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RESUMEN

PROCESOS DE INTERCAMBIO EN DOS SUELOS SOMETIDOS
A DIFERENTES TRATAMIENTOS ORGANICOS

Se ha estudiado el efecto que ejercen una turba y un estiércol y sus fracciones coloi-
dales FH (dcidos fulvicos + 4cidos himicos) en los procesos de intercambio ionico de
dos suelos con diferente textura,

En un suelo franco-arenoso, la turba actué dando lugar a una retencion de iones diva-
lentes y trivalentes, mientras que con el estiércol se obtuvo un efecto fluctuante con el
tiempo. Las fracciones FH originaron generalmente un proceso de liberacion de iones
(debido principalmente al Al), aunque también se observ6 una retencién de Ca.

Los procesos de intercambio iénico fueron menos acusados en el caso del suelo arci-
lloso. Los tratamientos de turba y estiércol mostraron con el tiempo un efecto fluc-
tuante, debido a que los iones trivalentes y divalentes se intercambiaban alternativamente
en mayor o menor proporcién. La aplicacion de las fracciones FH a este suelo estuvo
relacionada con una liberacion de Aly Fe y una retencion de Ca.

Asimismo se encontrd que estos procesos de intercambio dependian tanto del conte-
nido y del tipo de arcilla presente en el suelo como de la naturaleza de la materia orgi-
nica anadida.
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SUMMARY

The effect of peat and manure and their colloidal FH fractions (fulvic acids + humic
acids) on the ion exchange processes in two differently textured soils was studied.

In a sandy loam soil, peat had an effect of retaining trivalent and divalent ions while
manure showed a fluctuating effect with time. The FH fractions basically gave rise to
an ion release process, which was mainly due to Al, although a retention of Ca was also
observed.

When those organic materials were added to a clay soil, the exchange processes were
less marked than in sandy loam soil. Peat and manure treatments showed a fluctua-
ting effect with time due to an alternating participation of trivalent and divalent ions,
but the addition of the FH fractions was related to a release of Al and Fe and a reten-
tion of Ca.

It was also found that these exchange processes depend upon the content and type
of clay present in soil as well as on the nature of the organic matter added.
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INTRODUCTION

Interactions between humic subs-
tances and metal ions can be descri-
bed as ion exchange reactions, in-
cluding adsorption and desorption
processes that may occur simul-
taneously, which are strongly in-
fluenced by the quality of the humic
compounds used (Schnitzer, 1978).
Thus, the effect rises as molecular
size and degree of humification de-
creases (Fortun et al., 1986, Fortun
and Salas, 1988).

Therefore, it seems probable that
these reactions can control the avai-
lability or accumulation of ions in
the soil solution. In this sense, For-
tin and Salas (1988) observed that a
release of certain ions (Fe, Mn and
Zn) occurred when various types of
organic matter were in contact
with soils. On the other hand, in
a study carried out with humified
organic materials and their humic

and fulvic acids fractions, Fortan
et al. (1986) found that the ion ex-
change rate for Na, Mg and Ca de-
creased as the free groups of organic
matter became more saturated, but
this did not happen in the case of Zn
and Fe. They also found that the
exchange of some ions by others
depended on the type of clay present
in the soil and on the mobility of
these ions.

The present study intends to de-
termine the ion exchange processes
taking place in two differently tex-
tured soils subjected to treatment
with peat or manure or their humi-
fied colloidal fractions, and different
periods of incubation. Also, a com-
plementary research was carried out
to establish the behaviour of two
natural clays on those processes
after addition of manure and its
organic fraction.

MATERIAL AND METHODS

Material

The soil samples selected (0-25
cem) were sandy loam (S) and clay
(C) textured calcareous fluvisols
from Central Spain (Tables 1 and 2).
Clay minerals present in these soils
were illite, montmorillonite and kao-
linite in soil “S”’, and montmorillo-
nite and illite in soil “C™’.

The natural clay samples used in
the complementary study were mont-
morillonite (Los Trancos, Almeria,
Spain) and kaolinite (Guadalajara,
Spain).

The organic matter amendments
included peat (P) and 1-year old

cattle manure (M) (Tables 1 and 2),
as well as their FH fractions (humic
acids + fulvic acids) (Table 2) which
were obtained by repeated extrac-
tions of peat or manure with 0.1 N
NaOH and purified by centrifugation
and dialysis using cellophane bags.

Rates of organic matter used

400 g soil samples, air dried and
sieved through a 2-mm screen, were
treated with solid manure or peat,
ground to powder, and with the
dialysed suspensions in water of FH
fractions. The rates were calculated
so as to increase the total content
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TABLL 1

Some characteristics of rhe soils and the organic matter used.

Soils Organic matter
"8 e Manure * Peat

pHMH,0) . ... ... .. ... 8.1 74 8.1 15
% Carbonates . .« «.ou ¢ 505 7.6 8.7

% Organic matter, . . ... ... 09 1.8 48.5 564
% C (oxidation). ... ...... 0.50 L2 276 327
% Humic acids (HA). . .. . .. 0.06 0,12 189 220
% Fulvic acids (FA) . . .. ... 031 0.60 139 233
%$HA+FA .. ... ... .... 0.3 0.72 328 453
%Total N. . ... ...... .. 0.05 0.09 3.2 1.7
HA/FA ... ... ... ..... 0.2 0.2 1.4 09
B i inssmesssnmasbis 10.6 122 8.6 19.2
C.E.C. cmole kg™! . ... .. 40 16.0 136.0 180.0

of soil organic matter to 1.42% in the
“S” soil and to 2.07% in the “C”
soil. The FH treatments received the
same amount of FH as did the peat
or manure treatments respectively.
The amounts added to the “S” soil
were 9.9 mg peat g7', 4.5 mg peat
FH g~! (FHP fraction), 11.6 mg ma-
nure g~' and 3.8 mg manure FH g !
(FHM fraction); in the soil “C”’ these
amounts were 4.3 mg peat g7', 1.9
mg FHP g~!, 5.0 mg manure g~! and
1.6 mg FHM g~! (FHM: fulvic + hu-
mic acids from manure, FHP: ful-
vic + humic acids from peat).

Complementary study was to add
1160 mg of manure or 380 mg of
FHM for every 11.9 g of natural clay.
These amounts were calculated on
the basis of clay content in the soil
“S” (100 g of soil contained 11.9 g
of clay).

Experiments including treated and
unamended samples were carried out
in quadruplicate.

The organic solids materials and
the FH fractions were gently mixed
with the soil in order to have them
homogeneously distributed in the
soil. Samples moisture was adjusted
to water-holding capacity and the
samples were stored at 25 °C for 2.
4, 7, 11 and 17 weeks in the case
of the soil samples, and in the cas
of the for 2 and 7 weeks clay sam-
ples. They were periodically sprayed
with deionized water to return the
moisture content to the initial value.

Determination of exchanged ions

The contents in soluble elements
were determined in order to obtain
those ions linked to the soil colloids
by water dipoles or hydrogen bridges.

5 g of sample were shaken with 50
ml of deionized water during two
hours. Successively, they were cen-
trifuged to 3000 rpm during 15
minutes, and Fe, Mg, Al, Ca, K and
Na were determined in the extracts



TABLE 2

Total elements in the soils and organic materials.

mg Kg™*! mg Kg™

P K Na Ca Mg Fe Al Mn Zn Cu
Ss0il, & wa s 0 s s 490 3770 510 28000 6350 16250 15750 215 57 101
Csoil ........ 950 10750 670 31500 19120 33250 45000 433 138 203
Manure . . ... .. 7600 27250 3000 35500 8130 7375 8000 220 155 40
FHM* .. .. .. 6380 2900 770 36500 11500 8188 11500 185 1550 190
Peat » . .:e5 000 9480 680 850 120000 4750 2075 4000 60 51 313
FHP® . izo v 750 750 700 92500 7380 2000 5000 150 2813 163
* FHM: FH fraction from manure, FHP: FH fraction from peat.
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by ICP emission spectrophotometry
(Perkin-Elmer 5500). The amount
of exchanged ions (Q) was calcula-
ted following the interpretation of
‘Bunzl (1974) and Bunzl et al
(1976). According to these authors,
the quantity of element obtained in
the control sample plus that applied
with the corresponding dose and
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less that obtained after shaking, di-
vided by the equivalent weight, is
considered the exchangeable quan-
tity (always refered to gramme of
soil). Therefore, the positive sign
suggests that the ion has been retai-
ned, and the negative that it has
been released.

RESULTS AND DISCUSSION

When soil “S>’ was treated with
peat (Table 3), it was found that the
total amount of exchanged ions (Q¢)
was positive for the different incu-
bation periods, with a minimum of
ion retention after the 7-week pe-
riod. The greater participation was
due to the trivalent ions (mainly Al)
followed by the divalent ions. When
the FHP fraction was used, a release
of trivalent ions and a retention of
divalent ions (especially Ca) were
the predominant processes. Dyanand
and Sinha (1980) showed that cer-
tain retention processes might be the
consequence of some ions displacing
others and they specifically descri-
bed the case of Fe displaced by Ca,
In the studied soil, this did not
always occurred. Adsorption and
desorption processes took place
alternately (although Ca was always
released and K was always retained),
when this soil was treated with
manure (Table 3), but when FHM
was added, basically an ion release,
which decreased after 7-weeks of
treatment was observed. Trivalent
ions (especially Al) were the mainly
exchanged ions after both treatments.

Hayes (1986) pointed out that
there was a greater probability to

join two or more particles together
by cation bridges when the weight
of the involved organic molecule
increased. This may explain the fact
that there is always a retention phe-
nomenon in presence of peat, which
is not the case of manure because it
is a less polymerized material. This
was confirmed by Fortin and Salas
(1988) who found that the most
humified and polymerized material
acted by preventing the release of
Fe, Mn and Zn in the soil.

FHM showed a similar behaviour
to FHP giving rise to an ion release
after 2, 4 and 17 weeks of contact.
This might be because both fractions
were constituted of fulvic acids
having a greater capacity for ion
complexation in soil, which would
allow trivalent ions to be soluble
after a short contact period (Fortun
etal., 1986).

The amount of exchanged ions
after organic amendments in the
soil ““C”’ (Table 4) was noticeably
lower than those in the soil “S”,
especially for the trivalent ions. This
may be due either to the lower
amount of organic matter applied
to this soil or to the influence of



TABLE 3

Amount of ions exchanged (Q) per gramme of sandy loam soil after the organic treatments (meq 1073).

Treatment* Fe Mg Al Ca K Na Q¢ (o5 Q% Q°
P 2 29 2.7 79 1.5 0.6 0.5 16.1 10.8 4.2 1.1
4 1.5 1.7 58 3.1 0.2 0.0 12.3 7.3 4.8 0.2
7 09 1.2 3.6 0.2 0.0 0.1 6.0 4.5 1.4 0.1
11 1.8 1.8 6.2 1.6 0.2 0.2 118 8.0 34 04
17 3.5 2.7 11.1 1.1 0.5 0.1 19.0 14.6 3.8 0.6
FHP 2 12 0.1 -54 0.6 0.7 05 —4.7 —6.6 0.7 1.2
4 —-1.6 -0.1 -7.6 6.5 -04 -0.1 -3.3 —-9.2 6.4 -0.5
7 -0.2 07 0.3 52 -0.1 0.1 6.0 0.1 59 0.0
11 09 1.1 40 5Lh 0.1 0.2 11.8 49 6.6 0.3
17 -24 06 -10.3 46 -0.5 -0.1 —-8.1 —12.7 5.2 —-0.6
M 2 1.1 038 40 -13 3.0 0.0 7.6 5.1 -0.5 3.0
= 1.3 03 33 -04 23 0.0 6.8 4.6 -0.1 23
7 -2.9 -15 -9.7 -0.7 2.1 —0.1 -12.8 -12.6 -2.2 20
11 38 1.3 149 -10 1.3 -0.3 200 18.7 0.3 1.0
17 -70 -20 -192 -3.8 2.5 -0.2 -29.7 —26.2 -58 23
FHM 2 -1.3 -0.2 —6.8 -2.5 03 0.2 -10.3 -8.1 =27 0.5
4 -2.4 -0.7 -12.2 24 -1.1 -0.2 —142 14.6 1.7 -1.3
7 -09 -0.1 -0.8 19 -03 0.1 -0.1 1.7 1.8 -0.2
11 29 1.5 10.8 29 04 02 18.7 13.7 44 0.6
17 -09 0.6 -17 0.7 -0.3 -0.1 -17 -2.6 1.3 -04

*P: peat, FHP: FH fraction from peat, M: manure, FHM: FH fraction from manure.

2,4,7,11 and 17: weeks of incubation with the organic materials.

Qt: total amount of exchanged ions, Q**: amount of exchanged trivalent ions,
Q?*: amount of exchanged divalent ions, Q*: amount of exchanged monovalent ions.
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TABLE 4

Amount of ions exchanged () per gramme of clay soil after the organic treatments (meq 1073).

Qt Q3+ Q2+

Na

Mg Al Ca

Fe

Treatment®
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: amount of exchanged monovalent ions.

total amount of exchanged ions, Q3* amount of exchanged trivalent ions.
+

2.4.7,11 and 17: weeks of incubation with the organic materials.
- amount of exhanged divalent ions,

* P: peat, FHP: FH fraction from peat, M: manure, FHM: FH fraction from manure.
b

Q
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amount and type of the clay present
in the soils.

Release and retention processes
took place alternately when peat or
manure were added to the clay soil
(Table 4). In either treatment, tri-
valent as well as divalent ions parti-
cipated.

When FHP was added to this soil,
an ion retention after 17-weeks was
obtained, which was an opposite
effect to that observed in the soil
“S”. However, this fraction genera-
lly caused a release of trivalent ions
and especially a retention of Ca,
which was in accordance with the
results obtained in the soil “S”’.

FHM treatment (Table 4) mainly
acted giving rise to an ion release
process (Q was negative), although
a decreasing release of trivalent ions
(especially Al) and an increasing
retention of Ca with time was also
found. This process decreased as
time goes showing an ion retention
after 17-weeks of contact.

Participation of fulvic acids may
again be taken into account, which
would be in accordance with the
theories of several authors (Mar-
tin, 1969, Mortiand, 1970, Schnit-
zer and Kodama, 1977), who poin-
ted out that fulvic acids penetrate
into the clay interlayer sites where
they are initially associated by water
dipoles or hydrogen bindings.

Therefore, the effect of organic
matter on the processes retention
and release varies depending on the
soil texture and the nature of orga-
nic material.

A more detailed study about the
above mentioned aspects was carried
out by treating two natural clays
present in the S’ soil with manure
and FHM fraction. This soil was the
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selected one because the exchanged
ion amounts here obtained were
higher than those in the “C”’ soil.

The addition of manure to mont-
morillonite (Table 5) gave rise to a
release of Na, Mg and Ca, and a great
retention of Al and K (Fe was sligh-
tly retained). However, when this
clay was amended with FHM, Ca
and Al were the mainly retained
ions. The total amounts of exchan-
ged ions (@) indicate that both or-
ganic materials in contact with mont-
morillonite exert an ion retaining
effect (mainly due to Al) which
increases with time. Manure treat-
ment showed higher Q values than
FHM treatment.

When these organic materials were
added to kaolinite (Table 5), it was
found that manure caused a great
initial release of Al which conside-
rably increased with the time of
incubation; only Ca was retained.
FHM fraction also gave rise to a
release of Al and a retention of Ca,
but these processes hardly varied
with time. The total amounts of
exchanged ions (Q;) show that
addition of these organic materials
to kaolinite cause an ion release
process (mainly due to Al) which
noticeably increases after 7-weeks
of contact in the case of manure
treatment, but when FHM is used
the ion release slightly decreased
with time. Again, manure treatment
resulted in the highest @, values.

When these results are compared
to those obtained in the “S’ soil
after 2 and 7 weeks of incubation
(Table 3), it can be suggested that
the processes of initial ion retention
turning into ion release after 7-weeks,
which took place in “S” soil after



TABLE 5

Amount of ions exchanged (Q) per gramme of montmorillonite and kaolinite
after organic treatments (meq 1073).

MONTMORILLONITE KAOLINITE
M FHM FHM
2 7 2 7 2 f 2 i
BE v o v 42 38 0.6 -0.2 04 -0.2 -0.4 -0.1
Mg ... ... ... —16.2 —12.8 —0.5 1.3 0.2 -0.2 3.3 3.3
Al v s smmme s 629 70.7 14.8 28.7 —47.0 —107.0 —38.0 -32.0
Ca sianssmnaa -73 —6.3 24 4 249 3.1 20 18.4 18.3
| 491 503 -04 -0.4 -5.6 —10.2 -0.2 —-0.2
Na . ......... -30.7 -29.1 -73 -94 =35 —4.0 0.0 —03
Qf ¢ srssssmes 62.0 76,6 31.6 449 -53.6 -1196 -169 -11.0

M: manure, FHM: FH fraction from manure.
2 and 7: weeks of incubation with the organic materials.
Qt: total amount of exchanged ions.
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amendment with manure, were affec-
ted by the interaction of this organic
material with montmorillonite and
kaolinite together. The predominant
process was an ion retention after
2-weeks and an ion release after
17-weeks.

However, kaolinite seems to exert
a greater action on the ion release
process taking place after adding

SUELO Y PLANTA

FHM to this soil, although montmo-
rillonite is also probable to interact
but only after 7-weeks of contact
which is manifest by a decrease in
the ion release.

Consequently, the type of clay
present in soils has a direct bearing
on the ion exchange processes that
occur when they are treated with
organic matter.

CONCLUSIONS

— In a sandy loam soil, the most
humified material (peat) has a retai-
ning effect of mainly trivalent and
divalent ions, while release and
retention processes take place alter-
nately when this soil is treated with
manure. Al is mainly involved in
both treatments.

Fluctuating release and retention
processes occur when peat or manure
are added to the clay soil. In either
treatment, trivalent as well as diva-
lent ions participate.

— FHP and FHM treatments show a
similar behaviour and they give rise
to a release of trivalent ions (mainly

Al) and a retention of divalent ions
(especially Ca). After 17 weeks,
these fractions differently act depen-
ding on the soil used.

— When the original organic matter
is added to the sandy loam soil,
ion exchange processes are as a con-
sequence of simultaneous interac-
tions with montmorillonite and
kaolinite.

Therefore, under the conditions
studied, Al and Ca are exchanged
and the predominant process de-
pends on the content and type of

‘clay and on the nature of the organic

matter used.
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