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Some Exchange Adsorption and Fixation Properties
 

of Amorphoua Volcanic Ash Soils of Hawaii i/
 

T. Mikami 2/
Y. Kanehiro and D...


Introduction
 

Volcanic ashsoils comprZse a iarge percantage of the soi.s
 

of Hawaiit..espeoially in the,younger geological sections of the
 

State....X-ra'ramorphous mAterial, such as hydrous allumino-silioa
 

tee and.hydrous oxides of aluminium and iron, dominates the mine
 

ral make-up in many of these soils. The amorphous material ran
 

is from gele.to poorly orderod layer silicate minerals, as well
 

as fresh and. weathered remnants of volcanic glass.
 

The dominant constituent (s) of amorphous material that is
 

found in a.vQlcanic ash soil is determined by the environment
 

in whiobthe soils has formed.. In Hawaii the climatic factor,
 

mainly rainfall, largely determines the nature of the amorph'ou6
 

material. The vast majority of the volcanic ash soils are
 

Inceptisols. Four-Great Groups of Inceptisols are found: Vitran
 

depts, Eutrandepts, Dystrandepts and Hydrandepts.. rainfall in-.
 

creases'ii the direction from the Vitrandepts (dry) to the
 

In the dry totbhumid environment weathering
HydrandeptO (wet). 


has not *teenas intense as in the ;et environment.. The soil
 

system is also relatively rich in silica and the bases.. In-the
 

wet system, weathering is likely to be rapid and intense and
 

occurs in a more acid and silica-poor environment. In the first
 

s likoly to be volcanic glass,situation the amorphous material 
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which is primarily fresh'or'slightli'Oeatherediias well as hZ
 

drous aluminous silicates, together with remnants of primary
 

minerals, such an foldspars and pyroxones. Organic matter is
 

likely to be modoratoly high. "In the~second situation hydrous
 

oxides of aluminum and iron, as well as hydrous alumino-silica

tes, will dominate the amorphous fraction. Organic matter will
 

be high and will ienain relatively high even in the aui soil.. 

!t is genorally agreed that volcanic ash soils that 6ontain 

pred6minantly amorphous material Ahow great 'ohemical 'activity. 

A large part of thid is associate. with the greait .suirfibbeaiea 

thdt amorphous colloids possess. 

Because ofthis high activity and other unusual chemical pro

perties, means other than conventional methods of interpretation 

must often be i'used when'"working with these soils. The purpose 

of this siudy was to obtain further data and to get a better 

insight on the ion exchange, adsorption, and fixation properties 

and reactions of these dominantly amorphous Hawaii volcanic ash 

soils. To better illhstrate the properties and behavior of
 

amorphous volcanic ash soils developed under different-rainfall
 

conditions, soils" from ustic and udic moisture regimes were
 

sampled. The ustic regime is represented by the Naalehu silty
°'.L..,.
 

clay and Pahala'fine sandy foam (both'Typic Eutrandepts)' while 
the udio regime 'is represented hy.the Akaka silty clay ( a typio 

Hydrandept)'
 

Materials and Methods
 

Soils Used:
 

Three Hawaiian soils,*Akaka silty clay (Typic Hydraindept),
 

Pahala fine sandy loam (Typic Eutrandept),*and the Naalehu
 

silty clay (Typic Eutrandept), sampled from the Isdand of Hawaii
 

were used for this study. The Akaa'soil, chosen to represent
 

an udic moisture regime, has developed from volcanic ash under
 

ea3uditions of over 5000.mm annual rainfall.' This soils' isa:.
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member o?.the thixotr.pio isomesio family of'Typic Hydrandepts.
 

It is.dominontly .amorphous and contains large amounts of hydra
 

te oxides of Fe and Al, hydrous alumlosilicate, and organic
 

matter.(organio 'C= 15%). pH of the surface soils.usually
 

ranges from 5.0 to 6.0. Very little exchangeable bases remain
 

in this soil. The Pahala and .Naalehu soils represent an ustic
 

moisture regime andhave depveJoppe4,from volcanic ash under an
 

annual.rainfall Qf about 900-1500 mm. .These soils are members
 

of the medial, isothermic family of the Typic ELrandepts. They
 

are also domin~ntly amorphous but because weathering 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 .C=5%)
 

pH of these soils usually rangesfrom 6-5 to 7.5. Base satura

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 Darts of this study for comparative purpose.
 

Procedures:
 

X-ray analys'is was determined on the leis than 2 micron
 

fraction after potass'm and magnesiiim saturation and after
 

orientatibn on a glass slide, using a Norelc6 X-ray diffracto

meter with copper KCd radiation and niokel 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 elica
 

and alumina of soils and their.fraotions were also.determined
 

by differential dissollation analysis.
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Total.chemitalanalysis wao,.carried: out by determinihg
 
SIO2 , Fe203, TI0 2 , CaO:and'MgO after Na2CO3 fusion; Mn0;' P2O5
 

Na20 and X20 after HF-H2S04 digestion.'Al203.was obtained
 

from the difference betwen R203 and the oxides of irii..titanium
 

and phosphoris.
 

The cation exchange, capacity ( CEC ) of the soil.and.size
 

fractions was determined by the IN aumoniuk acetate method at
 

pH 7.0. The ammonium was displaoed'wiht4% 1 and the displaced
 

ammonium was determined in a micro-Kjeldahl~steam dietil1ation
 

apparatus followed by titration with a tandard acid.The CEO
 

delta value of the deferrated whole soil, sand, silt and clay
 

fractions of the Naalehu"and Pahala soils was determined.:by the
 

method of Aomine and Jackson (2). In studles.to find ot the
 

effects of concentration and pH of exchange ammonium solution
 

on cation exchange capacity (CEC) or anion exchange capacity
 

(AEC), Schofield's proedure (22), as slightly modified by Wada
 

and Ataka (28); was.used, Ammonium fixation studies were
 

carried out using the method of Allison et al. (1). Ammonium
 

fixation is defined in this study as that reaction in which
 

adsorbed ammoniub is retained against lN-KCl extraction. The
 

influence of various anions on cation and anion exchange/ad

sorption was determined by treating soil samples with 1M KCl,
 

0.5a K2So4 and 1M KH2PO4 . The treated samples were determined
 

for: I,- CEC by using lN ammonium acetate at pH 7.0 and; 2.

anion adsorption as measured with0.01 and O.lN concentrations
 

of KNO. Nitrate determination was carried out by micro-Kjel

dahl distillation of amcnia after nitrate reduotiQn.with Devar
 

da all.oy
 

Results and Discussion
 

Chemical and nineralogical propertiee
 

To characterize the chemical and mineralogical proportios.
 

of the Naalehu and Pahala soils and to determine the mineral (s)
 

http:with0.01
http:studles.to
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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. nd ammonium fixation analyses. 

Total chemical aaalysis data on the deferrated, organic
 

matter-free whole soil, sand, silt and clay fractions of the
 

Naalehu ( 150-165 cm) and Pahala ( 64-91 em and 132-145cm) soils
 

are given in Table 1. The data show that no apparent large dif

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 moisture regime.
 

Table 2 shows data on extractable silina and alumina for
 

these two soils, as well as the monrnorillonitio 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 halloysito in some horizons of this soil. A relatively 

prominent 020 (hkl) reflection band near 20Q 20 ( 4.44 ) 
consistently appeared in all fractions, suggesting the presence 

of some layer silicate mineral. This is in keeping with the 

belief that amorphous material, such as allophane, precedes 

the formation of layer silicate minerals, such as halloysite, 

in the weathering soquence of ash to allophane to halloysite 

(9,24). Boso'ain (4) roported finding halloysite associated 

with allophane, principally in deep older layers of volqanio 
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ash soils of Chile. In some oases Pmall amounts of montmorillo
 

nito and mioaceous minerals were also found.
 

Cation exchange capacity of Naalehu and Pahala soils
 
and their sizO fractions
 

The :CEC values of the untreated Naalehu and Pahala soils,
 

hydrogen peroxide-treated soils, deferrated s.qils and size frac

tions of the two soils.are given-in-Table 3. A general decrease
 

in CEC for the surface horizons occutrdd after.rganic matter
 

removal by hydrogen peroxide oxidation. However, a 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 deinoiistrated a very high capacity to
 

adsorb. cations.
 

In an earlier w:,rk Kelley and Page (15Y found two samples from
 

Naalehu and South Point, Hawaii, with CEC of 120 and 88 me/l0g
 

respectively (the soil found in the latter location is today
 

classified as an Eutrandepts as are The Naalehu'and Pahala soils)
 

They attributed the'high CEC to the amorDhous mineral in those
 

soils.
 

CEC ceta values are presentea in Table 4. The values were
 

largest for the clay fractions., These values were Iargor for
 

the Pahala 132-145 cm horizon fractions than for the comDarable
 

fractions at he 64-91 cm depth. 

The delta values for these 64-91 cm fractions were close to the 

values for the Naalehu 150-165 cm fractions. CEC delta values 

were not corrclated to the CEC of soils and their fractions 

(Table- 3). A highly significant correlation (.r - 0.824*t 

df . 8 ) was obtained when the extractable silica and alumina 
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contents (Table 2) were compared tgainst the CEO delta values
 

of the same horizons. This shows that some relationship exists
 

between two methods of.amorphous material determination.
 

Ammonium.fixing capacity of Naalehu and Pahala soils
 

and their size. fraotions
 

The ammonium fixing capacity was studied in untreated soils,
 

hydrogen.poroxide-treated soils, deferrated soils and size frac

t.ions with two rates of ammorAum chloio solution ( 10 and
 

50 me. ammonium per 100 g. soil.) 'In the complete soil profile
 

samples of the Naalohu and Pahala soils and in selected horizons
 

of the montmorillonitic Lualualoi, micacoous Olokui, and Kaoli

nitic Molokai soils. The results of Tables 5 and 6 show that
 

as much as a 100% increase in ammonium fixation occurred when
 

the rate of ammonium applicatxof was'increased from 10 t6bO me.
 

per 100 "rams soil.
 

This was very aident especially in the 64-91 cm. ,horizon of the
 

Pahala soil. The 50 me. per 100 g. rate was found to be a ma

jimun beyond which fixation decreased.
 

The results of this study show that the Naalohu and Pahala
 

profiles have some capacity to retain ammonium against N'KC1
 

The amount fixed in selected horizons and treatments
extraction. 


was equal to or exceedod that .fixedby the montmorillonitie
 

Lualualei and micaceous'Olokui soil.
 

The data in Tables 5 and 6 show that ammonium fixation be

fore and after hydrogen poroxido oxidation of the organic matter
 

was.not noticeably different. In faot, only a slight increase
 

or decrease occurred in the capacity of the Naalehu an. Pahala
 

soils to fix ammonium into nonexchangeable form. This'implies,
 

at loast for these soils, that ammonium fixation is not due to
 

Free iron
the'reaction of ammoniim with soil oiganic matter. 


removal increased the ammonium fixing capacity to somo extend.
 

The most noticeable increase cccurred in the 64-91 em;,horizon
 



of the Pahala soil, demonstrating the high fixing capacity of
 

this particular horizon.
 

Ammonium fixation by the deferrated sand, silt and clay'size
 

fractionas shows that as in the whole soil, the highest fixa

tion occurred iii'the PbThUI (64-01 cm.). )iorizon. The Naalehi 

(15U-165 am) horizon also had a high ammonium fixing capacity.
 

I4.both horizons and with both concentrations, the silt frao

tion had the highest fixation, followed by the sand and clay
 

fractions, respectively.
 

In the crystalline soils, the highest fixation occurred in 

those.soil horizons that were predominantly micacoous ( Olokui) 

and montmorillonitio (Lualualei ). The kaolin soil (Molokai) 

fixed.little ammonium. 

Statistical examination of thQ.data showed that a highly 

significant correlation ( r = 0.627 ++ Y df 7) existed bet

woen CEC and ammonium fixation obtained with the 50 me. ammo

nium per 100 g. rate. A better correlation bould have boon
 

obtained if the obvious non-relationshp of the clay fraction to 

ammonium fixation was not included in the statistical analysis. 

A correlation coefficient of 0.832, highly significant at the 

1% level, was shown when 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 their capacity 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 extractable silica and alumina
 

content. the greater the ammonium fixing capnnity.
 

Effect of concentration of salt solution on cation and anion
 

exohango capacities of Akaka soil.
 

Figure 3 shows. that cation exchange capacity (CEC) inorea
 

sod from 10 to 68 mo/l00 g. as concentration of NH4Cl increased
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from 0.25 to 1 ON, respectively, in the Akaka ( 20-40 cm.)
 

soil. This increase was especially pronounced from 0.75 to
 

1. 5N. Beyond 1. 5X, CEC appears .to be 2eveling off. Wada
 

and Ataka (28) also noted increased CEC with increasing
 

NH4C concentrations in allophano samples prepared from Japa

nose volcanic ash soils.
 

These workers also found this condentration effect on CEC in
 

halloysite but not for montmorillonite-illite. They discussed 

two differonte mechanism of ion adsorption by these clay mine

rals. Thq first type deponds on Coulombic forces between the 

ions and the olay particles and id applicable to adsorption 

by the montmorillonito-illite clayp although this type was noted 

t9 be..found,also with allophane and halloysite. The second
 

type denends on non-CoulombicatAtraction 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 give CEC values which depend 

markedly upon concentration of'ammonium solution (5)0 Adsorp

tion of cations by these soils was noted to olosely.r6semblo 

the behavior of hydrantod alumina prepared by precipitation.
 

Physical adsorption of cations in these soils was proposed as
 

being responsible to a greater or loss" extend for increases in
 

CEO values as b6ncentration of the ammonium solution was in

creased. 

Figro 4 shows that anion exchange capacity (AEC) increa

sod from 10 to 73 me./l0 g. as concentratien of NH Cl incroa

sod from 0.25 to 2. ON, respectively, in the Akaka ( 20-40 cm.) 

soil. The data of Table 8 also show that nitrate adsorption 

was highr Iwhen r.IN rather than 0.0IN KNO was used as the. 

exchange solution In this same soil.
 

'Singh and Kanohiro (23) reported that nitrate adsbrption
 

in the abovimentioned Akaka soil and in the'Kaolinitic Wahiawa
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soil follows a.Freundlich type of adsorption isotherm. A high

ly significant correlation existed between the eleotrolyte con

centration and'the amount of NO adsorbed in those two soils.

3
 

The adSorption .Inore.sed,consistently with each increment in
 

electrolyte concentration. They found that the magnitude of ad
 

sorption was Teater ;in the dominantly amorphous Akaka soil
 

than in the aol.ihitio Wahiawa'.Poil.
 

Adsorption of anionio;'organio matter in.the Akaka soil 

was obsorvod,$o increase exponentially with increasing addition 

of pcaxbon to he. systgm by Briones (7). The adsorption isotherm 

followed a Froundlich type o isotherm. 

She-reporter that adsorption was greator .tw-Loh 

subsoil than in the surface horizon of this 'Akaka soil. 

Japanese investigators.(2b) have also observed increased
 

AEC with increasing concentration of the exchange NHCl solution
 

in allophanio colloids.
 

They proposed that non-Coulombic attraction between ions and
 

clay particles plays a large role in incrdasing AEC under suqh
 

conditions.
 

The adsorption of NO waa also reported to be concentration
3
 

dependent and.was describe by a Langmuir type isotherm by Kinjo 

and Pratt (16) in their work on Andepts,-0xisols, and Alfisols
 

from Mexico, Colombia and Brazil. Hassan et al. (13)"showed
 

that adsorption of sulfate fits the linear form of the Langmuir
 

equation over a limited range of concentration in Hawaii volca

nid ash soils.
 

Effect of pH of salt solution-on cation and anion exchange,
 

capacitios of Akaka soil,
 

Amorphous soils derived from volcantic ash and containing
 

large amounts of allophane, hydrated iron. and aluminum oxides
 



and organic matter are known to be 'made up of colloids with va

riable charge or pH-dependeht charge,
 

Figure 5.shows that the magnitude of increase in CEC was much
 

greater per uniit rise in pH above than below neutrality in the
 

Akaka (20-40 cm.) soil. 

CEC rose from 65 (at pH 7.d) to 5 me./eo0 g. at pH 9.0. It 

took a 4-unit change in pH (from jH 3-0 to 7.0)*to effect this 

inmo Lai and Swindale
magnitude'of increase in the acid range. 


(17). also noted that change in CEP between pH 4.0 and 7.0 was
 

much lees than between 7.0 and 8.5 in four Hawaiian allophanio
 

soils.
 

waa.ia ana Atka (28) reported increase in CEC between pH 5 

and.7 in two simples of allophane prepared from two Japanese 

volcanic ash soils... This increase was attributed to an a'cqui

sition of negative charges probably due to dissociation of 

A+ ions from Si-OH grouls with rise in pH. Fielde's (10)''and 

Tan (26) similary reported increasing negative charge as pH
 

increased above 5 in allophanic soils from New Zealand and
 

Indonesia) respectively.
 

AEC in the Akaka soil increased from 21 to 37 me./l0 g.
 

as pH was decreased from 9.0 to.2.0 (6e Fieui 6). There is 

pronounced increase of 24 me./i60 g. with on'y'a unit decrease 

in pH.f~'om 2.0 to 1.0. Singh and "(anehiro (23) showed increa

siNgNO3 adsorption with decreasig.pE in this Akaka subsoil. 

They reported groater magnitudes of adsorbed nitrate in this do 

minantly amorphous Akaka soil than in the Kaolinitio Wahaiwa 

soil under comparable pH conditions. They attributed the grea

tor adsorption in the former soil to the greater number of tea

tive OH groups in the allophane and hydrated Iron and dluminum 

oxide fractions.which give rise to positive adsorption sites. 

The tact that positive adsorption of nitrate took place atpH 

abbvo 7 led them to conblihdo that positive chargob in these 

http:decreasig.pE
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qo.ls exist even under alkaJinq conditions. The AEC data in
 

Figure 6 substantiate this conclusion.
 

Brionos (7) observed that amounts of humic cud fulvio acids 

adsorbed by the Akaka soil was highest at low values and as the 

pHwasincreased adsorption decreased. Adsorption of these or-. 

gaznic compounds was attributeq to a chemical inloraotion bet

weenthe soil colloids and carboxyllic acids of organic matter. 

Kinjo and Pratt (16) reported a sharp rise in Nu adsorp
3
tion as the pH of the equilibzium solultion dropped to 3.5 from 

6.0 and then adsorption leveled off in Andepts from Mexido and 

Colombia. Other investigators working with allophanic ash soils 

have roported similar increases in'anion adsorption with deorea 

sin pH. Wada and Ataka (28) reported appreciable 'increase in 

AEC when pH of the equilibrium solution of NH Cl was decrease' 
4


from 7.0 to 5.0 in allophanic claya, while there was very
 

little change in halibysite and'montmorillonite-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 adsorvtion in Akaka soil
 

Tauie - snows zna UbtU was approximdtdly tripled with the 

addition of phosphate. Mekaru and Ushara(1) similary showed 

increased CEC of phosphated soils in the Hilo silty clay which 

is also a Typic Hydrandept. They calculated that each milli

mole of adsorbed phosphate"incr6ases CEO by approximaitely 

0.8 me. at pH 7.0
 

The other anions, chloride and sulfate, did not increase
 

CEC. It was thought.that sulfate would also displace hydroxyls
 

and thereby increase CEC but this apparently did not happen.
 

The reason for this failure of sulfate addition to increase CEO
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most probably must be due to the fact that the untreated Akaka
 

soil was already very high in native sulfate content.
 

Hassan at al. (13) and Mekaru 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 Akaka soil and in two Hawaiian
 

Trop'humults, .CEC measured 58.7 
me. in the no-lime as compared
 

to 52.0 me./lOOg. in the limed Akaka soil, five months after
 

application. The comparable values for the two Tropohumults
 

were 17.6 reduced to 9.7-and 23.3 to 16.7 me./lO0 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
 

.q.ed nitrate adsorption. This decrease was especially pronounced
 

with the phosphatetreated sample at both KNO3 concentrations.
 

The reduction in nitrate adsorption with sulface addition was more
 

effective at the 0.OIN than at the O.IN KNO3 concentration. The
 

chloride treatment increased nitrate adsorption and the increase
 

was greater at the O.IN than at the 0.0N KNO 3concentration.
 

Mekaru and Uehara (i8) reported negative adsorption of nitrate
 

and chloride ions when sulfate ions were added to a soil colloidal
 

suepensi6n of a Havaiian Hydrandept which was initially net-positi
 

vely charged. In their anion-exchange equilibria studies with
 

two Andepts and one Oxisol from Mexico and South America, Kinjo and
 
Pratt (16) reported that chloride was slightly preferred over ni

trate, and sulfate and phosphate wore greatly preferred over nitra

te.* They found that negativd'adsorption of nitrate occurred when
 

sulfate or phosphate' exceede certain concentrations.
 

Additional-Discussion and Conclusions
 

Adsorption and fixation mechanisms
 
Some explanation describing the source and meochanismof the
 

high'cation exohange'oapacity o' the clay fraction and their obvius
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non-relationship to ammonium fixation is needed in the Naalehu and
 

Pahala soils. The data (Table show t)that the extractable silica
 
and alumina of the Molokai clay (kolini and thesand,'silt and 

clay fractionas of the Naalehg and Pahala soils are extremely high. 

However, their cation exchange capacities and ammonium fixing capa 

oitieb range from low to very high. Soils high in extractable si 

lioa and alumina are not always associated with high cation exchan 

ge and ammonium fixing capacities. This can be explained by the 

origin of their aluminum. Aluminum in halloysite is held In its 

structure in octahedral coordination. However, mineraloids or 

allophane differ from other clay minerals with respect'to its alu 

minium which is held in its structure in teirahedral co-oraination. 

This is supposed to be the main cause for its many unusual acti

ties, opo of them being its cation holding mechanism (10). Egawa 

(8) in describing the mechanism of ion adsorption of allophane des
 

cribed the shift of the coordination number of the octahedral alu

minium to tetrahedral as being considered one mechanism by which
 

the acidic.nature originates
 

The foregoing results with Naalehu and Pahala soils showed
 

the d~finite capability of 'ertain mineraloiks to adsorb and.fix
 

large quantities of ammonium. 'It should be pointed out-that
 

adsorption and fixation'reactions are not irreversible reactions
 

and that these two reactions overlap each other.. Tamimi'et al.
 

(25) have shown that fixation of ammonium 'inthe presence of 

phosphate cal occur by the formation of taranakite in amorphous 

soils of Hawaii. Fox et al. (11) reported that phosphorus;adsory 

tion/fixation is much'higher in soils dominated by amorphous.col

loids than in those dominated by layer silicate minerals.. nur
 

data have shown that not all amorphous materials with CEC have
 

a high capacity to fix ammonium. Purthermore, it is generally
 

believed that the adsorbing and fixing intensities of humus and
 

amorphous material are gonerall#:woaker than those of orystalline
 

rlaysa
 

Birrell k5) has stated tha~t retointioni of cations by-amorphous,
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alumino-siliqates .requires an alkaline medium; therefore, there
 

is no mechanism for 4n effeotive fixation of cations like potas

sium in'some volcanic ash soils within the normal soil pH range.
 

The Naalahu and Pahala soils apparently do have enough of an al

kaline.medium to effectively fix ammonium. Their pH is general

ly about. 7-and base saturation is high. Si02/A1203 molecular
 

ratios ranged between 3.10 and 4.00 in the .sand. silt and clay
 

fractions of the two high ammonium fixing horizons of the two
 

soils (Table 1). Van Reeuwijk and de Villiers (27) have in fact
 

demons tated that synthetic aluminosiliaa els fixed potassium 

against replacement by common alkali and alkaline earth cations.
 

They further reported that amounts of K fixed against exchange
 

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

at which K-saturation originally took place.
 

To add to the mineralogical information, the silt and 

sand fractions of the high ammonium fixing Naalehu (150-165am.) 

and'Pahala (64-91 cm.) soils were examinod by the petrographic 

microscope. Sbme feldspars, olivino, pyroxenes, and iron oxides 

were prosent in all samples but the most important single mineral 

relative to fixation was glass or its weathered equivalent. 

Weathered glass can be distinguished from fresh glass by a pro7 
gressive increase in birefingencb as the glass weathers. The
 

non-crystalline and yet birefrigento character of this material
 

fits the definition of Wentworth's (29) palagonite. This amor

phous material also fits the description of the Birrell's (5)
 

"palangonite". He reported 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 samples
 

can be largely attributed to this weathered glass and this value
 

must be near 200 me. per iO0 grams considering the sample is 

about 30-50% fresh'glass, plant opal, feldspar, pryroxenes and 

iron oxide.
 

http:increas.id
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The.difference.in capacity to fix'ammonium among minerdioids
 

wust arise through some fundamental mechanism.. It appearsethat 

.the origin of the charge on the colloid surface may be an important 

.faotor. Aluminium in volcanic.,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,
 

oaloum and magnesium. These cations cannot undergo ion exchange 

and the cation exchange capaoity :of fresh glass would be low. 

..


In soils, however, weathering of glass by hydration, hydro

lysis, and carbonation results in loss of the soluble cations lea

ving.an open network of silica and alumina.. This material is still
 

amorphous, hs a high charge density and now can, due to its open

ness, permit ion oxcange.
 

It is further proposed that with further leaching and increa
 

se acidity, the aliminum alters to the more stable octahedrally
 

co.ordinated hydroxide (gibbsite) or alumino-silicate (kaolin) and
 

loses its capaoity to fix ammonium. The 132-145 cm. horizon of
 

the Pahalasoil may represent weathering in this direction.
 

If, on the othor hand,.leaching is not too intense and the 

pH is favorab.le t a large fraction of .the aluminum atoms may remain 

in-the four-co-ordinated state and.give rise to a material simi

!pr.to the Naalehu ( 150-165 cm.) and Pahala ( 64-91 cm.),soil., 

Those twosamples in some .waysbehave che.mioaly like montmori

llonito. Birrel (5) also noted that an amorphous colloid that.
 

formed under conditions of restrited leaohing, wich he called
 

"palagonite", resombled montmorillonite chemically,
 

It is importante to stros again the w.de clfferenoes no

ted in the reactivity of amorphous material .to ammonium. A mere
 

identification of large quantities of amorphous material in F.
 

soil does not necessarily imply that it will fix ammonium.
 

http:favorab.le
http:The.difference.in


Variable charge colloidal system
 

Mekaru and Uohara (18) have recenily proposed the use of a
 

theory of constant potential colloids in describing soil colloidal
 

systems in.Hawaii which are dominated by oxides or hydrous oxi

des of iron and aluminum and amorphous alumiinosilicates. In such
 

oolloids charges arise at exterior lattice sources. These cons

tant potential colloids types arc mbre commonly balled vari.ble
 

charge colloids or pH-dependent charge colloids. In such a sys

tem potential-determining ions, such as H+ , O-, F- and P04
 

can alter surface charges. With this type of colloids, anion
 

adsorption can occur either by way of non-specific 6nion adsorp

tion or by specific ion adsorption (14). Anions are retained as
 

counter ions in the diffuse layer or can enter 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 measurement
 

in water and in IN KC1 solution. They proposed the termapH as
 

the pH difference between the pastes prepared with 1N KCl and
 

Much of this concept on pH is based on Parks and DeBruyn's
water. 


(20) work on the measurement of surface charge density of he."ntite
 

as a function of pH in suspensions containing varying concentra

tions of KNO These workers showed that when the hematite surfa
 

ce poss-ss a net positive charge, p11 increased with increasing
 

KNO3 ( an indifferent electrolyte) concentration. Conversely, pH
 

decreased with increasing concentration when surface charge was
 

net negative. At the zero point of charge pH was independent of
 

concentration.. Others ( 3,30) have made similar studies for
 

goethite and a-alumina.
 

Mqkaru and Uohara kio) emphasized that an indifferent olootro
 

lyto ion, suoh as chloride, be used to proporly inzerpret pH
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values for net surface charge determination. A specifically ad

sorbed ion, such as sulfate, displaces.hydroxylis coordinated to
 

the metal oxide and will increase suspension pH. The phosphate
 

ionis also known to behave similarly. The consequence of such
 

displacement is an increase in negative charges which in turn
 

will mean increased CEC. These two investigators, reported that
 

each millimole of adsorbed phosphate increased CEC by approxima

soil at pH. 7.0 in the Hilo silty clay
tely.O.8 me./io g. 


loam, a Typic Hydrandept that has many similar properties as
 

theAkaka silty clay. The foregoing discussion doas much to u 

plain the increased CEC that was obtained with phosphate addi

tion (Table 7).
 

The failure of sulfate to increase CEC was co.nt probably duo to
 

the fact that the soil surface was negatively charged. In a pro-

vjous study it was sohown that the Akaka subsoil horizons possess
 

a negative tpH (18). Sulfate has been shown to affect zeta po

tential of a rineral only when the surface is positively char

ged. (21).. Furthermore, it has been dosmonstrated by other
 

Hawaiian workers that the Akaka soil contains a high amount of
 

native adsorbed sIlfate content (13).
 

This approach also helps to explain the'reduction in CEC
 

obtained after lime application and "fixation" of calcium in'the
 

Akaka soil and two oxisols in Hawaii (19). Purcell and Sun T1l)
 

reported that when the colloidhl surface was negatively charged
 
calcium ions rapidily reduced zeta potential, and at a concentra
 

tion of 10 -3 moles per 1. the potential was positive for all
 

pH values. Calcium ions were attracted to the negative surface
 

by both electrostatic and covalent forces.
 

Hawaiian soils that possesApH values near zero or even
 

positive values are those that are high in oxides 6r hydrous
 

oxides of iron and aluminum and other amorphous colloids (18)
 

Such soils. fall in the va i.able charge type and can best be
 

described by a constant potential 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 well.with the variable charge type model, The Pahala an0.
 

Naalehu soils, al-though-showing some 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-ray amorphous volca

nic ash soils sampled from an ustic soil moisture regime. The 

amount of ammonium fixed by selected horizons in these two Ty

pio Eutrandepts was equal to or oxceeded that fixed by a mont

morillonitio soil. The sand.and silt fractions fixed about the 

same.amount .of ammonium as did their corresponding clay fraction. 

A highly significant correlation was found between CEC and am

monium fixation, Soils high in extractable silica and alumina 

are not always associated with.high.cation exchange and ammonium 

fixig capacities.. Minoraloids are I-elieved to be involved in 

ammonium fixation. 

Cation exchange and anion exchange capacities increased
 

.with increasing NH4 Cl concentration in a Typic Hydrandept, a do

minantly X-ray amorphous volcanic ash soil sampled from an udic
 

soil moisture regime. CECO increased with increasing pH1,with
 

magnitude of increase being greatest between pH 7 and 9. AEC
 

increased with decreasing pH, with magnitude of increase being
 

-greatest between pH 2 and 1. CEC inoreasud with phosphate ad
dition; anion adsorption (as.measured by nitrate adsopption) 

increased with.chloride addition an decreased 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 apH method for de

termining net gurface charge of a soil is also described.
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Table 1. Chemical Composition of Naalehu and Pahala Soils and their Size Fractions. 

S 0 1 L Def 
NLalehu 150-165 

Sand silt 
cm. _ 

clay Def. 
Pahala 64-91 
sand silt 

cm 
clay def. 

Pahala 132-145 
sand silt 

cm. 
clay 

Si02 45-59 45-89 46.99 43.03 44.40 42.37 44.89 41.30 45.07 45-45 46.89 41.66 

Fe203 
I20 3 

i.01 
21.72 

10.65 
19.49 

11.89 
22.72 

10.76 
21.03 

13.24 
18.92 

14.42 
21.19 

11.18 
24.59 

14.47 
22.35 

8.02 
22.84 

8.80 
21.28 

8.32 
23.20 

5.62 
25.22 

Ti 2 2.04 2.42 2.24 2.59 2.15 3.37 3.62 4.21 2.28 2.21 2.34 2.66 

CaO 1.87 2.65 1.67 .58 2.27 3.15 2.02 .91 3.23 3.65 3.92 .45 

Mgo 3.64 6.24 1.90 .90 2.74 3.15 2.60 1.21 4.16 6.59 3.42 .68 

K20 

kNa2O 

.15 

3.54 

115 

3.40 

.18 

2,83 

.17 

6.94 

.26 

3.02 

.24 

2.85 

.20 

2.39 

.11 

4.34 

.14 

2.97 

.17 

2.71 

.17 

2.51 

.12 

5.92 

P205 .17 .11 .02 .09 .18 .Il .17 .05 ,36 .23 .20 .37 

11 02 .03 .04 .03 .05 .04 .07 .06 .12 .04 .08 .09 .03 

"0+ 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 99.82 100.23 99.04 98.45 100.22 101.49 101.32 100-29 100.41 100.58 99.64 

SiO2 

A1203 3.56 4.00 3.51 3,47 3.97 3.39 3.10 3.13 3.35 3.62 3.43 2.70 
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Table 2. Extractable Silica and Alumina of Soils and their
 

Size Fractions by Differential Dissolution
 

Analysis.
 

S 0 I L Dpth Si02 A 20 02+ A120 3
 

Naalohu 150-165
 
Def. 24.6 20.4 45.0
 
sand 19.2 14.4 33.6
 
silt 23.6 20.C 42.0
 
clay 23.7 18.3 42.n
 

Pahala 64-91
 
def. 20.8 18.7 39.5
 
sand 17.1 15.1 32.2
 
silt 16.0 18.3 34.3
 
clay 20.5 18.5 39.0
 

Pahala 132-145
 
def. 29.2 28.1 57.3
 
sand 28.3 22.3 50.6
 
silt 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
 
clay 2,6 6.8 9.4
 

Molokai 188+
 
clay 17.8 22,3 40.1
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Table 3. Cation Exchange Capacity of Vaalehu and Pahala 

Soils and their Size Fractions. 

Soil Depth, 
cm. 

Untrt. 
soil 

H2Z2-trt. Def. Def. 
soil soil san& 

me./1OO g. 

Def. 
silt 

Def. 
clay 

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 70.4 102.4 78.5 87.6 111.2 

137-150 73.6 77.4 97.4 75.3 85.4 105.9 

150-165 75.1 77.5 104.7 91.0 95.4 116.1 

Pahala o- 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 

28- 46 32.9 31.4 33.4 15.6 - 108.2 

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 

132-145 56.4 64.7 91.4 81.0 77.8 124.2 
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Table 4. 	Delta cation exchange capacity of Naalehu and
 

Pahala soils and their size fractions.
 

Cation Exchange capacity, me../lO0. 
S 0 1 L Dopt, 2% Na2003 NaOA C 

cm. treated pH. 3.5 Value 
treated 

(B) (A) (B-A) 

NaalehU 150-165
 
dof. 92.6 77.1 15.5
 

sand 90.8 73.8 17.0
 

silt 100.6 84.8 15.8
 

clay 116.4 92.3 24.1
 

Pahala 64-91
 

def. 97.7 83.4 14-3 

sand - - 

silt 95.5 78.7 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
 
clay 130.4 80.8 49.6
 



27
 

Table 5. Ammonium fixation oapaoities of soils saturated 

with 10 me./ 1O0 g. ammonium an& oven-dijed at 

105 C. for 12 hours. 

S 0 1L Depth, 
om. 

Untrt. 
soil 

H20 2 
trt 
soil 

Dof. 

soil 

Def. 

sand 

Def. 

silt 

Def. 

Jly 

Mo. /100 g. 

Naalehu 0-. 28 .42 .36 1.37 8 .48 .59 .83 
28-- 53 1.19 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 .77 

18-28 .41 .54 .63 .21 .36 .83 

28-46 .59 .71 .74 .42 .77 .95 
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 .71 .50 .83 .71 .62 .71 
99-132 1.07 .87 .89 1.01 1.07 1.31 

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 g. Ammobium end Oven-Dried at 1050 C.
 

for 12 hours. 

S 0 I L Depth, 
om. 

Untrt 
soil 

H202 
trt.soil Def.soil Defsand Defsilt Defclay 

me. /100 g. 
Naalehu 0- 28 1.19 .71 1.55 1.01 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 5.47 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 .45 .65 .42 .59 2.26 
18- 28 .49 .65 .89 .59 .60 1.90 
28- 4 .74 .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 
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TABLE 7. Effect of chloride, sulfate and phosphate on the
 

cation exchange capacity (CEC) of the Akaka soil
 

(Data of W. Y. Shiroma)
 

CEC,
 

me. /100 g.
Treatment 


Control 66.7
 

61.2
Chloride (KMI) 


65.6
Sulfate ( K2SO4 ) 


183.6
Phosphate ( KH2PO4) 


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

KN03 concentrations
te adsorption at 0.01 and O.IN 


in the Akaka SoilData of W. Y. Shorima)
 

adsored 100 g.
Treatment NO3 


0.01N KNO3
 

3.89
Control 

5.61
Chloride (KC) 


Sulfate ( K2So) 1.73
 

Phosphate KH2P04)1 15
 

O.fl1 KNO3
 

9.84
Control 

32.50
Chloride ( KCl)\ 
8.12
K2S4 


Phosphatd ( KH2PO4) 1.31
Sulfate 
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Fig. 3 	 Effeot of NH4 Cl concentration on cation exchange ca 

paoity 6f the Akaka soil. 



Effect of NH4C1 concentration 
on anion exohange capaoity
 

Fig. 4 


of the Akaka soil.
 



Fig. 5 Effect of p1! of NH4 C1 solution on the cation oxcohango 

capacity of the Akaka soil. 
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Fig. 6 	 Effoot of pH of ITH4 C1 solution on the anion exchango 

capacity of the Akaka soil. 


