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Some Exchange Adsorption and Fixation Properties
of Amorphous Volcanic Ash Soils of Hawaii 1/

Y. Kanchiro and D,.T, Mikami 2/

Introduction

Voloanic ash soils comprlse a large percentage of the aoi]a
of Hawail,. espeozally in, the younger geological sections of the
State.,. X~-ray amorphous material, such as hydrous alunxno-smlioa
tos and-hydrous oxides of aluminlum and 1ron, dominates. the mine
ral make~up in many of these soils. The amorphous material ran
s98 from gels, to poorly ordered layér eilicate‘minerals, as well
as fresh and weathered remnanta of volcanic glass,

The - dominant constituent (s) of amorphous material that is
found in a veolcanic ash soil is determlned Yy the environment
in vwhiclr the soils has formed In Hawa11 the climatic factor,
mainly rainfall, largely determlnes the nature of the amorphous
material.. The vast majority of the volcanic ash soils are
Inceptisols. Four Great Groups of Inceptlsols are found: Vitran
depts, Butrandepts, Dystrandepts and Hydrandepts.; Rainfall in~--
oreasés in the direction from the Vitrandepts (dry) $o the
Hydrandepts (wet) In the dry to bhumid environment weathering
has not teen as intense as in the yet environment.. The soil
system is also relatzvely rich in 31110a and the bases.. In-the
wet system, weathering is likely to be rapid and 1ntense and '
occurs in a more acid and 31llca—poor environment. In the first

situation the amorphous mater1a1 ie likely to be volcanic glass,.

_/ Part of a tbesls sdbm1tted by the junior author 1n partlal
fulfillment of the requirements for a Master of Science degree

gt the University of Hawaii.

_/ Professor of .Soil Scienoce and former graduate student,
Dopartment of Agronomy and Soil Science, College of Tropical
Agriculture,. Univerasity of Hawaii.



which is primérily fresh or slightly weatheredj:as waell as hy
drous aluminous silicates, together with remnants of primary
minerals, such an feldspars and pyroxcnes. Oréanio mattor is
likely to be modoratoly high.. In the.second situation hydrous
oxides of aluminum and iron, as well as hydrous alumino-silica-
tes, Wwill dominate the amorphous fraction. Organic matter will
bo hmgh and Wlll remain relatlvoly hlgh even in the su soil,.

Tt is generally agreed that volcanic ash soils that contain
predominantly amorphous material &how great ‘chemical actzvity.
A large part of this is assoclated ‘with the great ‘surfacé ‘area
that amorphous colloids possess.
Beoause of thls high act1v1ty and other unusual chemical pro-
perties, means ‘other than conventional methods of interpretation
nust ofton be used when' working with these soils. The purpose
of thls sfudy was to‘obtain further fata and to get a better
ins1ght on the 1on exchango, adsorptlon, and fixation properties
and reactlons of these dominantly amorphous Hawaii volcanic ash
SOllB. To better 111ustrate the properties and behavior of .
amorphous.volcanlc ash soils developed under different: rainfall
condltlons, s01ls.from ustic and udic moisture reglmes were
sampled. The ustic regime is reprosented by the Naalehu Bilty
clay and Pahala fine sandy Toah (both Typio Butrandepts) while
*he udic reglmo 1s represented by the Akaka silty clay ( a ‘typio
Hydrandept)

Materials and Methods

Soils Used :

" Three Hawallan 30115, Akcaka s11ty clay (Typic Hydrindept),
Pahala fine sandy loam (Typlc Eutrandept), and the Naalehu
gilty olay (Typic Eutrandept), sampled from the Isiand of Hawaii
werefused for this study.' The Akaka“soil, chosen to represent
an udic-soisture reéime, has'developed from volcanic ash under-
eopditions of over 5000.mm annual rainfall,’ This soils is=a;_



member of. the thixotropic isomesic family of'Typic Hydrandepts,
It is dominantly amorphous and contalns large amounts of hydra
te oxides of Fe and Al, hydrous aluminoellicate, and organic
matter (organio C= 15%). pH of the surface soils usually
ranges from 5.0 to 6.0. Very littlé'exchangeable bases remain
in this soil, The Pahala and Naalehu scils represent en ustic
moisture regime and. have developed;:from volcanic ash under an
annual. rainfall of about 9OQ-l5OQfmm.‘,These soils are members
of the medial, isothermic family of the Typic Euvrandepts. They
are also domingntly amorphous but because weathsring has been
less intense in these soils, there is less secondary amorphous
material.development than in the Akaka soil,. Some primary
minerals,. such as feldspars, olivine, pyroxenes and iron oxides,
are found in those soils with appreciable amounts of fresh’and_
weathered glass. - In spite of the relatively low rainfall, orga
nic matter in the surface soil is moderately high (organic (=5%)
pPH of these soils usually rangesfrom 6.5 to 7.5. Base saturé-
tion is very high.

Other soils, which are not dominantly amorphous in nature
and developed from volcanic basalt rather than ash were included

in selected vrarts of this study for comparative purpose.

Prooedures:

X-ray analysis vas determlned on the less than 2 micron
fraction after potassihm and magnes:um saturation and after
orientation on a glass Sllde, using a Norelcs X-ray diffracto-
meter with copper Kd_radiat1on and nickel filter. - The sand and
silt fractions were run as powder samples in an aluminum holder.
These fractions were further run as a smear on a glass slide
after differential dissolution analysis (d.d.a;), following
the method of Hashimoto and Jackson (12). Extractable eilica
and alumina of soils and their fractions were also. determined

by difforential dissolution analysis,



Total. chemival rahalysis was. carried: out by determining
SiOa, Fe2 3? TiO CaO:and Mgd after Na2003 fusion; MnOj P205

Na20 and X 0 after HPF-H SO4 digestion, A1203 was obtained

from the dszerenoa betwesan R,0, and the oxides of irony: titanium

2°3
and phosphorus.

The ocation exchange capacity ( CEC ) of tho soil.and size
fractions was determined by the 1N ammoniud acetate method at

pH 7.0. The ammonium was displaced wiht 4% KCl and the displaded

ammonium was determined in a micro-Kjeldahl:steam distillation
apparatus followed by titration with a standard acid. ' The 'CEC
delta value of the deferrated whole soil, sand, silt and olay
fractions of the Naalehu and Pahala soils was determined by the
method of Aomine and Jackson (2). - In studies: to find out the
effects of concentration and pH of exchgnge ammonium solution
on cation exchange capaocity (CEC) or anion exchange capacity
(AEC)s, Schofield's proaedure (22), as slightly modified by Wada
and Ataka (28), was.used. . Ammonium fixation studies were
carried out using the method of Alliscn et al. (1). Ammonium
fixation is defined in this study as that reaction in which
adsorbed ammonium is retained against 1N KCl extraction. The
influence of various anions on cation and anion exchange/ad-
sorption was determined by troating soil samples with 1M KC1,
O.SM_K SO, and 1M KH

4 2P0y
for: l,- CEC by using 1N ammonium acetate at pH 7.0 and; 2.

The treated samples were determined :

anion adsorption as measured with 0,01 and 0.18 concentratione
of KNO3
dahl distillation of amenia aftex,nltrate reducthn.with Devar

. Nitrate dotermination was carrled out by micro-ngl-

da alloy

Results and Discussion

Chemical and mineralogical properties

To characterize the chemical and mineralogical proportics .

of the Naalehu and Pahala soils and to detormine the minoral (s)
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fixing ammonium, total chemical analysis, extractable silica and
alumina analysis (by differential dissolution analysis), X-ray
diffraction and petrographic studies were carried out, in addi-
tion to cation exchange.gnd ammonium fixation analyses.

Total chemical a.alysis data on the deferrated, organic
matter~free whole soil, sand,lsilt and clay fractions of thé
Naalehu ( 150-165 om) and Pahala ( 64-91 cm and 132-145cm) soils
are given in Table 1. The data show that no apparent largo d&f-
ferences exist among the deforrated, organic matter—free'whole
soils and sand, silt anda clay fractionas of the three samples
analyzed.,

They also show that soils are relatively high in silica and ba-
ses and low-in iron and aluminum, thereby reflecting the deve-
lopment of these soils in an ustic moisturc regime,

Table 2 shows data on extractable silina and alumina for
these two soils, as well as the mortmorillonitic Lualualei,
micaceous Alokui and kaolinitic Molokai soils, These chemical
data will be discussed in relationship to cation exchange and
ammonium fixation in later sections,

X-ray diffraction diagrams of the Pahala soil are presented
in Figures 1 and 2. (The diagrams of the Naalehu soil were al—
most identical to those of the Pahala soil and are not shown).
The primary mineral most frequently appearing in the various
fractions was plagioclase feldspar. The dominant component of
these fractions was generally X-ray amorphous with the exception

of halloysite in some horizons of this soil., A relatively
prominent 020 (hkl) reflection band near 200 26 ( 4.44 1)
consistently appeared in all fraotions, suggesting the presence
of some layer silicate mineral. This is in keeping with the
belief that amorphous material, suoh as allophane, precedes

the foihatioh of layer silicate minerals, such as halloysite,
in the weathoring scquence of ash to allophane to halloysite

( 9,24).. Bosuain (4) roported finding halloysite associated
with ailophaﬁe, principélly in doep older layers of volganio



ash soils of Chile. In some cases small amounts of montmorillo

nito and miocaceous minerals were also found.

Cation oxchange capacity of Naalehu and Pahala soils
and their siz& fractions

-
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* The :CEC values of the untreated Naalehu and Pahala soils,
hydrogen peroxide~ireated soils, deferrated sqils and size frac-
tions of the two soils- are given-in:Teble 3. A ganéral decrease
in CEC for the surface horizons occurrdd after:dfganic matter
removal by hydrogen peroxide oxidatioh. Howavér, a2 small. increase
in CEC was noted for the lower horizons,

Aside of the three upper horizons in the Pahala .profile, deferra
tion increades .CEC. Very high values were obtained for the sand
and silt fractions of these soils, This is contrary to the ge~
nerally accepted idea that CEC is low in the sand fraction of.

soils.

The clay fractions demofistrated a very high capacity to
adsoxb . cations,
In an earlior work Kelley and Page (15) found two samplos from
Naalehu and South Point, Hawaii, with CEC of 120 and 88 me/lOOg
respectlvely (the so0il found in the latter location is today
clasgified as an Eutrandepts as are The Naalehu and Pahala soils)

They attributed the high CEC to’ the amornhous mineral in these

soils.

CEC dolta valucs are presented in Table 4. ‘The valuas‘werq
largest for the olay fractlons. These values were ’argor for
the Pahala 132-145 cm horlzon fractions than for the comnarable
fractions at he 64-91 cm depth,

The delta values for these 64-91 om fractions were close to the
values for the Naalehu_150—165.cm £raot10ns. CEC delta values
wore mot corrclated to the CEC of soils and their fractions
(Table-3). A highly significant oorrelation“(i; = 9,8?4+f,

df = 8 ) wus obtained when the oxtractable silica and alumina
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contents (Tgble 2) werc compared against tho CEC delta values
of the samo horizons. This shows that some relationship exists

botweon two mothods-of amorphous material detormination.

Ammonium fixing capacity of Naalehu and Pahala soils

and their size fractions

The ammonium fixing capacity was studied in untreatod soils,
hydrogen. poroxide~treatod soils, deferratod soils and sizo frac-
tions w1th two ratos of ammorium chlorldo solution ( 10 and
50 mo. ammonlum per 100 g. 8011 ) In tho comploto s0il profilo
samples of tho Naalehu and Pahala 50115 and 1n seloctod horizons
of tho montmorlllonltic Lualualol, mlcacoous Olokul, and Kaoli-
nitic Molokai soils. Tho rosults of Tablos 5 and 6 show that
as much as a 100% incroase in ammonium fixation occurred whon
tho rete of ammonium applicatici was incrcased from 10 to:50 mo.
per 100 ‘grams soil.

This was vory eident ospocially in the 64-91 cm. horizon of the
Péhalé goil. Theo 50 me, por 100 g. rate was found to he a ma-

fimun beyond which fixation decreased.

The results of this study ehiow that the Naalohu and Pahala
profiles havo some capacity to retain ammonlum against N KCl
oxtraction. The amount fixed in selocted horizons and treatments
was equal to or exceodod ‘that fixed by the montmorillonitic

Luglualei and micaceous Olokui soil.

The. data in Tables 5 and 6 show that ammonium fixation bo~-
fore and aftor hydrogen porox1do oxldatlon of the organlc matter
was. not noticoably different. In fact, only a slight incroaso
or docroase occurred in the capacity of tho Naalohu and Pahala
soils to flx ammonlum into nonexchangeable form. Thls implies,
at loast for theso soils, that ammonlun fixation is not due to
the react1on of anmonium with 5011 organlc mattor, " Froe iron
removal increoasod the ammoniun fixing capaclty to' somo extond.

‘Tho most noticcable incroase ceccurred in the C4-~91 cotr. -horizon



of the Pahala soil,‘demonstrating the high fixing capacity of
this particular hérfzon. :
Anmonium fixation by the deferrated sand, silt and clay size
fractionas shows that as in the whole soil, the highest fixa-
tion occurred:iﬁ'thé'Pahaié“(64~§l cm.). horizon. The Naalelw
(15U~165 om) horizon also had a high ammonium fixing capaciiy.
In both horizons and with both cogcentrabiqns, the silt frac-
tidn had the highggf.fixétion, followed by tho sand and clay

fractioﬁsl,respecfively.'

In -the crystallino soils, the highest'fixation occurrod in
thoge-80il horizons that were predominantly micaceous ( Olokui)
and montmorillonitic (Lualualei ). The kaolin soil (Molokai)

fixed;1ittle ammonium.

Statistical examination of the. data showed that a highly
significant corrolation ( r = 0.627 **, af = 73 ) existed bet-
woen CEC and ammonium fixation obtained with the 50 ma., ammo-
nium per 100 g. rate. A better correlation could have beon
obtained if the obvious non-relationshp of the clay fraction to
ammonium fixation was not included in the statistical analysis,
A correlation coefficient of 0.8}2, highly significant at the
1% 1lovel, was shown whon CEC of only untreated whole soil was

analyzed against ammonium fixation,

There was no obvius relationship between the chemical com-
position of the samples (Table 1) and thoir ocapacity to fix
ammonium. Table 2 shows that considerable amounst of silica
and alumina:were dissolved in the horizons studied. Some re-
lationship between ammoniun fixation and amorphous material
constant is shown the lower the Qx%ractable silica and alumina

content. the greater tho ammonium fixing capﬂnify.

Effect of concontration nf salt solution on cation and anion

exchango capacitios of Akaka soil.

Figure 3 shows that cation exchange capacity (CEC) inoreg
sod from 10 to 68 mo/100 g. as concoentration of NH401 increased



from O 25 to 1 ON, respectively, in the Akaka ( 20-40 cm, )

soil i ThlB increase was, espoclally pronounoed fron 0 75 to

1. 5N. Beyond 1, SN, CEC appears to be leveling off._ Wada

and Ataka (28) also noted increased CEC with 1ncreaslng

NH4CI concentratlons in allophano samples prepared from Japa-
nose, volcanic ash soils.

These workers also found thls condentratlon offect on CEC in
halloysite but not for nontmorlllonlte-llllto. They discussed
two difforonte mechanism of ion adsorption by these clay mine-
rals. .The first type :deponds on Coulombic forces between tho
ions .and tho olay particles and is applicable to adsorption

by the montmorillonite~jllite clay, althodgh this.type was mnoted
to be.found also with allophane and halloysite. The second

type depends on non-Coulombic attraction which is not pH-depen~ -
dent on concentrations of the exchange solution. Such attrac-
tion.accounts for mucho of the CEC, in allophane and halloysite

colloids.

New Zealand soils containing allophane, "palagonite", and
amorphous oxides were found to glve CEC values which depend
markodly upon concentratzon of ammonium solution (5) Adsorp-
tion of cations by these soils was noted to closely- ‘rosemblo
the behavior of hydranted alumina prepared by procipitation.
Physioal adsorption of cations in thesc scils was proposed as
boing fésponsible to a"greater'or-loss oxtond for incroases in
CEC values as concentration of the ammonium solution was in-

oreéSed.

‘ Flgura 4 shovs that anion oxchange capacity (AEC) Ancroa~
sed from 10 to 73 mc./lOO g. &8 concentration of NH4CI increa-~
sed from 0.25 to 2. ON, respoctively, in the Akaka ( 20-40 om.)
goil. Tho data of Table 8 also show that nitratoe adsorptlon
was higher when F 1N rather than 0.01N KNO, was used as the

exchange solution in this samo soil,

‘Singh and Kanohiro (23) reported that nitrate adsborption
in the aboveéeméntioned Akaka 80il and in the Kaolinitio Wahiawa
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eoil follows a.Freundlich type. of adsorption isotherm, A high-
ly signlflcant correlation existed between the eleotrolyte con-
centration and‘the amount of N03 adsorbed in these two soils.
The adso*ptlon Aincreased consistently with each increment in
eleotrolyto concentration. They found that tho magnltude of ad
sorption wag greater :in the domxnantly amorphoue Akaka soil
than in-the Kaolinhitie Wahiawa' goil.

Adsorptlon of anlonlc organlo matter in -the Akaka soil
was obsorved 3o inoroase exponantlally w1th increasing addition
of carbon to he system by Briones (7) The adsorption isotherm
followed a Froundlich type of 1eo§herm.
She .reporter that adeorpqdon vas greator iu - uv gauvussve—aaCh
subsail than in the surface horizon of this Akaka soil.

Japanese investigators. (2b5'have also observed increased
AEC with 1ncrea81ng concentration of the exchange NH Cl solution
in allophanlo colloids.
They groposod that non—Coulombio attraction between ions and
clay partioles playe a large role in incrdasing AEC under euoh
oconditions,

The adsorptlon of NO was also reported to be concentration~

dependent and. was Joecrlbg by a Langmuir type 1sotherm by Kinao
and Pratt (16) in their work on Andepis,: Oxisols, and Alfisols
from Mexico, Colombia and Brazil. Hassan ot al. (13)' showed
‘that adsorption of sulfate, fits tho linear form of the Laogmuir
eqoation over a limited range of concentxation. in Hawaii voloe~

ni¢ ash soils.

Effoct of pH of salt solution-on cation and anion exchango.

capacitios of Akaka soil.

Amorphoue soils dorived from voloanic ash and oontaining
large amounts of allophane, hydrated iron and aluminum oxides



11

and organic mattor aro known to be made up of colloids with va-
riable charge or pH-dependeht cliarge.

Flgure 5 shows that the magnitude of increase in CBC vas much
greater per unlt riso in pH abovo than below neutrality in the
Akaka (20—40 cm.) 80il. ‘

CEC rose from 65 (at pH 7 ,6) to 105 me ./100 g. at pH 9.0. It
took a 4—un1t change in pH (from $H 3.0 to 7.0) to offeot this
same magnitude of 1ncrease in tho acid rango. Lai and Swindale
(l?)qalso.gcted that change in CEC between pH 4.0 and 7.0 was
much less than between 7.0 and.8.5 in four Hawaiian alloﬁhenio

soils,

- waaa ana, Atka (28) reported increase in CEC between pH 5
and T in two samples of allophane prepared from two Japaneee
volcanlc ash soils.. This increasc was. attributed to an acqui—
sition of negative charges probably due to d138001at10n of
H' ions from Si-OH grouys with rise in pH. TFieldes (10) and
Tan (26) similary reported 1ncrea81ng negatlve charge as pH
increased above 5 in allcphan1c soils from New Zoaland end

Indonesia; respectively.

AEC in the Aknka goil 1ncreased from 21 to 37 me ./100 g.
as pH was decreased from 9 0 to 2 O (soe Flgure 6) There: is
pronounced increase of 24 me /100 g. w1th onIy a unit decrease
in pH .from 2.0 to 1 0. Slngh and (anehlro (23) showed increa-
si: gNO3
They reported groater nagnltudes of adsorbed nltrato in thle ‘do.

adsorption thh decrea81q;pﬁ in this Akaka eubsoil

minantl; amorphcus Akaka 5011 than in the Kaollnltlo Wahaiwa
soil under comparable PH condltlons. They attrlbuted tho greu—
tor adsorptlon in the former 3011 to the groater number of rea-
tive OH groups in the allophane and hydratod iron and dluminum
OXIdG fractlone whlch glve riso to positive adsorption sitos,
The fact 1hnt poeltive adsorp+1on of nitrate took place at, pH
‘ebove 7 led thom to concludo that positive charges in these
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poils exist even under alkallne condltzona. The AEC data in
Figure 6 substantiate thls conclusion.

. Briones (7) observed that amounts of humic cud fulvic acids
adsorbed by the Akeka soil was hlghest aﬁ low values and as the
PH was_increased adsorptlon decreased. Adaorptlon of these or~.
ganic oompounds was attrlbuted to a ohemloal in*oraotion bet~
weenthe soil colloids and carboxyllio acids of organic matter.

. Kinao and Pratt (16) reported a sharp rise in N03 adsorp~
tlon as the pH of tho equlllbrium soldilon dropped to 3.5 from
6.0 and then adsorption leveled off in Andepts from Mexicb and
Colombla. Other 1nvestlgators worklng with allophanic ash soils
have roported slmllar increases in anion adsorptlon with deorea
sin pH. Wada and Ataka (28) reported appreclablo increase in
AEC vhen PH of the equllibrium solution of NH4CI was decreased
from 7 0 to 5. O in allophanic cla)s, whilo there was very
llttle change in halloyslte and monthorillonite~illite clays
at a comparable change in pH.

Fieldes (10) also demonstrated increased anion retention with

decreasing pH in allophane,.

Effect of ions on cation exchange capacity and

nitrate adsorntlon in Akaka goil.

laule [ Snows that LU was approximatély tripled with tho
additlon of phosphate. Mekaru and Uehara (18) similary showed
inoreasod CEC of phosphated so:ls in the Hilo silty clay which
is also, a Typlc Hydrandept. Thoy calculated that each milli-
mole of adsorbod phosphate incréases CEC by approximately
0.8 me. at pH 7. O

The other anions, chloride and sulfate, did not increase
CEC. . It was thought that sulfate would also displooe hylroxyls
and thoreby increase CEC but this apparently did not happen.
The reason for this failure of sulfate addition to increase CEC
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most -probably must be due to the fact that the untroated Akaka
80il was already very high in native sulfate content,
Hassan ot al. (13) and Mokaru and Uehara (18) noted that Hydran
~ depts of Hawaii possess a high sulfate adsorption capacity and
native sulfate content.

Mikami and Kimura (19) reported appreciable reduction in
CEC after lime addition in the Akeka soil and in two Hawaiian
Trop' humults. .C€EC measured 58.7 me. in tp? no-lime as compared
to 52.0 me./100g. in the limed Akaka so0il, five months after
qulication. The comparable values for the two Tropohumults
were 17.6 reduced to 9.7 -and 23.3. to 16,7 me./100 g. These two
soils are also known to be high in oxides of iron and aluminum.

Table 8 shows that sulfate and phosphate additions decrea
8ed nitrate adsorption. This decrease was especially pronounced |
with~the,phosphatetreated sanple at both KNO3 concentrations,

The reduction in nitrate adsorption with sulface addition was more
effective at the 0.01N than at the 0,1N KNO3 concentration, The
chloride treatment increased nitrate adsorption and the increase
was greater at the 0.1N than at the O.Olﬁ_KNO3concentration.
Mekaru and Uehara'(lB) roported negative adsorption of nitrate

and chloride ions when sulfate ions were added to a soil colloidal
sus’pensién of a Hawaiian Hydrandept which was initially net-positi
vely charged. In thedr anion-exchange equilibria studies with

two Andepts and one Oxisol from Mexico and South America, Kinjo and
Pratt (16) reported that chlorido was slightly preforred over ni-
trate, and sulfate and phosphate wore greatly preferred over nitra-
te. They found that negative’adsorption of nitrate occurred when

sulfate or phosphate excceeder certain concentrations.

Additional Discussion and Conolusions

Adsorption and fixation mechanisns
Some explanation describing the source and mechanism. of the

high cation exchange capacity of the clay fraotion and their-obv;ue
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non—relationship to ammonxum fixation is needed in the Naalehu and
Pahala soils.i The data (Table 2) show that the extractable silica
and alumxna of the Molokai clay (kaolinite) and the sand, silt and
clay fractionas of the Naalehu and Pahala soils are extremely hlgh.
However, their cation exchange capacities and ammonium fixing cdpa
oitiea range from 1ow to very hlgh.. Soils high in extractable si
lioa and. alumina are not always associated with hlgh cation exchan
ge and ammonium flxlng capacltles. Thls can be exp1a1ned by the
origin of their alum1num. Alumlnum in halloysite is held in its
structure in octahedral coordlnatlon. However, miner3101ds or
allophane d1ffor Trom other clay mlnerals with respect to 1ts alu
mlnlum whlch is held in its struoturo in tetrahedral co-ordlnation.
ThlB is supposed tc be the main cause for its many unusual acti~
ties, one of them being its cation holdirg mechanism (10) Egava
(8) in descrlblng the mochanism of ion adsorptlon of allophane des
crlbod tho shlft of the coordination number of the octahedral alu-
mlnium to tetrahedral as being considored one mechanism by whie¢h

tho acidic. nature orlglnates

The foregoing results with Naalehu and Pahala soils showed
the deflnlte capablllty of 'sortain mineraloiffs to adsorb and-fix
large quantltles of ammonium. ‘It should bo pointed out ‘that
adsorptlon and flxatlon reactions are not irreversible reactions
dnd that theso two reactions’ ovorlap ecach other. Tamimi-et al.
(25) ‘have shown that fixation of amdonium in?the presence of
phosphate can ocour by the formation of taranakite in amorphous
soils of Hawaii. " Fox et al. (11) reported that phosphorus;adsorp
tion/fixation is much*higher in soils dominated by amorphous. col~
1oido tﬁan'in those dominated by layer silicate minerals. Our
data have shown that not all amorphous materials with CEC have
a high capacity to fix ammonium. iurthermore, it is generally
believed that the adsorbing and'fixing~inten91ties of humus and
amorphous material are gonerally weaker than those of orystalline

olays
Birrell {5) has stated that retontion of cations by amorphous
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akumino-silicates requires an alkaline medium; therefore; there
is no-mechanisn for an effective fixation of cations like potas-
-8ium in'some volcanic ash soils within the normal soil pH range.
The Naalahu .and Pahala soils apparently do have enough of aﬁ al~
kaline medium to effectively fix ammonium. - Their pH is genéxal» ,
ly about 7-and base saturation is high. Si02/A1203 moleéulér
ratios. ranged botween 3.10 and 4.00 in tho sand. silt and’zlay
fractions of the two high ammonium fixing horizons of the tﬁo
soils (?able 1). Van Reeuwijk and de Villiers (27) have in fact
demonstrated that synthetic aluminosilica gels fixed potassium
against replacement by common alkali and alkaline earth cations.
They fﬁ}ther roported that amounts of K fixed against exchange

by a particular ion increas.d with total CEC and with the pH value

at which K-saturation originally took place.

To add to tho minoralogical information, the silt and
sand fraotions of the high ammonium fixing Naalehu (150-1C50m. )
and’ Pahala (64-91 cm.) soils were examined by the petrographic
mlcroscope. ‘Some feldspars, oiivine, pyroxenes, and iron oxides
were ﬁfasenf.in all samples but the most important single mineral
relative to fixation was glass or its weatherud oquivalent,
Weathered glasé Cén bo distingui;hed from fresh glass by a pro~
gr9591ve inoreaso in blroflngence as the glass weathers. The
non—orystalllne and yet blrefrlgento character of this material
fits the defln;tlon of Wentworth's (29) palagonite, This amor- -
phous material also fits tho doscription of the Birrell's (5)
"palaﬁgonite". He feborted this material as being formed from
the weathering of basaltic glass "and noted i's presence in a
soil from Aitutaki Island and also speculated on its.presence
in Pahala Ash soil. The ion exchange capacity of these sanmples
can be largely attributed to this weathered glass and this value
must be near 200 me. per 100 grams considering the sample is

about 30-50% fresh‘glass, piant opal, feldspar, pryroxenes and

iron oxide.
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The .difference. in capacity to fix ammonium among minerdloids
-must arise through some funddmental mechanism.. It appears—that
,the -origin of the charge on the colloid surface may be an important
-factor: Aluminium in voleanic.:glass -is most probably tetrahedrally
-co~-ornidated :along with silicon. “In this condition the charge un-
balance created by .the trivalent aluminum is satisfied by sodium,
oalo{ﬁm=and;magnesium.- These cations cannot undergo ion exchange

and the cation'exchange capacity of fresh -glass would be low,

In soils, however, weathering of glass by hydration, hydro-
lysis and carbonation results in loss of the;éolublo cations lea~-
ving.an open network of silica and alumina.. This material is still
amorphous, hps a high charge density and now can, due to its open-

ness, permit ion oxchange.

It is furthor proposed that with fqrther leaching and increa
sed acidity, the aliminum alters to the more stable octahedrally
covordinated hydroxide (gibbsito) or ealumino-silicate (kaolin) and
losegs its. capacity to fix ammonium. Tpev132v145 cm. horizon of

‘the Pahala .soil may represent weathering in this direction.

If, on the other hand, leachlng is not too intense and the
pH is fayorable, a large fraction of the aluminum atoms may romain
in .the four-co-ordinated atate and glve rise to a material Biml—
lar .to the Naalehu ( 150—165 cm.) and Pahala ( €4-91 om. ).. 8011.
Themo two. samples in some ways behave chemxcally like montmori—
llonite. Birrel (5) also noted that an amorphous colloid that
formed under conditions of restrited leaching, wich he called

"palagonite', rosombled montmorillonite chemically,

Tt is importante to stress again the wido differences no-
ted in the reactivity of amorphous material to ammonium. A mere
jdentification of large quantities of amorphous material in -
soil does not necessarily imply that it will fix ammonium,
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Variable charge colloidal system

Mekaru and Uchara (18) have recently proposed the use of a
theory of cqnstanf pétential boiioids in describing soil colloidal
systems in_ Hawaii which are dominated by oxides or hydrous oxi-
des of iron and alumlnum and amorphous alun1n031llcatee In such
001101ds charges arise at extorlor lattice sources. These cons-
tant potentlal 001101ds types are more commonly called varlable
cha?ge'cplloids or pH-dependent charge colloids., In such a sys-~
ten ggtential-dgtermin}ng.ions, such as HY, O™, F~ and PO4"'
can alter surface charges. With this type of colloids, anion
adsorptlon can occur either by way of non-specific anion adsorp-
tion or by specific ijon adsorption (14). Anions are retained as
counter ions in the diffuse layer or can entdr into coordination
with the'oxide metal ion which involves displacement of one anion

by another.

A method was described by Mekaru and Uehara (18) for deter
mining net surface charge of a soil by taking soil pH measurqhent
in water and in 1N KCl solution. They proposed the terma pH as
the pH difference between the pastes prepared with 1N KCl and
water. Much of this concept on pH is based on Parks and DeBruyn's
(20) work dn the measurement of surface charge density of hematite
as a function of pH in éuspensions containing varying concentra-
tions of KNC3. These workers showed that when the hematite surfa
ce possuss a net positive charge, pH increased with increasing
KNO3 ( an indifferent electrolyte) concentration. Conversely, pH
decreased with increasing concentration when surface charge was
net negative. At the ZeTO point of charge pH was independent of
concentration. Others ( 3,30) bave made similar studies for

goethite and «~alumina,

Mgkaru and Uchara (1Y) emphasized that an indifferont olectro
lyte ion, such as chloride, be used to proporly inverpret  pH
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values for net surface charge determination. A speoifically ad-
sorbed ion, such as sulfate, displaces hydroxylis coordinateq to
the metal oxide and will 1ncrease suspension pH. The phoeph;te
ion is also known to behave similarly. The consequence of such
displacement 1e an increaee in negative charges which in turn
will mean 1ncreaeed CEC. These two 1nvestigators, reported that
each millimole of adeorbed phosphate 1ncreased CEC by approxima—
tely 0.8 me. /100 g. soil at pH. 7.0 in the Hilo silty clay

loam, a Typic Hydrandept that has many similar properties as

the- Akaka eilty cley., The foregozng discussion Goas much t0 vx—
plain the 1ncreased CEC “that was obtained with phosphate addi-
tion (Ta.ble 7)

The failure of sulfate to increase CEC was mopt probably duo to
the fact that the 3011 surfaco vas negatively charged In a pre»
vious study it. vas shown that the Akaka subsoil horizons poesese
a negative a pH (18) Sulfate has been shown to affoct zeta po-
tential of a rineral only when the surface is positively char—
ged (21) Furthermore, it has been dosmonstrated by other
Havwaiian workere that tho Akaka soil contains a high amount of

nativo adsorbed sulfate content (13).

This approach also helps to explain the reduction in CEC
obtained after lime applioation and "fixation" of caloium in’ the
Akaka soil and two oxisols in Hawaii (19) Purcell and Sun {21)
reported that when the c01101da1 surface was negatively charged
calcium ions rapidily reduced zeta potential and at a concentra
tion of 10 '} moles por 1. the potential was positive for all
pﬁ values. Calcium ions were attraoted to the negativo surface

by both olegtrostatic and covalent forces.

Hawaiian soils thnt posscss A pH valuos near zero or oeven
positivo values are thuse that are high in oxides Or hydrone
oxidos of iron and aluminum and other amorphous colloids (18)
Such soils, fall . in the variable charga type and can best be
desoribed by a oonetant potontial model.
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On the other hand, soils high in mica, montmorillonite, and
vermiculite possess relatively high negative apH values and should
be treated by a constant charge model. The Akaka soil fits in
very woll with the varialle charge type model. The Pahala. angd:
‘Naalehu soils, alkthcugh.showing somé chemical properties of a

2:1 layer silicate mineral, such as the ability to fix ammonium
still are dominantly X-ray amorphous and should also be treated

as a variable charge rather than a constant charge model.

Abstract

High cation exchange capacity values were obtained in sand,
silt and clay fractions of two dominantly X—ra& amorphoue‘volca~
nic ash soils sampled from an ustic soil moisture regime. The-
amount of ammonium fixed by selected horlzons in these two Ty-
pic Eutrandepts was equal to or oxceeded that flxed by a mont-
morillonitic soil. The sand. and silt fractlons flxed about the
same: apount of ammonium as d1d their correspond1ng clay fraction.
A highly significant correletlon was found between CEC and am-
monium fixation., Soils high in extractable 51llca and alumlna
are not always associated with hlgh cation exchange ‘and ammonlum
fixipg capacities.. Mineraloids are tolieved to be involved in

ammonium fixation.

Cation exchange and anion exchange capacities increased
with inocreasing NH4Cl concentration in a Typic Hydrandept, a do~
minantly X~ray amorphous volcanlc ash 5011 sampled from an udic
soil moisture regime. CEC 1ncreased w1th 1ncreas*ng pH, with
magnitude of increase boing grcatest between pH 7 and 9. AEC
increased with decreasing pH, with m;gnltude of increase being
.greatest botween pH 2 und 1. CEC inoreas.d with phosphate ad-
.dition; anien adsorption (as .measured by nitrate adeopption)

increased with ohloride addition an decreasod with sulfate and
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phosphate addition.

The use of variable charge model is discussed in relation to
Hawaiian soils dominated by oxides of hydrous oxides or iron and
aluminum and amorphous aluminosilicates. The ppH method for de—

termining net surface charge of a soil is also described.
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Table 1.

Chemical Composition of Naalehu and Pahala Soils and their Size Fractions.

SOIL

Naalehu 150-165 cm.

Pahala 64-91 cm

Pahala 132-145 cm.

Def Sand silt clay Def. sand silt clay def. sand silt clay
5107 45.59 45.89 46.99 43.03 44.40 42.37 44.89 41.30 45.07 45.45 46.89  41.66
Fep03 11.01 10.65 11.89 10.76 13.24 14.42 11.18 14.47 8.02 8.80 8.32 5.62
21203 21,72 19.49 22.72 21.03 18.92 21.19 24.59 22.35 22.84 21.28 23.20 25.22
7105 2.04 2.42 2.24 2.59 2.15 3.37 3.62 4.21  2.28 2.21 2.34 2.66
C=0 1.87 2.65 1.67 .58 2.27 3.15 2.02 91 3.23 3.65 3.92 45
Mg0 3.64 6.24 1.90 .90 2.74 3.15 2.60 1.21 4.16 6.59 3.42 .68
K20 .15 .15 .18 .17 .26 .24 .20 .11 .14 .17 .17 .12
Has0 3.54 3.40 2,83 6.94 3.02 2.85 2.39 4.34 2.97 2.71 2.51 5.92
P205 17 .11 .02 .09 .18 W11 .17 .05 .36 .23 .20 .37
¥n0p .03 .04 .03 .05 .04 .07 .06 12 .04 .08 .09 .03
B0+ 10.70 8.80 9.76 12.90 11.23 9,30  9.77 12.25 11.18 9.24 9.52  14.91
Total 100.46 69.82 100.23 99.04 98.45 100.22 101.49 101.32 100-29 100.41 100.58 99.64
si0,

£e
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Table 2, Extractable Silica and Alumina of Soils and their
Size Fractions by Differential Dissolution

Analysis.
SO0IL Dpth 5102 A1p0y  Si0pt 41,04
o ! —
Naalohu 150-165
Def. 24,6 20.4 45.0
sand 19.2 14.4 33.A
silt 23.6 20.C 42,0
clay 23.17 18.3 42.0
Pahala 64-91
def. 20,8 18.7 39.5
sand 17.1 15.1 32,2
s8ilt 16.0 1853 3403
clay 20.5 18.5 39.0
Pahala 132-145
def. 29.2 28.1 57.3
sand 28.3 22.3 50.6
8ilt 27.8 26.4 54.2
clay 35.6 20.4 56,0
Lualualei 3~38
clay 9.9 4.2 14.1
Olokui 10-18
olay 2.6 6.8 9.4
Molokai 188+

clay 17.8 22.3 40.1
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Table 3. Caticn Exchange Capacity of Naalehu and Pahala

Soils and tueir Size Fractions.

Untrt, B2-2-trt. Def.  Def. Dof.  Dof.

Soil Depth,  goil soil g0il  panf gilt clay
cm me./10C g.
Naahelu 0- 28 . 52.2 43,9 57.0 26.0 34,7 106.3

28— 53 60.9 63.5 89.9 76.7 71.0 111.6
53-137 67.0 170.4 102.4 78.5 87.6 111,2
137-150 73.6 T7.4 97.4 753 85.4 105.9
150-165 75.1  71.5 104.7  91.0  95.4  116.1

Pahala 0~ 18 36.8 24.9 22.3 8.4 17.4 92,3
18- 28 31.7 26.3 27.8 11.3 22,6 102.5

46~ 64 39.3 42.3 49.2 29.5 37.9 105.1
64~ 91 72.7 80.4 96.6 88.9  87.7 102.3
91~ 99 53.4 58.5 68,4 61.6  58.8 91.9
99-132 41.2 46.0 61.9  47.0  48.4  106.9
132145 56.4  64.7 91.4  81.0 7.8  124.2
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Table 4. Delta cation exchange capacity of Naalehu and
Pahala soils and their size fractions.

Cation Bxchange éapacity. me.. /100 g.

SO0IL Dopt, 2% NapCOy NaO4
cm, treateq PHe 345 Value
treated
(B) (1) (B-a)
Naalohu 150-165
def. 92,6 7.1 15.5
sand 90,8 73.8 . 117.0
silt 100.6 84.8 15.8
clay 116.4 92,3 24.1
Pahala 64-91
def. 97.1 83.4 14.3
sand - — -—
8ilt 9545 18.7 16.8
clay 106.5 82.8 23.7
Pahala 132~145
def. 99.4 63.0 36.4
sand — —- —
silt 85.5 55.1 30.4

olay 130.4 80.8 49.6
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Table 5. Ammonium fixaiion capacities of soils saturated
with 10 me./ 100 g. ammonium and oven-diied at
105 C. for 12 hours,

Jntxt. fg: 2 Dof.  Def. Def. Def.
S0IL ngth, 503l soil  sand silt olay
) me. /100 g.
Naalehu 0- 28 42 .36 1.37 8 .48 .59 .83
26- 53 .19 1,96 1,96 1.25 1,93 1,58
53-137 1.49 1.61 2,08 1.55 2,14 1.19
137-150 2.30 2.26 2.98 .60 1.60 1.58
150~165 1.90 2.20 2.65 1.67 3.00 1,42
Pahala 0-18 .30 «36 .48 18 30 LT7
18-28 41 54 .63 .21 36 .83
28-46 +59 «T1 T4 .42 AT 495
46-64 1.43 1.43 1.81 1.25 1.37 .60
64~91 2.97 3.15 4.19 3.09 3.98 2,50
91-99 1 50 .83 .71 62 .M
99-132 1.07 .87 .89 1.01 1.07 1.3
132-145
Lualualei 3-38 2.32  1.37 - - ~- -~
Olokui 10-18 2.50 2,91 3.93 - —  6.90

Molokai 188+ .30 - —— — -~ 21
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Table 6. Ammonium Fixation Capacities of Soils Saturated With
50 me./lOO 8. Ammoniium end Oven~Dried at 1059 C,

for 12 hours.

SOTIL  Depth Untrs 55:? Dof. Dof Def Def
om. soil soil soil  sand silt clay
me. / 100 g.

Naalehu  O- 28 119 .71 1,55 1.0 1.19 3.75
28~ 53 1.96 2,50 2.86 2.74 2.91 3.15

53-137 2.44 2.44 3,51 3.15 3.69 3.33

137-150 5:4T7 4.94 5.95 1.17 3.15 4.46

150-165 4.10 4.11 4.88 4.94 5.56 4.16

Pahala 0~ 18 42 5 W65 42 .59 2.26
18- 28 49 .65 .89 59 .60 1.90

28- 42//r T4 83 1.43 83 1.13 1.90

46~ 6 1.78 1,61 2,44 1.96 2.06 2.02

64~ 91 6.48 5.71 7.91 6.84 7.38 5.59

91~ 99 3.27  3.15 3.57 2.26 3.03 2.97

99-132 95 1.13 1.55 95 1.31 1.67

132-145 1.31 1.05 1.61 1,13 1.31 1.78
Lualualei 3~ 38 5,71 — - — -~ 6,78
Olokui  10-18 2,76 2.44 3.03 —= -~ 9,93
Molokai 188+ 65 - - — - .39




29

TABLE 7. Effect of chloride, sulfate and prosphate on the
cation exchange capacity (CEC) of the Akaka soil
(Data of W. Y. Shiroma)

GEC,
Treatment me. /100 g.
Control 66.7
Chloride (KC1) 61.2
Sulfate ( K2804) ) 65.6
ho: 1 KH,PO
Phosphate ( KHpPOy 183.6

TABLE 8. Effect of chloride, sulfate and phosphate on nitra

te adsorp*ion at 0.0l and 0.1N KNOj3 concentrations
in the Akaka Soil’Data of W. Y. Shorima)

Noy adsorhed oy g,

Treatment

0.01N KNO;
Control 3.89
Chloride (KC1) 5,61
Sulfate ( K 504) 1.73
Phosphate ( KH2PO4) 1.51

O.IH.KNO3
Control 9.84
Chloride ( KC1) 32,50
Sulfate ( K2304) 8.12

Phosphatd ( KH2P04) 1.31
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Fig. 3 Effeot of NHyCl concentration on cation exchange oa
pacity 6f the Akaka soil.
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Pig. 4 Effect of NH401 concentration on anion exchange .capacity
of tho Akaka soil.



Fig. 5 Effeot of pH of NH4CI solution on the cation oxchango
capacity of the Akaka soil,



Fig. 6 Effoot of pH of NH4Cl solution on the anion exchange
capacity of the Akaka soil.



