Organic-Matter Activity of Some Typical Soils of
Puerto Rico

Fernando Abrufia-Rodriguez and José Vicente-Chandler*
INTRODUCTION

Although considerable such information is available from Temperate
regions, relatively little is known about the activity of organic matter in
Tropical soils. ' , '

The objectives of the study herein reported were (1) to evaluate the
exchange capacity of the organic matter in samples of the most important
soils of Puerto Rico by using three different methods, and (2) to determine
the exchange capacity of portions of the organic matter variously resistant
to oxidation.

MATERIALS AND METHODS

Surface samples representing the Catalina, Cialitos, Alonso, Los Guineos,
Micara, Jayuya, Utuado, Rio Piedras, Coto, Matanzas, and Nipe soil
series were used in this study. Roberts (13)? has described these soils in
detail. All are kaolinitic with the exception of Mucara the clay minerals
of which are mainly of the expanding lattice type (1).

After the soil samples were air-dried, organic matter was determined by
the wet-combustion method. A previously determined (14) correction fac-
tor of 1.2 was used in the calculation of total carbon from oxidized carbon.
Total nitrogen was determined by the Kjeldahl method. PH values were
ascertained with a glass electrode potentiometer. Cation-exchange capaci-
ties were determined by the ammonium acetate method. The pipette
method was used in performing the mechanical analyses.

The exchange capacity of the- organic matter was evaluated by three
different methods as follows: '

THE ‘‘DIFFERENCE’’ METHOD

The organic-matter content and the cation-exchange capacity of the soil
samples were determined before and after destruction of most of the or-
ganic matter with hydrogen peroxide. The reduction in exchange capacity
was assumed to be due to the loss of organic matter. From these data the
exchange capacity of the organic matter was calculated.

1 80il Scientist and Superintendent of the Cooperative ARS Research Project,
respectively, Agricultural Experiment Station, University of Puerto Rico, Ric
Piedras, P. R.

2 Numbers in parentheses refer to Literature Cited, pp. 75-6.
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TITRATION OF EXTRACTED ORGANIC MATTER

The organic matter of selected samples was extracted following the pro-
cedure used by Marshall and Patnaik (6), with only minor modifications.
The procedure used was as follows: 200 gm. of air-dry soil were shaken
with 2 L. of 0.02 N HCI. After standing overnight, the supernatant liquid
was siphoned off and the soil washed with distilled water until free of
chlorides. The residue was then shaken with 2 1. of 0.5 N Na,CO; solution
and left overnight. The dissolved material was siphoned off and transferred
to a jar with 1 1. of 5-percent NaCl solution to flocculate any suspended
inorganic material. After standing 8 hours the dark-colored solution was
siphoned off, filtered, and then slowly: acidified with dilute HCI. The or-
ganic matter precipitated by the acid was then centrifuged and freed from
the supernatant liquid. It was again dissolved in Na,CO; and precipitated
as before. Finally, the flocculent precipitate was washed with distilled
water until free of soluble salts. An organic-matter suspensmn was ob-
tained by dispersing the material in' distilled water.

The exchange capacity of.the extracted organic matter was determined
by titration in aqueous solution with calcium hydroxide. Nine days were
allowed for the reaction to be completed. As the organic material was
easily dispersed in water, concentration was determined by evaporatmg a
known volume of liquid at 105° C. and weighing the residue.

CORRELATION BETWEEN EXCHANGE CAPACITY AND
ORGANIC-MATTER CONTENT

The cation-exchange capacity and organic-matter content of samples
from two similar soils (Coto and Catalina) were determined. These values
were also determined for samples taken at varying depths in a Catalina
soil. The- exchange capacity of the organic matter was estimated from the
relationship existing between the organic-matter content and the total
exchange capacity of the soil samples.

The exchange capacity of the organic matter which could ‘be separated
from two samples of Catalina soil by flotation was determined. This frac-
tion of the organic matter was obtained by placing the oven-dry soil in a
beaker of water and removing all the organie matter which floated on the
surface. :

Subsamples from these two soil samples were treated with different con-
centrations of hydrogen peroxide over different time intervals. It was
assumed that with this treatment portions of the organic matter with
varying resistance to oxidation were destroyed. Organic-matter and ex-
change-capacity determinations were made on the samples before and
after treatment with hydrogen peroxide. From these data the exchange
capacity of the various portions of the organic matter was calculated.
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RESULTS

Analytical data for the soil samples studied' are shown in table 1. The
range of organic matter-values and C:N ratios was about normal for these
soils (14). All the samples were acid with the exception of those from the
Coto and Matanzas soil series. These soils were derived from limestone and,

TasLE 2.—Andlysis of the organic matter extracted from samples of 4 typical sotls of

Puerto Rico

Soil samples Cation-
- exchange Ash Nitrogen Carbon C:N Ratio
Soil Number ; capacity .
wanw M.e./100 gm. Percent Percent Percent
Cialitos ‘ 3 180 1.19 4.02 52.24 13.0
Catalina 8 220 1.53 5.01 50.85 10.1
Do. ; 61 200 1.62 5.17 50.40 9.7
Los Guineos | - - 4 238 3.64 4.80 58.71 12.2
Deo. ) 22 - 220 3.22 5.41 56.20 10.4
Alonso 12 260 - 2.32 4.05 50.06 12.4
Deo. - 21 290 2.44 4.32 -50.61 11.7-
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FIG 1 ~—T1trat10n curves of organic matter extracted from samples of 4 typical

soils of Puerto Rico.




0

o

E-

ORGANIC MATTER GONTENT (%)

N

o

—pN

o] 15 20 25 30
TOTAL EXCHANGE CAPACITY
(ME. PER 100 GM. OF SOIL)

F1e. 2.—The activity of soil organic matter as indicated by the relationship be-
tween exchange capacity and organic-matter content of 73 samples of 2 kaolinitie
clay soils—Catalina and Coto. Each 100 gm. of organic matter appears to have an
average exchange capacity of about 150 m.e.
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F1a. 3.—The activity of soil organic matter as indicated by the relationship be-
tween exchange capacity and organic-matter content of samples of a Catalina clay
soil taken at different depths. Each 100 gm. of organic matter appears to have an
average exchange capacity of about 138 m.e.
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though normally acid, there are areas where the soils are neutral to alkaline
due to the influence of marley exposures of the parent material. '

The results of the study to determine organic-matter activity by the
difference method are summarized in table 1. The organic matter accounted
for from 4.5 to 56.2 percent of the exchange capacity of these soils (aver-
age = 24.7 percent). The apparent cation-exchange capacity of the organic
matter varied rather widely, from 44 to 232 (average = about 125) m.e./100
gm. of organic matter. Most of the values, however, were within the range
of from 80 to 160 m.e./100 gm. of organic matter.

The cation-exchange-capacity values of the extracted organic matter are
given in table 2. The values obtained by this method were in all cases

TasLe 3.—The apparent exchange capacity of organic-matler fractions variously
resistant to oxidation with hydrogen peroxidel

Sample and treatment Nitrogen | C:N ratio (ﬁ'g‘é&f S;;;ogx;—g—_- ex?l?gnagr; ’iﬁfctilf; of
= pacityofsoil; organic matter
. Percent Percent |M.e./100 gm. M.e./100 gm.
Sample 254:
OIS 4055 5w 72 55 5 8 smessy o 0.34 11.6 6.79 18.03 —
Minus organic matter re-
moved by flotation........ .28 11.6 5.58 13.09 408
15-percent Hz0: for 1 hr.. ... .17 11.0 3.23 8.15 210
15-percent H20: for 2 hr..... 13 11.0 2.48 6.87 157
15-percent H,0; for 4 hr.. ... A1 1.1 2.11 6.87 0
30-percent Hy0. for 4 hr..... .06 12.0 1.24 6.00 100
30-percent H:0; for 6 hr..... .06 9.5 .99 6.52 0
30-percent H,0» overnight... .05 7.2 .62 6.51 0
Average for all organic matter
destroyed................. ’ 187
Sample 256:
NODE. e 0.38 12.5 | 8.17 21.03 —
Minus organic matter re-
moved by flotation........ .33 12.0 6.83 15.02 448
15-percent HyO; for 1 hr.. ... .26 1.1 4.96 12.44 138
16-percent H0: for 2 hr..... .23 10.9 4.34 10.94 242
15-percent H:0, for 4 hr..... 17 11.0 3.23 9.23 154
30-percent HeO; for 4 hr..... .14 10.3 2.48 8.14 145
30-percent H,0; for 6 hr..... .05 10.1 .87 8.80 0
30-percent H2O: overnight.. . .05 7.2 .62 8.74 0
Average for all organic matter
destroyed................. 162

1 Both samples are of Catalina soil with a clay content (kaolinitic) of about 50
percent and a pH of 4.6.
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much ‘higher than those obtained by the difference method. They ranged
from 180 to 290 (average = 230) ‘m.e./100 gm. of organic matter.

The titration curves for the extracted organic matter are shown in fig-
ure 1. All the curves show a high buffer capacity above pH 7. The curvés
for all samples are similar, the main dlfference lying in their neutralization
capacities.

Figure 2 shows the relatmnshlp between the exchange capacity and the
organic-matter content of 73 samples of Coto and Catalina soils taken from
several widely varying locations, These data indicate that the exchange ca-
pacity of. the soil organic matter averaged about 150 m.e./100 gm. of or-
ganic matter.

Figure 3 shows éhe relatlonslnp between the exchange eapamty and the

organic-matter content of samples of Catalina soil taken at different depths
at the same location. These data indicate that the exchange capacity of the
organic matter averaged about 138 m.e./100 gm. of organic matter.

The results of the study to detérmine the exchange capacity of various
portions of the organic matter of two soil samples are given in table 3. With
both samples the organic matter removed by flotation had an extremely
high exchange capacity (over 400 m.e./100 gm. of organic matter). The
final fractions of organic matter, i.e. those which were most resistant to oxi-
dation, had no apparent exchange capacity. Within these extremes the data
seem to indicate that, in general, the portions of organic matter which were
most readily oxidized were the most active.

DISCUSSION OF RESULTS

Most of the soil samples studied had C:N ratios of about 10: 1, indicating
that the organic matter was well decomposed: There was no apparent re-
lationship between soil pH and the exchange capacity of the organic matter.

The variations in the exchange capacity of the organic matter of the var-
ious samples as determined by the difference method were generally in line
with the findings of Olson and Bray (11) and of Mitchell (8) who found
values ranging from 34 to 283 and from 70 to 200 m.e./100 gm. of organic
matter, respectively, with soils of.the United States. Ayers (2) reported an
average exchange capacity of 200 m.e./100 gm. for the organic fraction of
latosols from Hawaii, and Craig (4) reported even higher values for a group
of soils from Maurltms .

The much higher exchange values . obtamed by titrating the extracted
organic matter are in line with the results of almost all researches on this
subject. It may be that only the more active portions of the organic matter
were extracted. The similarity between the C:N ratios of the extracted or-
ganic matter and those of the normal soil, however, would tend to indicate
that a representative portion of-the organic matter was extracted. As
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'noted by McGeorge (7) the exchange capacity of extracted organic matter
depends largely upon the method of extraction used, so any results ob-
tained with this procedure are of doubtful validity.

The ash content of the organic matter has little meaning since, there is no
way of determinign what part came from inorganic colloids not properly
separated from the organic matter, or from inorganic-organic complexés
which actually formed part of the organic matter.

The high buffer capacity of the extracted organic matter above pH 7 is
in line with the findings of Baver (3). The formation of insoluble calcium
humates may have-something to do with this characteristic as pomted out
by Puri (12). |

Despite wide variability, the estimated exchange values obtalned from
the relationship between organic-matter content and the total cation-ex-
change capacity of the soil samples, are generally of the same order of mag-
nitude as the values obtained by the difference method. The former method,
though obviously impractical, would appear to give the most reliable in-
formation since the analyses are performed on untreated soil samples. The
general agreement found between both methods would seem to lend validity
to the difference method for routine laboratory determmatlons of the ex-
change capacity of the organic fraction of soils.

The high exchange capacity of the organic matter removed by flotation
is of practical importance. Obviously, this material is easily removed by
water and even a small run-off could carry away important quantities of
this organic fraction, thus considerably reducing thé exchange capacity of
the soil.

"That the more rea,dﬂy'omdlzable portion of the organic matter appears
to be the most active is also of practical importance. When the soil is ex-
posed, this part of the organic matter is probably oxidized at a relatively
high rate, the less active portion remaining in the soil. Adequate soil cover
thus appears to be essential to the conservation of this part of the organic
matter in view of the very hlgh temperatures attained by exposed surface
soils (16). '

The data presented in table 3 indicate that the portion of organic matter
most resistant to oxidation has no apparent exchange capacity. This is in
agreement with the findings of Olson’ and Bray (11), except that a higher
proportion of the organic matter of Puerto Rican soils is apparently in this
category. The exchange capacity of -the soil i in some cases appears to in-
crease following destruction of this portion of ‘the organic matter. These
findings suggest a blocking of exchange positions on the clay colloids by the
organic matter. The difficulty of destroying this portion of the organic mat-
ter likewise points to a close tie-in between clay colloids and soil organic
matter. -
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This fraction of the organic matter is relatively high in nitrogen as indi-
cated by narrow C:N ratios. This suggests that clay-protein complexes of
the type described by Norman (10) may be active in binding the clay and
organic fractions. Ensminger and Gieseking (5) found that proteins can be
strongly absorbed by bentonite through the basic.groups acting as ex-
changeable bases. It is of interest to note that Myers (9) found that the as-
sociation of clay and organic matter is most likely to occur with large ex-
posed surfaces and under acid conditions such as those occurring with most
of the soils studied. The large surface.areas of the clay fraction of these soils
are indicated by their high wilting points (1) and by their ability to orient
or “pack’ water molecules (15).

The strong resistance to oxidation of a considerable portion of the or-
ganic matter helps to explain the relatively high organic-matter contents
of even continuously clean-cultivated soils in Puerto Rico.

SUMMARY

The exchange capacity of the organic matter in typical soils of Puerto
Rico was evaluated from: (1) The variation in the exchange capacity of soil
samples following destruction of the organic matter, (2) titration curves of
extracted organic matter, (3) and the correlations between exchange capac-
ity and organic-matter content of soil samples. The first method was the
most practical and gave fairly accurate results. The second method gave
results which were in all cases too high. The third method, though probably
the most accurate, is impractical. Results obtained with the first and third
methods were similar.

The exchange capacity of the organic matter varied rather widely, but
was generally between 100 and 150 m.e. per 100 gm. On the average it ac-
counted for about 25 percent of the total exchange capacity of the soils
studied.

- The organic matter removed by ﬂotatmn had the highest exchange ca-
pacity and the more readily oxidizable portions generally appeared to be
the most active. This suggests the importance of conserving the more read-
ily lost portions of the soil organic matter. _

A considerable portion of the soil organic matter was extremely resistant
to oxidation, had a narrow C:N ratio, and apparently little exchange ca-
pacity. This suggests a close association between the organic matter and
the inorganic soil colloids. The marked resistance to oxidation of a consid-
erable portion of the organic matter may- partly explain the high contents
found even in continuously cultivated soils in Puerto Rico.

RESUMEN

Se determind la capacidad de cambio de la materia orgdnica de un grupo
de suelos tipicos de Puerto Rico usando tres métodos de andlisis: (1) Varia-
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cién en la capacidad de cambio de las muestras de suelo al destruirse la
materia orgdnica. (2) Titulacién potenciométrica de los coloides orgénicos’
extraidos del suelo con carbonato de sodio. (8) Correlacién entre el con-
tenido de materia orginica y la capacidad de cambio de un grupo conside-

.rable de muestras de suelos similares. El primer método resulté ser el méds

prictico y facil de llevar a cabo. Di6 resultados muy parecidos a los ob-
tenidos usando el método de correlacién que es probablemente el més
preciso. Este dltimo método es, sinembargo, poco prictico. El segundo
método dié los resultados més altos. : A

La capacidad de cambio de la materia orgdnica en las distintas muestras
varié considerablemente, estando.la mayoria entre 100 y 150 m.e./100
gramos. Los resultados demostraron que la materia orgdnica contribuye
alrededor de un 25 por ciento de la capacidad de cambio total en los suelos
estudiados.

Se demostré que la fraccién de la materia orgdnica que se puede separar
por medio de la flotacién en agua, tiene una capacidad de cambio mayor
que ninguna otra porcién. Igualmente, la fraccién mas propensa a la oxida-
cién mostré una capacidad de cambio mayor que las fracciones més re-
sistentes. -

Aparentemente, una parte considerable de la materia orgdnica de los
suelos de Puerto Rico estd combinada fntimamente con la porcién mineral
y contribuye muy poco a la capacidad de cambio total del suelo. Esta frac-
cién orgdnica es muy resistente a la oxidacién y esto explica el alto contenido

‘de materia orginica aun en suelos cultivados continua e intensivamente.
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