Compost Science & Utilization, (2008), Vol. 16, No. 2, 119-124

Seaweed Compost as an Amendment for
Horticultural Soils in Patagonia, Argentina

M. C. Eyras', G. E. Defossé” and F. Dellatorre'

1. Centro Nacional Patagénico (CENPAT-CONICET) and
Universidad Nacional de la Patagonia, Puerto Madryn, Chubut, Argentina

2. Centro de Investigacion y Extension Forestal Andino Patagonico (CIEFAP-CONICET)
and Universidad Nacional de la Patagonia, Esquel, Chubut, Argentina

Seaweed (fresh, dry) or its products (extracts, composts, soil conditioners) have been long used in agri-
culture to enhance plant growth and productivity. In this study, we evaluated the effects that seaweed
composts at different doses and degree of maturation had on the yield of tomatoes (Licopersicon esculentum
Mill. cv. platense) grown on a horticultural soil in northeastern Patagonia. We used 10 tomato plants per
treatment zplot set in a randomized block design. Treatments were: 1) soil without amendment, control (S);
2) 5 kg m™ of compost aged 9 months (C9-5); 3) 10 kg m? of compost aged 9 months (C9-10); 4) 5 kg m™ of
compost aged 20 months (C20-5); and 5) 10 kg m? of compost aged 20 months (C20-10). Total weight and
number of tomatoes, and aerial plant biomass (excluding fruits) were significantly higher for the compost
treatments than those of the control. Also, compost treated plants bore mature fruits, in average, 9 days
earlier and presented higher resistance to diseases than controls. The weight of tomatoes per plant grown
in C20 was significantly higher than that of C9, differences that could be attributed to the lower salinity of
compost C20 (C20 and C9 electrical conductivities were 1.5 and 15 dS m?, respectively). The increased
yield and resistance to diseases on tomato plants by addition of seaweed compost appear to be related to
a complex number of factors not yet fully understood. It seems, however, that a combination of higher nu-
trient availability (mainly P) due to slight increases in pH of the soil amended, together with increases in
readily available K and an improvement in soil physical conditions (increase in pore size and probably
amelioration of hydric conditions), may have been responsible for the higher production of seaweed

amended plots as compared to the control.

Introduction

Seaweed or its products are commonly used in
agriculture to stimulate plant growth and increase
crop productivity. Their beneficial effects include en-
hanced seed germination, plant yield, root growth,
tolerance to different plant stresses and increase in
plant resistance to infections or insect attack (Abetz
1980; Blunden 1991). These products contain all ma-
jor plant nutrients, trace elements, organic com-
pounds (carbohydrates, amino acids, and vitamins)
as well as substances of stimulatory and antibiotic
nature (Crouch and van Staden 1993). These com-
pounds could vary according to the seaweed species
used, the method of preparation, the concentration
used, the kind of substrate and soil amended, and the
crop being tested (Blunden 1991). Nevertheless, re-
searchers have reported mixed results on the effec-
tiveness of these products (Tourte et al. 2000; Ed-
meades 2002). Apart from seaweed extracts or the
application of seaweed directly to a soil, either fresh
or dried and chopped (Haslam and Hopkins 1996;
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Lopez-Mosquera and Pazos 1997; Montero Vilarifio
et al. 1999), seaweed also have been used for prepara-
tion of composts (Mazé et al. 1993; Vallini et al. 1993;
Cuomo et al. 1995; Eyras et al. 1998; Klock-Moore
2000; Orquin et al. 2001; Eyras 2002, Vendrame and
Klock-Moore 2005).

The interest in the use of seaweed in composts in-
creased in the last decades due to an unusual increase
in algal biomass, particularly that from green sea-
weeds, resulting from the progressive eutrophication
of some coastal ecosystems. There are several ways of
removing and treating seaweed biomass that have
been developed (Morand and Briand 1996). Compost-
ing has been proposed as one of the best methods for
removing seaweed biomass in an environmentally
sound way, that at the same time is economical and
technologically feasible (Mazé et al. 1993).

On the coast of Puerto Madryn in northeastern
Patagonia, Argentina, seaweed biomass is periodical-
ly cast ashore and constitutes a serious problem dur-
ing the summer months. The local municipality col-
lects tons of this biomass (Piriz et al. 2003) and throws
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it inland without any treatment. We developed a pro-
gram to prepare compost as an environmentally
sound disposal method of this seaweed, using it then
as a soil amendment in different laboratory and field
experiments (Eyras et al. 1998; Eyras 2002). One of
these experiments was carried out in the horticultural
area of the nearby Lower Chubut Valley, where there
is a general consensus among farmers that soil fertili-
ty has progressively declined, and the use of chemical
fertilizers and pesticides is increasing. The objective of
this study was to determine the effect of two differ-
ently aged seaweed composts, applied at two different
doses, on the yield and resistance/tolerance to com-
mon infections of tomato plants (Licopersicon esculen-
tum Mill. cv. platense) grown on an horticultural soil
of northeastern Patagonia.

Materials and Methods
Composting

Material used for composting was beach-cast
seaweed and ligno-cellulosic refuses. Seaweed used
were collected on the beaches of Puerto Madryn (42°
45" S; 64°55" W). Ulva spp. was the most important
component of the seaweed wrack (35% in dry
weight), while Codium vermilara (Olivi) Delle Chiaje,
Dictyota dichotoma (Hudson) Lamouroux and Cerami-
um rubrum (Hudson) C. Agardh were the co-domi-
nant taxa. Several species of green, red, and brown
algae completed the floristic wrack composition (Pi-
riz et al. 2003). In samples taken after collection, or-
ganic matter represented 40% of the total dry weight,
while the rest was sand. The compost was prepared
by mixing the seaweed with ligno-cellulosic material
(wood chips, yard trimmings and sawdust) in 3:1 ra-
tio (in fresh weight). This material was composted in
static piles, and was mechanically turned at weekly
intervals during the first 60 days of composting. Two
composts (C20 and C9, respectlvely) were then pre-
pared. For C20, we mixed 6 m® of materials, and the
pile was periodically irrigated for a year with waste
water coming from the local Cooperative of Public
Services of Puerto Madryn, and with clean running
water thereafter until the experiment was set 8
months later. The compost C20 had a total of 20
months of maturation. The other compost (C9) was
prepared in a similar way as the other by using 14 m’
of the same material, and irrigated only with running
water until it was used for the experiment 9 months
later. Samples of each compost, and of the soil in
which this experiment was conducted, were ana-
lyzed for total C (Nelson and Sommers 1982), total N
(Kjeldahl method, Bremner and Mulvaney 1982),
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available P, extracted with NaCO_H and determined
by colorimetry (Olsen and Sommers 1982), and inter-
changeable K (Bremner and Mulvaney 1982). Before
setting the experiment, we determined particle size
for both composts, and pH and electrical conductivi-
ty (in saturation extracts) of each compost and of the
soil used as a control.

Field Experiment

The field experiment was conducted on a horti-
cultural farm located near the town of Gaiman (43° 17
S; 65°29” W), on the Lower Chubut River Valley, in
northeastern Patagonia, Argentina. Soils are Torriflu-
vents and Haplargids (Laya 1981). On a small allot-
ment of this farm, whose general soil characteristics
could be considered representative of the horticultur-
al soils of the area, we set five treatments, as follows:
1) control (S); 2) 5 kg m 2 of compost C9 (C9-5);3) 10 kg
m? of compost C9 (C9- 10) 4)5kgm 2 of compost C20
(C20-5); and 5) 10 kg m 2 of compost C20 (C20-10). The
composts were applied by plowing the soil to a depth
of 30 cm and mixing them in the furrows in which the
tomato seedlings were going to be planted, while the
same plowing treatment was performed in control
plots. Each treatment was replicated 5 times, in a ran-
domized block design. Samples were taken from each
amended plot (C9-5, C9-10, C20-5 and C20-10) to de-
termine their pH and electrical conductivity (in satu-
ration extracts). In each plot (1.6 x 3 m) we planted 10
tomato seedlings of similar age, size, and number of
leaves, in two furrows 60 cm apart. All plants were ir-
rigated by inundating each furrow with water taken
from a nearby canal. This was done at about 15 days
intervals during the whole experiment. The yield of
tomato fruits was evaluated by the weight and num-
ber of tomatoes per plant. These tomatoes were har-
vested (as they matured, pink-red) at weekly intervals
(14 times from January 17 up to May 2). After harvest,
each tomato was visually inspected and those show-
ing signs of infection by pathogens (virus/bacteria/
fungi) recorded for each treatment. Dry biomass of
each plant (excluding fruits) was determined at the
end of the experiment for each treatment. Data were
analyzed by ANOVA techniques and means were sep-
arated by Duncan’s multiple range test («=0.05) using
the SPSS 6.1 statistical package (Norusis 1993).

Results
Substratum Chemical and Physical Properties

Both composts (C20 and C9) had low concentra-
tions of the main nutrients except phosphorous,
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TABLE 1.
Initial physical and chemical analyses of composts (C20 and C9) and of the soil (S) used as a control
Total C TKN E K EC Particle size mm (% in weight)
Treatment (%) (%) C/N (ppm) (cmol kg 1) (dSm 1 pH >4 <4 >2 2] <1
20 218 0.195 112 86.7 49 15 75 6.8 6.6 67 79.8
c9 331 0.300 11.0 76.6 0.4 15.0 8.0 237 10.2 7.2 58.9
S Control 2.09 0.206 10.1 171 3.6 0.7 6.0 nd. nd. nd. nd.
n.d. not determined
while their pH was higher than the control (S) (Table 7000 ——
1). The electrical conductivity (EC) was 0.7 dSm™ in = |
the control (S), 1.5 dSm" in the C20 compost and 15 3 wg -
dSm™ for the C9 compost. Both the control and C20 ?}' o
were within the EC range of acceptance for mature & o : T
composts, which has been set at 2 dSm™ (Costa et al. % b b
1995). The other compost (C9) had EC values that ex- 2 T :
ceeded this range. The degree of decomposition of 'g 400 1 .
the lignocellulosic material of the composts (ex- S i
pressed as the percentage of particles <4 mm) was ' Air
higher in C20 as compared to the C9 (Table 1). The -:f;? -
addition of compost to the soil on each amended 'g 2000 |
treatment plot increased EC as compared to the soil o |
control (Table 2). Treatment C9-5 had an EC of 1.8 r? 1000 ‘ }
dSm™, C9-10 0f 2.7 dSm™', while both C20-5 and C20- S !
10 presented identical EC values (0.9 dSm™). The ad- & Ui St J

dition of compost slightly increased pH values on
amended plots as compared to the control (Table 2.).

TABLE 2.
Electrical conductivity and pH of the soil amended
with composts (C20 and C9) and that of the soil (S)
used as a control.

Treatment EC (dSm™) pH
205 0.9 6.5
C20-10 0.9 6.9
C9-5 1.8 6.7
C9-10 2.7 7.0
) 0.7 6.0

Plant Yield

Plants grown in plots amended with either com-
posts (C20 and C9) produced the first harvest of ma-
ture tomatoes, on average, 9 days before those pro-
duced in the controls (S). This represents 5% of the
total weight or number at the end of the harvest pe-
riod. At the end of this experiment, the total weight
of tomatoes per plant was significantly higher (rep-
resenting 35 and 65% more) for C9 and C20 than for
that of the control. However, the doses applied did
not show any significant differences within com-
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Control C95 C9-10 C20-5 C20-10

Treatments

FIGURE 1: Average weight of tomatoes per plant at the end of the
growing cycle for treatments and doses: 1) Control (S); 2) 5 kg m™ of
compost C9 (C9-5); 3) 10 kg m 2 of compost C9 (C9-10);4) 5 kg m” % of
compost C20 (C20-5); and 5) 10 kg m 2of compost C20 (C20-10). Ver-
tical lines indicate the standard error; n=40. Different letters indicate
significant differences at P <0.05.

\

posts (Figure 1). The total weight of tomatoes per
plant grown in compost C20 was also significantly
highefthan those grown in the compost C9 (Figure
1). With slight differences, the average number of
tomatoes per plant and treatment showed a similar
trend (Figure 2, left axis). The proportion of infected
fruits was lower in compost amended plots although
not significantly different than those of control
plants (Figure 2, right axis). The average dry weight
of aerial biomass per plant (excluding fruits) was
significantly higher for those grown in compost
plots as compared to controls, while no differences
were found between composts (Figure 3).

Discussion

Seaweed compost enhanced the yield of tomato
plants as evidenced by an increase in the weight of
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Control C9-5 C9-10 C20-5 C20-10

Treatments

FIGURE 2: Average number of tomatoes per plant (left axis) and
percent of tomatoes showing infections (right axis) for the different
treatments and doses: 1) Control (S); 2) 5 kg m 2 of compost C9 (C9-

5); 3) 10 kg m" 2 of compost C9 (C9-10); 4) 5 kg m’ 2 of compost C20
(C20-5); and 5) 10 kg m 2 of compost CZO (C20-10). Vertical lines in-
dicate the standard error; n=40. Different letters indicate significant
differences at P <0.05.
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Treatments

FIGURE 3: Average dry weight of tomato plants (excluding fruits)
per treatment and doses 1) Control (S); 2) 5 kg m 2 of compost c9
(C9-5); 3) 10 kg m” 2 of compost C9 (C9-10); 4) 5 kg m’ 2 of compost
C20 (C20-5); and 5) 10 kg m ™ of compost C20 (C20-10). Vertical lines
indicate the standard error; n=40. Different letters indicate signifi-
cant differences at P<0.05.

fruits per plant, in the number of fruits, and in aerial
plant biomass (excluding fruits) as compared to the con-
trol. Also tomato fruits produced in plants grown in
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compost plots, showed lower pathogens infections than
those produced by plants grown in the control soil.

The compounds or properties of seaweed com-
posts that underlie their growth-promoting effects re-
main to be determined. Seaweed contains mineral ele-

ments and organics compounds that could improve the
physical, chemical and biological soil properties, exert
synergistic or allelopatic effects, and/or act as signals
for the activation of stress-response and defense path-
ways in terrestrial plants. Although this level of com-
plexity was not addressed in our study, some consider-
ations could explain, in part, the results obtained.

Because we only measured particle size of the
composts, these measurements were insufficient to
draw conclusive remarks about its importance in the
results obtained. Nevertheless, it should be considered
that the soil used as a control had a considerable
amount of clay in its composition (Laya 1981) and the
addition of seaweed compost may have increased pore
volume and aggregate stability, as shown in a related
study in the area (Eyras 2002). The addition of seaweed
compost can also increase soil microbial biomass and
biological activity (Haslam and Hopkins 1996).

The pH values of our seaweed composts coincide
with those presented by Vendrame and Klock-Moore
(2005) and Orquin et al. (2001) and were above soil val-
ue. Lopez- Mosquera and Pazos (1997) have indicated
that seaweed application to a soil had effects similar to
those of liming, i.e. increased pH, increased exchange-
able Ca, and reduced exchangeable Al. Another study
emphasized that in a soil amended with seaweed, an
increase in the content of exchangeable cations and an
effective cationic exchange capacity were the respon-
sible for the higher yields of Hordeum vulgare L. (Mon-
tero Vilarifio et al. 1999). In our experiment, the addi-
tion of compost slightly increased pH values on
amended plots as compared to the control (see Table
2), so it is probable that this could have increased nu-
trient availability (mainly P) and this, in turn, en-
hanced the yield observed in compost treated plants
as compared to controls.

This could be corroborated by the analyses that re-
vealed that phosphorous showed higher content val-
ues in both composts as compared to the soil used as a
control (Table 1). Our results coincide with the ranges
in P content presented by Orquin et al. (2001). In an-
other study, when seaweed was added to soil, the
availability of P increased and this effect was attrib-
uted to the alginic acid content of the seaweed used.
This acid may sequester cations (i.e. Al and Fe) that
precipitate phosphates, increasing the availability of P
(Lépez-Mosquera and Pazos 1997). In relation to nitro-
gen, compost values were similar to that of the control
treatment. It is interesting to note that when the com-
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posting method used static piles turned mechanically
(such as in our case), large quantities of this element
are lost by different processes (de Bertoldi et al. 1982).
When the composting method uses forced ventilation,
instead, more nitrogen is kept in the resulting compost
(Vallini et al. 1993; Cuomo et al. 1995; Eyras 2002). In the
case of the interchangeable K, the soil used as a control
and the C20 compost treatment had relatively higher
values than the compost C9. This suggests that neither
of the composts provided an additional source of K to
the soil amended. However, Lopez-Mosquera and Pa-
zos (1997) suggest that the K present in seaweed is in a
readily available form, and this could explain the high-
er yields of plants grown in compost C20 as compared
to those grown in compost C9.

Some studies have suggested that the increase in
yield of some crops could be due to the organic com-
pounds found in seaweed rather than to mineral ele-
ments (Crouch and van Staden 1993). It has been pro-
posed that seaweeds and seaweed products have
growth regulatory substances and other organic com-
pounds with phyto-active properties which may en-
hance productivity, conferring the plants treated some
resistance to several environmental stresses (Zhang
and Schmidt 2000; Zhang et al. 2003) and also to infec-
tions and insect attack (Abetz 1980; Blunden 1991). Re-
lated to this, our results suggest that plants grown in
compost plots appear to have higher tolerance to in-
fection of tomato fruits than the controls. In this sense,
these results could then be considered as another con-
tribution to the numerous reports published about
disease suppression by composts produced from oth-
er organic materials (Hoitink et al. 1996). However,
our results should be carefully analyzed, and more
specific experiments would be necessary to determine
the compounds and mechanisms that operate to pro-
duce this perceptible beneficial effect. This warning is
presented given the fact that there are other studies,
however, that contradict the results presented above
(Tourte et al. 2000; Edmeades 2002).

Salt content of C9 (15 dS m'l), was above the ac-
cepted standard for mature composts (2 dS m”, Costa
et al. 1995). Although the mixture of 5 and 10 kg m” of
this compost with the soil reduced the total salinity of
these plots to 1.8 dS m™” and 2.7 dS m™, respectively,
these values are close to the threshold in salinitly toler-
ance established for tomato plants (2.5 dS m™, Hoff-
man 1981). This salinity could have been responsible
for its lower yield as compared to C20. Nevertheless,
C9 produced significantly higher tomato yield than
the control. It is suggested that EC of seaweed com-
posts should be carefully controlled and monitored if
this amendment is going to be applied often. To lower
salinity content, more irrigation would then be re-
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quired during composting. It is interesting to note that
in another study, tomato plants have been shown to
increase their resistance to osmotic stress when they
were cultivated in pots containing a similarly pre-
pared, but pure, seaweed compost (Eyras 2002).

Finally, the evaluation of differences between
composts doses suggest that a compost aged 20
months (C20) at doses of about 50 ton ha' added to a
soil similar to the one studied, would be enough to in-
crease productivity of tomato by about 66% above the
control. This value is well above the maximum (38%)
reported by Maynard (1993) for tomato plants culti-
vated in soils amended with 123 ton ha™ of compost
prepared from municipal organic waste residues.

The addition of seaweed compost as an organic
amendment to a horticultural soil of the Lower
Chubut Valley, in Gaiman, Patagonia, Argentina, has
shown an increase in yield and resistance to diseases
on tomato plants. The recycling of seaweed in com-
posts has been proven to be an environmentally sound
alternative to reduce pollution in the beaches of Puer-
to Madryn. The utilization of this renewable resource
for horticultural purposes could also be beneficial for
the whole community, since it could help reduce the
use of chemical fertilizers and pesticides that may be
hazardous for human health.
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