



the oonstruction of new electrodes at frequent intervals, Stick
antimony electrodes prepared according to Parks and Beard (48) were
found to give the best results, When checked ageinst the quinhydrone
electrode and buffer solutions, the equetion of Shukoff and
Awsejewitsch (58) closely spproached the correct pH value.

E = 0,009 ¢ 0,055 pH

The stick antimony electrode and the saturated cal-
omel half eell with & KCl agar bridge were used in making all of the
pH measurensnits during elecirodialysis,

Method of Electrodialysip

From the preliminery studies, the electrodialysis
procedure which appeared to be best fitted for determining plant
available phosphorus is as followsy § grame of soil and 180 cc. of
distilled water were placed in the genter compartment of the elec~
trodialysis cell, To the cathode and anode compartaents were added
100 ocy of distilled water. A small coil made of glass tubing was
ingerted in the osthode and anode compartments and connected to the
water tep for cooling purposes. The cells were connected in paraliel
apd & copper ooulometer placed in series with esch cell, Bach soil
was elegtrodislyzed for 9 hours under s constant petantial.of as
nesrly 180 volts as possible, The dialysales were removed hourly
for the first 4 bours, followed by & 2«hour period and this fol-

lowed by a S«hour period, making a total of 9 hours of electro-



dialysiss The dialysates wers titrated wita Ou1 norzazi HCL anc HalH,
using phenolphthalein as the indicator for the anolyte and broz thyaal
blue ag tne indicater for the catholyte, The temperature wus asine
tained &t 28 neerly 25 degrees centigrude as possible. The s0ili sus~
pensions wers stirred tnroughout the period of electrodiaiysis by
ssaas of electric stirrers, A thermometer graduaied 4n 1/10%h

degree divisions was insertsd in the center cospartment end clamped
there., 4t the begluning of the S~hour run &end each tize the dialy-
sates were resoved, the antimony electrode &nd the ECl agar bridge
connected to the celomel half cell were inserted in ibs center com-
partaent and the potentisl messured by means of & typs "K" poten~
tiometer and & sensitive gslvanometer. The potentials were aeasured
while the soil suspension was being stirred. It was neCessary @
turn off the motor generator ir msking the pH mszsurements, Cal-
lodion hemoglobin anode nmechranes, prepered according to Bredfield

and Bradfield (i2), were used, Parchment paper cathods membranes
were used, The cells were tsken spart snd washed every three runs,
New cathode mesbranes werc insertcd after eseh washing, The same
collodion hemoglobin usmbranes were ussd thiroughout the remsining ine-

vestigation,

A millismmeler was ooi;neated in series with each cell
at the beginning of every run to aid in adjusting the current denaity
in the ooulometers to about 0,01 amperes pe- square centimeter, This
is very impoertant in order %o obtain a firm deposit of copper which
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EXPERIKENTAL RESULIS

Triplicate slectirodialysis anslyses were made on eash
of 46 soil samples to determine the eccuraay of the method. The soils
were numbered from 1 to 46 and electrodialysed in 3 series. In the
first series the solls were slectrodialyzed consegutively froz 1 to 45.
In the second series the mumber of each 2oil was placed on a small
card and the muabers drawn from a hat after being well mized, Two
soil samples were slestrodialyzed per day and care was teken to pair
different soil samples throughout the three series., The procedure was
repeated in deteymining the order of samples for electrodiclysis in
the third series. Randomization is necessary for the application of
the anslyses of varisnce,

A rather oomplete chemical analysis also was mads on
most of the sails studied to aid in interpreting the electredialysis
results, These data, together with the aversge milligrems of phos-
phorus electrodislysed par 1,000 osulombs transferred in the § repli-~
ocations, ars given in Table 4. All of these solls are seen to con-
tain & rather large amount of total phoephorus. There is no correl-
ation between fiald response to phosphats fertilizers and the total
phosphorus coutent of the soils, The wide variability in soluble
salt content is sufficient %o explain the litile or no correlation
betwean electrodialyrable phosphorus and field response to phosphate
fertilisers when & constant urrent is applied for s definite period
of time to esch soil, The oarbonates, expressed as 0alOg, varied
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from 0.1 percent to 18,5 percent, There appesrs 1o be & rather

close agrosmsnt betwee. phosphorus electrodialyzed per 1,000 couloumbs
transferred, K;C0g soluble phosphorus, water soluble phosphorus and
ectual field trials. The significancs of these data will be discuss-

ed later.

The water soluble phosphorus was determuined by the
"aolybdenum blue® method of Zinzedze (83) (64) and is accurate to
about Q.01 part per million of phosphorus. Thne Kyl0z soluble phoe~

phorus was determined by the method of Hockensmith, et al (29).

The complete electrodialyeis date sre given in Table
5. Eacu value represents the average of the three replications.
The statistical analyses of the data ars given &t the bottom of the
tabie, The obtained "Z® value for replicates in the cease of actual
phosphorus eleotrodialyzed shows that the differences are highly
significant, but when the phosphorus slectrodialysed is besed upoa
1,000 coulombs transferred, the R23¥ vulue indicates thst the differ-

ences between replicstes u»re not significaat., The corresponding

standard errors (S, E. ) are 13.6 and 5.1 in percent of the gensral

The statistical analyses of the titratable anions and
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eations, both the amounts actuelly electrodialysed and based upon
1,000 aoulombs transferred, ere very interesting, W¥hen based upon
1,000 ooulombs transferred, the standard error in percent of the
genersl mean for the cations has bsen reduced from 8,7 to 3.2, while
for the anions the standard error has been increased from 6.5 10 12,4
in Wt of the gemeral mean, The exact qumt.uatife chemical
reactions in either the anode or cethode ednpartnentmvaryma-
plex, or et least unknown, since the amcunts of ths various ions
partieipating are unknown, However, in the case of the caticns,
the cheaisal reactions resulting to give titratabls basisity are more
oserly quantitative than the chenicel reactions of the anions to
Zive titratadle acidity when compared with coulombs transferred,
For sxaxzple, mast of the ocation reactions are merely replacement
reactions, such as § |

e O N

Bz & BOH ~9 NaOH + 4 Hp
Ou the other hand, if chlorine is the anion, upon contact with the
positive electrode, ohlorine gas msy be formed and the titratable
acidity has not besn inacreased in proportion to the eurrent transe
ferred. Thus, when the anions slectrodialysed are bassed upon 1,000
eoulombs tranaferved, this errer is megnified,

Xt should be noted that the soils with the larger
scluble salt contents do not always trensfer the greater mumber of
~ ooulombss In other words, it is not entirely the number of ilons
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pﬁsont at any one tiiz which determines the asount of current trans-
ferred but aleo the ability of the soil to yield ioms over an extend-
od period of time, The titratabls acids and bases are 2 result of
secondary chenges, The titratahle anions ars noi as proportional to
the primsry reactions as are the tiirstable cations and, of sourse,
Faraday®s law applies culy to the primary changes,

For alesrness, thase date have been graphed, Fig. II
presents the sctusl phosphorus slectrodialysed, Acscording to field
trials, all of the soils to the left of the perpendicular broken
line are deficient in available phosphorus and all of the soils to
the right are sufficient in avsilable phosphorus, There are no
marked differsnces betwesn the amounis of phosphorus electrodialysed
froa the deficient soils and the sufficleat soils, In other words,
it would be impossibls to pick ocut those solls which responded to
phosphate fertilisers from these electrodialysis data,

The milligrams of phoaphorus slectrodialysed based
upon 1,000 eeulombs transferred, are given in fig, III, The
broken pexpendicular line agaln divides the sufficient and deficient
soiles The brokes horiscntal line was drawn arbitrarily %o inolude
ag many of the deficient moils balew it and es many of the sufficient
solls above it as possibles In geveral, these data agree much
better with field results than do the data of fig, iI. Froa the

sdifference for signifiocance® {(Tehle §) teking 0,800 milligrems
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phosphorus as the dividing line betveen sufficiency and deficiengy,
solle 11, 25, 38, 6, 81 end 38 fall in the doubtful class. Seils
7, 15, 19, 2, 8, 10, 36 end 42 do not check with field resulise Plao~
ing these data in percent, the results are as followes

13,8 percent in the doubitful clase

17,8 percent do not agree with field rezults

6848 peresnt agree with field results

In fig. 1V, the water soluble phosphorus has been
~graphed in the same manuer, Bufficient data for a statistical ane
alysies are not available, The method is acocurats to about (.01 part
per millien ¢f phosphorus, On this basie, thenysoils falling
aloser than 0,01 part per million phosphorus %o the line 0,03 part
per million phoephorus are doubtful and poils 11, 6 and 52 fall in
ﬁ:e doubtful clase., Boil 7 does not cheeck with field results, The
analysis for soil 45 is lecking becsuse of insufficient soil. These
data, on a percentage besis, are e fallowsy
6.8 percent in the doubtful class
248 percant do not agree with field results
90,9 percent agree with field results

Potessium carbonate scluble phosphorus is given ia
fige Vo Suffiocient date for a statistical analysis are lacking
here nlao.‘ Bolls 20 and %8 do not oheck with field results and
sssuming (29) soils 11, k, i2 and 38 % b» in the doudtful alass,
the ammﬂ is as followss
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8,9 percent in the doubtful class
4.4 peroent do not agree with: field results

88,7 percent agree with field results

This comparison of the three msthods for determining
plant evailable phosphorus indicates the water-extractant method to
be the hest.

The theoretical effeat of a ohange in pH in the

poil suspension being sleoirodialysed has been diseussed. The max-
imum end miniminm antimony electrode Woltage obteined during the

9 hours of elecirodialysis of each soll iz given in fig. VI. &
comparison of fig. VI with fig, III, indicates that the minimun
voltage surve is correlated nsgatively with the phosphate curvs,
That is, the lower the pH obtainsd, the greuter the phosphorus elec-
trodialysed, The correlation coefficient between phosphorus elec~
trodialysed per 1,000 oouloambs and the minimum antimony electrode
voltage during the period of electrodialysis is «0.5762 {Teble &),

In fig. VII, the carbonate contents of the soils are
presented graphically. The lime oontents of the sufticient soils
in general are lower than in the deficient soils. The thecretical
correlation between carbonates, pH, end electrodielyseble phosphorus
has been suggested, 4 comperison of figs. III, VI and Vil indicates
this relatiocnship. There is a corrslation soefficient {Table 6)
of 0,8522 between the carbonste content of the soils and the minimun
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antizony~electrode voltage obteined during the 9-hour period of eleo~
trodialysis. The correlztion coefficient betwesa earbonztic contents
of the soils and phosphorus electrodialyzed per 1,000 coulombs is
042079, ‘This correlation is not significant, which may be due to
the fact that there is a 20lid phase GCaO0; in meny soils throughout
the period of electrodiulysie and the effect of lowsrsd pH on trans-
port mimbers is taken into sonesideration when the phosphorus eleciro-
dialysed is based upon couloubs transferred, The correlation coef-
ficient betwsen the carbonate contentsof thwe soils and the phosphorus
actually elsotrodialysed iz 0,8840, These resulis agree with the
data presented in Table 1 on the effect of adding CalOg to the soil
suspension, Caloium carbonate may account partly for the poor agree-
sent betwesn the phosphorus actually elecirodialysed and iield response
to phosphate fertilizers,

The pB, soluble salt content, lime coutent and ooulombs
transferred are seasurably interrelated, as ls brought out i Table
6, The high and wery signifloant correlation of 0.90384 between
KGOy soluble phosphorus and phosphorus elestrodialysed per 1,000
ooulombs is very interesting as compared with the low but significant
correlation of 0.,R881 between the phosphorus actually elscirodialysed
end phosphorus electrodislysed per 1,000 coulcabs. As would be ex-
pected there is also a high correlation between water soluble phose
phorus and KgCOy soluble phosphorus snd betwesn water soluble phos-
phorus and phosphorus electredialysed per 1,000 coulombs. The



Gorreiation

Carbonates and P
actually electro-
dialyssd

Carbonates and
Minimam Ebwvolte

Carbonates and P
per 1,000 coulombse

Minilsuz Ebevolts and
P per 1,000 coulonbs

P actuslly eleciro-
dialysed and coul-
ombg transferred

Water soluble selts
and minimim Sb-volts

KgCOg soluble P and

electrodialysed P
per 1,000 soulombs

Hater poluble P
and electrodialysed
P per 1,000 soulombs

¥ater soluble P end
xgw; salnble P

Astual P electro-
dielysed and P per
1,000 coulombs

Water soluble ssalts
and P elecirodialyzed
per 1,000 coulombs

Bater soluhle salts
and couloabs trang-
fearred

0.5840

0.8322

0.2078

0.5762

0. 7578

0,621p
0.9084

0.8508

0.8188
0.2960
0,8911

0.,688Y

9.842

1.394

4,628

13.304

5.208

14.247

10.884

9.243

2.048

R.787

8.144

2.750

2.576

2,780

2.750

2.750

R.750

2.780

2,750

2.578

2,750

2.750
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measurability of the theoreticel factors sffecting electrodialyzable
phosphorus 1s brought out by all of these correlations, The effects
aof these variables are reduced to & large extent by obtaining the

ratio of phosphorus slectrodialyszed to coulombs transferred.

It wap observed that the greeter the curreant trans-
ferred, the grester the electro-endosmopis. This agrees with the
theoreticel discussion of Michaslis {48) wherein he shows that the

water transferred is directly proportional to the current only.

The antinony-electrode voltages show in all of the
soils elsotrodialyzed that the catlons are remowed sore rapidly
than the snions, Iz many of the soils whieh did not respond to
phosphate fertilizers, the pH decreased much more rapidly than in
mopt of the solls which did respond to phosphats fertilizers, This
may indicate a possible change in phosphate solubility dus %o a
lowered pH a3 & result of the lessw-buffered soils., Severzl of
the antimony-electrode voltage curves have been graphed in fig, VIII,
which 1llustrates the pH change of many of the soils eleotrodislysed,

The rate of anion and cstion removal, es messured by
titration, is highly variable between soils and differs considerebly
within the three replications for many of the soils, It is doubtful
'hmer the titratable anions er cations, especially when measured
over sush & short period of time, mean very much in view of such large
salt content veriations between soils of apparently equal fertility.
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SUMMARY

This investigation of elestrodialysie as a means of
determining plent available phosphorus, is the result of the need for
& more relisble method of measuring minersl deficiencies in the soll,
Most of the irrigated soils of Colorado are supplied fairly well
with total phosphorus. In many euei a marked increase in ecrop
yield is obtained ky the application of phoephate fertiliszers., This
shows that part of the phosphorus already contalned in the soil is
in an %unavailable® form, Most of these solls are calcarecus and
as a result the dilute acid extractants usually used for determining

available phosphorus are of little value.

It has been shown that t‘m method of slectrodielysis
as used by other investigators is of little wvalue for messuring the
available phosphorus in Colorado’s highly variable soils. Total
salt content, kind of salts, lime content, rate of pH change in the
soil suspension being electrodialyzed, stirring of the soil suspen-
sion being alectrodialysed, tsmperature g¢hange during electrodialysis
and the amount of current transferred during the period of electro-
dialysis have besn showm to msasurably affect the phosphorus extract-
od by eleotrodialysis, These factors are variableg which camnot be
onrlookoé in a quantitative study of electrodialysable phosphorus
in Colorado solls,

A modification of the center compartament in the Brade
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. Y
[N



o 5B »

field three-compartaent electrodialysis cell is described, This
modification fecilitates stirring, temperature measurements and pH
deterninations of the soll suspension during eleetrodialysis. A
method of eleatredialysis has been developed which permits corrections
%0 a large degree for the variaeblss which affect electrodialyszable
phosphorus, Forty-five soil samples, from fields upon which erop
‘rnpom to phosphate fertilizers was known, were collected from

many parts of the state and electrodielysed in triplicate. The

Some chemical snalyses of the 45 goil samples are
given, showing the variability of those factors whioh sffect elec-
trodialysable phosphorus, Bater soluble phosphorus &nd KoCOy sol-
uble phosphorus are compared with the phosphorus extracted by eleetro—. ‘
dislysis, !hl.lgrnmnt of the three methods with actual field
triels is given,

CONCLUSBIONS

ls Water goluble phosphorus and KgolOg soluble phoe-
phorus agree better with actual field response to phosphate fertile
isers than does the phosphorus extracted ly electrodialysis. Thess
ipthoda ars nmoh more rapid and less liable to errors than the method
- of elsotrodialysis. |



£+ Balt and lime content of soils, stirring, teaperw
ature and pH changs of the s0il suspensions during electrodislysis
savkedly affest the phosphorus extracted by electrodislysis.

8. The variability in electrodialyszable phosphorus
dus to these faotors is reduced when the phosphorus extracted is
based upon oculombs transferred,

4e An applisation of 125 pounds per scre of treble
nporpm-phntl inareases the phosphorus eontent ‘ot the soil by
§hut 15 perts per sillios of phosphoruss The difference necessary
for algnificance in slectrodialysable phosphorus is 19,6 parts per
sillton of phosphorus as determined from this investigation. These
results MOOM that the method of elestrodislysis is not sufficient-
1y sensitive to asasure the indrease in phosphorus due o an ordinary
 applisation of & phosphete fertilisers

| S, The process of elestrodialysis is the least re-

11able of the thres methods studied for sstimating "plant availe

able® phosphorus in Colorado solls under the conditions of this
experiasnt,
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m results nrnn iﬁuanﬂmn on alacmdhl,yail
a5 a means of studying thﬂum of soil phosphates have bnn B
published by Deant since this mezuseript was written, Be ecme
‘aludes from his .wazm.d soils that "The determination of
resdily saluble phnqphom t‘a praéuenl purposes can be mads not
m]:r sore quickiy and esoncaically by acid extraotion than slsctroe-
dislysis; but also with grester W&liws'
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THESIS ABSTRACT

THE USE OF ELECTRODIALYSIS
IN SOIL PHOSPHORUS STUDIES

(By James B. Goodwin)

This investigation of electrodialysis, as a means of
determining plant "available" phosphorus, is the result of a need

for a more reliable method of measuring mineral deficiencies in solls.

Several investigators, in a study of acid soils, have
used electrodialysis for this purpose. They report varying degrees
of success with the method. McGeorge has studied the process of
electrodialysis as a means of determining the readily soluble, or
plant available, phosphorus in some of Arizona's calcareous soils as
well as solls from other parts of the United States. He concluded
that the method was an excellent means of determining plant available

phosphorus with least interference from the CaCO5 present,

Most of the irrigated soils of Colorado are supplied
fairly well wifh total phosphorus. However, in many cases a marked
increase in crop yield is obtained by the application of phosphate
fertilizers. This fact indicates that mch of the phosphorus already

present in the soil is not in a plant available form. These soils

usually are calcarsous and, as the result, the dilute acid extractants



commonly used for determining available phosphorus are of litte

value,

The soils of arid and semi-arid regions contain
wide range in quantity of soluble salts. The percentage of carbonates
present varies from less than 1 percent to 20 or 30 percent express-—
ed as 0aCOg. These soils vary in pH from almost neutral to above a
pH of 8.0 with apparently very little difference in productivity.
There 18 only a slight correlation between any of the above factors

and actual field response to phosphate fertilizers.

Faraday's law governs to some extent the results
which reasonably may be expected from any procedure wherein a quan-
titative measure of the ions transporting the current is concerned.
Two solls with exactly the same available phosphorus content but with
different soluble salt contents would not have the same transport
numbers. Hence, the passage of an equal mumber of coulombs through
golls with varying soluble salt contents theoretically is of little
value in determining plant aveilable phosphorus. This reasoning is
shown to hold experimentally alsoc. The method of electrodialysis
‘used by other investigators is of little value in measuring plant

availgble phosphorus in Colorade!s highly variable soils.

The study of a possible method of electrodialysis
was undertaken wherein plant available phosphorus would be represented

by the phosphorus extracted by electrodialysis.



Theoretically, the following factors affeci eleciro-
dialysable phosphorus.
l. Internal resistence of the electrodialysis
cell.
24 Potential across the cell electrodes.
5, Goulombs transferred.
4, Current c#rried per unit of time,
6. Totel time of electrodlalysis.
8e ﬁm of removing dialysates.
7. Bize of soil samples electrodialyszed.
8. _Stirring of goil suspension during electre—
dislysis,
9, Rate of pH change in the soil suspension dur-
| in&elaatrp{dial_ygiar _
10. "Imraiuro change in the soil suspension
during electrodialysis.,
The effects of these fuotors are diMcussed, Each of these fastors
was studied experimentslly and shown t¢ measurebly affect electro-
| mum phosphorua,

A mdiﬁcaﬁon of the Bradfield three-compartuent call
: ia dedcribod which facilitates temperature control, stirring and
msur‘mént uf rate of pH change in the senter compartment, Ths ap-
plﬂ.cation af the quinbwd.rone electrode, the glass electrods » the
Ymdrosen oleobrede, and t.he antimony elsetrode for meaauring the pH



of the soll suspension during electrodialysis is discussed. The
antimony electrode was used throughout this investigation for this

purpose.

A method of electrodialysis is presented in which
the variables already mentioned are reduced., The ratio of phosphorus
electrodialyzed to coulombs transferred gives a more accurate com—
parison of electrodialyzed phosphorus than does the actual phosphorus

electrodisiyzed.

Forty-five soil samples, from fields upon which crop
response to phosphate fertilizer was known, were collected from many
parts of the state and electrodialyzed in triplicate according to
the procedure given. The data obtained were statistically analyzed
to determine the accuracy of the method and the agreement of electro-

dialyzed phosphorus with actual field response to phosphate fertilizer.

As a result of the investigation the following con-
clusions were made.
1. Water soluble phosphorus and K,COz soluble phos-
phorus agree bettef with sctual field response
to phosphate fertilizer than does the phosphorus
extracted by electrodialysis. These methods
are much more rapid and less liasble to errors

than the method of electrodialysis,



Re
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4.

S,

Salt eand lime content of soils, stirring, tem-
perature and pH change of the soil suspensions
during electrodialysis markedly affect the

phosphorus extracted by electrodialysis.

The variability in electrodialyzable phosphorus
due to these factors is reduced when the phos—
phorus extracted is based upon coulombs trans—

ferred,

An application of 125 pounds per acre of treble
superphosphate increases the phosphorus content
of the soil by about 13 parts per million of
phosphorus. The difference necessary for sig-
nificance in electrodialyzable phosphorus is
19.8 parts per million of phosphorus as deter-
mined from this investigation. These results

indicate that the method of electrodialysis is

not sufficlently sensitive to measure the increase

in phosphorus due to an ordinary application of

a phosphate fertilizer.

The process of electrodialysis is the least
reliable of the three methods studied for
estimating "plant available" phosphorus in

Oolorado soils under the conditions of this

experiment, i
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