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a  b  s  t  r  a  c  t

Composting  may  be an  effective  process  for treating  fish  waste  and  drift  seaweed  to  recover  organic
matter  and  nutrient  resources  and  to produce  fertilizers  for  organic  agriculture.  The  aim of this  study  was
to  evaluate  the  use of  this  type  of compost  as  a fertilizer  in  a horticultural  crop  rotation.  A greenhouse
trial  was  carried  out  to  test  the  effects  of the compost  on  a  tomato  crop  and  its  residual  effects  on
the  succeeding  lettuce  crop. Different  compost  rates  (C1,  C2  and C3:  40 t ha−1,  50  t  ha−1 and  66  t  ha−1)
were  compared  to  single  rates  of  a mineral  fertilizer  (M)  and  of  a  certified  organic  fertilizer  made  from
dehydrated  broiler  litter  (BL)  as  well  as to the  control  treatment,  which  lacked  fertilization  (C).  Tomato
yield  increased  significantly  (5.56  kg plant−1) with  the highest  rate  of  compost  compared  to  the  mineral

−1

actuca sativa
lgae
aste management

and  control  treatments  (4.54  and  4.58  kg  plant , respectively).  This  increased  yield  was  associated  with
an increase  in  the  diameter  and weight  of  the  fruits.  Moreover,  the  lettuce  yield  improved  with  compost
rates  C2  (395  g lettuce−1) and  C3 (367 g lettuce−1), showing  a strong  residual  effect  of  the  compost.  This
compost  is  suitable  as organic  soil  fertilizer  and  may  be  recommended  for  improving  horticultural  crop
yields.
. Introduction

The organic matter (OM) content of soil is one of the main indi-
ators of its quality and agronomic productivity, and the influence
f OM on the physical, chemical and biological qualities of soil has
een widely reported (Reeves, 1997). Organic matter accumulates

n soil when carbon (C) inputs exceed C outputs, and in agricultural
ystems, losses of OM due to mineralization generally exceed gains
ecause of the large amounts of OM removed during crop harvest-

ng. The practice of harvesting most biomass of crops along with
ther factors, such as intensive soil tilling, accelerates the loss of

 from the soil (Weil and Magdoff, 2004). Organic materials have
een used for centuries to counteract these losses of soil OM and
o supply variable amounts of nutrients to the soil.

Suitable materials for composting are found abundantly in
oastal areas. One such material is fish waste, which is yielded

s a by-product of fish markets and fish processing industries.
epending on the type of transformation, the waste may  represent
etween 30 and 45% of the initial weight of the product. The most
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ttp://dx.doi.org/10.1016/j.scienta.2015.02.008
304-4238/© 2015 Elsevier B.V. All rights reserved.
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common destination for these by-products is fishmeal production,
in a management system that yields economic benefits for the
businesses involved. Fish waste is suitable for agricultural use
because it contains large amounts of nutrients, such as N, P and Ca
(Illera et al., 2010). Several fertilizers made from fishmeal are now
commercially available and some are authorized for use in organic
agriculture (EC Regulation 2092/91, 1991). Even fish effluent can
be used to irrigate cherry tomato plants (Castro et al., 2006).

Another resource available in coastal areas is beached seaweed
that is deposited on beaches in large amounts as a result of tidal
or wind action. Drift seaweed is a natural resource in coastal
habitats and has been used sustainably in agriculture for several
centuries (Zemke-White and Ohno, 1999; McHugh, 2003) due to
its value as a fertilizer. Seaweed is particularly rich in potassium
(K) and micronutrients as well as growth activators such as auxins,
cytokines and alginates, which improve the soil structure (Blunden,
1991; Verkleij, 1992; López-Mosquera and Pazos, 1997; Stirk et al.,
2004; Papenfus et al., 2013). In addition, seaweed is a resource with
many applications in human life, such as human food, animal feed

or in the industry due its high polysaccharide content. Neverthe-
less, algae sometimes represents a waste, causing eutrophication
and generating the so-called green tides (Morand and Briand, 1996)
that cause serious environmental problems in different parts of the
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orld. These green tides affect coastal activities such as the recre-
tional use of beaches (Rosenberg, 1985; Piriou and Menesguen,
992; Eyras et al., 1998), aquaculture and shellfish harvesting (Niell
t al., 1996). When this occurs, the algae are usually removed and
umped, leading to the loss of a potentially valuable resource.

Both of the above-mentioned materials are of great potential use
n agriculture. However, the stabilization of these types of materials
s recommended prior to their use to prevent problems associ-
ted with the appearance of phytotoxic substances (Michalak and
hojnacka, 2013) and to diminish their water contents and trans-
ortation costs. Composting is one of the least expensive methods
f stabilizing waste materials. Several studies have evaluated the
ertilizer effects of composts and have suggested composting as one
f the most appropriate techniques for producing organic fertilizers
Han et al., 2014; Potoky et al., 1988; Piriz et al., 2003). Composting
sh waste has also been suggested as a valid method of trans-

orming this waste into useful soil amendments for agricultural
urposes (Frederick et al., 1989).

The application of high quality organic amendments to agricul-
ural land has the benefit of being environmentally sustainable and
ompatible with organic production systems. Organic agriculture is
ndergoing constant growth worldwide, and at present 1.8 million
armers in 162 countries apply organic agricultural techniques to

ore than 37 million hectares of land (Willer and Kilcher, 2013).
hese farms cover the demands of a large market of consumers
ho are willing to pay relatively high prices for organic products

Govindasamy et al., 1998), reaching a value of 59.100 million US
ollars in 2010 (MAGRAMA, 2011).

Tomato is one of the most important crops in Europe, with a
roduction of approximately 16 million tonnes in 2012 of which
ne third were grown in Spain (EUROSTAT, 2013). However, the
ffect of organic fertilizers on tomato production is not entirely
lear. Some authors have reported higher yields with organic fer-
ilizers compared to mineral fertilizers (Moral et al., 1996; Eyras
t al., 1998), whereas other authors either suggested the oppo-
ite (Heeb et al., 2005a; Heeb et al., 2005b, 2006) or did not find
ny significant differences in the tomato yields produced by these
wo types of fertilizers (Kong et al., 2005). The discrepancy in the
ndings may  be due to the heterogeneity of the physical and chem-

cal characteristics of the different organic fertilizers, which may
ive rise to different yields even under the same crop conditions.
his was shown by comparison of eight types of organic fertilizers
Kanal and Kuldkepp, 1993), which included cattle dung with and
ithout litter, pig slurry, peat compost formed from hen and pig

lurry, sawdust-duck manure, non-composted peat and straw lit-
er with pig slurry applied to potato and cereal crops. The findings
f that study indicate that the results obtained with different types
f organic fertilizers are not readily comparable, and thus a specific
gronomic evaluation is required for each type of organic fertilizer,
rop and type of management.

The objectives of this research study were as follows: (i)
o evaluate fish waste and seaweed compost as a fertilizer for
reenhouse-grown tomato; and (ii) to evaluate the residual fertiliz-
ng effect of the compost on a lettuce crop grown immediately after
arvesting the tomato without any further addition of fertilizer.

. Materials and methods

.1. Materials

The trial was carried out in a greenhouse with acidic soil (pH 4.2)

eveloped from quartz schist. The soil had a low effective cation
xchange capacity (CECe) (8.2 cmol (+) kg−1), high electrical con-
uctivity (5.6 dS m−1) and an appropriate OM content of 3.1%. In
pite of the low initial pH value, it was not amended because the Al
ulturae 186 (2015) 101–107

saturation in CECe (which is the main limiting factor in acidic soils)
was low enough (4.7%) to allow for the proper production of the
tested crops.

The compost derived from seaweed and fish waste was  pro-
duced using the Windrow method with the following feedstock
materials: (1) drift seaweed (mainly comprising Laminaria spp.
and Cystoseira spp.) collected on the northern coast of Galicia (NW
Spain), (2) mackerel (Trachurus trachurus L.) waste from a fish fil-
leting plant, and (3) pine bark (10–15 mm),  which was included as
a structural material and as a source of carbon. The final ratio of
these materials was 1:1:3 (v/v). The thermophilic stage lasted for
approximately 45 days, and after the maximum temperature was
reached, the pile cooled slowly until it was close to ambient tem-
perature. Water was  not added throughout the process. After 10
weeks, the maturity of the compost was established by measur-
ing parameters such as the degree of stability and performing the
Dewar flask test and phytotoxicity test. The finished compost had
an OM content of 82%, indicating that this compost may  be suitable
as an organic soil amendment. The compost contained essential
nutrients, with an N–P–K ratio of 2–0.6–0.7 (% dry weight). Most
of the N (89%) was  in organic forms. The neutral pH (6.8) ensured
a good availability of the nutrients for the plants and for biological
activity. The C/N ratio was approximately 22 and the heavy metal
content was low. The only limiting feature was the high salinity
(2.5 dS m−1 1:5). A detailed description of the composting process
and its characterization can be seen in Illera-Vives et al. (2013).

The dehydrated broiler litter, was  produced with fresh chicken
manure passed through a drying tunnel at 250 ◦C before being
triturated with a hammer mill, homogenized, and finally pelleted
in a granulator press to 5-mm diameter pellets with a length of
12–14 mm.  A detailed description of this process and its characteri-
zation can be seen in Lopez-Mosquera et al. (2008). The commercial
fertilizer had an N–P–K ratio of 3:1.3:2.5 (% dry weight), with 80%
of the N in organic forms and a neutral pH (7.1). Its low C/N ratio
(11.5) ensured easily mineralization (approximately 60% for the
first crop). The chicken manure contained very low amounts of
heavy metals.

2.2. Experimental design

The experiment was conducted using a completely randomized
design of six treatments and three repetitions. In April 2011, 18
plots of 1.5 m2 were established in a single-layer polythene green-
house (300 m2) with automatic ventilation in Lugo (Galicia, NW
Spain; 42◦59′N 7◦32′W).  The treatments included three compost
rates (40, 50 and 66 t ha−1 (fresh weight), designated C1, C2 and
C3, respectively); one slow-release NPK (20–2.2–8.3) treatment of
mineral fertilizer (M)  applied at a rate of 1.15 t ha−1; and one com-
mercial organic fertilizer based on dried broiler litter (BL) certified
for organic agriculture (15 t ha−1 fresh weight). A control treatment
(C), without fertilizers, was also included. The above-mentioned
treatments were applied by superficial ploughing (10 cm).

Treatment compost rates were calculated based on the demand
of 230 kg ha−1 N for approximately 110 t ha−1 tomato yield
(Rodriguez del Rincón, 1982) and considering an annual rate of
mineralization of 60% for BL (Evers, 1998), and lower rates for the
compost were used (50% for C1, 40% for C2, and 30% for C3) due
to the higher C/N ratio of the compost. A summary of all of the
treatments can be seen in Table 1.

2.3. Tomato–lettuce rotation
Six greenhouse-reared tomato seedlings (Solanum Lycopersicum
var. Valentim (Seragrap)) were planted in each plot (108 plants in
total), with a between-plant spacing of 0.50 m.  The plants were
trained on vertical poles and the apical buds were removed after
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Table  1
Fertilization treatments: N–P–K content, rates applied, amounts of nutrients applied and availability for the first crop.

M BL C1 C2 C3

Composition N–P–K (% DWa) 20–2.2–8.3 3–1.3–2.5 2–0.6–0.7
Dose  (t ha−1 FWb) 1.15 15 40 50 66
Total  N (kg ha−1) 230 387 464 580 765
Total  P (kg ha−1) 33 170 143 179 236
Total  K (kg ha−1) 125 321 187 241 317
N  availablec (kg ha−1) 230 232 232 232 230
P  availablec (kg ha−1) 33 102 72 71 71
K  availablec (kg ha−1) 125 193 94 96 95
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Dry weight.
b Fresh weight.
c Estimated mineralization rates: BL = 60%, C1 = 50%, C2 = 40%, C3 = 50%. BL: broile

roduction of the 6th raceme. When the first raceme stopped pro-
ucing fruits, the lower leaves were removed to improve aeration
f the plants. Lateral shoots were removed throughout tomato pro-
uction. The crop was watered twice a day using a drip system
ith a variable dose to satisfy the crop requirements (170 L plant−1

ver the entire cycle). Phytosanitary treatments compatible with
rganic production (active substances: neem seed oil; copper phos-
honate; dispersants and tensioactive substances) were applied
o prevent and treat pests and diseases (mainly Trialeuroides
aporarium, Autographa gamma, Botrytis cinerea and Phytophthora
nfestans). Over 80 days, the tomatoes from the four central plants of
he six plants in each plot were harvested at color stage 5 (60–90%
f the fruit is red) (Grierson and Kader, 1986). The recorded data
ncluded the number of fruits per plant, fresh weight and the diam-
ter of the fruits. At three different stages of the study (initial,
ntermediate and final), a composite sample was  harvested from
ach plot to determine the dry tomato weight.

After removing the tomato plants (May 2012), lettuces (Latuca
ativa cv. Santoro) were planted in the same experimental plots
ithout additional fertilization to evaluate the residual effects of

he fertilizers. Twenty lettuce seedlings were planted in a herring-
one configuration in each plot, with a plant spacing of 0.3 m.  The
rop was watered twice a day with a drip system (16 L plant−1 over
he entire cycle). After 40 days, the lettuces were harvested and
eighed (fresh weight). Samples of 5 lettuces from each plot were
sed to determine the lettuce dry matter content. To evaluate the
itrate content of the internal and external leaves, three lettuces
ere collected from each plot following the recommendations of

he European directive (EC Regulation 466/2001, 2001). The leaves
ere then pressed according to the method proposed by Alt and

üll (1987) to obtain an extract for determination of the nitrate
ontent with a CRISON selective electrode (Consalteri et al., 1992).

.4. Chemical and physicochemical characterization of the soil
At the end of the tomato crop (6 months after planting) and at
he end of the lettuce crop (15 months after tomato planting), a soil
ample of each plot was collected from the arable layer (0–20 cm).

able 2
omato production parameters: production per plant (weight and number of fruits), dry 

eplicates are reported.

kg tomato per plant DM%a N

Control 4.54 ± 0.69A 6.09 ± 0.69ab 

Mineral  4.58 ± 1.01a 6.48 ± 0.42b 

BL  4.88 ± 1.08ab 6.16 ± 0.57ab 

C1  4.65 ± 0.72a 6.03 ± 0.83ab 

C2  4.63 ± 0.98a 6.40 ± 0.39ab 

C3  5.56 ± 1.25b 5.69 ± 0.61a 

Dry matter content; BL: broiler litter; C1, C2 and C3= low, medium and high doses of com
he  5% level (Duncan’s Multiple Range Test).
r; C1, C2 and C3 = low, medium and high doses of compost.

The samples were air-dried, sieved (<2 mm)  and stored for subse-
quent analysis.

The soil pH was  determined following the method described by
Guitián-Ojea and Carballas (1976) and the electrical conductivity
of the saturated extract (Richards, 1941) was determined using a
CRISON conductivimeter. The carbon and nitrogen contents were
measured using a carbon-nitrogen element analyzer (CHNS LECO,
TruSpec model). The exchanged cations were extracted with 1 N
NH4Cl (Peech et al., 1947) and determined by atomic adsorption
spectrophotometry (Ca, Mg  and Al) or flame emission spectropho-
tometry (Na and K) (Varian SPECTRAA 220 FS). The available
phosphorus was  extracted with 0.5 M NaHCO3 and the P content
was determined by colorimetry (Olsen and Sommers, 1982).

2.5. Statistical analysis

Statistical analysis of the data was  carried out with SPSS version
17.0. Treatment mean values were compared by ANOVA and signifi-
cant differences (p < 0.05) between treatments were determined by
Duncan’s test. The relationships between the different crop char-
acteristics were assessed by the Pearson’s correlation coefficient at
a significance level of p < 0.05.

3. Results and discussion

3.1. Tomato production

Tomato yield was not significantly improved with mineral fer-
tilization (Table 2) probably due to the initial high fertility of the
greenhouse soil, to which fertilizers were added over several years.
However, differences in the tomato yield were observed between
treatments with the highest compost rate (C3) and with the con-
trol (Table 2). Although the production of the BL-fertilized crop was
not significantly different from the C crop, it also showed higher

production rates, with a similar harvest to the C3-fertilized crop.
This shows the beneficial effects of both organic fertilizers, which
in the case of the compost could go beyond the supply of nutri-
ents because seaweed is known to have a beneficial effect on soil

matter and fruit size (weight and caliber). The means ± standard deviation of three

o of fruits per plant g fruit−1 Diameter (mm)

29.60 ± 4.61a 154.5 ± 19.9a 70.28 ± 3.51a
30.50 ± 4.40a 151.3 ± 30.2a 69.46 ± 5.33a
30.36 ± 3.27a 161.0 ± 32.9a 70.74 ± 5.45a
31.71 ± 4.73a 148.0 ± 23.7a 69.23 ± 4.70a
28.79 ± 6.93a 162.9 ± 19.4a 71.78 ± 3.34ab
29.91 ± 6.28a 185.6 ± 17.5b 74.79 ± 3.07b

post. Values with a common letter in the columns are not significantly different at
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ig. 1. Tomato fresh weight per plant for the different commercial sizes according to
etter  are not significantly different at the 5% level (Duncan’s Multiple Range Test).

hysical conditions due to its high alginate content (Blunden, 1991;
erkleij, 1992; Eyras et al., 2008), and it is also known to stimu-

ate plant growth due to its high contents of growth regulators,
uch as auxins and cytokinins (Stirk et al., 2004). The tomato yields
ncreased with the treatment C3 compared to the M and C treat-

ents, which was associated with increased fruit weight and larger
ruit diameters but not with an increased number of fruits.

The tomato dry matter content (Table 2) was within the usual
ange reported for tomatoes (Davies et al., 1981). The application of
ineral fertilizer significantly increased the tomato dry matter con-

ent (6.5%) compared to treatment C3 (5.7%), which was  probably
ssociated with the increased yield found for this last treatment.
ome researchers have reported a negative relationship between
he dry matter content and the size of the fruits (Ho, 1996), which
s similar to the findings of this study in which this relationship
R = −0.522) was significant (p < 0.05). A higher dry matter content
ndicates a higher level of soluble solids and therefore higher sugar
ontent.

Regarding the marketable characteristics of the tomatoes, the
argest commercially viable fruit size was found for tomatoes
rown with the C3 treatment. However, in all treatments, most of
he fruits were of caliber G (82–67 mm according to EC Regulation
90/2000, 2000). From a management perspective, productive vari-
ties that are also uniform in terms of fruit size are of interest
Nuez, 1995). Here, treatment C3 was associated with the most
omogeneous size; 82.7% of the fruits were of caliber 108–82 and
2–67 mm,  while only 74.2% in the BL crop and 70.0% in the C crop

ere into this range (Fig. 1).

The tomato fresh weights and accumulated yields are shown in
ig. 2. The weight of the tomatoes showed a steady decline through-
ut the crop cycle, although this decrease was less marked in plants
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Fig. 2. The evolution of tomato production during harvest time. (a) To
gulation 790/2000 (2000). For the same commercial grade, columns with a common

fertilized with the highest compost rate (Fig. 2a). This was  reflected
by higher yields mainly at the end of the crop cycle (Fig. 2b), which
is beneficial for maintaining a stable level of production through-
out the whole crop. However, in the trial conducted by Heeb et al.
(2006), the yields of red tomatoes from plants organically fertil-
ized were significantly lower (1.3–1.8 kg plant−1) than the yields
from plants that received mineral fertilizer (2.2–2.8 kg plant−1). The
authors attributed these differences to a low nutrient availability
at the initial stages of the crop cycle. The sustained production in
the plots treated with organic products in this study may  indicate
a good availability of nutrients from the start of the trial.

4. Residual effects of the compost on the lettuce yield

One of the main benefits of organic fertilizers is the release
of available nutrients into soil, which may  last for several years
(Eghball, 2002). This residual effect may  lead to increased produc-
tion for up to four years after application of the organic fertilizer
(Wallingford et al., 1975).

Crop yield differences between treatments were clearer for let-
tuce (Table 3) compared to the previous tomato crop. Tomato is
a nutrient-demanding crop that rapidly depletes the available soil
nutrients such that additional supplies are usually required for sub-
sequent crops (Broadley et al., 2003). This is consistent with the fact
that plots treated with the mineral fertilizer produced a similar har-
vest to the C plots, which had not been fertilized. Except for the
lowest compost rate (C1), the organic fertilizers had a strong resid-

ual effect that significantly improved the yield of lettuce compared
to the obtained with the mineral fertilizers or without fertilization.
The highest lettuce yield was  attained in the treatment with dehy-
drated broiler litter, which is consistent with the results reported by
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Table  3
Lettuce production parameters: fresh weight per plant, dry matter and NO3

− content of the inner and outer leaves. The means ± standard deviations of three replicates are
presented.

Fresh weight (g lettuce−1) Dry matter (%) NO3
− inner leaves (mg  NO3

− kg−1 FWa) NO3
− outer leaves (mg  NO3

− kg−1 FWa)

Control 278.6 ± 88.7a 5.87 ± 0.69c 649.4 ± 52.7ab 1020.0 ± 346.9a
Mineral 230.5 ± 85.3a 6.50 ± 0.70d 636.3 ± 159.3ab 1523.8 ± 346.0b
BL  476.2 ± 154.2c 4.80 ± 0.89ab 777.3 ± 107.5c 1991.5 ± 447.6c
C1  278.4 ± 107.3a 5.35 ± 1.06bc 589.2 ± 85.7a 1219.2 ± 398.6ab
C2  395.3 ± 120.7b 4.41 ± 0.47a 620.4 ± 85.9ab 1221.4 ± 453.1ab
C3  367.0 ± 160.9b 5.43 ± 1.13bc 742.9 ± 176.1bc 2080.2 ± 256.2c

aFresh weight; BL: broiler litter; C1, C2 and C3= low, medium and high doses of compost. Values with a common letter in the columns are not significantly different at the
5%  level (Duncan’s Multiple Range Test).

Table 4
Chemical and physicochemical properties of the experimental soil at three different moments: Initial (before fertilization), end of the tomato crop, and end of the lettuce
crop  (0, 6 and 15 months after tomato planting, respectively). The means ± standard deviations of three replicates are presented.

Months after treatment C M BL C1 C2 C3

Ph
0 4.2 ± 0.2
6 4.6 ± 0.2a 4.4 ± 0.3a 4.5 ± 0.0a 4.6 ± 0.1a 4.7 ± 0A 4.7 ± 0.2a
15  5.0 ± 0.4a 4.7 ± 0.2a 5.1 ± 0.0b 4.8 ± 0.1a 4.9 ± 0ab 5.0 ± 0.1ab

ECa (dS m−1)
0 5.6 ± 1.1
6 3.8 ± 1.5a 3.7 ± 0.3a 3.5 ± 1a 2.4 ± 0.3a 2.5 ± 0A 2.8 ± 0.9a
15  1.8 ± 1.2a 2.6 ± 1.8a 1.7 ± 1a 1.7 ± 0.8a 1.5 ± 1A 2.2 ± 1.9a

C  (%)
0  1.8 ± 0.3
6 1.9 ± 0.3a 2.1 ± 0.4a 2.1 ± 0.0a 2.1 ± 0.6a 2.2 ± 0.0A 2.1 ± 0.1a
15  2.3 ± 0.4a 2.5 ± 0.3a 3.0 ± 0.0a 2.5 ± 0.4a 2.7 ± 00. A 2.7 ± 0.3a
N  (%)
0  0.25 ± 0.04
6 0.21 ± 0.02a 0.26 ± 0.05a 0.25 ± 0.02a 0.24 ± 0.05a 0.22 ± 0.04A 0.22 ± 0.04a
15  0.18 ± 0.05a 0.21 ± 0.03a 0.19 ± 0.01a 0.19 ± 0.03a 0.21 ± 0.03A 0.21 ± 0.03a

C/N
0  7.3 ± 0.6
6 8.9 ± 0.5ab 8.2 ± 0.7a 8.3 ± 1a 8.6 ± 0.8ab 10.2 ± 0B 9.7 ± 0.5ab
15  13.1 ± 1.1a 11.89 ± 0.4a 11.87 ± 1a 13.5 ± 1.1a 12.9 ± 1A 13.1 ± 0.5a

CECe
b (cmol(+)kg−1)

0  8.23 ± 1.31
6 7.11 ± 1.42a 7.74 ± 1.10a 7.20 ± 0.75a 6.93 ± 0.76a 6.52 ± 0.04A 7.38 ± 0.98a
15  7.39 ± 3.12a 5.07 ± 1.20a 7.03 ± 0.66a 6.10 ± 0.38a 6.03 ± 0.54A 6.95 ± 1.10a

K  (cmol(+)kg−1)
0  0.60 ± 0.20
6 0.46 ± 0.08a 0.51 ± 0.07a 0.92 ± 0.0b 0.44 ± 0.1a 0.49 ± 0.0A 0.49 ± 0.04a
15  0.42 ± 0.17a 0.35 ± 0.06a 0.58 ± 0.0b 0.35 ± 0.0a 0.37 ± 0.0A 0.37 ± 0.03a

Ca  (cmol(+)kg−1)
0  6.06 ± 1.64
6 5.14 ± 1.08a 5.61 ± 1.19a 4.60 ± 0.52a 4.60 ± 0.37a 4.28 ± 0.03A 5.19 ± 1.22a
15  5.41 ± 2.17a 3.50 ± 0.85a 5.15 ± 0.49a 4.25 ± 0.40a 4.14 ± 0.35A 4.99 ± 1.05a

Mg  (cmol(+)kg−1)
0 0.83 ± 0.18
6 0.73 ± 0.19a 0.77 ± 0.16a 0.74 ± 0.00a 0.62 ± 0.10a 0.6 ± 0.00A 0.68 ± 0.04a
15  0.76 ± 0.43a 0.47 ± 0.14a 0.82 ± 0.00a 0.59 ± 0.10a 0.6 ± 0.00A 0.71 ± 0.16a

Na  (cmol(+)kg−1)
0  0.44 ± 0.09
6 0.34 ± 0.07a 0.36 ± 0.09a 0.52 ± 0.16a 0.66 ± 0.35a 0.55 ± 0.05A 0.65 ± 0.07a
15  0.52 ± 0.35a 0.26 ± 0.04a 0.41 ± 0.08a 0.49 ± 0.10a 0.51 ± 0.14A 0.56 ± 0.13a

Al  (cmol(+)kg−1)
0  0.39 ± 0.09
6 0.44 ± 0.06a 0.48 ± 0.27a 0.42 ± 0.01a 0.61 ± 0.07 0.59 ± 0.14A 0.37 ± 0.21a
15  0.28 ± 0.08b 0.49 ± 0.13b 0.08 ± 0.02a 0.42 ± 0.10 0.40 ± 0.03B 0.32 ± 0.18b

Pc (mg  kg−1)
0 30.4 ± 3.4
6 28.2 ± 2.1a 31.1 ± 1.7ab 43.2 ± 4.5c 32.7 ± 1.3ab 34.9 ± 1.1B 36.5 ± 5.7b
15  27.8 ± 2.7a 34.1 ± 8.0ab 50.0 ± 1.1c 34.1 ± 2.1ab 40.3 ± 3.4B 38.8 ± 0.9b

a EC in saturation extract.
b Effective cation exchange capacity.
c P Olsen.

BL: broiler litter; C1, C2 and C3 = low, medium and high doses of compost. Values with a common letter in the rows are not significantly different at the 5% level (Duncan’s
Multiple Range Test).
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abaleiro (2013). This author reported a significant residual effect
f this same fertilizer on two commercial lettuce crops with a single
nitial dose of 5.3 t ha−1.

The lettuce yield was not improved with increased compost
pplications between C2 and C3. This may  be explained by the
ncreased tomato yield in C3, which led to increased nutrient uptake
y the crop in this treatment and lower nutrient availability for the

ettuce crop. The dry matter content of both lettuces and toma-
oes tended to increase with the treatments associated with lower
ields.

Leaf nitrate content is a quality factor for lettuce. EU Regulations
EC Regulation 466/2001, 2001) have established the maximum
itrate content for lettuce harvests collected between the 1st April
nd the 30th September at 3500 mg  NO3

− kg−1 (fresh weight), as
igher contents may  represent a risk for human health. Although
he nitrate ion is not toxic, approximately 5% of the total nitrate
ngested is transformed into nitrite, which is toxic (Spiegelhalder
t al., 1976; Pannala et al., 2003). Therefore, it is crucial to find the
ptimal fertilizer rate that improves yields without decreasing the
ettuce quality caused by the high nitrate content of the lettuce.
n the present study, the lettuce nitrate content was  always below
he legal limits both in the outer and inner leaves (Table 3). The
uter leaves, in which the greatest accumulation of nitrates gener-
lly occurs (Sánchez et al., 2002; Abu-Rayyan et al., 2004), showed
he greatest differences between treatments. Nitrate accumulation
ncreased for lettuces fertilized with BL or C3 compared to other
reatments. This indicates that the availability of N was increased
ith the highest rate of compost application and broiler litter com-
ared to the other treatments. The nitrate contents of the outer and

nner leaves were positively and significantly correlated with the
ertilizer rate (p < 0.05 and p < 0.001 for the inner and outer leaves,
espectively).

. Fertilizer effects on soil characteristics

The initial experimental soil pH value (4.2) was below the opti-
al  level for tomato (5.5 to 6.8, according to Benton, 2007) and for

ettuce (6.0 to 7.5, according to Nonnecke, 1989) (Table 4). The pH
alue increased during the growth of both crops in all treatments,
ut none reached optimal levels for these crops. In this trial, only the
ehydrated broiler litter showed a significantly higher pH than the
ineral plot at the end of the trial, which was a result of its liming

mendment effect (Matos-Moreira et al., 2011). A complementary
ffect to that of pH was observed for the exchangeable Al, which
eached significantly lower levels in the BL-amended soil compared
o the other treatments at 15 months after fertilizer application.
hese results are in accordance with the findings of Hue (1992)
nd Matos-Moreira et al. (2011), who used broiler litter fertilizer.
aynes and Mokolobate (2001) attributed this behavior not only to

he increase in the pH but also to the high quality of organic mat-
er in this fertilizer, which contains soluble humic compounds and
liphatic acids that allowed for Al complexation.

The electrical conductivity (EC) of the soil was initially high
5.6 dS m−1) and above the recommended maximum threshold
2.5 dS m−1) for tomato crops (Benton, 2007). However, the lev-
ls decreased during the experiment due to nutrient leaching by
rrigation and nutrient uptake by the tomato crop. Thus, at the end
f the tomato crop cycle, the EC was below the maximum thresh-
ld (1.3 dS m−1) indicated for lettuce crops by Maas and Hoffman
1977). Despite the marine origin of seaweed and fish waste, the
ompost application did not increase the soil EC, which is important

rom an agricultural point of view. There were no significant differ-
nces in the soil C content between treatments, indicating that the
rganic fertilizers was unable to increase these levels over such a
hort time, though it must be considered that the initial soil already
ulturae 186 (2015) 101–107

had significant levels of C. Nevertheless, soil C content (and there-
fore OM)  generally increased with time, especially in the BL and C3
treatments (Table 4). The total soil N content generally showed a
tendency to decrease during the experimental period, which may
be due to the transformation of the organic N to inorganic forms
that were absorbed by the crop, lost by lixiviation or released into
the atmosphere as ammonia.

Although tomato is classified as a “heavy feeder” of K and Ca
(Benton, 2007), no significant differences were found for these
nutrient contents in tomato between treatments except when BL
was applied, which increased soil P and K contents (Table 4). This
is explained by the high P and K contents of this fertilizer (Table 1).
With the application of BL, the exchangeable Al decreased sig-
nificantly, reducing the precipitation of Al phosphates and thus
improving P availability.

6. Conclusions

Compost from fish waste and seaweed was found to be a suit-
able soil amendment for horticultural crops grown using organic
methods, as indicated by the tomato and lettuce yields.

The application of compost at a rate of 66 t ha−1 significantly
increased the tomato yield and was associated with increased fruit
weight and larger fruit diameter compared to crops receiving min-
eral fertilization or no fertilization.

The compost residual effect was significant and contributed to
higher commercial yields for lettuce compared with the control and
mineral fertilizer treatments. In spite of the high EC of the compost
and the elevated rates used, the soil salinity did not increase. How-
ever, further investigation is required to show whether the yield
increases can be attributed to the presence of other substances
contained in the seaweed, such as growth regulators and alginates,
which improve the physical, chemical and biological properties of
soil.
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