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1.0 "fil‘fﬁ'liobuc*r_iou ~

“"*f'fMany 5011f'fbund in the hum1d troplcs are, ac1d h1gh1y 1eached. and

.Jhighly weathered’and thus dlffer greatly from the soils of the: temperate
jfregions.: Also, they may. possess dlfferent e1ectrochem1ca1 propertles (62)
;A great majority of. these h1gh1y-weathered soils are oxisols (56) contaln-
nlng kaollnlte, g1bb51te, and sesqu1ox1des as the major components of the
clay fractlon. Such 50115'have relatxvely low cation exchange capacity
F(CBC) and an appreclable content of exchangeable aluminum (41).

_Alumlnum_lons have been recegnlzed to play a significant role in
the~e€idity-pfithese 56115‘(5, 7, 22). Presumably A1L>* and H® counter
: the»negatiﬁe charge on the surfaces of the clay minerals and iron and
aluminum oxides arising mainly'from the unsatisfied valencies on crystal
'edges}resulqing“fibm terminatien,of an ionic lattice or from dissociation
of H' on hydroxyl groups. The tefal acidity‘v'(:Al3+ + H') is normally
‘deteiminedfhypektraction with an unbuffered salt solution (27, 58). How-
“ever, in highly weathered soils which exhibit a constant surface potential,
the charge‘is determined by*the potential determining ions, H and OH".
'In such soils, the concentration of the unbuffered salt, like KC1l, likely
has a significant influence on thevamount of éluminum extracted by the
salt solution.

'Highly;Wéathered soils are.known.to contain appreciable amounts of
crystalline iron and alun;nunJenidésuandfhydroxides, kaolinite and
hnilbysite.:*Consequent}y,ffhey%hsfe?a#iarge hydroin.suiface from ‘ex-

*posedﬁoctahedfal A10H and:FeOH‘grOppsGen;theﬁplanar;surfaces and’crystai



2

1Q&§es. *fhe&charge'of theséxméterialséis knoin to.be largely puedépenﬁéﬂt
*(115\57,f59). Coleman, Weed, and~MéCra¢ken (8) regarded the sum of the
cétions’Ca++, Mg*+, and A13+ displaced from acid soils by 1IN KC1 as a
measure of the permanent charge:CEC. They assigned the pH-dependent
charge to ionization of weakly acidic functional groups in clay minorals,
iron and aluminum hydrous oxides, and soil organic matter. De Villiers
and Jackson (12, 13) attributed the variation in CEC to deprotonation of
hydroxy-alumina interlayers of pedogenic aluminous chlorite. They found
a great deal of alﬁminous, pedogenic chlorite in moderately and highly-
weathered soils. They concluded that this presence of pedogenic chlorite
is a common property of soil clays exhibiting pH-dependent acidity.

Lime is usuaily added to acid seils in amounts equivalent to the
total titratable aéidity or what is commonly called the exchange acidity
as determined by the BaClz-triethanolamine method (38). It is generally
agreed that accurate meésurement of the maximum amount of acidity that
can be neutralized by an excess of CaCO3 is very difficult. Also there
is no general agreement on the method for determining the lime require-
ment- of highly-weathered soils. Some investigators (23, 44j suggested
that the lime requirement of soils of‘the humid tropics should be estimat-
ed by multiplying the amount of exchangeable aluminum, as &etermined by
1N KC1, by an empirical'factor of 1.5 or 2. Surprisingly enough, some
soils of the humid tropics are known to have only a'very small amount
of salt extractable aluminum even at low pH values. Hence, lime require-
ment for these soils, as estimated by this method, would be extremely
minimal. Moreover, applications of such minimal amounts of lime would

have very insignificant effect in increasing the effective CEC of these



50115 w1th very low 1nherent capac1ty to reta1n cat10ns ‘such" as K and

NH app11ed as fert111zer salts. Q

4

L1me requirement 1s often def1ned as. the amount of CaCO that must

.. 3
.be app11ed to a soil to obtaln a maxlmum y1e1d of some. spec1f1c crop
Aecord;ngly{ it would be necessary to determlne a lime requlrement-for
every speeific'crop. This was not the purpose of this investigation.
,ggtnerﬂit~was concerned with the chenical aspects of liming, the reactions
of»aei& soils wi.th tacos, and evaluation of several common laboratory
methods for determining the lime requirement of soils. The three objec-
tives of this investigation were:

a) to study the nature of acidity of soils from the humid tropics or
more specifically the significance of exchangeable aluminum as extracted‘
by neutral salt solutions.
| b) to evaluate the criteria of lime requirement by comparing the
results of two commonly used laboratory methods for determining the lime
requirement with the maximum amount of CaCO3 that can react with these
soils when they have reached equilibrium with an excess of CaCO3 at the
partial pressure of 002 of the air, and |

c) to study the fate of Ca++’applied.as CaCO3 to acid tropical soils
with especial reference to losses of Ca++:by leaching and "fixation" into

nonexchangeable form.



II. SOILS USED AND SOME CHEMICAL CHARACTERISTICS

Eleven samples'of the surface and subsoil from highly-weathered soils
of the humid tropics wére used in tﬁe present study. One surface soil
sample from New York was also included for comparison.

Soil samples were selected from several different locations known to
represent extensive areas of the humid tropics. They were collected in

Brazil and Colombia in South America, and in Puerto Rico in the Caribbean.

1. Location and Classification of Soils

Soils from Brazil were collected from two different locations. The
first location was from the State of Sao Paulo and the second location was
from the Campo Cerrado region, Central Plateau of Brazil. Samples from
Sao Paulo were used by Van Raij (61) in his study of the distribution of
electric charges as a function of pH and salt concentration. Soil names
used in this thesis were adapted from the Soil Taxonomy of the United
States t56).

Acrohumox. Tﬁis is an oxisol sampled in Campinas, State of Sao
Paulo, Brazil and its description can be foﬁnd elesewhere (49). It was
classified as Humic Red Yellow Latosol by Brazilian pedologists. For
purposes of future reference, the surface soil was assigned No. 1 and
‘thé subsoil was assigned No. 2.

Acroithox. This oxisol was collected in Ribeirao Preto, State of
Sao Pauio, Brazil. It was classified as Latosol Roxo. by Brazilian pedolo-

gists. The surface and the subsoil from this location were numbered 3 and’

4, respectively.
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vl\a‘Typlc Haplustox. ThlS 5011 was sampled 1“ Carlmagua Plt’ in the

leanos 0r1enta1es of. Colombla, South America. The results of some |
fchemlcal and mlneraloglcal stud1es of thls oxisol were reported by
NWeaver (64). Only the surface so11 No.-S, was used 1n ‘this study

Tropept1c Haplorthox.‘ ThlS 5011 sample was collected from 8

gBarranqultas, Puerto R1eo, at the Cornell exper1mental s1te. Thls OXISOI}/
vis known as Catallna ser1es.‘ It is of clayey texture, ox1d1c, and 1sohyper-
;thermlc.. It was formerly cla551f1ed as Reddlsh Brown Laterlte. Only the
gsub501l No. 6, was used in.this investigation. |

Aqulc Tropohumult. This is an ultlsol sampled in Corozal Puerto

fRico, at the Cornell exper1mental 51te. ThlS so11'15»known'as Carreras
fserles. It is clayey, kaolln1t1c, 1sohypertherm1c and was formerly
called Humatas (F.H. Be1nroth Un1ver51ty of Puerto R1co, Agr. Exper.
;St., Rio Pledras, P R., personal communlcatlon, 1972) Only the- subsoil,
fNo. 7, was used in the present study.: It was formerly cla551f1ed as
‘Reddish Brown Laterlte. ‘

. Typic Haplustox. ‘This'is1an‘ox1501 collected from the "Estacao

experimental de Brazilia"‘of,the Ministry of Agriculturea It was classi-
.fied as "Red Yellow Latosol vermelho escuro dlStIOflCO textura argllosa,
-fase cerradao" by Brazlllan pedologlsts. ‘Both the surface 5011 . No. 8,
fand the sub501l No. 9, were used 1n the present study.

Iyp;c Haplustox. Thls 1s very simllar to the 5011 descrlbed nbove.

It was classified as Dark Red Latosol.; The surface 5011 No. 10, and.
sub501l No. 11, were collected from thls locatlon. .

Typic Fraglochrept., ThlS 1s a typlcal 5011 of hum1d temperate re-~

fglons and was collected from the Mount Pleasant experlmental fark?at



1Corne11 Unlver51ty. It is an 1ncept1sol known ‘as Mardln serles. Its
'texture was: 511t loam and only the surface sample; No. 12, which repre-
:sented the plowed layer was collected

A1l solls;were a1r-dr1ed¢§nd passed through a 2-mm sieve.

ﬁé. ASome Cheﬁlcal Cheracterisfics of the Soils
| Some chem1ca1 propertles of the soils studied are summarized in
Amhble 1. The data for Acrorthox were adapted from Van Raij's Thesis (61).
“ The organ1c matter content was determined by the Walkley-Black
chromic acid titration method (19).

" Soil pH measurements were made both in H20 and in 0.01_@_CaC12

ﬁldocofding to the method described by Peech (39). The glass electrode was

o 5
g

- imqefsed in the sediment and the calomel electrode was immersed in the
cleesasupernatant solution to avoid errors due to the liquid junction

pofential'in the suspension. The pH determinations were made using 10g
of soil and 26 ml of distilled water. After making the pH measurements
in woter, l'ml of 0.21M CaCl2 was added to the soil suspension and the

suspen51on was again stirred with a glass st1rr1ng rod. The pH was then

measure ‘s previously described and reported as "pH in 0. 01M CaC12"
The.exchangeable calcium and magnesium were determined by extraction
| with AN KC1. A 7.5-g sample of soil was mixed with 30 ml of extracting
,solutlon in a 50-ml polycarbonate centrifuge tube. The contents. were
mixedlfor 5 minutes with a motor stirrer fitted with a glass rod and Tygon
polleeysn. After mixing, the soil suspensions were centrifuged for 20
minufés?;t 18v000xrpm.in a Sorvall superspeed refrigerated centrifuge

malnta1ned at 25°C. ~The samples were extracted successively 9 times with

lN KC1 and the'c ean supernatant solutions were collected in a 250-ml

volumetrlc flasks. ¢



'TABLE.1. Some Chemical Characteristics of the Soils. Studied

o pH in Exchangeable
“Soil | Organic H,0 0.0IM . o
"~ No.  Soil Name" Depth  Matter CaCl, Ca Mg
cm . A -—meq/100g—
1 Acrohumox-A 0-20 2.93 5.01 4.30 1.93 0.40
(Brzzil)
2 Acrohumox-B, 200-230 0.57 4.95 4.25 0.03 0.08
(Brazil) :
3 Acrorthox-A 0-20 4.32 5.30 4.80 1.76 0,67
(Brazil)
4  Acrorthox-B 100-200 1.14 5.90 5.70 0.33 0.12
(Brazil) .
[ l{aplustox-A 0"15 3.41 4.15 3095 0007 °| 06
(Colombial
6  Haplortox-B 61-91 1,09 5.00 4.25 0.50 0.52

(Puerto Rifo)

7 Tropohumult-B 61-91 0.59 4.61. 4.00 1.60 0.20

(Puerto Rico}

8 Haplustox-A 0-15 3.40 4.75 4.20 0.05 0.07
(Brazil)

9 Haplustox-B1 45-60 1,50 5.25 4.55 0.03 0.04
(Brazil)

10 llnplustox-l\ 0-15 . 3,52 4.35 4.00 0.04 0.05
(Brazil)

11 Haplustox-B 45-60 1.74 4.85 4.05. 0.03 0.03

(Brazil) 1
12 Fragiochrept-A 0-15 3.23 4.40 4.00 0.99 0.21
(New York)

]
Soil description and secries namo for each soil are given in tho toxt
by country of origin as known today.



The cqncentrations of caicium and magnesium were dotermined, after
diluting an appropriate aliquot, using a Perkin Elmer 290B atomic absorp-
tion spectrophotumeter. The results are summarized in Table 1.

Most of the soils studied have not been under intensive cultivation
in recent years. All soils were fairly acid. The difference between the
PH observed in H,0 and in 0.01M CaCl, is not a good indication of the
net charge due to low concentration of the salt. However, Van Raij (61)
found that Acrorthox-Bz, Soil No. 4, showed a higher pll in IN KC1 than in
HZO' This is an indication of a net positive charge. The zero point of
charge (ZPC) was found to be 3.84 for Acrorthox—Ap, Soil No. 3, and 6.16
for Acrorthox—BZ, Soil No. 4. Haplorthox_nl, Soil No.6, and Tropohumult-
Bl' Soil No. 7, are known to have a very low ZPC (65).

The amounts of exchangeable calcium and magnesium found in most of
tho soils were very Jow., No attempt was made to determine the amount of
oexchangecable potassium whiclhi is hnown to be extremely jow.

Mincralogical studies (03, 64, 65) show that in addition to the
prosence of hematite, goethite, pgibbsite, and kaolinite in the clay sizo
fraction, there was an appreciable proportion of aluminous chlorite in

most of tho soils used in this study,



ITI. SIGNIFICANCE OF SALT-EXTRACTABLE ALUMINUM

1. Introduction

In acid soils, exchangeable aluminum is generally recognized as tho
predominant cation. The determination of exchangeable aluminum 15 based
on the assumption that cluminum ions are counter ions balancing excess
negative charge on the surface of the solid phase. Consequently, alumi-
num ions can be displaced by exchange with another cation. For this
purpose 1IN KC1, 1IN NaCl and IN CaCl, solutions arc commonly used.,

In general, it has been found that the amount of aluminum displaced
by IN salt solution is highly correlated with the pll of the soil. At pH
values below 5.5, the dcnrcd of saturation of the soil with Als’ is
high and decreases sharply as the plt increases above this value. At high
pH values, the aluminum jon is known to hydrolyze rapidly and is precl-
pitated as AI(UH)3. The methods in current use fur determining exchango-
able aluminum by extraction with a concentrated salt solution are not
satisfuctory., It has been shown that the aluminem cxtracted by a4 salt
solution representi both exchangeable as well us nonexchangeable aluminum
(14, 45, S0). The problem becomes more complicated when dealing with
pol)s with sipnificant amounts of hydrous oxldes of fron and sluminum,
Using the potentiometric titration techniyue, Jittle (29) found that soils
rich in sesquionides conslstently gave smaller values for exchangeablo
sluminus .hun those obtained by noutral salt extraction,

It 43 evident that the measuremcnt of oxchangeable alumjnum by ox-
traction with a salt solution in tropical soils §s subject to some

ambiguity.
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2. Bxamination of Methods for Determining Exchangeable Aluminum

A new method for the determination of exchangeable aluminum in acid
s0oils was proposed by Skeen and Sumner (54, 55). Critical examination
of this aethod for the determination of exchangeable aluminum in soils
is warranted in view of the increasing use of this method (21, 535. The
method is described in detail and the inherent sources of error are also
discussed. This method is based on the assumption that the exchangeable
aluminum in soils can be cffectively displaced only by a long scries of
successive extractions with a ncutral salt extracting solution acidified
to the original pll of the soil. It should be obvious that lcaching of a
soil with a salt solution is equivalent to an infinite number of extrac-
tions. In the successive citraction procedure, the period of contact and
the ratio of soil to solution are kept constant and it is tacitly
assumed that a constant amount of noncxchangeable aluminum is extracted
during cach extraction.

The linear portion of the charactcristié curve obtained by plotting
cumulative amounts of extracted aluminum as a function of the number of
oxtractions, shown in Fig, 1, is belivved to represent a constant amount
of nonexchanpeable aluminum extracted upon successive extractions, Fxtras
polation of this lincar portion of the curve to zero number of extractions
should give the exchangeable aluminun content of the sofl,

It should Le obvicun thit the amount of nonexchangeable Als‘ oxX-
tracted, for example by dissolation of M(")“).K' should be considorably
lower during the tirst three or four extractions because of the common
fon effect vesulting from exchange of tho nd=orbed AIS. by the added salt
solution on the solubility of AI(UH)S. The offect of this would be to

yleld too low a value for oxchangoable A13° obtained by extrapolation,



CUMULATIVE AMOUNT OF
A13* EXTRACTED meq/100g
o
\

m

E= Total amount of A13* extracted
D= Amount of exchangeable AI3+

A NUMBER OF EXTRACTIONS

F1G. 1. Characteristic curve of cumulative amount of aluminum extracted from
acid soils upon successive extraction with 1N KC1
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~.§sﬁéciéily so if the slope of the linear portion:of the curve (CumulhéiVo;
_aﬁbuht of A13+ extracted vs number of extractions) is sfeep‘ |

| A family of curves representing the exfraction of‘aluminum with
1§'NH4C1 at varying pH values from an acid soil (pH 3.7 in O.OIE,CaCIZ)
obtained by Sivasubramaniam and Talibudeen (53) is reproduced in Fig. 2,
The slope of the curve varies with the pH of‘the extracting solution.
Extrapolation of each curve gives a differenp value for "exchangeable
aluminum" indicating the uncertainty of the point of intercept. The
authors claim that extrapolation of curves representing cumulative amounts
of Al3+ extracted with IH,HN4C1 at pH 4.1 and 4.5 yield the same amount of
exchangeable A13+, indicating that extraction of an acid soil at or near
the soil pH gives a ?eliable measurement of the amount of exchangeable
A13+. It is difficult to see why the amount of exchangeable aluminum

extrapolated at pH 4.5 should differ so markedly from that extrapolated

at pH 4.6.

3. Theoretical ‘Considerations Underlying the Adsorption of Aluminum

Ions by Tropical Soils

Highly-weathered soils develop positive charges by absorption of
hydrogen ions at low pH values and develop negative charges by dissocia-
tion of surface hydroxyl groups at high pH values (62).

Tonic exchange is an important property of soils. Cations are held
electrostatically by thq negative charge of the colloids. The cation ex;
change capacity can be approximated by the net negative charge. Conse-
quently, the higher the negative charge, the higher will be the effective
cation exchange capacity. In tropical soils in which a substantial

amount of positive charge may be present, anions such as nitrate and
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suiféte aré also absorbed (16, 33, 52).

Among the cations held by the negative charge, A‘l3+ is known to be
the most abundant exchangeable cation in acid soils. In highly-weathered
soils with high zero point of charge (ZPC), it is evident that at low
soil pH, the net charge is positive and A13+ should be repelléd by the
surface positive charge. In the case of a mosaic surface, on which both
negative and positive charges are present, a relatively low amount of
exchangeable aluminum would be expected to counter the negative charge.
On the other hand, if only positive charges are present, there should be
no adsorbed aluminum ions and the concentration of A13+ found in the ex-
tract should be independent of the concentration of the salt solution
used in determining the amount of exchangeable aluminum. Accordingly

two experiments, described below, were undertaken to test this hypothesis.

4. Experimental Part

A. Effect of salt concentration on the amount of exchangeable

-aluminum extracted

Three soils were selected for this experiment. They were Haplorthox-
Bl’ Soil No. 6, (Catalinaj, Tropohumult-Bl, Soil No. 7, (Carreras), and
Fragiochrept-Ap, Soil No. 12, (Mardin).

A S-g sample of soil was mixed for 5 minutes with 50 ml of 1N KC1
in a 90-ml glass centrifuge tube, using a motor stirrer, and centrifuged
for .15 minutes at 2100 rpm in an International centrifuge, Model K. The
clear supernatant solution was decanted and saved for the determination
of pH, total acidity by titration (67), and aluminum by the aluminon
method (18). This extraction procedurs was repeated sucgessively 20
times;, except for the Catalina soil which was extracted only 12 times. .

~ A correction was applied :for the occluded salt sqlutibn after~e§qh :
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‘extraction in bringing the total volume of the extracting soldtion;fo,'A
v: T';Thé saﬁe:extféction procedure was repeated with the same soils using
k0.1§_KC1'extfacting solution. The results are summarized in Tables 2 and
3 and the cumulative amounts of aluminum removed upon succesgive extrac-
tions by the two concentrations of KC1 have been plotted in Fig. 3, 4,
and 5. |

B, Bffect of net surface charge on the amount of aluminum

extracted by salt solutions

Two Brazilian soils (Acrorthox-Ap, Soil No. 3.and Acrorthox-Bz, Soil
No. 4) whose zero point of charge was known, one Puerto Rican soil
(TTopohumult-Bl, Soil No. 7), and a soil from New York State (Fragiochrept-
Ap, Soil No. 12) were used for this experiment.

The positive charge of tropical soils can be increased by decreasing
the soil pH. This can be easily done by adding acid, and if the zero
point of charge is known, the net charge of ‘the soil can be predicted.

To a 10-g sample of each soil in a 50-ml beaker, 20 ml of 1IN KCl
was added. A known amount of standard HCl was added to the soil suspen-
sion in each beaker to bring the pil to 3.0 and 3.5 for the soil from
New York as well as for thc soil from Puerto Rico, and to 3.0, 3.5, 4.0,
and 4.5 for the soils from Brazil. An untrcated sample was carricd along
for control. The suspensions were placed in a humidified chamber for one
week and the pH values were adjusted further by adding standard HCl. The
soil suspensions were‘then transferred to 90-ml glass centrifuge tubes
uring additional IN KC1 to effect the transfer. The volume was adjusted
to 50 ml, and after stirring the suspension§ werc allowed to stand over-

night. The soil suspensions were then centrifuged for 15 minutes at
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Successive extraction of ajuminum with 1IN KC1 from two
tropical soils and a New York soil

Soil No. 6 Soil No., 7 Soil No. 12
Haplorthox-B1 Tropohumult-B, Fragiochrcpt-/\p
Extraction Total Total Total

Number pH acidity” Als* pH acidity” Als* pH acidity” a3t
.~meq/100g— —meq/100g— —ineq/100g—
1 4.31 3.08 2.91 4.05 11.48 9.91 3.68 3.16 2.07
2 4.40 0.68 0.66 4.28 1,36 0.87 3.85 0.96 0.65
3 4.45 0.38 0.34 4.40 0.48 0.37 3.95 0.48 0.30
4 4.49 0.20 0.21 4.48 0.28 0.26 4.05 . 0.32 0.22
5 a.52  N0'  0.15 4.51 o0.16 0.12 4.10 N 0.17
6 4.58 —_— 0.11 4.55 0.12 0.10 4.12 — 0.16
7 4.6  —  0.09 4.60 ND'  0.08 4.19 —  0.14
8 4,52 —_ 0.07 4.65 — 0.06 4.25 — 0.10
9 4,62 _ 0.06 4.68 — 0.05 4.30 - 0.08
10 4.65 _— 0.05 4.71 _— 0.04 4.35 _— 0.07
11 4.59 —_ 0.04 4.75 —_— 0.03 4.42 — 0.06
12 4.68 _— 0.04 4.92 —_— 0.02 4.65 —— 0.05
13 w' — w470 — 0.4 4335 — 010
14 —_ — — 4,72 - 0.03 4.45 — 0.07
15 — —— - 4,78 _— 0.02 4.50 —_— 0.05
16 — — - 4.85 _— 0.02 4.58 — 0.05
17 — —_— —_— 4,86 — 0.02 4.60 — 0.04
18 — — — 4.90 —_— 0.01 4.63 —_— 0.04
19 — —_ — 4,90 — 0.01 4.64 — 0.04
20 —_ —_— — 4,95 — 0.02 4.72 — 0.03

v Total acidity rcpresents the sum of Al

1.

Not determined

3*’+

H

+



| :'TABLB 3. Successive extraction of aluminum with 0. 1N KC1 from tWo P
tropical soils and a New Yotk soil

Soil No. & Soil No. 7 Soil No. 12

Haplorthox-B, 'I‘ropohumult-B1 Fragiochrept-Ap
Bxtraction Tof.al.. . 34 Toya% . 34 Tot.;al.. . 34

Number pH Acidity Al pH  Acidity Al pH Acidity Al
'—-meq/ 100g— —meq/100g— —meq/100g—
1 4.20 2.28 2.19 4,00 6.48 5.67 3.85 1.88 1.13
2 4.35 0.88 0.78 4.11 2.36 1.73 3.98 0.68 0.55
3 4.45 0.38 0.36 4.22 1.28 1.13 4.05 0.36 0.28
4 4.49  0.20 0.22 4.30 0.68 0.69 4.12 0.28  0.18
5 4.50 ND+ 0.16 4.38 0.40 0.38 4.20 ND+ 0.14
6 4.55 —_ 0.12 4.40 0.36 0.29 4.25 — 0.13
7 4,57 —_ 0.09 4.45 ND+ 0.20 4.31 — 0.11
8 4,61 _— 0.07 4.55 — 0.14 4.39 _— 0.08
9 4,55 —_— 0.06 4,58 —_— 0.11 4.45 — . 0.06
10 4.58 - 0.05 4.65 — 0.09 4.50 — 0.06
11 4,60 — 0.05 4.67 —_ 0.07 4.55 — 0.05
12 4.66 - 0.04 4.85 —_ 0.06 4.75 — - 0.04
13 ' —  w aes — 007 449 — o007
14 — — — 4.70 —_— 0.06 4.55 — 0.05
15 — _ — 4.72 _— 0.05 4.62 — 0.04
16 — — — 4.80 — 0.04 4.68 —_ 0.04
17 — — — 4,82 — 0.03 4,70 —_ 0.03
18 — —_— — 4,85 —_— 0.03 4.71 —_ 0.03
19 - — — 4.85 —_— 0.02 4.73 — 0.03
20 — -_— — 4.91 _— 0.02 4.80 —_— 0.03

' Total acidity represents the sum of AI:"+ + 0

+ Not dotermined



CUMULATIVE AMOUNT OF .AIS+
EXTRACTED, meq/100g OF SOIL

80

1.O N KCI °
' .—-—'."'—'——-.—_— *
. _e—9
._,,-0“" 0.1 N KCI o
o ‘ . o—O—
/ O/O""o——o
' o—
-
N T— — —

4 6 8
NUMBER OF EXTBACT.;VIONS

FIG. 3. Cumulative amounts of A1%* extracted by 0-1:[‘{..8141(1,‘ 1.0N l(Cl £rom
' Haplorthox-B, (Soil No. 6) P AR T TR



CUMULATIVE AMOUNT OF A13+

120~

IO N '59'_.__.__._._._.—.—-.—.—.—0—.

° o—o—0— ¢
o _ /,f,' o___o__o.-.o--() O=—=0
o F 0—°—°"""0.I N KClI
TR ()'1:'_f”
o o/ S
m .
80r s
N
~ /
U‘ ) g
L0
€
Dﬁ .
-
o 41
<
o
x
W
2 46 8 01214 16 18 20
o NUMBER OF EXTRACTIONS
FIG. 4. Cumulatlve‘amounts of A13 extracted by 0.1N and 1.0§.Kpllfpom

- Tropohumult -B, (8011 No. 7) .

T 10



CUMULATIVE AMOUNT OF AI3+
EXTRACTED, meq/I00g OF SOIL

1.0 N.KCI. o—®
4.0F | - _e—e—0—0—0—0—
./
."
—0—0=—0—0—0—0=0—0—0
y—0—0—0"0°"° 0. N KCl
0——
—~0~
1 |l 1 1 ] 1 [ !
6 S [0 12 14 16 18 20

NUMBZR OF EXTRACTIONS

FIG. 5. Cumulative amounts of A1>" extracted by 0.1N and 1.0N KC1 from
l‘*ragiochrept:-Ap (Soil No. 12)

20



21
2100 rpm in an Intornational centrifuge, Model X, and the supernatant
golution was decanted. The pll values of the extracts were measured by
the glass clectrode, The total acidity was determined by titration (67)
and the aluminum concentration was determined colorimetrically by the
aluminon method (18). The same extraction procedure and determinations
wore made using 0.1N KCI and 0.01M CaCl, as the extracting solution.
The results are summarized in Tables 4, 5, and 6.

C. Results and discussion

Upon successive extraction of alurinum by two concontrations of KCl,
the pll of the supernatant solution was found to increase gradually (Tables
2 and 3) while the amount of aluminum extracted decreased sharply. It is
interesting to note, however, that the pH did not increase above the
critical point at which aluminua could be precipitated.  With both con-
centrations of KCl, 50% or morc of the total aluminum was extracted in
the firit extraction. The amount of aluminum extracted by IN KC1 was
always preater than the amount extracted by 0.IN KC1. It 45 obvious that
the cumulative amount of aluminum obtained upon exhaustive successlive
extractions is dependent on the concentration of KCI.

The inefficiency of the 0.IN ML solution to exchanpe aluminum lons
cannot be cxplained by the mass action effect, 1f it wora the case, the
oxchangeable aluminum extracted by 18 W would have been greater than
that extracted by 0.IN KC1 only an the first few oxtracts, but the amount
of aluminum extracted by 01N KCI would have continued to increaso until
the total amount f sluminum extracted by KCI at both concentrations was
the samo an llustrated in Fig. o,

Thoso soila are dominatod by sesquioxidos which are known to oxhibit



TARLE 4. The fiml pH values and the amounts of AlS® extracted by the three salt solutioms

Final o} after extraction Als. extr. cted in
Soil Yo. Soil Name® INKC LLINEC] 2. 014CaCl INEC] 0.1NEC] 0. 01MCaCl,
—aneg /1 00g
3 Acrorthox-A, 3.40 3.40 3.55° 7.20 .23 3.14
3.81 3.75 3.76 3.01 1.72 0.54
4.22 1.26 4.19 0.50 0.28 0.19
1.62 1.70 1.61 0.10 0.03 0.02
138 s.28t s.ost 0.a3 0.00 0.01
4 Acrorthox-B, 3.70 3.5% 3.5 7.68 5.41 3.89
3.91 3.81 3.85 3.99 2.87 1.53
4.25 4.20 4.15 0.67 0.49 0.32
4.68 4.60 4.5% 0.07 0.08 0.03
6.1t s.90' s.so' 0.00 0.00 0.00
7 Tropohmmlt-8, 3.30 3.28 3.31 15.08 10.30 4.51
3.71 3.65 3.68 12.74 7.99 2.79
s.08° 3.90° 3.95° 10.18 6.14 1.39
12 aniochrept-% 3.40 3.35 3.39 7.47 5.3% 3.40
3.73 3.72 3.80 5.05 3.21 1.57
s.on! s.95" 1,29t 3.91 2.13 0.37

-
For soil description see Section Il of the text ' from unadjusted soil pi

{44
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TABLE §. The amount of Al

3

a3

extracted and the recovery of the total
acidity at differont pH values upon extraction with IN KCl

Ant

of 3o Recovery .

Soil . Extract HCl Al Total of added H
No. Soil Name pil added Extracted acidity acid adsorbed

—meq/100g-

3 Acrorthox-kp 3.40 11.47  7.20 9.40 9.23  «2.24

3.81 6.43 3.0l 3.4 3.77 2,66

4,22  s.l6  0.50 1.20 1.03 2,13

4.62 0.82 0.10 0.24 0.07 +0.75

«88 o0.00 o003 0.7 S —

4 Acrorthox-3, 3.70 12.87 7.¢8 9.43 9.36 +3,51

.91 B8.54  3.99 5.14 5.07 +3.47

4.25 4.45  0.07 1.27 1,20 3,25

4.68  2.69 0.07 0.24 0.17 +2.52

6.0t o0.00 0.00 0.07 — —_

7 Tropohumult-B, .30 5.38 15.03 17,28 6.65 ~1.27

3.7 2,57 12.74 14,06 3.43 -0.86

s.08 0.00 o0.18  10.63 _ —

12 Prlliochropt-Ap 3.40 4,68 7.47 10.01 5.21 -0.53

3.73 1.40 5.05 6.51 1.77 -0,31

s.oi' 0.00 391 4.80 — —

.
For soll description see Sectlon IT of the text

t

Total acidlity represents /\l"0 ¢ |

>

¢ Rocovery of tho added acld as 0 and Al

Unadjusted soil pll

3



TABLE 6. Tho amount of A}

3¢

24

extracted and tho rocovery of the total

acidity at differont pil values upon extraction with 0.1N KCl

Amt
of 3 Recovery .
Soil . Extract lCl Al Total . of uided H
No. Soil Nameo pH added Extracted acidity acid adsorbed
meq/100g
3 Acrorthox-kp J.40 9.48 4.23 5.55 5.45 +4,03
3.75 5.85 1.72 2.30 2.20 +3.65
4.26 3.28 0.28 0.58 0.48 +2.80
4,70 1.52 0.03 0.20 0.10 +1.42
5.8 0.00 0.00  0.10 S
4 Acrorthox-nz 3.55% 10.18 5.41 6.92 6.85 +3.33
3.81 6.43 2.87 3.60 3.53 +2.90
4,20 3.39 0.49 0.92 0.85 +2.54
4,60 2.11 0.01 0.17 0.10 +2.01
5,90 0.00 0.00  0.07 S —
4 Tropohunult-nl 3.28 5.50 10.30 11.90 5.21 +0.29
3.65 2.57 7.99 7.27 0.58 +1.99
5.90° 0.00 6.14  6.69 - —
12 Fraalochropt-Ap 3.35  4.91 5.35 7.37 4,63 +0.28
3.72 1.52 3.21 4.18 1.44 +0.08
s.05Y 0.00 213 2.7 S —

*
Por soii doscription see Scction 11 of the text

+

' Unadjusted soil pil

Total acidity represents Al3+ + H
¥ Recovery of the added acid as ' and Al

+

3+
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a constant surface potential. This salt effect on the amount of aluminum

extracted can be explained by the following stepwise reactions:

ROH' + KC1 + RO™...K" + HC1 (111-1)
AL(OH); + 3HCL + ALC1; + 3H,0 (111-2)

On the negative side of the ZPC, the effect of the addition of salt
should be to increase the surface negative charge of the hydrous oxides
of iron and aluminum by dissociation of the -OH groups. The hydrogen ions
released should, in furn, dissolve the aluminum hydroxide, present in
"the soils, to produce equivalent amounts of A13+. Thus, the greater the
concentration of salt in such a system, the greater should be the amount
of hydrogen ions released by ‘dissociation of the surface hydroxyl groups
and the greater should be the amount of "exchangeable' aluminum extracted
from the soil.

Surprisingly enough, the results obtained for Mardin silt loam from
New York were similar to those obtained for the highly-weathered soils of
the humid tropics. But this soil is known to contain a large amount of
pH-dependent charge (2) even though the clay fraction has been found to
consist of aluminous chlorite, illite, and other 2:1 clay minerals having
a permancnt charge. Presumably the surfaces of these 2:l ciay minerals
are coated with hydrous iron and aluminum oxides which esscntially deter-
mine the colloid chemical properties. These 2:1 type clay minecrals
coated with hydrous iron and aluminum oxides may thus be regarded as re-

sembling colloids with a constant surface potential rather than a constant

surface charge. Therefore, the difference between the amounts of aluminum

* The underlined atom indicates group belonging to solid phase.
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extracted by the two salt concentrations in Mardin silt loam could be
well explained by the same mechnniém suggested for the tropical soils.
The surface net negative charge can be increased upon addition of
salt only if the pH of the soil lies on the negative side of the zero
point of chargé. On the other hand, the net negative charge can be de-
creased and may be actually reversed upon decreasing the soil pH. Acidi-
fication of the soil, for example by addition of HCl, should effect the

adsorption of hydrogen ions as follows:

ROH + HC1 - ROH...Cl (111-3)
The axcess of the added acid should react with Al(OH)s bringing A13+

into solution
Al(OH)3 + 3HC1 -+ A1C13 + 3H20 (111-4)

However, both of these two reactions seem to be competitive and the second
seems to take precedence. Acrorthox-Ap, So#l No. 3, and Acrorthox-Bz,
Soil No. 4, are known to have a net positive charge at pH lower than 3.8
and 6.2 respectively. The zero point of charge of the other soils is not
known, but it is known to be very low especially for the Fragiochrept-Ap,
8011 No. 12, which has a significant amount of permanent negative charge.
As can be scen from the results presented in Table 4, the amount of
aluminum extracted by 1IN and 0.1N KC1 solutions was largely depéndent on
the pH of the soil. The lower the pH value of the soil, the higher was
the amount of aluminum extracted. Morecover, a significant difference was
found between the amounts of aluminum extracted by the three salt solu-
tions at the same pH even when the pH of the soil was on the positive

3+

side of the zero point of charge, under which condition A1°" should not

have been adsorbed by the sbil. fndeed, it was found that the higher the


http:ROH.+.C1
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concentration of .the salt solution, the greater was the amount of alumi-
num extracted. The 0.01M CaCl, extracting solution was the least effec-
‘tive.

‘The existence of some negative charges even when the net surface
charge is positive cannot be precluded. Some idea as to the felative
significance of the two reactions (111-3 and 111-4) may be gained from
the data presented in Tables 5 and 6. A considerable amount :.of the
‘added acid was adsorbed in increasing the positive charge especially in
Acrorthox-Ap, Soil No. 3, and Acrorthox-Bz, Soil No. 4. As may be ex-
pected, the lower the pH, the greater was the amount of H' adsorbed and
the greater was the amount of positive charge developed.

Based on these findings, it is evident that extraction of soils,
containingilarge amounts of hydrous iron and aluminum oxides, by 1N KC1
in determining the amount of exchangeable aluminum is quite meaningless
inasmuch as the amount of A13+ extracted depénds on the salt concentra-
tion. It should be obvious that any definition of exchangeable aluminum
extractable by neutral salt solutions can be defended only on operational
basis. The amount of aluminum extracted by O.OI_M_CaCI2 solution repre-

sents perhaps a more rcalistic measure of the exchangeable aluminum

content of the soil under field conditions.



V.. COMPARISON OF SOIL ACIDITY AS DETERMINED BY 1N KC1 AND
~ BaCl,-TEA METHODS WITH THE MAXIMUM AMOUNT OF CaCO, FOUND

TO REACT WITH THE SOILS.

1. Introduction

Soil pH as measured in water-or in a salt solution has been most
commonly used as a measure of soil acidity. In highly leached soils of
the humid tropics, the exchange acidity constitutes a major proportion
of the cation exchange capacity. Moreover, in many instances, these
soils containing substantial amounts of iron and aluminum qxides have a
net positive charge at low pH values.

Calcium carbonate is generally added to acid soils to neutralize
soil acidity. 1In geﬁeral, liming recommendations are based on raising
soil pH to some specific value. However, soil pH value alone is not a
good basis for liming recommendations because of the variation of thé
exchange capacity of soils. Many methods have been proposed for measur-
ing the lime requiremént of soils. Usually some highly buffered salt
solution at pH 7 or pH 8 is employed.

In tropical soils, the pH-dependent acidity is an important compo-
nent of the soil acidity. These soils are known to contain pedogenic
aluminous chlorite (12, 63, 64) which has a great capacity to react with
lime.

Since in acid soils, the aluminum ion is the most abundant cation
and largely responsible for soil acidity, many investigators (6, 17, 23,
44) have suggested that lime should be added to acid soils in amounts
equivalent to neutralize the exchangeable aluminum. They proposed that

lime recommendations be based on the exchangeable aluminum content of the

29
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soil as determined by extraction with 1N KCl.

A comparison has been made in the present study of the maximum

3+

amount of CaCO, found to react with the soil with the exchangeable Al

3

extracted by 1N KC1 and the exchange acidity as determined by the BnClz-

triethanolamine method.

2. Experimental procedure

A. Determination of exchange acidity by BaCl,-TEA method

Exchange acidity was determined by BaClz-triethanolamine method (38).

A 10-g portion of soil was mixed with 100 ml1 of 0.5N BaCl,-triethanolamine

2
extracting solution adjusted to pH 8.0. The mixture was allowed to stand
overnight and filtercd through Whatman No. 32 filter paper. A volume of
250 ml of leachate was collected. The exchange acidity was dctermined by
titrating with standard HC1 using a mixed indicator of bromocresol green

and methyl red. The results are given in Table 7-column 3.

B. Determination of exchangeable aluminum by IN KC1

The exchangeable aluminum extractable by IN KCl was determined by
Yuan's procedure (67). A 10-g sample of soil was mixed with 50 ml of
IN KC1 in a 125-ml Erlenmeyer flask and allowed to stand for a period of
one hour with intermittent shaking. The mixture was filtered through a
Bichner funnel fitted with No. 32 Whatman filter paper. Additicnal KCl
solution was leached through the soil in small portions at a time until
225 ml of the extract had been collected. The extract was transferred to
a 250-ml volumetric fl#sk and made up to volume with IN KCl1. Two 100-ml
aliquots were transferred into 500-ml Erlenmeyer flasks, boiled for a few
minutes to expel coz and then cooled to room temperature. The first
aliquot was titrated with standard NaOH to the phenolphtalein end point

for total titrable acidity (H* + A13+). To the second 100-ml aliquot of
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TABLE 7. Comparison of the maximum amount of CaCO, found to react
with acid soils with the exchange acidit§ and the amount
of exchangeable aluminum.

Amount
Exchange 1IN KC1 of CaCO
R acidity by extractable Teacted
Soil No. Soil Name BaCl,-TEA A13* with soil
——meq/100g
1 Acrohumox—Ap 9.90 0.90 7.79
2 Acrohumox-B2 6.70 0.30 4.63
5 Haplustox-Ap 18.70 3.90 . 15.40
6 Haplorthox-B1 16.70 4,12 15.53
7 Tropohumult-B1 20.60 11.03 18.62
8 Haplustox-Ap 13.10 0.75 8.24
9 Haplustox-B1 8.70 0.15 4.95
10 Haplustox-Ap 15.80 2.25 9.82
11 Haplustox-B, 12,10 1.86 8.60
12 Fragiochrept-Ap 16.40 3.38 14.86

*
For soil description see Section II of the text
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{theﬁextraﬁt,ilo-ml of 4%‘NaFvsolution@wés added ‘and ;the mixture was again
titrated to_tﬁewphenolphtalein end point. This sétdnd:fifratibnwgives ~
only the amount of exchangeable H'. The results are given in Table 7.

C. Determination of maximum:amount of CaC0, that can react with

the soils

The maximum amount of CaCOs that can react with the soils was deter-
mined as follows: a known excess amount of CaCO3 was mixed with 20 g of
soil in a 50-ml beaker. After moistening with 20 ml of Hzo, the soils
were allowed to equilibrate with CaCO4 at the partial pressure of CO2
existing in the atmosphere and at a temperature of 25°C for 10 weeks.with
alternatc wettihg and drying and occasional mixing. At the end of the
reaction period, the soil pH was measured in H,0 and .in 0.01M CaCl,. The
specific conductance was also measured in 1:2 soil-water extracts. The

concentration of calcium in the 1:2 soil-water extract was calculated

using the following relationship
K :
c=TX 1000 (1Iv-1)

where ¢ is the:concentration of salt expressed in equivalent per liter, K
is the eléctrical conductivity in mho per cm, and A is the equivalent
conductance at concentration c. The salt present was assumed to be Caélz.
The activity of ca** was calculated rom the total concohtrétioq of ca**
present using the Guntelberg approximation of the Debye-Htickel equation

to estimate the activity coefficient,

2
Az
1+/ p
where y; is the activity coefficient of the ion with valency Z, and.u is the

(1v-2)

-log Yi =

the ionic strength of the solution and is given by
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‘(1v-3)

'fin whlch C is the molar concentrat1on of 1ons. A iu:equatiOn{(IV?2j is
»a constant and has the value of 0 508 at’ 25°C.

The act1V1ty of Ca f ;s;g;yen;by :

aCa . +,.,=’|iCa"'."':|‘ Yoatt | (Iv-4)
where aC ++ is the activity and [?a ]15 the molar concentratlon. ~The
‘value of pH’——pCa for a so11 solution in equ111br1um with a soil contain-
.1ng.anrexcess of CaCOS is uniquely fixed by the partial pressure of COZM
;in,thehsoiltair and at-the partial pressure of CO, of the atmosphere is
4equa1:te'6;60'[39). Thus it shquld-be possible to calculate the pH-of a
soil in-equilibriumiuith CaCO; if the activity of ca™ in solution is
known. | | |

After equilibrationvof_the soils With‘CaCO3 for 10 weeks, the auount
of residuaIFC_aCFO3 was determined by the Schollenberger method (1). The
amount of CaCO3 that had reacted with the soil was found by subtracting the -
amount of sesiuual carbonate found from the amount originally added to the
soil. The results are presented in Tables 7 and 8.

3. Discussion

After equilibration of the soils with an excess of CaCOS,.the pH
values of all soils as measured’inxo.OIM CaCl, were in general much lower
than thoseﬁpredicted (Table 9). AThe obvious explanatjon is' that the soils
»had,uotireaEhed equilibrium with:-the partial pressure of CO2 of the air,
_The somewhat lower observed pH values of the soiis¢wou1d indicate that |
:lfthe part1a1 pressure of CO2 of the s011 a1r was. higher than: that of the i

fatmosphere due to- m1croblolog1ca1 act1v1ty. The ‘degree of Ca d saturat1on,


http:value.of

TABLE 8. Amount of CaCO, applied and the amount
' found to react“with the acid soils

Amount of CaCoO

3
" applied not reacted reacted
Soil No. Soil Name to soil with soil with soil
meq/100g

1 Acrohumox-Ap 10.60 ' 2.81 7.79
2 Acrohumox-B2 10.60 5.97 4.63
5 Haplustox-Ap 21.20 5.80 ' 15.40
6 Haplorthox-B1 31.80 16.27 15.53
7 Tropohumult-B1 37.10 18.48 18.62
8 Haplustéx-Ap 10.60 2.36 8.24
9 Haplus;tox-Bl 10.60 5.65 4.95
10 Ha,plustox-.l\.p 10.60 0.78 9.82
11 Haplustox-B, '~ 10.60 2.00 8.60
12 Fragiochl.'ept-Ap 31.80 16.94 14.86

*
For soil description see Section II of the text



TABLE S. The pH values and other pertinent data for the soils equilibrated for

10 weeks with an excess of cwos

+ Calculated
pH in - Total + PH in }
Soil Mo. Soil Name ) 0.0INM CaCl EC ca** Bt 0.01M CaCl
H, 2 M 2
mhos/ca mMoles x10°
1 Acro!:nox—ap 7.40 7.10 0.23 10.9 5.4 7.73
2 Acrolumox-8, . 7.55 7.30 0.37 11.5 5.6 7.72
s Hl?!ustOX°Ap 7.60 7.20 0-1.9 1007 503 7.7‘
6 Haplorthox-B, . 7.60 7.40 0.90 13.6 6.3 7.70
7 Tropomult-B, 7.60 7.40 0.80 13.2 6.1 7.70
s mpxus:ox-.\p 7.50 6.90 0.19 10.7 5.3 7.74
10 u-;a:usmx-ap 7.20 6.60 0.16 10.6 5.3 7.74
12 Fr;;ic-:h:ep'.-kp 7.70 7.20 0.37 11.5 5.6 7.72

-

BC o Electrical conductivity of 1:2 soil-wvater extracts
Trotal €27 i3 1:0 scil - 2.0I1M Cacl, extrace

Yagyes * activity of Calcium in 1:2 s0il -0.0IN CaCl, extract
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however, should not have been affected very much by the slightly lower
observed pH values.

The amounts of CaCO,4 found to react with the soils after incubation
for 10 weeks with an excess of precipitated CuCO3 were much higher than
the acidity (A1°° + II*) extracted by IN KC1 but were found to be in
botter agreement with the exchange acidity as determined by the BaClz-
tristhanolamine method, especially for soils Nos. 5, 6, 7 and 12 which
wore known to contain Al-chlorite (2, 63, 64). Thus the KCl-extractable
acidity greatly underestimated whereas the exchange acidity by the BaClz-
triethanolamine method overestimated the lime requirement of most of the
soils examined in this study,

The BuClz-trivthunuluminu method, however, should provide a satis-
factory bench mark for the tfull lime requirement of these soils. The
sctual amount of CaCOy to be applied will vary depending upon the plant
to bo grown and the type of soil. Also it should be obvious that the
offective cation exchange capacity of tropical soills can be markedly in-
creased by liming as can be scen from the data glven in Table 8. How-
ever, many investigators (3, 25, 3%, 44) have reported that liming of
tropleal soils tu high pH values results in adverse effects, coatrary to
the results obtained on solls of the temperate regions.  There are many
theories advanced 1t attenmpt to explain the over-liming injury (24, 36,
42, 47). Some dnvestipators have supgested that limdag causea a deteriors-
ation of the structure of the suils ot the humid tropics by reducing the
aggregation of clays, Others have maintained that liming of tropical
80118 Jeircasca tho availability of some nutritive eletients, The real

cause of this adverse effect remains to be demonstrated.



V. -FATE OF CALCIUM APPLIED AS CaCO3 TO ACID TROPICAL SOILS

1. Introduction

In many soils of the temperate regions, it is known that ca*’ is
held very strongly by the permanent negative charges of the mineral col-
loids. Very little of the ca*? applied as CaCO3 moves to lower depths in
the profile. In highly-weathered soils where the negative charge is
mainly pH dependent, it has been reported that ca** and other cutions are
not held as strongly as in their counterpart soils of the temperate re-
glons (25, 32, 46, 66). Also, appreciable losses of Ca't by leaching have
been reported in soils of the humid tropics (31).

Other investigators (34, 43, 60) have precented some cvidence that
ClH can be "fixed" into nonexchangeable form by the highly-weathered
soils. Accordingly, an attempt has been made in the present study to
determine the fate of cat? applied as CaCO3 to soils of the humid tropics.
This has involved measurement of the loss of ca*’ by leaching and the ex-
tent of fixation of ca'’ into nonexchangeable form,

+4 .
2. Proparation of Ca  -saturated soils.

A 60-g sample of s0il wias mixed with amounts of CaCO3 equivalent to
the maximum amount of (I:n(?()3 that had been found to react with the moist

sodls upon incubation for 10 wocks. The CuCOS-trcntcd soils werc moistened

and sllowed to react for the samoe period of time with alternate wetting

and drying. At the end of the reaction period, the plf values were

moasurced in H20 and in 0.01[«1__(1:\(212 and are shown in Table 10.
Ca''-aaturated solls wero also prepared by bubbling CO2 into the

CICOS-troutod soi] susponsion so as to transform all tho CaCOy into

87
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TABLE 10. Comparison of pH values of Ca**-saturated soils as
prepared by two methods

Ca++-saturated soils as prepared by

Incubation Bubbling COZ_
Soil . Amount of PH in
No.  Soil Name CaCOy applied H,0 .01M CaCl,  H,0 .0IM CaCl,
~meq/100g—-
1 Acrohumox-Ap 7.79 7.10  6.60 7.09 6.80
2 Acrohumox-B2 4.63 7.30 6.95 7.40 6.95
5 Haplustox-A, 15.40 7.55  7.00 7.29 6.85
6 Haplorthox-B, 15,53 7.31  7.20 7.50 7.05
7 Tropohumult-B, 18.62 7.05  6.91 7.25 6.95
8 Haplustox-A, 8.24 7.16  6.61 7.16 6.50
9 Haplustox-B, a.9s - s w 7.58  6.81
10 Haplustox-A, 9.82 6.86  6.40 6.89 6.38
11  Haplustox-B, 8.60 7.60  6.90 7.20 6.78
12 I-‘ragiochrept-l\.p 14.86 ND+ ND+ 7.20 6.80

*
For soil description see Section II of the text

t Not determined
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Ca(HCO This is essentially the method described by Patel and Truog (37).

3)2°
The soil suspensions were then allowed to stand overnight and evaporated
to dryness on a steam hot plate. After evaporation, the soils were again
moistened and allowed to air-dry. The pH values were measured in H20 and
in 0.01M CaCl, and the results are given in Table 10.

As shown in Table 10, a good agreement was found between the pH
values of soils ﬁrepared by both methods. Shaw (51) also found a good
agreement between the results obtained by the steam evaporation method

and those obtained by the Bradfield-Allison residual carbonate method (4).

3. Study of loss of adsorbed calcium by leaching

a. Introduction

" In the humid tropics, the annual precipitation is very high and
losses of adsorbed metal ions, "exchangeable bases", may be expected to
be greater than those encountered in the soils of the humid temperate
regions. It is conceivable that a rapid loss of these cations would
constitute a major problem in the management of these highly-weathered
soils. A study was made to acertain the loss of adsorbed ca** from the
fully ca**-saturated soils upon successive extraction of the soils with
water.

b. Experimental procedure

Prepared fully ca*t- saturated soils were submitted to a series of
successive extractions with water to simulate the losses by leaching under
field conditions. |

A 7.5-g sample of soil was mixed with 30 ml of distilled water in a
50-ml polycarbonate centrifuge tube and centrifuged at 18,000 rpm for

~20 minutes in a Sorvall RC2-B refrigerated centrifuge maintained at 25°C.

T@e supernatant solution was decanted, and the extraction procedurc was
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repeated 8 times. After extraction with water, the soil sediment was
saved for the determination of exchangeable ca*t. 1t is interesting to
note here that most of the aqueous extracts developed an increasingly
yellowish color upon successive extraction. This color was especially
pronounced in extracts of the surface samples. Further refercnce to this
phenomenon will be made in a later section.

The extracts were evaporated to dryness on a steam hot plate after
addition of 3 ml of 1:1 HCl. This was followed by the addition of 1 ml of

HNO3 and 5 ml of 30% H202 and evaporation to dryness again. The residue

3+ and the volume was

of salts was taken up with IN HCl containing 0.5% La
made up to exactly 10 ml. The concentration of ca*™ in the extracts was
determined by atomic absorption using a Perking Elmer model 290B spectro-
photometer.

The .cumulative amounts of Ca++, expressed in meq per 100 g of soil,
have been plotted in Fig. 7 as a function of the number of extractions.
The data used to prepare this figure are given in the first and third
columns of Tables 11 through 19.

The cumulative amounts of ca** removed after 8 successive extractions
varied widely with different soils ranging from 0.7 to 4.2 meq of ca** per
100 g of soil. This variation in theicumulative amounts of'Ca++ removed
was largely due to differences in the amounts of ca** removed in the first
three extractions, after which the rate of removal upon further extrac-
tion was essentially the same for all soils with the exception of Catalina
from Puerto Rico. Contrary to expectation, the cumulative amounts of ca**

removed from the highly weathered soils of the humid tropics were smaller

than that removed from a New York soil, Mardin silt loam.
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c¢. Determination of the hydrolysis constant of adsorbed cat?

Two methods were followed in the determination of the hydrolysis
constant of adsorbed ca**. In the first method, the concentration of
ca™ in the aqueous extracts was measured upon successive extraction of
the soil with water. In the second method, the concentration of ca* in
the aqueous extract wa; measured as & function of the volume of dilution.

. ++
i. Measurement of the concentration of Ca  in aqueous extracts upon

successive extraction

The hydrolysis of adsorbed ca** can be represented as follows:
(Ro')ZCa** + 2HOH ¥ 2ROH + Ca (OH), (v-1)

Since in highly-weathered soils, the charge is solely determined by po-
tential determining ions and ca**-soil and Ca(OH)2 are completely dis-
sociated, the net reaction for the hydrolysis of the adsorbed Ca++ can

be written:
RO™ + HOH <+ ROH + OH™ (v-2)

and the equilibrium constant is given by

K = [ronfow] (v-3)
[ro7J
in which [RO'J = [Ca“] = ca"* adsorbed in meq per 100 g of soil
or |

[ca**] = o(cEC) (V-4)

where 0 is the degree.of calcium saturation and CEC cation exchange capac-

ity, and

[ROH_] = [H+J = H' adsorbed in meq per 100 g of soil,


http:degree.of

4
or
[W] = (1-e)cEC (v-5)

Also, one may substitute (Ca++) = (OH™) which is the concentration of

ca*t in solution, expressed in meq per liter. Hence:

(1-0) (CEC) (ca*™)

K= =5 (v-6)
++
K = 1-0e Ca ), vV-7)
or
(Ca*) in solution = K 1o (v-8)

Initially, 0 = 1 since [Ca**] = ciC

Thus the concentration of Ca*’ in solution should be proportional to the
degree of ca*tt saturation of the soil or, more correctly stated, directly
proportional to the quotient Tgéu It should be noted that Tgé-decreases
very rapidly with decreasing degree of ca’* saturation of the soil.

The hydrolysis constant K has been calculated for each of the soils
upon progressive eitraction with water using equation (V-8) in which Ca++
in solution is expressed in meq per liter. The results are given in
Tables 11 through 19. |

Also in Fig. 8, the concentration of Ca** in the successive extracts
has been plotted against the value of Tgéu The hydrolysis constant is
given by the slope of the line. It should be obvious from Fig. 8 that
the hydrolysis constant'va:ied widely with different soils. Also in
three of the soils, (Nos. 2, 6, and 7) the hydrolysis constant decreased
rapidly for the first three extractions after which it remained relative-
ly constant. This may be attributed to the presence of easily hydrolyzable

exchange sites. The average hydrolysis constant for each of the soils is



TABLE 11. Concentration of ca** in successive aqueous extracts of
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Acrohumox-A_* (Soil No. 1) and the calculated hydrolysis

constant
'Extraction ca™? ca*? _o
Number Extracted adsorbed 0 1-0 K
meq/1 ——meq/100g————
1 1.06 0.39 9.33 0.96 24.0 0.04
2 0.49 0.18 9.15 0.94 15.9 0.03
3 0.32 0.12 9.03 0.93 13.1 0.02
4 0.19 0.07 8.96 0.92 11.8 0.02
5 0.27 0.10 8.86 0.91 10.3 0.03
6 0.19 0.07 8.79 0.90 9.4 0.02
7 0.19 0.07 8.72 0.90 8.7 0.02
8 0.21 0.08 8.64 0.89 8.0 0.03

»
Initial exchangeable ca** or CEC = 9.72 meq per 100g
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“TABLE 12. Concentration of Ca  in successive aqueous extracts of
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Acrohumox-Bz* (Soil No. 2) and the calculated hydrolysis

constant
Extraction ca** ca*t _o
Number Extracted adsorbed <] 1-0 K
meq/1 ———meq/100g——
1 1.59 0.59 4,07 0.87 6.87 0.23
2 0.76 0.24 3.83 0.82 4.62 0.14
3 0.36 0.13 3.70 0.79 3.85 0.09
4 0.22 0.08 3.62 0.78 3.48 0.06
5 0.16 0.06 3.56 0.76 3.24 0.05
6 0.11 0.04 3.52 0.75. 3.08 0.04
7 0.08 0.03 3.49 0.75 2.98 0.03
8 0.08 0.03 3.46 0.74 2.88 0.03

* Initial exchangeable ca** or CEC = 4.66 meq per 100g
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TABLE 13. Concentration of Ca  in successive aqueous extracts of
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Haplustox-A_* (Soil No. 5) and the calculated hydrolysis

constant
Extraction ca*t ca** 0
Numbex Extracted adsorbed 0 1-0 K
meq/1 !--—-ﬂneq/IOOg
1 0.89 0.33 15.14 0.98 46.6 0.02
2 0.59 0.18 14,96 0.97 29.3 0.02
3 0.42 0.15 14 .81 0.96 22.3 0.02
4 0.37 0.13 14.68 0.95 18.6 -0.02
5 0.33 0.12 14.56 0.94 15.9 0.02
6 : 0.28 O.lb 14 .46 0.93 14.4 0.02
7 0.28 0.10 14,36 0.93 12.9 0.02
8 0.30 - 0.11 14.25 0.92 11.7 0.03

. .
Initial exchangeable Ca++ or CEC = 15.47 meq per 100g
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_JTABLE-14. Concentration_ of Ca'  in successive aqueous. extracts of -
R (Soil No. 6) and the calculated hydrolysis

Haplorthox-B

‘constant 1
'Bgtracfion Cca’* ca*t . _0_
Number Extracteq‘ adsorbed 0 1-0 K
meq/1 ————meq/100g
1 4.73 1.67 14.36 0.90 8.61 0.55
2 2.30  0.79 13.57 0.85 5.49 042
3 1.53 0.54 13.03 0.81 4.35 0.35
4 0.85 0.29 .12.74 0.79 3.88 10.22
5 0.82 O.2§ 12.46 0.77 3.39 0.24
6 ' 0.65 0.22 12,24 0.76 3.24 0.20
7 0.51 0.20 12.04 0.75 3.02 0.17
8 0.37 11.88 0.74 2.86 | 0.13

-0.16

* N
Initial exchangeable ca** or CEC = 16.03 meq -per 100 g



TABLE 15. Concentration of Ca** in successive aqueous extracts of
Tropohumul t-B

*

1

48

(Soil No. 7) and the calculated hydrolysis

constant
Extraction ca*t ca** _6
Number Extracted adsorbed 0 1-0 K
meq/1 ——neq/100g———
1 3.81 1.38 18.84 0.93 13.71 0.28
2 1.72 0.61 18.23 0.90 9.20 0.19
3 0.79 0.28 17.95 0.89 7.93 0.10
4 0.54 0.19 17.7¢ 0.88 7.20 0.08
5 0.37 0.13 17.63 0.87 6.5: 0.05
6 0.29 0.10 17.53 0.87 6.52 0.04
7 0.26 0.09 17.44 0.86 6.25 0.04
8 0.26 0.09 17.35 0.86 6.04 0.04

* Initial exchangeable ca** or cEC = 20.22 meq per 100g
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TABLE 16. Concentration of ca*® in successive aqueous oxtracts of

Haplustox-

constant

AP' (Soil No. 8) and the calculated hydrolysis

+¢

Extraction Ca Ca'* )
Number Extracted adsorbed 0 T-0 K
meq/1 ——meq/100g
1 0.61 0.22 8.07 0.97 36.0 0.02
3 0.33 0.12 7.95 0.96 23.4 0.01
S 0.25 0.09 7.86 0.95 18.2 0.01
4 0.28 0.10 7.76 0.94 14.6 0.02
5 0.28 0.10 7.66 0.92 12.2 0.02
6 0.22 0.08 7.58 0.91 10.6 0.02
7 0.22 0.08 7.50 0.90 9.5 0.02
8 0.25 0.09 7.41 0.89 8.4 0.03

»
Initial exchangcablo Ca'® or CEC » 8.29 moq por 100 g



TABLE 17. COnécntrutlog of Ca’’ in successive aquoous extracts of
Hlplunox-Ap (Soil No. 10) and the calculated hydrolysis
constant

Bxtraction ca'’ Ca'’ 0
Number Extracted adsorbed 0 ) K

meq/l ———aeq/ | 00g~——

1 0.67 0.4 9.62 0.98 40.7 0.02
2 0.39 0.14 9.48 0.96 24.6 0.02
3 0.1 0.11 0. 37 0.95 19.0 0.Mm
4 0.28 0.10 9.27 0.94 15.7 0.02
$ 0.25 0.09 0.18 0,93 13,5 0.02
L] 0.22 0.08 9.10 0.9? 12.0 0.02
7 0.22 0.08 9.02 0.9 10.8 0.02
s 0.22 0.08 8. 0.9} 9.8 0.02

‘ Initial exchangeable Ca'’ or CEC = 9.86 meq per 100g
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TABLE 18. Contontratlog of Ca’* in successivo aquoous extracts of
Haplustox-8, (Soil No, 11) and the calculated hydrolysis

constant

Bxtraction ca*’ ca*’ 0
Nuaber Extracted adsorbed 0 T-0 K
meq/} —~—meq/100g ———
1 0,43 0.16 8.47 0.98 51.6 0.01
2 0.27 0.10 8.37 0.97 32.3 0.0
3 0.22 0.08 8.29 0.96 24.6 0.01
4 0.19 0.07 8.22 0.95 19.8 0.0l
$ 0.19 0.07 8.15 0.54 16.9 0.01
6 0.16 0.06 8.09 0.4 14.9 0.01
7 0.16 0.06 8.03 0.93 15.3 0.01
) 0.16 0.06 17.97 0.92 12.0 0.01

L ]
Inftial exchangeable Ca'’ or CEC » 8.63 meq por 100g
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TABLE 19. Concentration of ca*™ in successive aqueous extracts of
Fragiochrept-A ~ (Soil No. 12) and the calculated hydrolysis
constant

Extraction Ca++ Ca++ 0
Number Extracted adsorbed 0 1-0 K

neq/1 ———mneq/100g

1 2.76 1.01 14.84 0.94 14.62 0.19
2 v.85 0.30 14.54 0.92 11,10 0.08
3 0.54 0.19 14,35 0.91 9.53 0.06
4 0.34 0.12 14.23 0.90 8.80 0.04
5 0.31 0.11 14.12 0.89 8.17 0.04
6 0.23 0.05 14.04 0.89 7.7 0.03
7 0.20 0.07 13.97 0.88 7.40 0.03
8 0.17 0.06 13.91 0.88 7.20 0.02

* Initial exchangeable ca** or CEC = 15.85 meq per 100g
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shown in Table 20. The hydrolysis constants for the first three extracts
have been excluded in calculating the average hydrolysis constant tabulated
in Table 20 which corresponds to the slope given by the linear portion of
the curves plotted in Fig. 8. ‘

. . o, ‘ .
ii. Measurement of the concentration of Ca ~ in aqueous extracts of soils

as a function of the volume of dilution

Drachev (15) and Lisk (28) found that the total quantity of electro-
lytes extracted by water per unit weight of soil was given by the follow-

ing equation:
x=y N +b (v-9)

in which x represents the tqQtal amount of soluble electrolytes in meq per
100 g of dry soil, and v is the volume of dilution, or the volume of water
per unit weight of soil, and b is the amount of readily soluble salts
(chlorides, nitrates) present in the soil. By plotting x versus W, a
straight line was obtained with slope equal to y and b as the intercept.
In applying this equation to the present study of the hydrolysis of ad-
sorbed Ca++, it was tacitly assumed that ca**-soil behaves as a salt of a

weak acid. The hydrolysis of adsorbed ca*t may be represented as,
(RO7), Ca™" + 2HOH  2R0H + Ca OH), (v-1)
The net rcaction for the hydrolysis can be written,
RO™ + HOH ¥ ROH + OH™ | (v-2)

and

K = [ron] [on]
[ro”]
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TABLE 20. Comparison of the average hydrolysis constant of
adsorbed Ca** obtained for different soils

Soil: No. - Soil Name® K Soil No. Soil Name* K
1' Acrohumox-l\.p .02 8 Haplustox-Ap . «02
2 Acrohumox-B2 .04 10 Haplustox--Ap .02
5 Haplust;ox-Ap .02 11 Haplustox-B1 .01
6 Héplorthox-B1 .19 12 Fragiochrept;-Ap .03
7 Tropohqmult-B1 . .05

*
For soil description see Section II of the text
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in which [pHi], [ﬁou] and [ﬁof] are expressed in meq per liter. If the
degree of hydrolysis-is x and- the original concentration of cat*-soil

or adsorbed ca*t is C, also expressed in meq per liter, then

[RoH] = x C (v-10)
[on'] = xc . (V-11)
[ro] = a-x) ¢ (v-12)
Therefore,
2.2 2
. C%x _ Cx
K=ot " T (V-13)
or
2

where v = é-= volume of dilution expressed in liters per meq of adsorbed

Ca++.
Hence,
X _ - KN (v-15)
v1-x
when x is small the quantity X_ % x and
1-x
x= /KN (v-16)

Thus, the.degree of hydrolysis is directly proportional to the square root
of the volume of dilution, and the amount of ca*t per unit weight of soil
brought into solution by hydrolysis should follow the equation used by
Drachev.

Accordingly Ca++-saturated soils were extracted with water by varying
the volume of dilution tratio of volume of water:weight of soil) from I
to 64. The extraction of soils and the determination of Ca' ' in the

aqueous extracts were made in exactly the same manner as that described
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in'ﬁhe«previous experiment in which the concentration of ca*’ in the
aquedu§ extracts was determined upon successive extraction of the soil with
water. The amounts of Ca'’ extracted at various dilutions are given in
Taﬁle 21. The amount of Ca*' extracted, expressed in meq per 100 g of

5531; is obviously equal to
. ca*’ extracted (meq/100g) = x CEC . v-17)

in which x represents the degree of hydrolysis and CEC is the cation ex-
change capacity in meq per 100 g of soil and is equal to the initial
amount of adsorbed Ca'® which is the sum of the native Ca++ plus the
amount of Ca'' applied as-CaCOs in preparation of the fully ca**-satur-

ated soils.

X

The values of , the corresponding values of V¥, and the hydrolysis

_ 1-x
constant calculated using equation (V-15) are given in Tables 22 through
24. The volume of dilution has been calculated using the following

equation

e 1ie.o, _ volume of water in liter 1 '
v in liter/meq = 2 oF soil X GEC meq/g (v-18)

X_ has been plotted against Yv. The average value for

In Fig. 9,
1-x

the hydrolysis constant corresponding to the linear portion of the curves
in Fig. 9 was found to be 0.04 for Acrohumox-Ap (Soil No. 1), 0.32 for
Haplorthox-B1 (Soil No. 6), 0.13 for Tropohumult-B1 (Soil No. 7), 0.02
for Haplustox-Ap (Soil No. 8), and 0.07 for Fragiochrept—Ap (Soil No. 12).
These values for the hydrolysis constant are in fair agreement with those
obtained upon successive extraction of the soils with water.

It may be concluded fiom this study of hydrolysis of the adsorbed

ca*™ that losses of Ca++ by leaching from the highly-weathered soils of



TABLE 21. Amounts of calcium extracted from CaH-saturated soils at various dilutions
with water

.Soil No. 1 Soil No. 6 Soil No. 7 Soil No. 8 Soil No. 12
ratio ‘—s‘% Acrohumox--l\p Haplorthox-Bl Tropohumult:-B1 Ha.plust:ox-l\p Fragiochrept-Ap
meq/100g
1:1 0.27 0.45 0.59 0.14 0.46
1:2 .45 1.07 1.07 0.21 ND*
1:4 0.49 1.57 1.39 0.27 1.01
1:8 0.63 1.97 1.79 0.33 1.09
1:16 0.83 2.67 1.92 0.43 1.39
1:32 0.96 3.20 2.53 0.53 - 1.60
1:64 0.96 4.27 2.66 0.64 1.81

*ND = not determined

-8§



TABLE 22, Hydrolysis of adsorbed Ca*’ from Acrohumox-A
, (Soil No. 6) P

(Soil No. 1) and Haplorthox-B
upon dilution

59

Soil No. 1 Soil No. 6
Acrohumox-Ap Haplorthox--B1
ratio ‘-s;g% /1_’-(3? N K /i'f_x' o K
1:1 0.028 0.101 0.08 0.028 0.079 0.13
1:2 0.047 0.143 0.11 0.069 0.112 0.38
1:4 0.052 0.203 0.06 0.103 0.158 0.43
1:8 0.067 0.287 0.05 0.131 0.223 0.34
1:16 0.089 0.406 0.05 0.182 0.315 0.33
1:32 0.104 0.574 0.03 0.223 0.447 0.25
1:64 0.104 0.811 0.02 0,311 0.632 0.24




'TABLE_ZS. Hydrolysis of adsorbed ca*" from Tropohumult-B,
(Soil No. 7) and. Haplustox-A (Soil No. 8) upoin
dilution’
Soil .Ng. 7 Soil Né. 8
1ropohumu1t B1 Haplustox.-Ap
ratio ;::ir /T;E' v K lfx W K
1:1 0.030 0.070 0.18 0.017 0.110 0.02
1:2 0.054 0.099 0.28 0.026 0.155 - 0.03
1:4 0.071 0.141 0.26 0.033 0.220 0.02
1:8 0.093 0.199 0.22 0.041 0.311 0.02
| 1:16 0.100 0.281 0.13 0.053 0.439 0.02
1:32 0.134 0.398 0.11 0.066 0.621 0.01
1:64 0.141 0.563 0.06 0.080 0.879 0.01




| TABLE 24. Hydrolysis of adsorbed Ca'’ from Fragiochrept-A:

~Soil No. 12
Fragiochrept-Ap
; soil X
rat;o water — /Vf K .
1:1 0.029 0.079 0.14
* * R . ]
1:2 ND ND ND
1:4 0.066 0.159 0.17
1:8 0.071 0.225 0.10
1:16 0.092 0.318 0.08
1:32 0.106 0.449 0.06
1:64 0.121 0.665 0.04

* ND = Not determined
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FIG. 9. Hydrolysis of adsorbed ca** upon dilution
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the humid tropics should be no greater than those found for the soils of
the temperate regions. Thus the pH-dependent charge of‘these highly-
Qeathered soils of the tropics is just as effective as the permanent
charge of soils of the temperate regions in adsorbing cations and pre-

venting their loss by leaching.

4., Recovery of adsorbed Calcium

Because of récent reports (43, 60) that Ca*’ may be '"fixed" in non-
exchangeable forms in highly-weathered soils, an attempt was made in the
present study to determine the extent to which the applied ca** can be
recovered by extraction with 1N KCl solution.

a. Analytical procedures

i. Determination of exchangeable cat? by extraction with 1N KCl

Following 8 successive extractions of the ca**-saturated soils with
water in the study of hydrolysis of the adsorbed ca** described in the
preceding section, the soils were leached with 1N KC1 solution using
the same method that has been already described for the determination of
exchangeable calcium. The .concentration of ca™ in the KC1 extracts was
determined by atomic absorption. The results are presented.in Table 25.
The total amount of Ca’' removed by extraction with water and KCl is
considered to be exchangeable. The difference between the total amount
of ca** applied, including the initial exchangeable calcium content of
the soil, and the exchépgeable calcium extracted with water and 1N KC1 is
considéred as Ca** "fixed" by the soil. Because of the large relative
error arising from subtfaction of two large quantities to obtain a small
one, the Ca** remaining in the soil following extractioﬁ with 1N KC1 was

determined directly by extracting the soil with HCl.



TABLE 25. Removal of adsorbed ca’’ upon extractions with water and 1IN KC1,
and fixation of Ca** by the soils

+4 P
Ca remaining

" Initial _ - in soils after ca*t
Soil No. Soil Name Exch. Ca Ca  Extracted by extractions "fixed"
H20 1N KC1 limed unl imed
—meq/100g—— % . '——meq/100g
1 Acrohumox-A.p 9.72 1.08 11.1 7.50 0.71 0.27 0.44
2 Acrohumox-B, 4.66 1.20 25.7 T 3.25 0.06 0.02 0.04
5 Haplustox-Ap 15.47 1.22 7.9 12.33 1.04 0.08 0.96
6 Haplorthox-B, 16.03 4.15 25.9 10.91 0.46 0.06 0.40
7 Tropohumult-B, 20.22 2.87 14.2 16.67 0.27 0.02 0.25
8 Haplustox-.l\.p 8.29 0.88 10.6 6.83 0.42 0.03 0.39
10 Haplustox-Ap 9.86 0.92 9.3 8.54 0.35 0.03 0.32
| 1 Haplustox-Bi 8.63 0.66 7.6 7.37 0.36 0.02 0.34
12 Fragiochrept-Ap 15.85 1.94 12.2 12.00 1.76 0.66 1.10

*
For soil description see Section II of the text

9
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ii. Determination of residual calcium after exhaustive extractions of

the soils with water and 1N KCl

Following extraction of the soils with water and 1IN KCl, the soils
were transferred to a 150-ml beaker and digested with 30 ml of 6N HC1 for
2 hours on a steam plate. The soil suspensions were then filfered through
No. 32 Whatman paper. A 20-ml aliquot was evaporated until the solution
became very viscous and transferred into a 250-ml separatory funnel with
Teflon stopcock using enough additional 6N HC1 to effect the transfer.
The Fe(l111) was extracted with diethyl ether (20, 26, 30, 48) in oxrder to
avoid its interference in the calcium determination by atomic absorption.

After removal of Fe(lll), the extract was transferred to a 150-ml
beaker, evaporated to dryness, treated with 1 ml of HNO3 and 5 ml of
30% HZOZ’ and again evaporated to dryness. This was followed by the
addition of 3 ml of 6N HCl and evaporation to dryness. The residue was
taken up with 1N HC1 containing 0.5% La3+, made up to volume in a 25-ml
volumetric flask, and filtered through No. 32 Whatman paper. The ca*?
concentration in the final solution was measured by atomic absorption.

In order to correct for the native nonexchangeable calcium present
in the so0il, the unlimed soils were subjected to the same exhaustive ex-
traction with 1IN KC1 to rcmove the exchangeable Ca++, followed by diges-
tion with 30 ml of GN IIC1 for 2 hours, and carried through exactly the
same procedure described for the limed soils. The difference between the
amounts of Ca'" extracted by 6N HC1 from the limed and the corresponding
unlimed soil was considered as "Ca*t fixed" by the limed soils. The
amounts of "Ca'® fixed" rgported~in Table 25 were obtained in this manmer.

Also shown in the same table are the total initial exchangeable ca*’ and



66

‘the amounts of Ca+* recovered by extraction with water and 1N KCl1.

It will be noted from the results in Table 25 that, with the exception
of two soils,'Nos. S and 12, the amount of Ca++ found "fixed" into non-
exchangeable form was less than 0.5 meq per 100 g and is hardly signifi-
cant. Surprisingly enough the New York soil fixed the largest amount of
ca** into nonexchangeable form, probably due to vermiculite which is
known to be present in this soil. Thus there is little evidence to indi-
cate that the highly-weathered soils of the humid tropics have the capac-

ity to fix calcium into nonexchangeable form.



VI. MOBILIZATION OF IRON IN SOILS UPON LIMING

In the course of the study of the loss of adsorbed ca*t upon succes-
sive extraction of the fully ca**-saturated soils with water, it was ob-
served that the color of the aqueous extracts became increasingly'more
yellow upon successive extraction of the soils with water. This increase
in the intensity of the yellow color vas especially pronounced in about
the third extract. Surprisingly enough the extracts of these same soils
became virtually colorless when the soils, following extraction with
water, were extracted with 1IN KC1 in order to study the recovery of the
adsorbed Ca'® in the limed soils in the experiment described in Section
V-4,

Moreover, the addition of KCl or HC1 to the colored aqueous extracts
caused precipitation of some flocculant yellowish material suggesting
that the color of the aqueous extracts was due to the presence of some
highly dispersed colloid. The yellow color of the aqueous extracts was
especially pronounced in the extracts of the limed surface soils, indi-
cating that the color must have been due in part to the presence of
organic matter. Accordingly, the following experiment was carried out in
order to study the role of organic mafter and Ca'" in the mﬁbilization of
Fe(111) upon successive extraction of the limed and unlimed surface and

subsoils with water.

1. -Analytical procedures

a. BExtraction and dectermination of pH of the aqueous extracts

A 7.5-g sample of each of the soils was successively extracted with

30 ml of water in a 50-ml polycarbonate centrifuge tube. After addition

67
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of 30 ml of water to the soil, the suspensions were thoroughly stirred
with a mechanical stirrer and centrifuged at 18,000 rpm. After decanting
the supernatant solution and measuring the pH, the concentration of Fe(11l1)
in the extracts was determined as described below. The results of pH
determinations are shown in Table 26. |

b. Determination of Fe(lll) in the aqueous extracts

The aqueous extracts were evaporated to dryness on a steam hot plate.
The residue was treated with 10 ml of aqua regia and again evaporated to
dryness. A small aﬁount of 1N HC1 was added to dissolve the residue and
then the volume was made to 10-ml with dilute HCl. Iron was determined
colorimetrically by the aa”’-dipyridyl method (9).

In order to determine the effect of liming on the mobilization of
Fe(111), the unlimed soils were also subjected to exactly the same pro-
cedure described for the limed soils. The results of the determination

of Fe(11l) are summarized in Tables 27 and 28.

2. Results and discussion

Upon successive extraction of limed soils with water, the pH and
the concentration of Fe(11l) in the extracts was found to increase. Iron
was mobilized markedly in the surface soils after removal of the last
traces of soluble salts as shown in Tables 27 and 28. The concentrations
of Fe(111) in the extracts of the subsoils were found to be negligibly
small, pointing to the important role of organic matter in the mobiliza-
tion of ironm. |

To determine whether this mobilization of Fe(111) could be attributed
to dispersion of .some organo-iron oxide colloid or clay the following

experiment was carried out. The free salts were removed from two limed



TABLE 26. pH values of aqueous extracts upon successive
! extractions of the limed soils with water
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Extractions number

Soil No.  Soil Name 1 2 3 4 5 6 71 8
1 Acrohumox-AP 6.5 7.05 7.00 7.10 7.30 7.10 7.02 7.02
2 Acrohumox-B, 6,70 6.90 6.80 6.85 7.10 6.90 6.90 6.90
5 Haplustox;AP 7.00 7.25 7.20 7.25 7.35 7.10 7.10 7.05
6 Haplorthox—B1 6.?0 7.00 7.00 7.00 7.25 7.05 7.00 6.95
7 Tropohumult-B1 6.7 7.00 7.15 7.25 7.30 7.05 7.15 7.10
8 Haplustox-Ap 6.90 7.05° 7.05 7.25 7.28 7.25 7.21 7.15
10 Haplustox-Ap 6.81 7.20 7.25 7.30 7.31 7.20 7.25 7.25
11 Haplustox-B1 7.00 7.15 7.25 7.25 7.40 7.30 7.35 7.22
* For soil description see Section II of the text



TABLE 27. The concentration of Fe(11l) in successive aqueous extracts of
' unlimed and limed soils (Nos. 1, 2, 5, 6, and 7)

Soil No. 1 Soil No. 2 Soil No. 5 Soil No. 6 Soil No. 7
Acrohumox-A Acrohumox-B, Haplustox-A Haplorthox-B, T‘rop'ohumult-B1
Extractions P P .
Number unlimed 1limed limed unlimed limed limed 1limed
ppm Fe(111)
1 2.9 1.8 0.49 1.66 1.2 5.3 1.2
2 4.5 19.6, 0.35 0.44 17.3 7.3 1.2
3 10.1 38.1 0.49 0.42 31.3 2.8 0.5
4 16.9 35.3 : 0.34 0.56 39.2 2.8 5.6
5 19.3 96.4 0.68 1.25 69.6 1.8 2.8
6 13.3 37.8 1.05 1.36 44 .8 5.6 1.8
7 14.1 44 .5 0.35 1.48 60.4 14.0 4.5
8 14.1 33.9 1.80 1.60 45.6 7.0 0.7

0L



TABLE 28. The concentration of Fe(l11ll) in successive aqueous extracts of
unlimed and limed soils (Nos. 8, 10, 11, and 12)

Soil No. 12

Soil No. 8 Soil No. 10 Soil No. 11 C
Extractions Haplustox-l\lL Haplustox—Ap Haplusfoxf81 Fragmchrept:-ﬁE
‘Number unlimed 1limed unlimed 1limed unlimed limed limed
ppm:‘Fe (1113
1 0.36 2.8 3.02 1.8 0.72 1.0 2.1
2 0.29 8.9 0.56 20.0 0.27 14.0 2.8
3 0.13 ’53.0 0.70 49.0 0.44 26.0 5.6
4 0.21 65.0 0.84  65.0 0.44 34.0 3.8
°5 0.14 135.0 0.74 94.0 0.20 42,0 9.3
6 0.13 89.0 1.11 88.0 0.28 42.0 4.5
7 0.22 119.0 0.74 98.0 0.00 68.0 4.5
8 0.35 80.0 0.82  78.0 0.00  44.0 3.8

1L
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surface soils and subsoils by washing the soils 3 times with water in the
high speed centrifuge, using 2.5 g of soil and 35 ml of water. Then, the
soils were dispersed with 70 ml of water in a 90-ml ceﬁtrifuge tube. The
amount of clay < 2u in the suspension was determined by the pipet method
(10). The results are given in Table 29.

As shown in Table 29, highly-weathered soils can be indeed readily
dispersed by liming the acid soils and this gould explain the observed
deterioration of the structure of tropical soils upon liming (47). But
the mobilization of Fe(111) cannot be attributed to dispersion of the
clay fraction because it will be noted that the Acrohumox-B2 (Soil No. 2)
which showed the greatest dispersion of the < 2u clay fraction virtually
contained no Fe(lll)lin the aqueous extracts (cf. Table 27). Indeed very
little Fe(111) was found in the aqueous extracts of any of the limed sub-
soils. It is interesting to note that very little Fe(l111) was mobilized
by liming the surface soil from New York (Fragiochrept-Ap, Soil No. 12).
The concentrations of Fe(111) in the extracts of the unlimed Acrohumox-B2
(Soil No. 2), Haplbrthox-B1 (Soil No. 6), Tropohumult-B1 (Soil No. 7),
and Fragiochrept-Ap (Soil No. 12) are not reported because they were
found to be extremely low.

It may be concluded from the results of Acrohumox-A.p (Soil No. 1)
that Fe (111) can be mobilized in the presence of only moderate amounts
of adsorbed Ca*’. Considerable amounts of Fe(111) were mobilized in the
aqueous extracts of thig soil which had been limed moderately in the
past and which contained only 1.9 meq of ca*t per 100 g. On the other .
hand, the ca**-saturated surface soil from New York (Fragiochrept-Ap, Soil
No. 12) did not release significant amounts of Fe(11l) upon successive

extraction with water. This mobilization of Fe(111l) in the surface layer



TABLE 29, Dispersion of limed and unlimed soils after

washing the soils with water
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Amount of clay < Zﬁ
found in

* unlimed limed

Soil No. - Soil Name soil soil

. %

1 Acrohumox-Ap 11.0 18.8

2 Acrohumox-B2 1.2 11.0

10 Haplustox-Ap 8.2 14.2
11 Haplustox-B1 13.1 15.8

*
For soil description see Section II of the text
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upon liming is obviously a peculiar phenomenon shown only by the highly-
weathered soils of the trqpics. | | |
Conceivably this release of Fe(lll) from the limed surface soils of
the humid tropics may be due to desorption of some organo-Fe(l1l) complex
from the surface of iron oxides ~nd/or kaolinite upon liming as a result
of the increase of tﬁe negative charge on the organo-Fe(l1l) surface com-
plex. This inter;sting problem, however, was not pursued any further
inasmuch as it had little relevance to the main objective of this inves-
tigation. It should be of interest, however, in any study relating to

soil genesis and morphology of highly-weathered soils.



VII. SUMMARY

" The-object of this investigation was to evaluate two commonly used
lébbratory<ﬁethods for. determining the "lime-requiremént" of highly
weathered‘acid éoiIs~df‘the humid tropics and.to study the fate of CaCO,
’appliedmto fhese,soils. The standard of comparison for the lime-require-
ment wagifhé’mQXimum amount of CaCO3 decomposed by the sdils upon equili-
bration of the soils with an excess of CaCO; and the partial pressure of
Cdz of the air. The two common laboratory methods for determining the
lime-requirement of soils examined in the present study were the salt
(LN KC1) extractable acidity and the exchange acidity as determined'by the
BaClz-triethanolamine (TEA)‘method._ The soil samples used in this study
comprised the AP and B, horizons of highly-weathered soils from seven dif-
ferent locations in Brazil, Colombia, apd’Puerto Rico, known to represent
extensive areas of potentially froductive égricultural soils,

The cumulative amounts of A13+ removed upon successive extractions
of the soils with 1N KC1 were found to be greater than those removed by
exhaustive successive extractions with 0.1IN KCl. This was, in part,
attributed to the release of H' oﬁing to the increase of the surface
negative charge in the presence of the higher electrolyte concentration
at pH values above the zero poiht of charge. The recleased ﬁ+, upon reac-

tion with Al(OH)S, produced an equivalent amount of salt extractable A13+.

The amount of Al3

* removed even upon exhaustive extraction by 1N KC1,
however, greatly underestimated the amount of CaCO3 that was found to
react with the soils. On the other hand, the exchange acidity as deter-

mined by the BaClz-TEA method agreed closely with the maximum amount of
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CaCo, that-was found to react with the soils especially in those that
were known to contain éluminous,chlorite.

In order to study the loss of the adsorbed ca™t by leaching, the
soils were first saturated with ca™t by applying appropriate amounts of

CaCo The soils were then extracted successively 8 times with water,

3
and the concentration of ca*™ in the aqueous extracts was determined by
atomic absorption. The cumulative amounts of ca** removed after 8 succes-
sive extractions with water varied widely with different soils primarily
due to the differences in the amounts of ca** removed in the first three
extractions, after which the rate of removal was essentially the same for
all soils. Contrary to expectation, the cumulative amounts of ca™" re-
moved from the highly-weathéred soils of the humid tropics were found to
be smaller than that removed from Mardin silt loam, a New York soil, indi-
cating that the pH-dependent charge was just as effective as the perma-
nent charge of the soils of the temperate regions in adsorbing and pre-
venting the loss of ca*? by leaching. The éoncentration of Ca** in the
aqueous extract (Ca++) followed the relation:

L

++
(Ca" ) =K 16

in which 0 is the degreec of ca** saturation of the soil and K is the
hydrolysis constant. On the other hand, the degree of hydrolysis of ca*t-
saturated soil, x, varied with the volume of dilution, v, according to

the following equation:

X =/K/—
s

in which K is the hydrolysis constant. In general, the two methods

ylelded ossentially the same value for the hydrolysis constant.
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The difference between the amounts of Ca+f,recQVered by extraction
of the soils with 1N HC1 from the limed and the corresponding unlimed
soil, following exhaustive extraction 6f the soils with water and 1N KC1,
was taken as the amount of Ca++ "fixed" by the limed soils. In most in-
stances, this difference was insignificantly small, indicating little, if
any, fixation of Ca++ into nonexchangeable forms by soils of the humid
tropics.

As a side observation, the color of the aqueous extracts upon succes-
sive extraction of the fully ca**-saturated soils with water became in-
creasingly more yellow due to the presence of Fe(11l), especially in the
limed surface soils indicating mobilization of Fe(lll) in the limed soils
in the presence of organic ﬁatter after complete removal of the soluble
salts present in tﬁe soil. The exact mechanism of this mobilization of
Fe(111) in limed surface soils is not known, but it is suggested that it
may be due to release of some organo-Fe(111l) complex adsorbed on surfaces
of iron oxides and/or kaolinite as a resuit bf the increase of the negative
charge on the organo-Fe(11l) surface complex at the higher pH values of

the limed soils.
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