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Abstract: The effect of fertilisation with fermented pig slurry on the quantitative and qualitative parameters of two
kinds of tomatoes was assessed by means of pot trials. These trials were carried out between the years 2005 and 2008.
Each trial involved four treatments, namely (a) control without fertilisation, (b) fertilisation with mineral fertilisers,
(c) 50% nutrients in mineral fertilisers and 50% in fermented pig slurry, and (d) fertilisation with fermented pig slurry
only. Besides the yield parameters, the following characteristics were monitored: dry matter content, vitamin C con-
tent, titratable acidity, nitrogen compounds, nitrates and selected elements (Pb, Cd, As, Zn and Hg) contents. The
fertilisation method showed no statistically significant influence on many parameters (titratable acidity, Hg, As, dry
matter, vitamin C and nitrates contents). These results showed that anaerobically fermented pig slurry can be a suit-
able alternative to the use of mineral fertiliser. They also showed that its use as an organic fertiliser did not impair the
hygienic quality and safety of the vegetable products grown, as all tomato samples fulfilled the tested heavy metals
and nitrates legislation limits. The fertilisation method showed a statistically significant influence on the yield. Diffe-
rences occurred between the organic and mineral methods in the case of Cd, and between non-fertilised and organic
methods in the case of Zn. The fertilisation method also significantly influenced N-compounds content in tomatoes.
A statistically significant influence of the year was found with all parameters except zinc and vitamin C contents. The

influence of cultivar was also found, but only in the case of zinc and dry matter contents.
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Tomatoes belong to an integral part of the world-
wide diet. They contain several valuable nutritional
components such as antioxidants, vitamins, and
minerals (KoPEc 1998). On the other hand, toxic
compounds and nitrates have also been reported
in varying quantities in tomatoes (CHAPAGAIN
et al. 2003; SANTAMARIA 2006) depending on
the growing conditions (PREMUZIC et al. 1998)

and environmental contamination. Intensified
agriculture and increasing industrialisation have
resulted in the release of various pollutants, in-
cluding metals, into the environment (PUSTISEK
et al. 2001; SVETE et al. 2001). The contaminants
may enter the food chain (FICHET at al. 1999) and,
consequently, elevated concentrations of heavy
metals and organic substances can be found in
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foodstuffs (NASREDINE & PARENT-MASSIN 2002).
The exposure to toxic metals can result in acute
long-term effects on health, which can be avoided
when the levels of the hazardous substances in
food are monitored. Therefore, it is important to
pay great attention to this problem to avoid soil
pollution and the danger of introducing harmful
substances into the food chain of the growing
media. It is also necessary to monitor particular
food chains from the soil and plant production
up to the final food products, in order to evalu-
ate the contamination of the whole food chains
(PETRIKOVA et al. 1995).

One criterion of the soil fertility and stability
is the soil organic matter content. The need for
improving soils and growing media productivity
has highlighted the necessity for the utilization
of organic wastes in the production (PicorLLo
et al. 1997). The addition of organic fertilisers
increases organic carbon availability stimulating
biological O, demand (ROCHETTE et al. 2000).
Organic residues are considered a resource, not
a waste, and their application to soil is recom-
mended (D1Ez et al. 2000). Organic fertilisers
provide better utilisation of nutrients in the soil
(KLIR et al. 1992).

BLESTOS and GANTIDIS (2004) were interested
in the effect of municipal sewage sludge on the
growth of transplants and fruit quality of toma-
toes. The municipal sewage sludge was used in
a mixture with peat as the growing medium for
eggplant and tomato. The study was orientated on
the possibility of the transportation of heavy met-
als (Cu, Zn, Mn, Pb, Cd) into the plants and fruit.
From the results it is clear that the low content of
all heavy metals found in tomato fruit indicates
that municipal sewage sludge compost is a con-
venient medium for the production of tomatoes.
The concentrations of heavy metals were lower
than the maximal limits permitted. AL-LAHHAM
et al. (2007) conducted a field experiment to inves-
tigate the extent of translocation of heavy metals
to tomato fruit produced in open field with the
plants being irrigated with potable water. The
results of tomato fruit analysis showed increased
concentrations of Fe, Cu, Ni, Mn, and Zn, but no
accumulation of Cd and Pb. The accumulation
of heavy metals in fruit was below the standard
limits. PETERSEN et al. (2007) were interested in
the recycling of livestock manure in a farm with
a view to manure as a significant source of heavy
metals in soil. In this case, animal feeding plays a

key role as the source of Cu and Zn in the slurry
applied to spray fields.

Anaerobically fermented pig slurry as the waste
from basic farm industry belongs among the com-
plex organic fertilisers with high improvement
efficiency. Besides the organic compounds supply,
the slurry can be a source of energy and carbon
for soil microorganisms. VALLEJO et al. (2006)
also found that anaerobic digestion and separa-
tion improve the quality of pig slurry as fertiliser,
being also an option to mitigate denitrification
losses and N,O emissions.

Due to the increasing number of biogas sta-
tions and the lack of literature data on the use
of digestate as fertiliser for vegetables, we have
discussed in this paper anaerobically fermented
pig slurry as an organic fertiliser and its effects on
the yield, dry matter content, vitamin C content,
titratable acidity, nitrogen compounds, nitrates
and selected element (Pb, Cd, As, Zn and Hg)
contents in tomatoes.

The objective of this study was to find out if
anaerobically fermented pig slurry could be a
suitable replacement for mineral inorganic ferti-
lisers from the quantitative and qualitative point
of view.

MATERIAL AND METHODS

Seeds of tomato (Lycopersicon lycopersicum L.)
cultivars: Start F1 and Tornddo F1 were purchased
from Semo Smrzice Ltd. (Smrzice, Czech Repub-
lic) and grown in greenhouses. Tomato plants
(size 30 cm) were then planted out into 20 | pots
in Peat-bark substrate RKS I (Agro CS Inc.). The
substrate was enriched with fertilisers according
to the respective fertilising methods. Ten plants
were grown with each of the following fertilising
treatments:

(a) Control (marked N) — no fertiliser added.

(b) Mineral (marked M) — 15 g (NH,),SO,and 9 g
K,HPO, were added to each pot (20 1) prior
to planting. 7.5 g (NH,),SO, per each pot was
added 30 days later.

(c) Combined (marked K) — 50% of mineral (7.5 g
(NH,),SO, and 4.5 g K,HPO,) and 50% of or-
ganic fertilizers (0.4 1 of fermented pig slurry)
were added to each pot prior to planting. 3.75 g
(NH,),SO, and 1.5 I of fermented pig slurry
per each pot were added later 30 days after
planting.
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(d) Organic (marked O) — 0.8 1 of fermented pig
slurry was added to each pot which was done
prior to planting. 2 | of the same organic fer-
tiliser per each pot was added 30 days later.

The anaerobically fermented pig slurry was ob-
tained from a biogas station (R.A.B. Ltd., Ttebon,
Czech Republic) processing pig slurry from a swin-
ery. The biogas station works continually with the
same input, the composition of the anaerobically
fermented pig slurry was according to the data
from the supplier: 595 mg NHj per litre, 755 mg
PO3~ per litre and 1.1-1.25 g K,O per litre. The
anaerobically fermented pig slurry also fulfilled
the limits for the risk elements contents (Decree
No. 185/2001 of 5 May 2001 about wastes and
about changes of some other codes and Decree
No. 9/2009 of 12 December 2008 setting changes
of Decree No. 156/1998 about fertilizers. Collec-
tion of Law, Ministry of the Interior CR).

There were 10 tomato plants for each cultivar and
fertilising method. The experiments were carried
out over a period of four years (2005-2008), which
represents a total of 320 tomato plants.

The analysis of heavy metals was done by the AAS
method (MIHOLOVA ef al. 1996). Dry matter con-
tent was determined by drying (102 + 2°C, constant
weight at difference less than 1 mg) (DAVIDEK &
VELISEK 1992), titratable acidity by titration with
0.1M NaOH (calculated as citric acid content),

vitamin C content by HPLC (Purospher RP-18
(5 um) 125 x 4 mm column, Purospher RP-18e
(5 pm) 4 x 4 mm pre-column, mobile phase 5%
methanol and 95% distilled water, flow 0.8 ml/min,
column temperature 35°C, injected volume 5 pl, UV
detection at 251 nm). Nitrates were determined by
the ion-selective electrode (ISE) method (TURBOW
et al. 2002); NaNO, was used as the calibration
standard. The nitrogen compounds (N-compounds)
content was determined acidimetrically by the
Kjeldahl method and calculated from the nitrogen
content (ISO 1871 1975).

The results were analysed using multifactorial
analysis of variance (ANOVA), which was used
to find out the influence of three factors (year,
fertilisation method, and cultivar). For multiple
comparison of the groups, the Bonferroni method
was used. P-values < 0.05 were regarded as statisti-
cally significant. The results were analysed using
the statistical software SPSS Statistics 17.

RESULTS AND DISCUSSION

The basic statistical characteristics (mean and
standard deviation S.D.) of analysed parameters
in to the respective fertilisation methods are given
in Tables 1 and 2. The analytically found relation
contents are in accordance with the literature data

Table 1. Descriptive statistics of the results in relation to the fertilising method (control and organic tomato samples)

Control (N) Organic (O)

Parameter

mean SD mean SD
Yield from 10 plants (kg) 7.82 2.90 15.87 11.52
Yield from 10 plants (fruit pieces) 153 57 244 134
Hg (mg/kg of d.m.) 0.0029 0.0042 0.0049 0.0124
As (mg/kg of d.m.) 0.0271 0.0283 0.0194 0.0143
Cd (mg/kg of d.m.) 0.0982 0.0528 0.0821 0.0464
Zn (mg/kg of d.m.) 20.83 2.26 29.96 11.69
Dry matter content (%) 5.84 0.56 6.00 0.51
Vitamin C (mg/kg) 214.7 78.8 272.4 55.36
N-compounds (% in d.m.) 13.76 1.73 16.61 1.37
Nitrates (mg/kg) 15.03 7.59 20.25 7.91
Titratable acidity (g/100 g) 0.442 0.122 0.423 0.101

d.m. = dry matter; SD — standard deviation
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Table 2. Descriptive statistics of the results in relation to the fertilising method (mineral and combined tomato

samples)
Mineral (M) Combined (C)
Parameter
mean SD mean SD
Yield from 10 plants (kg) 18.97 11.11 20.26 7.90
Yield from 10 plants (fruit pieces) 274 113 302 66
Hg (mg/kg of d.m.) 0.0014 0.0024 0.0032 0.0041
As (mg/kg of d.m.) 0.0239 0.0232 0.0295 0.0204
Cd (mg/kg of d.m.) 0.1351 0.0683 0.1226 0.0380
Zn (mg/kg of d.m.) 28.50 5.21 26.98 4.38
Dry matter content (%) 5.51 0.75 5.86 0.55
Vitamin C (mg/kg) 2317 472 278.9 51.36
N-compounds (% in d.m.) 22.06 2.02 16.26 1.77
Nitrates (mg/kg) 16.93 7.76 15.31 5.26
Titratable acidity (g/100 g) 0.462 0.099 0.425 0.091

d.m. = dry matter; SD — standard deviation

(CAsTALDI & MELIS 2004; DEMIREZEN & AKSOY
2006; BRONKOWSKA et al. 2008; MAJKOWSKA-
GAaDpOMSKA et al. 2008).

As concerns the quantitative parameters for all
four years, the fertilisation method used showed
a statistically significant influence on the yield
(Pkg =0.003, P, ., = 0.004). The highest yield of
tomatoes (both in kilograms and in the fruit pieces)
was achieved with the combined fertilisation method
while the lowest one was with no fertiliser use.
Quantitative parameters for organic and mineral
methods were not much different. Statistically
significant differences in the yield (kg) were proved
between the non-fertilised and mineral methods
(P =0.009), and non-fertilised and combined meth-
ods (P = 0.003), which shows the positive effect of
the use of fertilisers on the tomatoes yield. Any
significant difference between the organic and
mineral or combined method was not found.

Fertilisation with anaerobically fermented pig
slurry does not generally increase the amounts of
heavy metals found in tomatoes, which confirms the
results published by AL-LAHAM et al. (2007). From
the qualitative point of view, all tomato samples
fulfilled the heavy metals limits for the tested ele-
ments and nitrates limits (Regulation No. 305/2004
of 6 May 2004 setting kinds of contaminating
and toxicologically important compounds and
their maximum levels in foodstuffs, Collection of

Law, Ministry of the Interior CR and Commission
Regulation (EC) No. 1881/2006). The lead content
values in all samples did not exceed 0.1 mg/kg of
fresh matter. The fertilisation method showed
a statistically significant influence on cadmium
and zinc concentrations in tomatoes (Pcd =0.035,
P, =0.039). There were differences between the
organic and mineral methods in the case of Cd
(P = 0.049), and between the non-fertilised and
organic methods in the case of Zn (P = 0.047). A
higher Zn content in organic tomatoes reflects the
zinc supplementation to the pigs’ diet (Regulation
(EC) No. 1831/2003). On the other hand, a higher
Cd content in mineral samples can indicate pos-
sible competition between these two elements in
tomatoes metabolism.

The fertilisation method significantly influenced
the N-compounds content in tomatoes (P < 0.0001).
The differences were found between the non-fer-
tilised and fertilised methods (P < 0.01), between
organic and mineral methods (P < 0.0001), and be-
tween mineral and combined methods (P < 0.0001).
The minerally fertilised tomatoes had the highest
N-compounds content. This may have been caused
by different forms of nitrogen in anaerobically
fermented slurry (liquid NH; form) and in mineral
fertilisers (solid NO; form).

The fertilisation method showed no statistically
significant influence in the case of other parameters
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(titratable acidity, Hg, As, dry matter, vitamin C
and nitrates contents).

The year showed a statistically significant influ-
ence (P < 0.05) on all parameters except zinc and
vitamin C, which confirms the importance of the
weather, and the reason why the experiment was
repeated over four years.

The influence of cultivar was also found. Sta-
tistical significance was discovered in the case
of dry matter content (P = 0.002). The Start F1
cultivar had a higher average dry matter content
(6.04 £ 0.40 g per 100 grams) as compared to the
Tornddo F1 tomatoes (5.57 £ 0.65 g per 100 grams).
MAJKOWSKA-GADOMSKA et al. (2008) also con-
firmed that the dry matter content significantly
depends on the tomato fruit cultivar. As published
by ORDONEZ-SANTOS et al. (2009) who compared
ecologically and conventionally produced toma-
toes, statistically significant differences occurred
rather between cultivars than between tomatoes
grown under the use of different management
practices.

CONCLUSION

This study was conducted to evaluate the use
of fermented pig slurry as a part of the growth
media for vegetable production and to estimate
the qualitative and quantitative impacts on the
production. By monitoring quantitative tomato
values, the fertilisation method showed a statis-
tically significant influence on the yield but no
significant difference was shown between organic
and mineral or combined methods.

From the qualitative point of view, all tomato
samples fulfilled the legislative limits for the param-
eters tested. The fertilisation method significantly
influenced N-compounds content in tomatoes. Also
a difference was observed between the organic and
mineral methods in the case of zinc content. The
effect of the tomato cultivar was found in the case
of the dry matter content. However, the effect of
the year had a predominant influence on many of
the data evaluated.

As no statistically significant influence of the
fertilisation method was found in the case of many
parameters tested (titratable acidity, Hg, As, dry
matter, vitamin C and nitrates content), it can be
concluded that the anaerobically fermented pig
slurry can be a suitable alternative to conventional
mineral fertilisers for tomatoes fertilisation. Our
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study shows that the anaerobically fermented pig
slurry may constitute an alternative to inorganic
fertilisers if the used amounts of both inorganic
and organic fertilisers contain the same level of
nitrogen.
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