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ABSTRACT

A volcanic ash-derived soil was incubated op te 95
days with different amounts of seaweed. PP was then ex-
tracted wsing an anion exchange resin method, and it
was found that extractable P increased with increasing
amounts of seaweed, which was added in proportions of
a, 5, L5, and 4.097. Radishes grown in the same soil-
seaweed mixtures absorbed moere P than from the con-
rol and increased their yield with the increase of sea-
weed.

On adding seaweed and KH PO, simultaneously to the
soil, an interaction between seaweed, soil and KH.PO, oc-
curs which results, at .1 and .59, of scaweed, in a de-
crease in P ofixation. This could he due to the presence
of alginates and alginic acids in the seaweed, since these
compounids Enllldi hinding exchangeable Ca of the
soil and therefore diminish P [ixation the Ca-bonding
mechanism.

Additional index words:
acids, Alginates.

Phosphate fixation, Alginic

I:\' previous papers it has been shown that when
seaweed is added to caleareous soils their available
phosphorus increases (2, 4). "This increase in available
P was explained as being due either to the P contrib-
uted by the seaweed itsell or to a solubilization of
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phosphates due to the complexing ability of some
products formed during the microbiological degrada-
tion of seaweed in the soil.

The seaweed wsed grows abundantly on the coasts
of Chile. It contains high percentages of alginic acid
and alginates. The cation exchange properties of these
compounds (7, 14, 15) could also contribute to the
solubilization of P in the soil. Furthermore these
substances may also interfere with some of the P-fixing
mechanisms through their interactions with soil ex-
changeable Ca (7, 10, 11, 16). In the present paper
the elfect of different amounts of seaweed on the avail-
able P of a volcanic ash-derived soil and the interaction
between seaweed and added phosphate as a function
af time are studied.

The volcanic ash-derived soils (Trumaos) are im-
portant and represent around 309 of the potentially
arable land of Chile. These soils are low in available
I* and have a rather high pheosphate fixing capacity
(1, 3). Due to this property the addition of phosphate
[ertilizer hias to he high and any mechanism that could
lower the amounts of P rr_qulr{_tl 15 of interest.

MATERIALS AND METHODS

The zoil used, the Arra '{.in series of the Trumao soils (vol-
canic ash derived), was collected from o nonfertilized plot situ-
ated in the Province of Bio-Bio, Chile. The twop 16 cm, corre-
sponding to A, horizon, were sampled; in Table | some of irs
characteristics are listed.

The seaweed is a Macrocystis mfergrifolia bory similar to the
one used in previous werk (2), Tt was aiv dried, ground and
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passerd through a 3e-mesh sieve. The composition of this sca-
weed was: total P, 360 P oextracted with anion resin, 0.05%,;
sadium alginate, 3245 ashes (5300}, 374%,; and moisture, 109,

Nitragen was aded in the form of KNG, and P oas KO,

The soil was mixed with different amounts of scaweed wo#
make up mixtures containing .1, 05, 1.5, and 409, of ic. Com-
position af the 10 systems obtained ave shown in Table 2. These
mixtures were homogenized and put into 2-liter plastic con-
tainers. Distilled water was added 1o 14 of field capacity. Then
they were incubated at lemperatures of 18 to 25 C, water heing
peleded cuch 24 hours o restore (hat lost by evaporation.

After 13, 39, 6i4 and 93 days of incubation, available P owas
determined according 1o the methed described by Cooke and
Hislop who wseld an anion exchange resin as an extractant ().
Previous works have shown that a good corvelation exists, for
these type of soils, between the P extracied and the I' content (6).

The effect of alginates on I* fixation in the Arvrayin soil was
studlicd determining the maximum  P-fixing capacity in the
presence and absence of sodium alginate. To determine the
phasphate Eixation, S-g porticens of soil were shaken for 24 hours
ar 25 © with 100 ml of KITPO, solutions of varying concentra-
ten (between 14 and 200 ppm of Py, The suspension was then
filtered and residual T determined in the filtrate. P adsorption
maxima were statistically calculated from the data obtained by
using the Langmuic isotherm  (12).

To study Pouptake from the soil-seaweed mixture (systems
SMA in Table 2) 2 growth experiment using radishes (Rafhancus
sifive) a5 an indicator plant was made, Ten seeds were placed
e top ol the mixtures (withowt KH.POL) contained in plastic
pots and water was added daily 1o restore that lost by evapara-
Liom.

Alter 10 glays the plants were reduced o 6. They were then
harvested afcer 40 cf;u-s_ Yield was determined as dry-matter
per pot. The acrial parls of the plants were ignited at 550 C
ane ' determined in the ash.

All P determinations were carried out by the sulfomolybdic
acid methed  (8). All experiments and detcrminations were
enrried out in duplicate and the mean values are reported.

RESULTS AND DISCUSSION

As can be seen in Figure 1, when the Arrayan soil
is incubated with seaweed the levels of anion exchange
resin-extractable P (to be called henceforth “resin P)
increases. The highest values are found after incu-
bating during 13 davs. Longer periods of incubation
result in a decrease of “resin-P”. This decrease is more
pronounced up to 39 days alter which a tendency to
increase can be observed and a kind of stabilization
is obscrvable after 64 davs. It is, however, interesting
to point out that the levels of “resin-P”" show the same
general pattern as the control (soil without seaweed),
with only one exception.

When radishes (Raphanous sativa) are grown in
soils incubated with seaweed for the same periods as
described above, with enly one exception (SNA (.1%
at 80 days), they absorh more P than those grown in
the check pots. At the same time the yields increase
as the amount of seaweed is increased. However, no
germination of the radish seeds occurred in the systems
with 4% seaweed, probably because of the plysical
change that took place, which resulted in a high water
retention and “gelatinous” consistency of the mixture.
(Table 3}

As shown in tahle 8, the effect of seaweed on the
P level and yield of radishes is noticeable under all
conditions (including the 93 days pre-incubated soil-
scaweed mixture). The increase in yield over a rather
extended period could be important if an agricultural
use of seaweed were to be made (13)

When KELPO, is added simultaneously with sea-
weed to the soil, different patterns are found (Figure
7). At low levels of scaweed (0.1 and 0.59) the
“resin-I'" is higher than the corresponding values ot
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Table 1. Some propertics of the Arrayan surface soil

pH 3.0
Avallable Podwith asles resing 1.5 mpm
Totnl T, ppm I, L

CEC, meq/ 100 g of soll 2.4
Exchangenlle ©n, meq’ 100 g of seil 1z 2
Exchargenble Mg, meq’ L00 g af 2oll 15
Exchangeable ¥a, moeg/ 100 g of sodl n2
Exchasgenbde K, muegd 1) g of aeil 0%

CEC was determined using & | N pH 7 Cacly - solullon {see eefurence &) Exchangeable
cnttons were delermined by extraciing with & ¥, nectate solatlon (e relasemes B),

Table 2. Composition ol the ten systems studicd. =

Suwweid siicd, p KHyTy added, 150 g

1.2
a0 i
LR
d, U

|
* Ench system vostaing |, 300 £ of soll and SE0 g of BN,

Table 3. Yield and foliar P of radishes grown in the presence

ol seaweed.®

Tield, g P folinr, o
Time of neuliation bolore secding, doys

Bysiems 13 i fil i 13 a4 fir a3
M 0.2% 0.2 0,34 D35 10 2ur 320 Fall]
SHA LY 0.8 0l 0.3 D4 S0 13 &3 2
SMA 05T 4% 075 0.7 071 0 1,140 W75 1, Ca0e1
BNA L ST, 1. 23 IO 4,84 O[LEX L, 530 1,950 710 5
= Per pot. P .
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Fig. 1. Effect of varying amounts of seaweed on “Presin®
levels in systems without KH,IPPO, (SNA).
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Fig. 2. Effcct of varying amounts of seaweed on “P.resin®
levels in systems with KH PO, (SNA).
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Fig. 5. Interactions of scaweed/soil/ KHL,PO, in systems with
seawesd and KH. PO, (SNPA).

the contrel (soil with KH.PO,). These diflerences
grow maore pronounced up to G4 days of incubalion,
but then tend to decrease slightly at 9% days. The
pattern of the changes occurring in these two instances
is rather similar to the ones occurring in the control.

In the systems with L5 and 49 of seaweed, a differ-
ent pattern is observed: initially and up to 13 days
of incubation the maximum in “resin-P" occurs. Then
a decrease 15 observable and the lowest values are
reached alter 39 days of incubation, followed by a
tendency to increase again. This could be explained
by an increase of the microbial population due to the
maore easily decomposed Fraction of the organic matter
provided by the seaweed, As a consequence, inorganic
I’ would he incorporated into the cell structure of the
microorganisms and only after the aging of this popu-
lation would the organic bound-P be mineralized and
hecome again available to the anion resin,

The ditlerences between the "resin-P” of the systems
containing seaweed and KHPO, (SNPA) and those
containing KH,PO, but not seaweed (SNF) are shown
in Table 4. These values are supposcd to show the
merease in the amount of “resin-P” which could he
attributed io the presence ol seaweed in the KH.PO,-
containing systems. To be able to express what could
happen in the soil due to the addition of seaweed in
the absence of added KH.PO,, the dillerence hetween
“resin-'" of soils with seaweed (SNA) and soil alone
(SN} are also shown in Table 4.

Figure 5 represents the two dillerences mentioned
above substracted in such a manner as to obtain a
vitlue we will call "delta-P™ (AP).

AP — (SNPA — SNP) — (SNA — SN}

Il it is accepred that the seaweed supplies and
mobilizes [rom the soil the same amount of “resin-P"
in the SNPA and the SNA systems, then it could be
said that Al* values equal to zero would mean that
the KHaPO, is able to provide the same amount of
"resin-I'" independently ol the presence of seaweed
{systems SNI* and SNPA)L Positive P values would
mean that the presence of seaweed modified some
P-fixing mechanisms in such a manner that KH.POy
is able to provide a higher amount of *resin-P" to
the system. Omn the contrary, negative AP values would
sugpest that a dilferent mechanism comes into play
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Table 4. Net P availability in systems with seaweed®

ENIA - AN ERTEE ]
Bonwesd i Tlme of Incuhntlon, duva e
nddedd, 9 L% aw 13 53 14 39 1 43
0.1 o5 380 o H5) e 5. 00 L5 08
I 5 51 A3 16 3H 5 24 -09 23
I 9.6 2 &9 m.E RIS s ]
4 3.6 537 ME T2 56 &5

1.
4, 21,7 -3,
= Expresacd ns ppm on o dey matter basls,

Table 5. Effect of sodium alginate on P [ixation in Arrayan
s0il.F

P adsorptlon maxlmuen,

I Flxesl, mg PSLIO g safl=® g B IO oAl

Without With With
males LG alginato niginnia Rlgieatis
[T L ar, 4 35% 5
1.6l _ i, 9
4,12 7. 184, @
+, B3 7 175, 6
LR 2 AL 215, 3

= 100 e alginale por 5 g af anil, * Expressed on 1 C dey weight haals,

because of the presence of seaweed, yielding a lower
amount of “resin-P*,

As can be seen from Figure 3, in systems with 0.1
or 0LA% of seaweed, positive AP values are obtained,
except at 13 days of incubation. When using 1.5%%
seaweed a negative AP is observed only at 39 days. At
156 seaweed all AP values except the 18 days value,
are negative.

When negative AP values are obtained, principally
in the systems with L5 and 4,08 of scaweed, the in-
creased microbial population could be responsible
for an additional P-fixation mechanism through their
biclogical activity,

It is difficult to ascertain what kind of interaction
oceurs when scaweed is added together with KH.PO,
to the soil and a positive AP value is obtained. Un.
doubtedly some complexing substances would be
[ormed which could interact with Fe, Al, or Ca and
therefore diminish Pixation and so contribute to
positive AP. At the same time, the alginates and
alginic acids present in the seaweed, and which are
very resistant to microbial degradation (3), could also
play a role through their cation exchange properties.
They could compete for the Ca present in the natural
exchange complexes of the milP 10, 11), decrcasing
its activity, and consequently inhibit some of the Ca-
phosphate binding (16) which results in a higher
“resin-P". This hypothesis can be based on the resules
shown in Tahle 5, where it is shown that sodium
alginates decreases P fixation when it is added to the
Arrayin soil.
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