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Abstract:

A mathematical derivation from diffusion theory was applied to soil diffusive flow to an exchange
resin sink. The measured flux was used to estimate some factors influencing soil fertility. These
included initial (before diffusive flow) solution phosphorus and potassium concentration, adsorbed
concentration, buffer capacity, soil impedance values, soil solution concentration changes with time of
diffusion, and quantity of fertilizer needed to bring about predetermined flux rates. At least two
diffusion measurements were needed for each soil. One was needed from an unspiked portion (no
fertilizer or chloride added) and one from a spiked portion.

Reasonable precision was obtained in measuring impedance factors from determining the quantity of
added chloride that diffused, and resulting values were similar to ones previously published. The
calculated solution and adsorbed quantities of potassium (from diffusion) were usually nearly the same
as were measured from routine chemical methods determining solution and labile amounts. There was
variation in the quantity of calculated solution and adsorbed phosphorus from diffusion methods
depending on the quantity of spiking done. This variation was believed to be associated with non-linear
adsorption isotherms as were depicted from the chemical extractions done.

Plant uptake of phosphorus on various soils fairly well Correlated with diffusive flux from these soils,
while potassium-plant correlations were much better. A potential was evident for estimating fertilizer
needs from diffusion flux measurements, expe-cially for potassium.
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ABSTRACT

A mathematical derivation from diffusion theory was applied
to soil diffusive flow to an exchange resin sink. The measured
flux was used to estimate some factors influencing soil fertility.
These included initial (before diffusive flow) solution phosphorus
and potassium concentration, adsorbed concentration, buffer capa-
city, soil impedance values, soil solution concentration changes
with time of diffusion, and quantity of fertilizer needed to bring
about predetermined flux rates. At least two diffusion measure-
ments were needed for each soil. One was needed from an un-
spiked portion (no fertilizer or chloride added) and one from a
spiked portion.

Reasonable precision was obtained in measuring impedance
factors from determining the quantity of added chloride that dif-
fused, and resulting values were similar to ones previously
published. The calculated solution and adsorbed quantities of
potassium (from diffusion) were usually nearly the same as were
measured from routine chemical methods determining solution and
labile amounts. There was variation in the quantity of calculated
solution and adsorbed phosphorus from diffusion methods depending
on the quantity of spiking done. This variation was believed to be
associated with non-linear adsorption isotherms as were depicted
from the chemical extractions done.

Plant uptake of phosphorus on various soils fairly well cor-
related with diffusive flux from these soils, while potassium-plant
correlations were much better. A potential was evident for esti-
mating fertilizer needs from diffusion flux measurements, expe-
cially for potassium.
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" INTRODUCTION

Literature Review

Although the diffusion process was éxplained‘on a scilentific basis
by Fick more*;han'a century ‘ago, -it was only'singg 1950 that.it'ﬁas
recognized as‘ap,important bhénomenon :egu1ating.the transport of many .
nutrient ions'to plant roots. In additioh-to the academic-intrigue. B

associated with this relationship, valuable applications may be imple-

:_'mgnted; These include the ‘measurement and regulation of soil fertility, -

and probably plant management and genetic selection.

In 1855 Fick, .a medical physiologist at the University of Zurich, .

" was'the first to show how the ‘heat flow equations developed by Fourier = - fﬁ

could be applied to diffusion. 'Thus}.even.thqugh'only a compafatively

- few anélytical sqlutionS'(of difquion—like phenomena) were known then,

-the'fupdaﬁental principle(s) were established. ‘It is not surprising

that it took such a long time for agronomists to recognize the sighifi—-:

' cance of this, - First, the ‘quantity of solution flow (sometimes ' termed...

transpiration, viscous, or mass flow) could also conceivably account ,

for large quantities.of ions being tngnsférred to plant roots - which,

was ‘a valid assumption for certain nutrients. ' This transfer process

was believed to be accompanied by a renewal of solution ions from,

' mineral reserves, another -plausible process; These two facets were

“firmly linked together by Cameron'(1911) in one of the first detailed

works dealing with the 'soil ‘solution, . -




L

" cluding remarks about these studies were

Since then, a great deal of speculation has existed on how to

"“measure the‘activi;y.of soil solutions so-that direct interpretations :
‘could be made, Fér example, angland, in his first lecture given at
‘ngvard University under the Prather Lectureship (1944), told of the

' background of the initial work in California prior to 1520. He said'

‘"much had -been written about the soil solution and controversy had not

ceased. It was apparent that.experimental evidence was most inadequate;

Generally, chemical analysis had been made on field samples of soil

“under no adequate control." To obtain better control, he told how 13

solls from the State were selected and two-ton samples of each were

. sent to Berkeley for soil solution ‘analysis while being cropped. This

had been done for 27 years at.the time of the Lectureship. Some con-

". + . it has become apparent

that soil solutions can often be more dilute than those of our original

" set of'soils, and still plagfs will not necessarily fail to absorb

adequate amounts of nutrient:ions, .Thus the concept of 'supplying

-power' and the interrelation of the solid to the liquid phase of the

soil became considerations 'of paramount significance and they are so

- today.”" A nutrient of ‘particular consideration in these remarks was-

'phosphoruso It had been found to be below one ppm in many solution.

samples; even at the beginning of the cfopping.period; Alsdp_potassium
was low - usually less than 20 ppm.

Byers et .al (1938) expressed similar thoughts in 1938 in writing ..

. about the soil solution, and speculated on methods pf.extfaéting e o w:




none of which is whoily sétisfgctory. When such soil extracts are
oBtgined; it is generally found that the concentration of the éoluﬁle
salts in,the:solution:is 1esé than is required in artificia1 nutrient
so}utions to pfodude correSpoqdiﬁg results ; a'e o It seems that.parﬁ

of these relations are to be-ascribed to the presenéé of'cdlléids in |
-the'soils; In éenegal; the concentration of any solution is usually
_ :érégtest in the film adjacent to éhy'sol?d surface', . . ." Thus, they, -
”as did'angiand5 questioned why the extracted soil solution ié”tdd low
“to accéunt.for proper .plant growth, and propose that.extraation methb@s--
'do not duplicate what a planf root may encounter. -

Moxe recent déta by Barber (1962).and Barber (1968), still ,indicate, o

large differenées in_méasuréd activities of soil ;olutionS'for various

~ productive soils., This fact substantiates the impracticality of using -

(averages for drawing conclusions: For phosphofus,‘oiseng ét al (1962)

' *lconcluded‘(with applicable“literature'quétations'not shown herein)

"Fertile soils usually contain 0.2 to 0,3 ppm.P in the soil solution,
" and a corn plant- takes up 250 to 350 g of water per g of dry matter. ,“
e .

.Thué, viscous flow of water used by the plant:would_dupply 2 'to 47 of
- the total P taken up by’thé planfg" Barber et al (1962), after study~-
ing,l45 predominantly midwest'ééiis,and by using "the same reasoning‘as
t;'-Olsen et al (1962), conciuded that'only one percent of the bhosphorus

. gandllo percent 6f the ‘potassium could be,tranéferred‘tO'the rpot'by mass
flow ai;neo"'Reéearch'on'o;her nutrients, ;ummarized'in the'ﬁore'recent

review by Olsen-and Kemper (1968))indicated'that'usually the transport

i




of iron, manganese, boron, copper, zinc, molybdenum and sometimes nitro=-
gen and;sulfﬁr’must be ‘supplemented .by mechanism(s) in a&dition to mass
f flow. o |

| Early attempts to describe the means (in addition to mass‘flow)‘by
‘'which ions were transferred to rooté have created an array of interest-
ing cgﬁcepts. One‘wﬁich provoked much thought and'controﬁersy wés that
:. of “contact exchange" which was develéped by ‘Jenny and Overstreet (1939)
'in 1939, The& proposed that exchéngeable soll cations, andlalso cations
.on the plant root surface,'moved'afout in aﬂ'oscillating volume, These .
volumes overlapped, and whenever a neighbor égir of ions simultaneously

h' . haﬁpgned to be closer -to éagh qt;hgr,‘g original attractive site -than
their own,'they;traded,;ites.' In this manner ions exchanged between
.plant roots.and charged .soil particies -'and.by a similar action,

" between sites on'soil ‘particles at'will, From this concept it was cop~;-
‘cluded -that: the soil‘solhtion wag-not necessary to account for the
_Eransfer pf.ioﬁs. - Bray -(1954), however, érgued'"A single root, to be
functional, must secure many times the émounts of ﬁutriegts that'are to
_be”found on the immediate suffacé of a:clay minerél ﬁarticlg with which:-
: it may be in{contact; Regardless of whetﬁer the root 'and clay éurfacési'
" are so close that contact egchqnge,-gs postulated-by Jenny ‘and |
Overstreet (1939) can take place,'éhe“amount obtained from-the immediate-
contact would be.small and‘iﬁsuffiqiEnt FO‘Qake'the root funcﬁioﬂal.

. The sigpificant‘source‘of‘nutrientslto the ‘root surface comes from‘.

movement Qr-diffuéion into the film of water between the root.surface

4




:'and the soil surface," Bray's'conqlusion did not specify allowances
‘for the ?enewal of ions on the clay gxchange site by~contact exchange.
with other clay material, even if he did consider this in:his comp;t- _
f..ations; However, Brown (1953) had just completed an experiment that-

~ showed that ion transfer. without liquid film media was non—existenf
undér the conditioﬁs-he impoéed. He ‘had converted part of a soil
sample to H-clay and enélosed it in a permeable membrane, This was
then burled in the natural portion of soil so that ion.exchange could
" take place between ‘the two.samples° Witp soil water contents similar
"to those where plang-toots thriye;,ion exchange was rapid. Howevér,,
. when the waﬁer content.was reduced to near wilting point, the gquantity
 thét-ekchanged aléo decreaséd toward zero.  This indicated that'the
:solutibn“was'necessary for‘transfero - Brown (1953) ascribed  the trans-
" fer to "migration“”and "diffusion”. Thus, Browq“g'statements, like'

Bray!s, favored diffusion oﬁer’contact'gxchangee At -about ' this same-

" time, Husted and Low (1954) published results which also indicated tha;-

ion movement was dependent on.the solution phase, and derived a
solution for soil ion transfer which followed Fick's diffusion laws:

Perhaps the most convincing data to dispel. the ‘contact exchange theory

' was provided by Olsen and Peech (1960) who measured plant uptake at Rbt

‘.and'Ca++'£rom'both the sqspension,and=equilibrium dialyzate. Although
,they‘varied the relativefdbncentrations in .the phases to extremes, the | '
;ate‘of RbT and'Ca++'uptake,fr6m botﬁ phasés-wasfthe-same.

A different'proceés'that Hag been en&isiﬁned as also cbntribufing

\




soll solution pH would decreaség' A pH decrease Would‘ﬁrovide conse~

*. potassium by a factor v 10, while the ‘calcium would increase by a factor:
" of 3/ 10, Nye (1968) has-argued that perhaps just the reverse situation

. may ‘exist, He states "It 18 widely believed that reots make nutrients

he reasoned that, on the average, more anions than cations were taken. up-

‘to ion uptake 1s initiated by . the acidifying-actioﬁ of plant roots., It

quential activity differences.,. From Donnan equilibria it can be

‘more ‘available by rendering their environment more acid." By using the

" from the soil - when coﬁnting nitrogen uptake: as Noa'rather than NHZ.

‘tends to ralse the pH.  As an indication of'this;:he-pointed out that it

.encountered 'in measuring actual pH changes near root, speculation only

.has. dominated," Therefofe, it must be,concludeﬂ that this type of

the exact nature“of the several complexing agehtS'thatza plant may.

. . \
was postulated that the solution activity near the root was enhanced

above that measured in soil .extracts., For example, as the roots excrete
COZ’ H2003 may be formed, Or if Bt ions are excreted to preserve elect-

rical neutrality (in case ﬁore cafions‘are absorbed than anions), the

calculated that a pH decrease of one.unit would increase the solution

data of Cunningham (1964), where 62 common plant species were studied,

Nye speculated.from-these_data'that“roots excrete HCOQ'(not H+)5 which

is normal for plants growing in nutrient media to increase ' the pH value .

3;\ Because of the difficulties

when thé nitrégen is applied as NO

exploration is inconclusive,aﬂd“more‘specific evidence :is heeded.

Coupled with this meed'is also a need for determining more about

~




excrete, To study:the:effects, Elgawhary:gt al (1970b) used a simu-
lated root made of porous ceramic. tubing which they'émbedded.in.the
soil. Complexing materials were mixgd with water and passed through -
.'thig "root" which acted as a Sinﬁ'for ions.. EDTA, at 1073 concen~
tration, increased.zinc uptake 'by a factor of i7 over water alone, -
.Other ﬁater%als increased zinc uptake less, but were still’highly
Teffeéfivé.. AS';o the -actual materials excreted 'by plant roots, Rovira
(1962) was-ablé té isolate only smail.amounté of chélating anions as-
citrate and léctate.from whéaf roots, * Thus it was concluded by Hale

et al (1971), because of " lack of conclusive evidence, that the implica-'”
. tions i,n mj,neral nutrition of plants are .unknown..
From the previous literature cited herein it has been pointéd out:f

" that mechanisms such as contact exchange, acidifying action of roots,
‘;or-their complexing exudates haﬁe;faiied to expléin the ‘large differ-‘
ences between'soil'soiution'doncentration and plant uptake by mass flow,
Evidence pointing toward -diffusion is more conclusive, .as will‘be shown;f.
Tﬁe first work'iq soil ion diffusion did not're;ate to the plant "

‘root role in the. process, Empﬁasis waS‘placed.on'diffusion of fertilizef;
matérials once éhey had been added,tO';he'soilg or to the.theorgtical‘
baéis of soil diffusion itself. I;itial-workers’in.these studies

included Chernov-(1939),.Brown'(1954), Husted and qu-(1954), Klute and :
Letey (1958) and:Mgrshall (1958). However, in_the'ear1y11960'8 B0u1di§: .
(19§i) and Olsen et al '(1962) initially proposéd the,importanéé'of
diffusion for trénéporting ions FO'plénf,roots.‘“In_their ﬁublicationél

u ‘




- . with plant uptake. - As

it was pointed'out ;hét the root must reduce the solution concentration

‘of ions at the root-soil boundary and they solved mathematical models

indicating the extent., A quite‘convincing portrayal of the root ‘sink -
diffusive flow mechanism was provided about this same time By'Barber
(1962) with.autoradibgraphs. He 'used a technique of growing plants in

soils labeled with a radioact}ve isotope. X-ray film was placed close

| . .
.to the active roots so that the developed film would depict the isotope -

distribution about them. 'Usiné this mefhod, Barber ‘labeled a soil with -
a small amount of Rb-86. The resulting autoradidgraphs shawed that
there was dePletioq of this material in the root vicinity associated
'time of uptake progressed, the soil zone of
depletion widened. To try'to ensure that:thg depletion was notlassoci—

ated with a soil water gradient in the root area, the plants were

. watered daily. Iﬂ:another portidn of ‘this general study he applied

"excess (to plant.uptake) Sr;90 to an agar root media, grew plants, and

added 'Hoagland's sblution aB-a source of nutrients. .In this system the.

_ isotope inifially collected around the roots by mass flow,.' After the

roots were carefully pulled out ' of the agar'ﬁhe-Sr-QO diffused -away"

from‘the‘pré&ious'afea of concentration. .Ihereforeg itlwas evidenced
that 'a root wag‘capable_of induciﬂg a concentration gradient; either by
.reducing or by increasing.thg near-root ion concentraﬁionu‘

From then, diffusion became accepted as aﬁ:impor;aﬁt‘mechanism for .

o o . .
plant nutrition, ‘and the initial soil diffusion studies took on new
; .

'importénce as-they;helped*to_depict the'baéiC'process;f

A




As yet, this-&isqussion has been dévoted to the way tﬁat soil
diffusion became‘establighéd rather than to the.theoretical development
of the ﬁrocess itseif. As diffusion of ions in soil encompaésés'a broad'
field, there will be emphasis placed on the scope of the hypothesis and
experimental work to be given herein, o

Wheré ion of m;tter transport results from Brownian motion it is-
termed diffusion, Brownian motion is randoﬁ,-so 1f a concentration

" gradient initially exists-the motién'results inv¥educing the gradient
-.Which_in turn'resulté in a net transfer of mafter to the fegion of
.initially lower'concenpration, To some, the actual net transfer should
' .exist before the term diffusion may ﬁe Impldied, E&en 80, ﬁany soils
expérimenté havé invoked the initial conditipn_that one zone of a soii:.
contained labeled matgrial added while the a&jacent zone ha& én eQuél
: am&unt of nonlabeléd matefial. The transfer of labele@ and nonlabeled
.material into each other's zone has been studied and is éermed diffusion,
'ﬂ;although there waS‘ﬁq-net transfer of tﬂé geﬁeral-ion,
Fick's:first law describes the diffusiop:process‘for'; sfeady state
-condition,land as'aﬁended for -a soii ;nion is-
‘J--::‘-,-DIB'(dC/dx)' | | ' o (:l)'
where . '
J = the flux of Substanée crqssiﬁg a'soiliunit area’
: perpendibulﬁr to flow direction per.time;i
(meq,_grams‘a'q'3 ) (¢mf2) (sec*l)'

0= the:volumetric soillwater.content.(dimensionless)*




C = soil 'solution concentration (meg, grams . . ) (cm™3)

x = space variable (cm)-

!
!

-_'diffusion coefficient (cmz) (sec"l)

(=)
B

1= impedence: factor, due.to soll particles interfering_with-
aqueous diffusion (dimensionless)

There 'is some amhiguity regarding terms in the literature. Concen-

tration has sometimes been used to denote the ‘amount.per volume of eoil,'

in effect combining C-'and ©: As just shown, C will always refer to

; solution content, By ‘use of the :denoted terms combined with D in.
: equation (1), J will refer to.a unit area of soil, "I" includes a

. combination of impedence factors which are tortuosity, reduced flnidity

and electrostatic repulsion for anions (or, in the case‘of‘cations,_

* negative adsorption) These three factors'that provide the overall:

. impedence term are:(in theory) multiplied by each other to determine

the impedence valde.‘ However, in practice it has been necessary'to,

' measure . total impedence, then separate'valuesfof'the contributing

factors = ‘usually by assuming values .of-at least one of the factors. °

The values ‘of "I" (except possibly for Y will beYIeSS'than 1 (which

is the value of an aqueous solution alone where © = 1). The values of* ) ;

' D are literature values for dilute aqueous solutions. It may be notedf

that'some publications have referred to a diffusion coefficient for

.-soils:(or D-.aS'an.effective‘diffusion coefficient) which was‘a_combin;~

. ation of. (D)(I) or (D)(I)(@) in comparison to equation ).

The use, of a tortuosity factor, acknowledged from the oil industry .

\ .
o
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literature by Porter et al (1960), incorpdrétes the increased path

- length an ion must travel to_reaéh its final destination with the
‘reduced_pafh area in which to travel. As can be shown by the model ‘they .

'proposg; these two factors are related, Therefore, the tortuosity

factor they descr%ﬁe-is (L/Le)z.' L stands for the effective distance an
- e ’ .
ion travels while'Le_denotes the ‘total distance it travels in its
tortuous path,  This-factor iS'dépendent'on water content, solufion

fiscosity and-ibnic-clay interactions, - Further, these other factors:

. are not independent of each other. For -example, reducing the water
" content-increases the average solution Viscosity (as the ‘solution ‘is

.more viscous near surfaces) and causes diffusion to take place in

reglons closer.to‘cléy particles where they become subject to électrica;.

forces, Since an anion is repelled away.from the clay charge, it does .

not experience as much'influence from increased viscosity as a cation,
* but it does experience the effective pathway reduction to a greater

‘exteptg With chloride, which 1s not-apprecilably adsorbed, Porter et al.

(1960) found that the-ﬁrodhct.of the ‘tortuosity times reduced fluidity.

. times electrostatic repulsion was "linearly related to volumetric water ' -

content, fhe product term had values extrapolating-to‘o whéﬁ 0. was
reduced to near 15 atﬁlospherés° Rowell et al (1967) obtained ver&
similar results to those of Porter et al'énd.denoted.the similarity in
their writinés by:p16£tiﬁé'bothlseﬁs of.data.onfone éraphd

.A fﬁnétional'relétionship'thét'Was'dgrived by‘Kémper'and,van‘Sghaik

DIO = Daebe* ‘ . . \ (2)
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where "a" and "b" are empirical constants with "a" being related to the
.surfacelarea of the eoil studied,” Olsen and Kemper (1968) later con~
cluded that, for the overall work -done, there was reasonatle agreement,
when "b" was equal-to 10 and "a" raeged from 0,005 to 0.001 for sandy
loam to clay soils. |
'When phosphorus diffusion was measured tnder several water con—:
tents, Mahtab et_ai'(l97l) found a fairly linear relationship bet&een
water content and ilmpedence.values -as otﬁere had with'chloride.'
However, Olsen et al (1965) and aleo Rowell et,al (1967) found more
'curvature in the form of a hyperbglic function. Olsen'et al attribu—'
ted the difference between thSPhate and chloxide to adsorption of the:
phosphate. That is, as the solution phosphate 1s adsorbed ‘at 1owered
‘water contents, its total solution concentration per volume of soil
'becomes-1ess;"In.comparispn,-the total,chlori&e concentration per
volume remained the eaﬁe.
ﬂow.(l962) has reported that water takes on "ﬁuasi-crystalline"
properties at'close proximities to-clay surfaces, These reduced
' mobility effects were measured by Kemper et al (1964) and the fluidity
found to be 0 05 (as compared ‘to 1 for normal water) in the ‘first layer
" of a Ca-clay and 0.03 on a Na~-clay. The'mobility‘increased.rapidly by
the third ﬁater leyer but weezstill affected at. 408 from the clay,
| Fbr'cetions;'Bear'(1964) depicts that the‘distribution of ions
from a’ clay surface follows the’ proposal of Stern in 1923 for a double -

.'_.1ayer. The distribution is relative to the 1onic ‘dimension of the ion, 3

L.
S
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in .addition to the following the earlier proposals of Gouy and‘Chapman,
and Helmholtz. Adjacent to the play a layer of cations (Stern layer) is
concentrated and there they rarely exchange positions. Next to the

Stern 1ayer a less tightly held and concentrated layer exists where the

' cations are termed exchangeable. Away from this layer is the bulk

" 'solution. In comparison to the steady statelequation given for anions

(equation 1), Olsen and Kemper (1968) show that with cations there is a

~ contribution from solution, and

- J(from_éolution)"= - (DIOC/BI) du/dx _ (3)
whe;e | ' .

R = the gas constant

T = absolute temperature
. du/dx = the driving force, where ; =_ﬁo-+'R? In a + zFy, and a

s activity, z'is valance,.F is Faraday, and { is the phase
elecpric pbtential.l |

Other notatibﬁ is'fhe same as used for equation (1).

The soll suspension driving force, dﬁ/dx, has been controversial.
While it has been argued that the gradient in the'chemical_pofential
(éalléd,the,da/dx theofy) depicté the driving force, Khasawneh (1971),

in review, states that the more recent body of evidence supports the -

du/dx (electrochemical potent}al) theory as argued bf Frere and Axley

_I(1964)J Lagerwerff (1960) and Olsen (1968>w

With catlons, Rowell et al (1967) and Patel et al (1963) found

nearly the éame hybérbolic‘cufve.reiating impedance féctors:to volumetric

......
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water content as.was'foﬁnd by most workers with phosphorus. -

The relative contribution ‘to diffusion.within tﬁe.adsorbéd phase:
has bgen_considéred to be minor for strontium and sodium by Rowell et al-
-'(1967) minor for sodium by Mott and Nye (1968) and minor for calcium by
van Schailk et al-(1966).. These latter authors fouad that sodium was -
_1argely regulated'by éiffusion in the adsorbéd phase on a Na—clay.

'Ellis et al (1969), from using equations they developed, concluded that
Mott and Nye's (1968) findings coigcided with their development.‘ Con-
versely, Elgawhary e;ial,(l972)'énd Bole and Barber (1971), with plant"
. uptake stﬁdies wi;h:calciﬁm and strontium, .concluded that with diffusioﬁ '
~of these ions, they were the pértion'balancgd,by negative clay cha;ges°
‘By'using the exﬁression developed by Ellis. et al (1965),.Phillipé et -al -
(1972) proposed ‘that when -only a small fraction.of the soil catién;
" exchange capacity 1s filled with -an ion in qﬁestion,;it will tegd to'
diffuse primarily in the adsorbed phase, Thus they calculated that
‘ éopper and éresumably manganese and zinc will diffuse in the adsorbed
phase. . o | |

As transient conditionS'aré mbre\comﬁon in soils'than';teady,st;te,
. equations for these will be given. .Some éimpiification-will be made to
cope with problems found in les§ than ideal situations, aé in .80ils, but
no more than is usﬁaliy found in the literature. For example, Lo&A(l962) o
has discusQed that both éo-diffusion (also termed.salt .diffusion) and
Qouhtér-diffusion~are assumed . to be qperétive iﬁ.soil-planf'systeméo

Cp-diffusion‘is\the‘process whereby, in order to maintain electrical
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neutrality, an anion and cation move in the same direction. For coun-

'ter-diffusion; electrical neutrality is maintained by ions of like .

'charge travel;ng'in opposite directions, The general equation for

transient condition diffusion (Fick's-second law) can be derived by use -
of Fick's first law for an -anion and the equation for continuity-_
‘ 2000 20
9C/3t = -DIP“C/5x*) . (4)
Another way of expressing this is)by multiplying by ©, and -

aM/3t:= DOI(3%C/3x%) . G5y

" where M is the quantity diffusing per unit volume of soil., Gardmer

(1965) has given a useful analytical solﬁtion for equation (5) fo; planar

© . diffusion in a semi~infinite system, They were derived by assuming that-

the ‘initial cdncentration in the ‘soil is'upifofm, but afte; time zero
the boundary is“maintained at a neﬁ concentration;‘pr |
" S C=C, t=0,%x20 ' | . 6) .
C=¢C, t>0,x=0 )

where C0 is the é;iginal‘sqii solution concentration, and Cr=i$ the

‘boundary’ (as root 'or other sink) concentration. Then, subject to ‘these

~

conditions | . .

L

(C-C ) /Cy=Cy)= exf [x/(Z)(DIt)l(Z;' | L (®

‘which depicts the solution concentration with varying t and xof The:rate'

f

of diffusion into the sink is

. iz . .
| DI(@C/dx)xgaf(?o-Cr)‘DI/(ﬂDIf) - (9)
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Integration to sho& the quantity of material diffusea per.unit area a
until time ="t shows .

| M.‘='2(C -c o) (Dzeﬁ)l/Z/nllz - (10)
where M = the quantity per -unit surface area of soil per time,
Equation (10) has been used by Nyeand co—workers (1966b) for diffusion
of both cations and anions, and a verglon of it was used ‘by Warnche and

Barber (1972).

In these “equations ‘the diffusion coefficient, D, was ‘taken to be

" constant, It is known to vary with concentration, .but not appreciably

until concentrations become larger than are.normally found in 'soil-

- golutions., For example, Kemper and van Schaik state that a constant

diffusion coefficlent "will be sufficiently accurate for most practical

applications”", If only two ions were involved in a diffusion.process

~in-soil (for co-diffusion or counter-diffusion) a weighting method to

obtain a mutual diffusion coefficient could be used as shown by Low
(1962) ., . Although this method cannot be applied to more complex systems

where the exact -actions of the many -ions are unknown, it does provide -

- ingight into the general nature of the diffusion process. The equation

o dss .

/
/

Dig = DyDy (23Cy +.25Cp) / (Dy2;C) + Dyz,Co) (11)

'when Dy, is the mutual diffusion coefficient, C is the. ion concentration,

{ -
z is thle valence of ‘the ion, and the 'subscripts 1 and 2 refer to the two -

respective ions. From this equation it may be seen-that the value of
B - | . .

'Dlé is between D and D,, and that the ion‘bréseﬁﬁ in low éqncentrationj




will largely‘contrdl.Dlz.:'Nye (1966a) has proposeﬁ that in diffusion’
to a zero sink, the appropriate average diffusion coefficient is the
self-diffusion ¢oefficienf; such .as ‘would be obtained from measﬁring
the fate'that a labeled ion diffuses countér to an identical unlabeled -

ion, - Fufther,.he believed that-ions present in small‘'concentrations

. may be assumed to be moving independently with their own diffusion

coefficients, being.little affected by other macrocomponents in .the -
éys temo

A method of determining the contribution‘from adsorbed ions to

' diffusive flux, where they enter into-.a simultaneous reversible reaction -

" with the solution phase, ‘was firsn'ﬁropgégd by Olsen et al (1962) in

‘1962;‘ The solid pius solution phase contribﬁtion for this reaction
comes from the differential equatioﬁ

(3C/at)e + (38/3t) = D10 (32C/5x2) (12)

where S is thé Quéntity of ion per unit volume ‘of soil entering into

the diffusion.process._ If the iéotherm betWeen‘adso;bed'and solution

_phase is linear

S = ROC + constant (13)

where R is tﬁe_fatio of iomns in the.adsbrﬁed phase to thﬁsé in- the

solution/phése; per .unit volume of soil., A ﬁew equation may be written

by combining'quations”(IZ) and (13) : . |
R | 8C/at = .[DI/ (R+1) ] (a%C/0x2) (14)

The (R+1) term depicts the slope of the isotherm for the ratio of the

. (adsorbed + solution phase) “to the solution, only, phasg;:'lt 1s what
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Olsen et al (1962) termed a "capacity factor", 1In heat flow equations,
D/ (R+1l) is analogous to .thermal diffusivity. When including the

capacitj factor (R+1), equations (8) (9) and (10) become, respectively

C-C,/C~C_ = erf { [x(&+1)/2]/ 2(p1t)2/2 } , (15)
DI(AC/dx) ey = (C,=C_) DI/[(wDLt)/(r+1)]%/2 (16)
M, = 2(C,~Cy) [DIOL (Re1) /2 )y (17)

It may be noted that, from the adsorbed pool, the contribution to
the diffusion process is enhanced by the capacity fécidr o&er fhat of
not having the adsorbed material ~ but only when relating C as the
solution conceniration as done here, In the literature of N?e and co-
workers (1966b) and others who take tbe éoncénfration term to ecual the
total diffusible concentration per unit volume of scil, théy use - terms
that depict that the diffusion process is reduced by the adsorption of
ions., Garéner (1972) has derivéd the equations of Nye et al in terms
used herein and. shown them to be identical, and-varying only in how
individuals prefer to work with themn,

When the adsorption isotherm is not linear, as shown in equation
(13), finite difference methods are necessary ﬁo solve the contribution .
of both sorbed and so;ution»phases. This aspect, then, becomes an
-important consideration, Olsen et al (1962) -found the amount of P that
underwent isotopic dilution with P-32 in a 24-hour reacticn was linear
throughoﬁt the important range of concentration., Therefore, the
capacity factor (slope of R+l) was a constant, As more fertilizer P

was added the slope of (R+l) decreased taking the form of a ¥Freundlich
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‘isotherm disblays some curvature., -

.desorption'characteristics.
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isothérm, Also, it was thought that the slope of the ieotherm would be
more variable for acid soils with their greater anion adsorption capa=, |
Nye (1966) has indicated that the appropriate measure of the:
capacity factor is a,streight‘line,passing from the point (x=C,, y =
total diffusiblexebncentration),;to the origin in the case that the |

o 7

With boron, as with phosphorus, the

isotherm has been found to be linear over low concentrations by Bigger

and Fireman (1960), Hingston (1964), Okazaki and Chao (1968, and Sulaimen:”

~and Kay (1972), but-following a Freundlich or Lengmuir isotherm at high~-

er concentrations. These authors have not agreed on adsorption and
But this might be expected when considering

that-boron may, in addition ‘to being sorbed or forming complexes, enter -

‘into the-clay lattice or precipitate with sesquioxides, as was found by;

" Sims and Bingham (1967; 1968).

With cations, Vaidyanathan et al (1968) found certain  soils had
fei;iy linear sorption isotherms for K,
that most of -the K isotherm was linear, -but similar to_Beckett‘s find-
ings (1964), there were nineral sorption sites particular to K only

which were‘operative-at-a very low 'K status, Thus, a-larger ratio of K

is sorbed at low concentrations as compared.to the ratio found at inter-
mediate or higher totai concentrations. From Brewster and Tinkerfs ex-
periment (1970) Na and'Mg had linear isotherms. They stete, though, .

that as Ca 1s the major soil ion, the aspect of increasing the Ca

f ,' :
.sorbed phase with increased solution phase concentration would not be

ot
i

Brewster and Tinker (1970) found .
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/

‘ possible, except with very limited solution changes. Zine was found to- -

have a linear isotherm by Eigawhary'et al (1970a). - With 'irom, OiConnor
et al (1971) found that the ‘slope of the isotﬁerm-increaséd'with one
month's time (frgm 1000 to 5000), and therefore instead of terming éhe
slope a."capacity factor", stated that it should be used as a 'correc-
tion factor". vTﬁe increase in the slope was associlated with gradua;'.‘
precipitation of added ‘iron ‘as amorphous iron -oxides.

Nye (1966) pointed out that, to avoid hysteresis problems;'the

" isotherms should be determined under the same conditions as diffusion is
‘to occur, indicating that 'if diffusion to a sink were to be studied, a
".desorption isothérm would be preferred to an adsorption isotherm, The

procedures used in desorbing soil ‘materials have usually consisted of

sequentially extracting portions of the ions and measuring them to-

gether with newly obtained equilibrium soil solution concentration.

'Cohversely; Bar-Yosef et al (1972) pointed out that the hysterésis

phenomena in the ‘adsorption-desorption' process with -phosphorus arises’

during desorption:from drastically reducing the P concentrationm.
. o

Because of this, éhere is dissolution of silica and an altering of the:
" available P adsorption sites on the clay., Thus, with ‘these opposing

views and questionable ‘understanding of hysteresis, it appears that:

', conclusions at'present would be premature,’

As an overall consideration about the buffer capacity term, when it.
is obtained from-an isotherm it ‘is an approximationy varying in exact—

ness of application amongfsoils,ﬁand“With'ion'type:and concentration ' -
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within a soil. - Even‘mith.these drawbacks, however, this fector'quant--
ity has provided considerable needed resolution of quantitative diff~-
‘usion process.
In/regard to other -factors contributiné to diffusion regulstion,
Olsen and Kemper (1968) have stated "While the osmotic movement -and
electrical potential increased by saltrgradients are intriguing, they-
.change’the salt diffusion coefficients only slightly ,.." Therefore,
: these.items will not.he-detailed'here;. Ion-pair.formation is still
* another factor that deserves mention, but’falls into this same category.
Ion.exchange resins have been used in diffusion studies because of
. their ability to reduce a soil ion concentration at-a soll-resin-inter-
face. Vaidyanathan and Nye- (1966), used both cation and anion exchange
' resins. in paper ‘'strips as sinks for planar diffusion studies and outline’
methods of determining accumulative flux.' They'did-not compute a
'_:capacity factor, ‘but obtained overall_potentials for soils to contribute-
.to diffusive flux. This technique'was elso used by,Warncke and" Barber
(1972) in sinc-soil interaction,studies'with.equal success.
‘Vaidyanathan and Nye (1970), in later studies, rejected.the use of an'
anion_exchange'resin paper for measuring P -diffusion as .they assumed
that diffusion through the paper was rate limiting.. Their next approach. .
.:(1971) to measuring P diffusion was by evaluating impedence factors
together with the 'capacity factor as had been proposed by Olsen .et- al
(1962) previouslya_ \

—pp

In conclusion@ much work has:gone into determining how to ‘measure




soll ddiffusion and inferpreting
from plant-soil aspects, As is

research, systems have not been

to be done by indirect methods. .

mechanisms for determining soil

‘ have ‘been ‘relatively unutilized

!
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the basic process, both frbm soll and
normaliy encountered in plant and soil
ideal and also much meésuremént has had
As»yetyiaﬁplicafion of diffusive
fertility status and plant contribution

except in isolated instances.
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L Hypotheses

It was hypothesized that by rﬁeas'uring planar diffusive flux from a
soil to an eidhange resin sink the "results could be used to depict the
soil's fertility status, especially in regard to those nutrients that are
fransported to a plant root by this method, Specifiéally, those aspects
that could be estimé.ted by this method iﬁclude the following.:

. ;1. " The original (before reciuction by si;'mk uptake) soil solution
| concentration, Also, the concentration after time = t and
distance = x from the adsorbing sink. |
2, Th.e soil adsorbed ( and other state) ion conceﬁtraltion that
.contrib'uted to diffusive flux by equilibria, calculated from
- the model for an instantaneous reve.rsible' reaction having a
" linear acisorption isotherm.,
-3, .The estimé,tion of the slope of a linear adsorptidn isotherm
(bufﬁer capacity) calculated to go to the origin f‘rom.m 1. and
, 2_° , above, | |
4, The impedence valqe for an ind;lffei'ent ion (C1) for any soil
under consideration, |
5. From these first four (above) quantii.:ies, thg calculated
quantities of a fertilizer that need to be added t'o a soil to
'. have it prévide a flux rate equé,l to Iplant needs, |
' It will be shown in the "Theoretical Considerations" s_ecfion.how

the development of equations (15)‘; (16) and (17) (shown in the literature
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review .portidn of t};le "Introduction section) can be developed to deter-
rr:;i.ne these various aspects. While it may. be noted thatthe inte gréted
(over tirr;e) planar flux has been prex'riously measured by Vaidyanathan
a.nd. Nye (1966) and c;thers, the éeparati_on of any.of the c.on-aponents

shown above has not been previously accomplished using diffusion - .

theo Y.
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" EXPERIMENTAL METHODS AND MATERIALS

Theoretical Development
A major portlon of the basic studies in so11 d1ffus1on have

been to resolve how fundamental principals of d1ffus1on apply to

a soil sy stem. /I‘herefore, the literature review section contains

“the ‘generdl established theory relating to this study. Proceeding

from this general established theory, a development will be given

to show how the components that contribute to diffusive movement

(soil solution concentration, - soil adsorbed concentration; capacity

.factor, etc.) can be separated.to characterize a soil.

The quantity of soil ion flow by diffusion in a unidirectional

system to a constant sink over a time period has been given pre- a

M 2"(co - C,) [DIst (R + 1)]1/2/17 1/2 (17)

H

.'I.n equatlon (17), the (R + 1) term is the slope of an a.dsorptlon

isotherm, and is assumed to be l1nea.r., It descrlbes the amount -

- of change in total diffusible ion concentration ( solution plus ad- -

sorbed phase) per, amount of change in solution concentrat:.on .when

a condition is imposed to cause,thls change. Mathematlcally
R+ 1) =(AC, #AC)/AC, (18)

where CS is the sorbed ,(ancl/or- other :unspecified) 'phase‘., ._‘If:,.,"

a fertilize‘r"‘o'r other mé,terial“is: added to a soil, and if.the

'mater1al remains in diffusible’ form, then this quantlty becomes

Lot .‘.'“\'-\'-...lnl\ EERE Cortatpnsa ude o Lk T R S S S S
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(ACo +A CS). The quantity of diffusive movement over a time period
may be rewritten for an unfertilized soil and also for a fertilized soil
using the terms in the right side of equation (18), and equation (17)

becomes

M, 2 Z(CO-CI..)(DIGt)I/z[(ACO-:- ACS)/ACo]llzlw 1/2. (19)

: where Mtu represents the unfertilized condition, Where fertilizer has

been added, the new solution concentration becomes Co + ACO-, and

i/2

‘M, = 2(C, + AC_ - ¢ )(Dwn) X ac_+ ac)/ac 1 P m (20)

using Mtf to represent the fertilized condition,
_ The term ACO can be solved in terms of Co by dividing equation
~ (19) by equation (20)
Mt,u/Mtf = (Co - Cr)/(C0 + A.Co - Cr? e (21)

. . /
f J

o /Also, simplification may be made by having C.goto 70-. (as was found

to be the,case in experiments dbne) and
. i i ’ .
. . . ' .
: Mtu/Mtf = Co/('co + ACO) _ (22)

' Pérha.ps it will add clarity, before solving fo:t_' (C0 + ACO) 111 :
_terms of Co’ to introduce a factor "z'""., Let z be a (juantii;y such that

z Co D= C0 + ACO.' Then equation "(22) may be written as
' Mtu/Mtf = COI(C0 + A(\J.o) = 1‘/z " : ' - (23)_

or
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2 = My /M, : (24)

. . . l .
and reverting back to terms used before introducing z,

AC = [(Mtf/M.tu).‘-_ljcoﬂ | (25)

If the quantity of fertilizer added to a diffusion system is
termed "K" , and which equals ACO + ACS (where the total added"

may contribute to. diffusion), and using terms just defined

~or

_ 1/2 1/2 ,. < 1/2 -
M, = ZCO(DIGFL)‘.. (KM, ) /[Co(Mtf'Mtu)"] (26)
By squaring both sides of equation (26) and solving
C, = (M, NM, - Mtu)(n)/4DIGtK : : : (27)
. Also, from equations (25) and (27)
AGC, = T(My/My,) - 1T(M MMy~ My, )m)/4DIGEK (28)
- 2 ) abiesi .
A.Co " -(Mtf‘Mtt_l) (w)/4.DIetI..<f‘ ' (29)

.-Following this development, (R + 1) may be easily denoted -
from realizing it is equal to K/A C,- ' Substituting the value of

A'Co from equation (29) into this expression

2

(R + 1) = 4K D'Iet/(Mtf-Mm)zw‘ o (30)

To solve for CS, the same a.nai.logy‘will'.be- used as is When_detef-

mining labile soil ions

ACO/A_% = cé/cS . (3D
‘or, on rearranging. | ,
CS .=‘(Co)(ACs;)/AC0 0 ' -, - (32)

and aiso;
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Ac_ = K'-;.ACO . (33)
-and o ' L . . :
C, = (Co)(K - ACO)/ACo : : (34)
'The terms in the right'ha.nd side of'eqqation (34) have been found prev-
iously so that | . |
Gy =M LR /(M = M) = (M, =~ M, ) (7) /4DIgtK] (35)
S The use of the analogy in equation (31) depicts that as the sorbed
phase of an ion approaches zero, the soiution phase must also, and with
a linear relationship.'. T;.herefolfe, (R + 1) from this relationship is
merely '(Co + ,Cs)/co" ‘ .
"From these equ;ations, the values in eql;.ation (17) may be solved,
providing that total ions transferred to a sink from a fertilized and un-
fertilized soil are m;easured. In add;ltion; volumetric Wéter content (6),
, -and tirﬁe ’,rnulst‘be measu;red. _ Diffusion coeffic.:ients from dilute aqﬁeous
o /solution experiments may be used, For Cl1°, K+, and oyrthophosphate
ions there has 'beella repeated a;green.q"ent in soils literature, with D
being, zl'espectively; 1,82, 1,98, and 0.5 X10"'5 e’ /sec, The imped-
anée value may be solved by adding an ion as chloride, which is not ad- |
sorbed by the clay and becomes 'ACO° F;ofn ,equ.atic'm (29.)
I= (M- M, f ()/4D8R® (36)
The term '"labile" ﬁsually associated with the amount of soil ion

. exchanging with its isotope, has been used here to also indicate the

. total diffusible amount,
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Soils Used and General-(}hemiéal and Physical Analysis

Twenty one soil ‘samples were gathered from the United

States, and represented a wide range of characteristics. ‘They

were dried for 3 -days in a foréed air drier at 60°C and stored
for future plant uptake, ‘chemical and physicai analysis, and ion
diffusion tests., ’ |

To determi:ae‘ _their general éharacteristics, rduti_ne' tests
were’ 'dohq initially by. usual routine methods as found in many
textbooks.;‘ The;e included'textural~a.na.lysis by the hydrome'ter

method, organic matter content by the W‘éf.llgl_.gyl-Black (without

- external heat) method, exchangeable Ca, Mg, K and Na (extracted

with 1IN NH 4=OA_§:), cation éxchange capacity, and available phos-

phorus by Olsen's NaHCO, test (with color development in ascor- °

3

- bic acid) \(196_5). Soil pH measurement was done by mixing 0.01 N

CaCl'2 and soil in a 2:1 ratio, and placing the pH meter _gla.ss.
I .

electrode in the soil suspension and the calomel electrode in the

~supernatant liquid. .Also;, a IN NaOAc extract was made to de-

termine exchangeable Ca and Mg on the 'calca,reo'us sdils, as
evidenced by their '-.pI—i_va.lue ‘and also by the sum of Ca + Mg +. .
K 4+ Na from the NH4

capacity. The-l_N‘ 'N;LQAC extraction procedure was identical, ex- .

OAc extract exceeding the cation exchange

‘cept for extractaht, to the 1IN NI—I40Ac éxtracting_ procedure, =

~ The 'résults of these determinations are given in Table 1.




Table 1 - Results of soil physical and cheﬁ_lical d_eterrriina.tions on soils used in experiments,

CEC

Exéhéngeabl e cations

'Ca

Winchester 1 s - WA

/

.

Nl
L]
" g

Soil/Origin Clay. pH Mg K Na P oM
_ % meq/100g pPpm % .
Amsterdam sil - MT 26 7.5 26 16 - 3.0 1.5 T 20 C 2.1
Astoriacl~ OR . 33 4.1 56 0.2 0.5 0.4 0.3 9 11,2
«~Camas Creéek sil - ID 12 5.8~ 18 9 1.4 0.4 0.1. 15 - 2.1 .
Dayton si c 1~ OR 36 .5.4 = 25 9 1.4 0.9 . T 110 3.4
_Door 1 - IL 23 5.1 18 4 2.4 0.2 T 14 3.2
Drummer sicl - IN - 35 6.6 29 12 6.0 1.1 - T 54 4.7
. Frankfort-Bryce ¢ - IN 45 7.2 35 14 7.2 1.0 T . 102 3,7
Jory sil - OR . - 23 5,6 26 5 1.3 0.8 T 16 3.4 -
. ‘Lloyd ¢ - AL - 45 5,1 177 1.5 0.7 0.1 T 4 _ 0.4
~Minidcoka s 1~ ID- 7 7.5 -7 5 1,6 1.0 T - 13 1.3
«Portneuf sil - ID 24 7.6 25 16 6.3 1.1 0.2 43 1.3
~Portneuf subsoil sil-ID 16 7.7~ 18 . 14 5.2 0.7 0.3 17 0.9
Sagemoor s 1 - WA 12 7.7. 13 13 2,2 0.6 ° 0.3 11 0.6
. Stanton's Crossing s 1-ID 7 7.5 14 12 2,0 0.1 0.1 . 8 1.9
,Tetonia sil - ID 20 7.6 21 15 2.5 1.6 0.1 11 1.4
Tracy s 1 - IL- 18 4.1. 12 0.8 0.2 0.1 T 24 2.4
Wahluke 1 - WA 9 7.4 12 8 2.0 0.3 0.2 -34 0.7 .
Whitney 1 - CA 21 6.7 21 13" 3.6 0.8 0.3 54 3.4
Williams 1 - MT 28 6,3 24 8 5.4 1.0 T 22 2.0
Willamette sicl - OR 30 4.6 28 5 2.0 0.3 T N 2,8 -
4 7.5 4,2 1.9 0.7 3 0.3

og
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i

To estimate labile P, the method initially proposed by Amer

‘et-al (1955)' and which was also compared by Olsen (1970) was used,

For this test 1 g of the three rates of the spiked soil that ‘were used to

estimate labile K were placed in a2 125-ml Erlenméyer flask, To this

.1 g of "Amberlite 1RA-410" anion resin, which had been previously

left only the resin, To collect the resin for extraction, a piece of fine

purified in a column regeneration process with 1N HC1, air dried and
retained on a 32;-mesh sieve, was -added; The samples were then
placed under partial vacuum to degas the resin, stoppered and placéc_l
on a hand shaker for 24 hours, After this shaking period, the resin-

soil-water sample was poured into a 60-mesh sieve. To obtain com-

-plete transfer of soil and resin, the Erlenmeyer was partially refilled

with additional distilled water and again poured into the sieve. The

soil was washed through the sieve with a jet of distilled §vater, which

.mesh nylon fabric was fastened very loosely over the top of a graduate

- cylinder with a rubber band so that the resin could be rinsed out of the

sieve with distilled water into the hollow formed bir' the nylon fabric.
S

After transfer, thé nylon fabric hoiding the resin was tied into a bag.

To brepa-re to extract, the bagged ;resin was positioned at the bottom

of a 30-ml separatory funnel (which had the top previously cut off), and

© was held.tightl'y' in place by a teflon-coated stirring rod which in turn

was attached to a stretched rubber band. Extraction of the resin was"

2774

volumetric flask, Phosphorus' content was determined by ammonium
ke O A T “ N P

done with 50 ml of 1N H,SO ~at the rate of 1 drop per second into a
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molybdé.te ‘color. development i'n.ascorbic acid,

The s.oil solution concentration of K and P (a's sociated with
the labile conéeni:yation just described) was determined at the same
spiking rates from extracts; of near saturated paste on soil samples
undefgoing diffusion tests. The method of pl;eiaarilflg.the pastes is in-
cluded in the secti.o'n describing diffusion tests., Concentration of K
in the extracts was determinéd with a flan}e photometér.. iDhosphorus
was determined on the extracts by ammonium molybda'te color deve'lop-,

"ment in ascorbic acid where there was s‘,ufﬁc'ient ‘cc.vncentra,.tio,n. for this
 test, | An extraction of ammonium-phosphomolybdate into isobﬁtyl alco-" ..
-hol was ,ma,d@ on elistr_agtg having 'ins,ufié;c;ent g'gnc@ntratign for the |

0!
.

. M N W ” .
ascorbic acid met{md,
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" Chemical Determination of Solution and Sorbed Concentration and
| Capac1ty Factors for Phosphorus and Pota351um |
The dr1ed 2011 samples were 1n1t1a11y' moistened with water to
h.ave. 15 percent water by weight. They were then stored in plastic
: 1ineti .containers at four degrees centigrade for six weeks. To deter-
.- mine if water loss had occurred after the .'refrigeration period, the
samples had water content det'errnined and allowed for spiktng with,
fertilizer to be done on a dry Weight basis. A neutral solution contain- |
‘ing 4.32 g KC1, 1,45 g KH,PO, and 2.89 g K,HPO," 3H,0 pefr_ liter |
was added at rates of 0, 10, and 26 ml per' 100 g soil (which had prev;-,
' iously passed through a 100 mesh sieve). The soil water content wa s
then 1ncreased to produce a saturated paste and the soil was mlxed
and air dr1ed a total of four times during a two-’ day period, To esti~
mate labile K, the method of Graham and Kampbell (1 968) was used,
_Where 1.0 g of soil and 24 ml of 0. 01 M CaClZ were added to a centri-
fuge tube, ‘ The mixture was stoppered and placed on'a shaker having
120 excursions per minute for one-half hour. Then the sample was
centrifuged and the supernatant liquid collected in a 250 ml plastic
bottle. 'Seven more portions of CaClz,were se.quentially_ added, shaken
and centrifuged as before and the.resulting extract added to the plastic
- 'bottle The collected volume was brought to 200 ml by ddding additional

CaCl2 solut1on. Potass1um content of the extract was determmed by

flame. spe ctroscopyd .




. ‘applied to a 400 g (dry weight basis) sample.
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Determination of Solution and Sorbed Concentration, Buffer Capacity

And Impedance Values by Diffusion
For these aeterminations, soil was used from the same bulk.
containers having the soil water @nd refrigeration pretreatment as
for the chemical dete'll'mination'of‘ phosphorus, potassium and
capacity factqrs. Also, th-e same spiking solution a:pd'rate'was

These samples

“were then mixed with distilled water to produce' a paste that was

slightly less wet than a saturated paste. (The reason for this

-deviation from a normal saturated paste was to ensure‘ that the

" golid portion of the samples would not shrink away from the resin

sink during the diffusion pe’riod, which would have prqduced poor
soil—rvia'sin sink contact,) The wetted soil was then placed in a
sealed plastic bég, the bag was placed in a round capped jar, and
the jar placed on a slowly revofving rock tumbler for. 2_4 ilours,
Iln’this manner the bag rolled in'the jar and thé'soil was mixed

with no separation of liquid from solid phase, which had been a 1
problem with other mixing methods attempted. After this mi}'n'.ng'

a portibn of the soil solution was extr‘acted under suction in _a_.l
Buchner funﬁel and the extracts saved for determining soil solu=

tion concentration -- as mentioned in the section on '"Chemical

Determination of Solution and Sorbed Concentration and Capacity

Factors for Phosphorus and Potassium'. The other portion of soil

was used to fill the diffusion.céll, shown in Figure 1.  In addition

to measuring the'ﬁuanfii:y of water added to the soii.for the diffusion

.......
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Figure 1. Diffusion cell showing: A-Dimensions (model shown could have soil column
height reduced to one-half); B-Cell in operation; C-Method of extracting

resin, A wooden match can be inserted through cap holder to push out
resin after extraction. :
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- test, the. soil filled cell (of known Yolumé and tare weight) was v_veiéhed,
/ Fll'om this, Pv (percent by volume) was calculated from estimating that
the specific gravity of the rnixlleral portion was 2, 65 and . |

| PV’= [ml soil - (ml soil - g wet soil)/1. 65] (ml soil/100) (37)
- Using this same information to-calcula.te. PW (percent by weight) |
P\;v= 100 L2,65(ml soil-. wet soil)]/2. 65 (g wet soil- ml soil) - (38)
and bulk density was compﬁted from » |
BD = Pv/Pw (39)
wa replications with the three spiking rates for each soil were . '

.done, When fill_iné the éells, a vibrating hair clipper was touchﬂecii t6 the
side of the cell which facilitated getting the soil packed without air

" bubbles. The e@osed soil at the top of the cell was struck off Witfl a'

* spatula to produce a smooth glist.ening surfac':e, and the resin sink (de-
'éassed and previously stored in watler) was placed in contact and was . -
capped as shown in parf B of Figu're 1. ’Aftéi' diffusion of ions. was

_ ailowed to take placé'for 24 hours, vthe cap with resin sink was removed, .
-and the soil adhering to the nylon mesh was rinsed away with a jet of -
(_ﬁstilled Wa‘tér. Extraction was dope with 100 ml of 1E HZSOAL as’
shown in part C of Figure 1. ~ ' . l

The resin used in the sink was a neutral _rnixtﬁré of -'A.mbe‘rlite

I
\

1IR-120 H (mediui’nf—éorosity), a strongly acidic resin and Amberlite
: por g

5 IRA-410 OH (medium porosity), a strongly basic resin, Before use,

the lrésins were sized. The 1R-120 H resin was purified with 1 Q.HZSO‘L .

while the basic. 1R-410 resin was converted from the C1 7 to OH"type by
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1§' NaOH in standard resin column technique. To determine the propor-

tion of each resin to add to the mixture, enough of each were added to

produce a neutral pH when a sample_ was placed in a ten percent NaCl

" solution.

Potassium c,or(}g:ent of the extract was determined by flame emission,
phosphorus by amz'é{onium molybdate color development in ascorbic
-acid,. and chlorine by a potentiometric method. This method involved
titral‘:'ii}g a staﬁdard 0.002 l\I KCl solution in 1 N I—IZSO4 (resin extrac-
tion solution) with 0. 005 N AAgNO3 and d’etermining. the relative milli-

volt reading (set at zero before titrating) with each increment addition

" of the AgNO3, A Ag reference and Ag-Ag-~Cl electrode were used,

_The inflection pdi_nt of the resulting graph agreed with the calculated
end point and the unknowns were titrated to this millivolt end p.oint with

‘the AgNO, solution, -

.....
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Determinatioh of Plant Uptake from Soils
The Neubauer seedling method as described by Vandecaveye (1948)
was followed closely, using three replications of each soil and sand

checks., Barley (I—Iordeum distichon var P1r011ne) was grown for 17

days in a-growth chamber with full light (500- 600 m1croe1nste1ns/m /

* sec within the 400-700 nm Wave]'ength range) for 16 hours at 24 °C-and

with an ei'ghr— hour"nighttime of 18° C.. Then the entire plant was har-
vested, weighed and ground in a Udy cyclone mill, ' The TCA extrac-
“tion procedure for phosphorus and potassium, as outhned by Leggett
, - and Westermann (1973), was used. Potass1um content of the extract

/.was determined by flame photometer, while phosphorus was determined

‘by ammonium molybdate color development in ascorbic acid. ‘
A’lso, the short term method of DeMen’c, Stanford and Bradford .
.._(1‘559) was used with 40 barley seedlings grown.' Two replications of
"minus K" and also two replications of "'mihus bn treatmehts were
grown per soil and also three sand checks, The root-s and tops were "

ground, extracted, and K and P content measured in the same n}ethod'

. as the Neubauer tests,
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RESULTS AND INTERPRETATIONS

Impedance Values from Chloride Diffusion

The quantity of Clhtha.t diffused to the resin, using the cell shqwﬁ :
in Figure 1, v;ras measured, Impedance values (which denote the rel-
ative. quantity of diffusive flow in 'soil solution as’ éompared‘to an
_ agileous solution of similar conqentration) were calculated from equa- -
tion (36) to average 0. 28 for the .va,rious soils used, The standard
-'deviaf:ion was 0,11, and the range ;;vas from 0.10 to 0.46, These
' values found were in general aéreerﬁenﬁ with those that P'orter et, a..l
“ (19&0) o.b'taine.d from Cl diffusion.

Preci'si’.o,n of this mgasurémenb v'va.s such that the average devis
_ation of a siﬁgle soil sa.mple.va..lue from the mean of replicates (for
the same soil) was 3.8 percent, From compéring the impedanée
values of the various soils to their bulk density (within the diffusion
cell), texf:ure, ‘and or‘gani'c matte;' content, there were no al.)palrent '
rela;tionships. ’I;he soil with the lowest impedance value (0.10) was
“Astoria .cla."y loam, It was an extremely "fluffy"' soil and had .a bulk “
. demnsity of only 0. 76 while undergoing diffusion.

To cclampp.te the theoretical Cl distribution within a soil under-
.going.: diffusion, 'equation (8) may be used., For illustrative purposes,
the results are shown in Figure 2 for the Dayton soil after 24 hours,
This soil had an average.impedance value, As may be noted from Fig;
ure 2, diffusion reduced the initial Cl concentration (Co) for a 2-cm
soil distance from‘i:he resin sink during the‘.'period. The average .quan-

tity of C1 adsorbed in 24 houl;s by the resin sink was .4, 3 percent pf the

A
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Figure 2. Computed solution concentration of chloride as related to distance from sink, after

diffusing one day. A zero sink is assumed here, C_ was calculated from the Cl
spiking done.
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amount added to the soil in the 'spiki_ng solution. It may also be visu-
ally noted that the area of reduced concentration in F'igure 2, as com-
pared ‘to-the total area for a 15-cm high cell, agrees with the 4.3 per«

cent of Cl adsorbed.

'Diffusion and Chemically Determined Soil. Potassium
The repeated 0.01 _M_Ca.ClZ extraction of soil K, .a.s proposed
by Graham and Kampbell (1968) was used as an estimate of labile K.

. It had been shown by the authors to very closely predict K-42 isotope
measured labile K. From comparing the results of the CaCl, extract
to thg 1IN NH4OAc extract for excﬁangeable K (Table 1), 'it was notéd
~ that the CaCl, extract provid;ad somewhat larger va.lue s. These aver-
aged 0.84 meq K/100g from the CaCl, extract and 0,71 meq K/100g -
soil from the NH4OAC extra‘ct. Simila.l;-differerices were reported by

Graham and Kampbell (1968), and thus the use of their proc‘eduré‘
seemed justified. The resﬁlts of this test ar;a shown in Table 2 , and
may be compared to diffusion- bé,sed estimates of labile K. The diff—l_n L
usion data depicting labile K were obtained from r.n.ea.-sur:i.ng .flux of K
and CI to the ré sin sink during a measured time together with the
- va;l.ges n.e'eded to solv'e equaftions. (27) and (35) for C0 and CS, _respec-
‘tively - as mentioned in the "Methods and Materials" section.
Although three rates of spiking (0, 10, and 20 mls sioiking soiT
“ution pet IOb;"g_soil) were,uséd,- only the results from the 0 and 10 ml |
ra?:e were used folr :\anlu;sion in Table.2, Also, values of M, a:rlld Mtf

these spiking rates are included with other-data M‘,fIable-3, It was
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Table 2 - Compa.ﬁsons between chemical determinétions and diffusion

T determinations. of 1abile.K, .(Cs+ Co),' and solution K, (CO).

éhemical Methods Diffusion Methods

So:'t.]~ Labile K COT , Labi;e K# CO$
. Heq/em®  peq/cm® peq/cm® peq/cm®
Amsterdam 17.5 . 0.41 L 23,7 0. 33.
Astoria 1.4 .06 4.8 .03
Camas Creek 8.5 w12 : 8.. 7 ., 14
Dayton 7.8 . .47 0 12,4 .67
. Door | 1.3 . .10 4.8 .13
Drummer 10.2 . .54 12,0 .56
'Frankfort- Bryce 13,1 .46 -- 20, 4 .46
Jory 10.2 .34 . 7,6 63
Lioyd 7.4 11 1.8 14
Minidoka 25.5 1.82 12,3 3, 60._
Portneuf . 16.9 .28 12,7 .17
‘Portneuf subsoil 10.1 .19 - 11.8 ".25
. Sagemoor 12,9 .17 ; 7.4 .23
Stanton's Cros.sing - 5.7 . 04 12,6~ . .07
Tetonia 22,8 .39 . . 24.1 43
Tracy 3.8 .54 - . 2.0 .36 .
- Wahluke 5.7 .12 5.8 . .05
Whitney 15,2 .76 15,0 .75
Williams 18.6 .34 14. 4 .33
. Willamette 2.6 .06 4.5 .05 .
Winchester 21.8 03370 116 41

% From Graham - Kampbell method

T From soil .s.at'ur‘a_.tion extract

$ Computed after measuring K flux to resin sink.
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thought that the ‘cap,acit.'y factor ('R-+1) might be reduced at l;lig.her-Spik—
ing rates because, with a limited q,uantity-'of-exch.ai:lge sites-on the . °
clays, the new equ?libriumbetweeﬂ sorbed and solution phase would
' '-te_:hd to maintain a. éreater share of K in solutien. .’E‘r_orr‘l..'reco'mputing\
from the higher together W'ith the zero spiking rate (as two rates are
‘needec’l for one de.terminati.on), it was found that the new average C'S
‘values were reduced to 83 perce.nf; of the old values, Likewise, the:l:e
was an identical increase ip the new a'.veliage Go .values (as mathemat-
ically Wpuld be exﬁ)eci:ed). .F'igure 3 illustrateé the Cs~ v_alq.es, as
determiﬁed from the zero plus the 10 ml spiking ra;te versus those de- '.
termined from the zero plus the 20 -ml spiking rate, Beckett(1964)has
established tha{: (R+1) values decrease with higher concentrations of .-
K added, and so the result here might be ex.pected. |
The variation about the treatment rﬁea;n for K determinations

of the resin sink extract (M

g’ Mtf) a\.rera'gerc.i" ‘only 2, 9 percent, Thus

the procedure appeared to be sﬁfﬁcieptly simple and without inherent
sourc'_és of experimental error for acceptable precision when used to
determine K diffusion. The similarity of values shown in Table 2

obtained from éhemical extraction of soil its elf versus diffusion uptake

was an exciting surprise, in spite of the original hypothesis suggesting

that a diffusion mechanism could be used to.measure solution and ad-
sorbed ion concentration (C‘O and C.).

' Ihe use of equation (30) may be arranged so that

K= (e - M, )7 V2 wenyt%) womey*2 0 4oy




¥=02+082X
(r=0.93)

I0F

Cs —peq/cm3 - ESTIMATED FROM
O AND 20 m! SPIKING/100 g SOIL

1 1
) 10 20
Cs -peq/cm3 - ESTIMATED FROM
O AND I0ml SPIKING/100 g SOIL

Figure 3, Adsorbed potassium concentration (C ) for soils. Comparison is made
between two spiking rates to calculate Cs.
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and K predicts the quantity of spiking needed to increase the accumu-

lative flux of a nonsplked soil (M ) ‘to a new value (M In order to

tf’*
mcmtam_ notat1on, Kk will depote spiking with potassium and Kp will .
.'denote phcsphorus spiking. In the case where fertilizer recommenda- .
t1ons are needede would equal the quantity needed, A prellmlnary :
check was made to determine the va11d1ty of the use of the d1ffu51on :
'experlments to determlne needed K values. This involved computing
K needed to obta‘in the M, . found from the low spiking rate (10 ml
spiking solution added per 100 g soil), or where Kk was already known...
. To do this, the values of (R+1) and I were used'frcm the results of the
-diffusion cells having the high spiking rate together with the nonspiked
soil, These recults are shown in Table 3; In this chle, the afr_erage‘
‘computed K was 90 percent of actual K used to obtain Mtf" It is
‘ recognized that thcse values were obtained entirely from the diffusioﬁ
exéerimeni;s. Therefore, whilc it does not supply éroof of the utility.
of the method, it doés make a comparison frcm the data that could have
disprox.ren its utility. The relative efficiency of K, toward increasing |
flux can be compared for various so1ls by use of this method which
varv:les largely from the portion of K’k going 1nto solution versus being
adsorbed.
Plant Potas siurn Uptake Compared to Chei'nical and Diffusion Tests
The results from the DeMent~Stanford short-term test (1959)

were sornewha.t different than the Neubauer test. Several snnple 11near

correlations were made between plant uptake quantities by these two
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‘Table 3 - Computed quantities of Kk spiking needed to obtain M tf

(accumulative flux per day) versus quant1ty of Kk actually
supplled to obtain M

£E
, ) o Computed  Actual Ky
Soil . M, * M, * Kt Supplied
peq/cm’/day peq/cm®

Amsterdam . 2.88 .. 1.93 . 11,6 9.7
Astoria 0.66 . 0.27 .1 - 4.6
Camas Creek 1.84 - 0.75 12.8 6.2
Dayton 3.21 1.68 11,3 _ 10.0
Door 2.06 0.54 © 13,3 10.0
Drummer - 3,68 2,05 - - 9,6 S 12,9
Frankfort- Bryce 2.36 1.55 . 10.6 - 9.4
Toty 2,03 . .0.81" 11,6 13,6

Lloyd 1.54 . 0.19. 13,0 10.9 .
Minidoka 7.43  3.48 13.9 14,0
¢ Portneuf 1.88 . -0.96 . 12,2 12,4
Portneuf subsoil 2.37 . 1,14 12,9 10. 6 .
'Sdgemoor B 2.35 - 0.80 A 14.5 18,6
. Stanton's Crossing 0.96  0.45 14,1 6.5
Tetonia , 3.21 2,08  -.13,0 10.4.
Tracy e 2.48 0.33 13,0 13,0
" Wahluke 7 1.05 - 0.33 . 12,8 12,6
Whitney . . 3.70 . 2.07 "11. 8 10,2
Williams - | 2.12 1,11 13,1 i3.4
Willamette 1.01 0.28 - 12.0 - 13,2
Winchester . - 2,29 1 00 15,0 10.1

* Measured values ' \.._' from 0 and 10 ml splklng rate/100. g soil.
o '1'. Value computed from results pf 0 and 20 ml spiking rate/100

g soil.
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methods versus chemical and diffusion tests. The squared correlation
coefficient values (rg) are givén in Table 4. 'In the DeMent~Stanford -
method, plants are first partiall’).r grown in a sand-nutrient solution
1a;king K, Then the K-depleted piants are transferred';;b their roots
grow in soil for ;)ﬁly 6-days. In cbrnparison, the Neubauer method
‘allows seedling plants to grow in limited soil for 18 days and c'omII)]_.et‘ely
exhaust the K supply. Therefore;, the DeMent- Stanférd method meas-..
ures an immedi.at_e.ly‘available supply while the Neubauer method tends
T .

. to combine this with the reserve amounts., As seen, the Neubauer
method values and the.soi.I exchangeable K content were fairly well
_ correlated (*= . 81), The greater soil extraction done by Graham-
. Kampbell's meéhcd, as compared to exéflangeable 'K, resulted in much
reduced vé.lﬁes (.rz: . 39). Correlation bétwéen the aiffusioh method and
' Net.ibau'er's.values (rZ:: . 54) were intermediate to the correlations just
deséribed. By theory, the diffusion method should 1;ef1ect‘ ion move-.
ment from an infinite sou_rcé. In contrast, the bé,rley plants in the.
E . Neubauer poté are ‘éxpected to almost completely exploit the available
K source, Thus, the poor correlatiqn betWeen the diffusion method and
Neubauer's rnethod"might bé antic;j,pated.' |

| Results from the diffusion method had better correlation with the .
.DeMent-Stahford-cropping experiment (rz= » 88) thap any. of the chemical
evaluation made, Thus the aiffusion method appeared to be valuable
for depicting short—term'uptake by plé.nts, | |

By diffusion ﬁhedry, ion diffusion to a sink from solution should

’

R T RUTPUR R N t Cob ):/l\/ PO R . PRGN [ /
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Table 4 -~ Results of simple linear correlation relating plani: upt.a.ke

of potassium to chemical and diffusion tests.

X (capacity fa',cﬂ;dr)ug t o

Independent variable Dependent variable rox 100
Exchangeable K Néubau'e;r total K uptake 81
Graham-Kampbell '"labile K" = n RN 39
.Diffu_sion Mt;;. _ g ) L " " ‘ 54
Exchangeable K DeMent-Stanford plant K (%) 62
Graham-Kampbell '"labile K" " " " . 41
lDiffusion Mtlu ' " 1" " 88

* Soil ‘solution extract K L " - 54

Soil solution extract K
X (capacity fa.ci:or)u-2 & n " ol 63
Soil solution extract K : -
" " 43

% Capacity factor computed as: Graham-Kampbell "labile K"./soil

" ‘solution extract K

T Capacity factor computed as: (exchangeable K + soil solution

extract K)/soil solution extract K
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Figure 4. Relationship between plant potassium content and one-day accumulative diffusive

flux.
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bg enhanced by the 's'.'quare root of the capacity factor, 'Therefore,‘

capacity factors were estimated from chemical data, multiplied by' the

" solution concentration, and the resulting product values correlated - |
! .

with DeMent—Stanfozj_ci values. The resulting correlation coefficients
(Table 4) were ab’_gut the same as the correiation cbefficient obtained

by comparing solbtion concentration alone to the DeMent-Stanford re-
sult's. Therefore, no benefit was fou;nd by utilizing this concept when

the ‘capacity factor was taken from the chemical methods outlined at

. the bottom of .Ta.ble 4,

The réduction in solution K content next to a new root in a soil
can be determined from equation (15). It was found that most of the

soils would have the solution concentration reduced to a degree to about

0.4 cm at the end of a day and about double this in three days, In this

" calculation it was’ a}ssumed that the plant root geometry was that of an

infinite cylinder. Equation (15) is the first term of a series solution

for a cylinder, and thus an appfoximation. To know the percent of Co-

reduced, Cr would also need to be known -~ the figure of 0.4 cm denotes.

- the effective soil solution volume about the root in regard to potassium.

Diffusion and Chemically Determined Soil Phosphorus
Results of available phosphorus determinations by Olsen's

NaHCO., method Wefe gi\'re,nl in Table 1. These data point to the 1argé

3
variation in the soil's P, Extreme values were 3 g.n'dl 110 ppm -P.
The test of Amer et al(1955) with anio'n.exc'ha.ng'elt resin to; estimate

P was noted to be related to Olsen's test (r - 0. 97,,. ‘when elim-

N
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inating one obviously bad point) where the resin extracted about two

‘times as much soil phosphorus as NaI—ICO3. Soil solution extracts of

unspiked Astoria,. Door, ILloyd and Stanton's Crossing soils could not

 be determined with suitable reliability as i:hey contained less than . 02

ppm P, asdid Lloyd even at the low spiking rate, Other soils had

solution extracts containing as much as 2, 8 ppm P,
I : :
By having the estimate of labile P, which has been denoted as

(C, +C_), and by knéwing the solution .concentration, (C,), further

‘estimates of the capacity factor, (R+1), were computed, . In the first

éomputation (R+i) was let equal ('C(> +Cs)/C-o - which was also used as
a first approximation in the diffusion experiment with P,

Five soils in the diffusion expe'riment.did not show definite in- "
creased‘ (of sometimes .ev,e'n éositive) diffusive flux from increaéed
rates of P spikil;lga The average variation from the treatrﬁent mean
value avefaged 8. 6 percent for all soils,  Because of this va'.riatién |
and erratic diffusive response fc;r the five soils in particular, their
values of Co’ Cr ancél (R+1) are not inclu&ed in the diffusion data, 1.E‘o.r.

the other soils, comparison are shown in Table 5. The values in this

table were taken from the non-spiked soils and the low spiking rate,
" Using these, the £ value relating chemically determined C to diffusion _.
G, was 0. 66, The rvalues relatlng chemically deterrmned (Cy + C )

. and (R+1) to d1ffus1on methds were 0, 33 and 0, 25, respectwelyo

‘Other methods of approx1mat1ng (R+1) from’ diffusion were tried,

Fadss

(

but correlations were not as good as those just shown.

sy
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Table 5 - Comparisons between chemical dete_rmin_ations and diffusion

determinations of labile P, (C'S+Co), solution P'(Co)’ and

(R+1).
. Chemical methods Diffusion methods -
. Soil | Labile P% C_t (R+l) = Labile Py C# (R+l)¥
p.eq/cms'——— — peq/em® — .
Amsterdam ' © 39 .06 650 218 2.6 84
Camas Creek - 62 .10 620 . 478 - . .38 13
Door - 67 .03 2140 ° . 389 .15 2590
Drummer 134. .16 . 830 415 1.24 330
Frankfort-Bryce 219 .30 730 . 528 2.2 240
Jory 36 ,06. 620 117 .13 900
Minidoka | 61 .27 230 54 7.6 1
Portneuf subsoil 39 .21 190 98 1.4 70
Sagemoor : 39 .13 308" 125 1,74 72 -
| Sta.nton's.C'rossin'g | 20 . 04 460 = 316 .10 3160
" Tracy S 62 .08 760 ~ .203 .04 5120
Wahluke .68 .40 170 62 . .96 65
Whitney . 150 1.39. 110 223 10.4 21
‘Williams - 58 - .20 280 - .273 . 1.58 170
Winchester =+ 60 ..12. 510. . 57 2,8 20

* From method of Amer et al (1955) - | C
T From saturation extract

¥ Computed after measuring P flux to resin sink
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A reason believed partly responsible for the deviation in diffus-
_ion results‘f'rom chemical results (if assuming the chemical determin-
ations 1;,0 be more cori;ect) was the lack of linearity in the a;isorpt'ion‘
isotherms., From chemical data the calculated slopes for solution
concel%ltra;tions between: (1) 0 to.C_, (2) C, to C ' - and

“low spiking rate,
(3)

method of computing (1) was the same as was used in Table 5, For

Clow spiking rate °©© Chigh spiking rate 2¥® Shown in Table 6. The

figureé

)/ AC

computlng (2) and (3), (AC solution

sorbed + ACsoluti.on
were used, It is readily appé,rent that Freundlich~like adsorption is;)-
therms are being adhered to , This type of isotherm has been assoc-
iated with acid s_o:i.ls by Olsen and Kemper (1968). Fox and Kamprath
(197_0), fljom acid soils, have plotted the solu_tion concentration on a log
' scale versus the ads.ofbed concentration on a linear scale and obtaiﬁed
'.stra;ight lines, The constant vé,lues Olsen and Watanabe (1970) found.
were from calcare'ous soils, . Also, adding too much phosphorus spik.ing‘
solution could be expected to make thg isotherm flatten in that area of '
the curve. I—Iovvévér, if fertilizer application rate figures are to.be
- determined from diffusion dé,ta', it seems _logical i:hat the diffusion ex-
periments should be done at, at least, thelse rates.. The problem of
correctly solw_ring Co, CS, and .(R-i-i)' valués, where curvature exists,
’ .' could be resolved if there were analytical solutions -- or even approx=

imations. Without' these, finite diffelrence methods need to be used in

' conjunction with a computer,
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Table 6 - Slope of phosphorus adsorpfion isotherm from chemical

determinations as depicted in text.

Slope (R+1) Between Solution Concentrations

Soil O to Co Co to_C C lox_zv, spiking to
low spiking high spiking

. Amsterdam 560 - 23 - - 470
Camas Creek 620 168 18
Door 2140 520 194
Drummer 830 188 199
- Frankfort-Bryce 730 22 18
Minidoka , 230 11 37
Portneuf subsoil 190 302 47
Sagemoor . 308 60 142

Stanton's Croésing 460 942 75 -
- Tracy, . 760 - 547 e
. “Wahluke 170 16 -

. Whitney 110 14 2.7
Williams 200 " 35 29
.Winch'ester‘ 510 B 25 -





























































