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Abstract: French garlic (Allium porrum, L.) was cultivated in randomised pots with the application of several inorganic and 
organic fertilisers. Yield, plant mineral content and microbial quality of plants were evaluated. Plants were fertilised 
with three nitrogen levels (0; 0.8; and 1.6 g N/pot). The inorganic fertilisation treatments included a conventional 
inorganic fertiliser, CIF (Foskazoto 15:15:15) and a controlled release fertiliser, CRF (Osmocote 5-6M, 15:10:12, 
2Mg). The organic fertilisation treatments were sewage sludge (SS), mild sludge (MS), and two commercial organic 
fertilisers, Sansão (SA) and Setsolos (SET). The soil was a Calcic Luvisol (LVcc), according to the World Reference 
Base for Soil Resources (FAO, ISRIC and ISSS, 1998); its pH was 7.7, organic matter content was 2.1% and initial N, 
P2O5, K2O soil contents were high. Plant yield results did not show significant differences (p>0.05), but the two CIF 
levels and CRF highest-level treatments showed the best yields. Several plant nutritional elements were determined: 
nitrogen (N), phosphorous (P), potassium (K), calcium (Ca), iron (Fe), copper (Cu) and zinc (Zn). Heavy metals, such 
as cadmium (Cd), chromium (Cr), nickel (Ni) and lead (Pb) were also performed. No vestiges of cadmium were 
found. Plants fertilised with the highest level of sewage sludge showed the highest lead content. The following 
microbial parameters were determined: total and faecal coliforms, Escherichia coli, spores of sulphite-reducing 
clostridia and Salmonella spp. From each treatment three plants were analysed and the Most Probable Number (MPN) 
by gram was determined using three replicates. The data were statistically analysed by ANOVA and comparative 
analyses of the means were performed by the New Multiple-Range Test (Duncan, 1955) test using the SPSS 
Programme (SPSS Inc., 1989-2002, Chicago, Illinois, U.S.A.). 
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1. INTRODUCTION 

In the last years, especially in the last decade, improving efficiency of fertiliser use has been a 
trend in most agricultural studies related with fertiliser management. Total world consumption of N, 
P2O5 and K2O fertilisers in 1998 was 82, 32 and 22 million tons, respectively (FAO, 2000). With 
the world population’s growth the demand of fertilisers was to be expected to increase in the same 
period; however, since 1990/91 total world consumption of N, P2O5 and K2O fertilisers, which was 
78, 37 and 26 million tons per year (Shaviv and Mikkelsen, 1993), respectively, remained more or 
less constant. 

Meanwhile, low N use efficiency and nitrate pollution are problems in intensive crop production 
systems, because N application rates, through inorganic and organic fertilisers, often exceed crop’s 
demand, with consequent impacts on soil, such as soil salination, soil acidification, and water 
quality (groundwater nitrate contamination, for example) (Campbell et al., 1993; Jackson et al., 
1993; Mikkelsem et al., 1993; Kandeler et al., 1994; Shoji and Kanno, 1994; Groeneveld et al., 
1998). Reducing nitrogen load on crop production may prevent nitrate contamination of 
groundwater. However, reducing N fertilisers inputs may affect yield and farmers profit, and 
especially their decisions on management and production. 

Fertilisers’ production consumes energy and its resources are limited. Innovation in 
agrotechnology using controlled release fertilisers in crop production is one of the solutions related 
to the impacts on soil and water quality. However, this type of fertilisers is expensive and their use 
is less than 1% of total world fertiliser consumption (Shaviv and Mikkelsen, 1993). Another 
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potential solution on fertiliser use consist in a better use of organic residues resulting from human 
activities, such as sewage sludge, product from water plant treatment systems, mild sludge from the 
papers’ factories, manure from animal production, and mankind own residues, such as the urban 
solid residues. 

It is well known that organic fertilisation, being a resource in supplying nutrients and organic 
matter to the soils, is also a potential cause of soil and water contamination. Its correct use in crop 
production and especially the use of the “new” organic residues must be investigated, not only at 
the water and soil physical and chemical pollution level but also as a potential crop chemical and 
microbiological contamination. 

The use of sewage sludge, mild sludge, and commercial organic residues compost to increment 
crop production is a promising procedure that can maintain or increase soil fertility. Although, the 
presence of certain elements, namely heavy metals, such as Cd, Cr, Ni, and Pb might limit their 
application to crops, since those elements are toxic to man. For example, cadmium, which is not 
regarded as essential to human life [World Health Organisation (WHO), 2000], is able to 
accumulate itself in the kidneys (Brito, 1986; CADMIUM, 2000; WHO, 2000) and in the liver 
(Brito, 1986), and is also know to produce health effects on the respiratory system and has been 
associated with bone diseases (WHO, 2000). WHO has established a provisional tolerable weekly 
intake (PTWI) for cadmium of 7 µg/kg of body weight. This PTWI weekly value corresponds to a 
daily tolerable intake level of 70 µg of cadmium for the average 70-kg man and 60 µg of cadmium 
per day for the average 60-kg woman. 

The major route for cadmium intake, for non-smokers, is ingestion. This is largely due to the 
presence of trace levels of cadmium in foodstuffs of natural origin or of the use of phosphate 
fertilisers and sewage sludge on agricultural soils (CADMIUM, 2000). 

The trivalent chromium is an essential metal for man and animals [Langärd and Norseth, 1979; 
Langärd, 1980; Chromium Information Bureau (CIF), 2000], which plays an important role in the 
metabolism of glucose, especially at hormone insulin production (CIF, 2000). The Estimated Safe 
and Adequate Daily Dietary Intake are from 50 to 200 µg per day. The hexavalent chromium, 
which does not occur naturally in significant amounts, has no nutritional value and is able to 
produce skin alterations, as well as asthma. 

According to several authors nickel is an essential nutrient (Nielsen et al., 1995; Uthus and 
Poellot, 1996, 1997; Nielsen et al. 2000). Their experiments showed that nickel deprivation, in rats, 
is altered by vitamin B12, folic acid and pyridoxine (B6) deficiency. All of these vitamins influence 
the metabolism of the amino acid homocystine, which has been associated with heart disease when 
its amounts in blood increased. Based on these studies it looks like human may need about 25 to 35 
μg/day, however, aAccording to the NRC (1980), the toxicity due to nickel in domestic animals 
occurs for concentrations between 50 to 100 mg.kg-1. 

Lead is a highly toxic metal that produces a range of adverse health effects particularly in young 
children. There are many ways in which humans are exposed to lead: through deteriorating paint 
and dust, air, drinking water, food, and contaminated soil. The toxicity provoked by lead, in 
animals, occurs for food concentrations of 20 mg.kg-1 (NRC, 1980). According to several authors 
(Tsuchiya et al., 1979; Needleman, 1980; Sridhar et al., 2000), lead can manifest mainly in the 
humans' nervous system and brain.  

Concerning to pathogens, some potential health risks can be related to the reuse of sludge as a 
vehicle of some pathogenic micro-organisms like Salmonella spp, Clostridium perfringens and 
Listeria monocytogenes (De Luca et al. 1998, McGowan et al. 1994). The period of pathogens 
survival in soil and in plants can be from several months to 10 days and is related with the type of 
pathogen (Feachem, et al. 1983 on OMS report 1989). 

In this study we carried out an experiment using different types of fertilisers in the production of 
French garlic. The objectives were to evaluate, under greenhouse conditions and in pot experiment, 
a) plant yield, b) plant nutritional status, especially at the heavy metals concentration, such as Cd, 
Cr, Ni, and Pb, and c) plant microbiological contamination, determining several microbial 



European Water 11/12 (2005) 11 

 

parameters such as the total and faecal coliforms, Escherichia coli, spores of sulphite-reducing 
clostridia and Salmonella sp. 

2. MATERIAL AND METHODS 

The experimental work was realised in randomised pots. These were filled with a Calcic 
Luvisols (LVcc) according to the World Reference Base for Soil Resources (FAO, ISRIC and ISSS, 
1998). 

The soil was divided into 39 sub-samples, each one of 7.0 Kg for growth tests. One soil sample 
of 0.5 Kg was collected for some physical and chemical analyses (Table 1). 

 
Table 1. Physical and chemical soil analyses 

Parameters Method Values 
Texture Sodium hexam. Clay soil 
pH Potentiometry 7.70 
Elect. Cond. (dS.m-1) Potentiometry 0.06 
Organic Matter (%) Walkley-Black 2.14 
N (%) Kjeldhal 0.17 
P2O5 (mg.Kg-1 soil) Olsen 46.10 
K2O (mg.Kg-1 soil) Ammonium acetat 481.80 

 
Four organic materials were applied as basic fertilisation: urban sludge, mild sludge and two 

commercial organic fertilisers. Urban sludge was collected at the water plant treatment of 
Vilamoura, Loulé. Mild sludge was collected at the paper's factory Soporcel, Setúbal. Both 
materials were dried at an average temperature of 25ºC for 1 week and ground in a laboratory 
grinder to an average size of 10 mm. One sample of 0.5 Kg of each material was collected for 
physical and chemical analyses (Table 2). Two commercial organic fertilisers were used: "Sansão", 
a mild sludge and chicken residues compost; and "Setsolos", an urban solid residues compost. 

 
Table 2. Physical and chemical parameters of the sewage sludge (SS), mild sludge (MS), "Sansão" (SA) and "Setsolos" 

(urban solid residues, SET) 

Parameters Method  Organic fertilisers  Portuguese law 
  SS MS SA SET standards 
pH Potentiometry 6.2 6.6 6.3 7.8 - 
Elect. Cond. (dS.m-1) Potentiometry 3.0 4.7 6.4 8.3 - 
Organic Matter (%) Calcination 74.3 72.8 37.9 37.4 - 
C/N  14 10 10 13 - 
N (%) Kjeldhal 3.0 4.2 2.2 1.7 - 
P2O5 (%) Photometry 3.0 1.5 2.0 1.7 - 
K2O (%) Flame photometry 0.1 0.2 1.5 1.8 - 
Ca (%) Atomic absor. spect. 4.7 9.7 1.7 6.2 - 
Mg (%) Atomic absor. spect. 0.2 0.2 0.3 0.6 - 
Fe (%) Atomic absor. spect. 0.4 0.2 0.3 0.4 - 
Mn (ppm) Atomic absor. spect. 82.0 306.0 153.0 399.0 - 
Cu (ppm) Atomic absor. spect. 356.0 13.0 37.0 876.0 1000 
Zn (ppm) Atomic absor. spect. 505.0 64.0 151.0 342.0 2500 
Cd (ppm) Atomic absor. spect. 1.0 0 0 0 20 
Cr (ppm) Atomic absor. spect. 33.0 19.0 14.0 30.0 1000 
Ni (ppm) Atomic absor. spect. 53.0 107.0 25.0 121.0 300 
Pb (ppm) Atomic absor. spect. 61.0 19.0 130.0 167.0 750 

 
The inorganic fertilisers used were a conventional inorganic fertilizer, Foskazoto 15:15:15 (CIF) 

and a controlled release fertilizer, Osmocote 5-6M, 15:10:12 + 2 Mg (CRF), both as basic 
fertilisation. 

Each organic and inorganic fertiliser was separately added to 6 sub-samples of the soil, as basic 
fertilisation; 3 more sub-samples of the soil were prepared for the control treatment (without any 
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nitrogen fertilisation) during crop vegetative cycle. The organic materials and the inorganic 
fertilisers were applied according to an increasing scale of nitrogen (Table 3). Each experimental 
amount of organic and inorganic fertiliser was assayed in triplicate. After this, all soil samples were 
placed in Mitcherlich pots, containing 10 cm of limestone to allow water drainage, if necessary. 

After plantation (April of 1999), all pots were irrigated at field capacity, and maintained as 
possible in this condition during the experiment. If some water was lost through the bottom of the 
pot, it was immediately replaced on the surface of the soil to avoid water and nutrient losses. The 
pots were placed in a greenhouse at the Experimental Field of the Algarve University. 

 
Table 3. Amounts of organic and inorganic fertilisers applied by treatment (g per pot) 

Treat. N Sewage Mild Sansão Setsolos Foskazoto Osmocote 
  Sludge Sludge     
  (SS) (MS) (SA) (SET) (CIF) (CRF) 
Control 0       
I 0.8 27 19 36 47 5.3 5.3 
II 1.6 54 38 72 94 10.6 10.6 

 
Three months after, all plants were harvested and weighted (fresh weight). Afterwards, the 

samples were dried separately at 80 ± 2ºC to constant weight (dry weight). Those vegetable samples 
were divided in two sub-samples: one was ground and digested with HCl 3M (acid medium) for 
chemical analyses of phosphorous (ammonium molibdate method), potassium (flame photometry), 
calcium, iron, copper, zinc, cadmium, chromium, nickel, and lead (atomic absorption 
spectrophotometry); for nitrogen determination plant material was ground and the Kjeldahl method 
was used (Morgan et al., 1957); the other was analysed for microbiological contamination. The 
following microbial parameters were determined: total and faecal coliforms and Escherichia coli, 
spores of sulphite-reducing clostridia and Salmonella spp. From each treatment three plants were 
analysed and the Most Probable Number (MPN) per gram was determined using three replicates. 
The data was statistically analysed by ANOVA using the SPSS Programme. 

Fresh weight results, French garlic N, P, K, Ca, Fe, Cu, Zn, Cd, Cr, Ni, and Pb contents were 
statistically analysed by ANOVA and comparative analyses of the means were performed by New 
Multiple-Range Test (Duncan, 1955) test using the SPSS Programme (SPSS Inc., 1989-2002, 
Chicago, Illinois, U.S.A.). 

3. RESULTS 

Plant yield results show significant differences (p<0.05): the highest CIF treatment was 
significative from control (Duncan test) (Figure 1). Plants did not growth as desired in a way that 
they were harvested after 3 months when this crop has a vegetative cycle of 6 to 8 months. 
However, french garlic had better yield response with the application of the conventional inorganic 
fertiliser (Foskazoto 15:15:15). 

Several plant nutritional elements were determined: nitrogen (N), phosphorous (P), potassium 
(K), calcium (Ca), magnesium (Mg), iron (Fe), manganese (Mn), copper (Cu) and zinc (Zn) (Table 
4). All elements content determined in French garlic plants showed significant differences between 
treatments; the exception was Cu content. The plants N, K, Ca, Mg, and Mn contents increased with 
the increasing application of all fertilisers, with the exception of the SET treatments. The plants 
fertilised with the highest application of sewage sludge had the highest N, P, K, Mg, Mn, Cu, and 
Zn contents.  
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Table 4. Plant nutritional status 

(macronutrients)      
Treatments N (%) P (%) K (%) Ca (%) Mg (%) 
Control 2.36               f 0.31             de 2.17             fg 3.12             de 0.14               c 
CIF1 2.13               g 0.26               f 1.74               i 2.44              g 0.09               h 
CIF2 2.65               e 0.27              ef 2.83               d 3.00               e 0.11               f 
CRF1 2.45               f 0.29              ef 2.13           fgh 2.18               h 0.12               e 
CRF2 3.10               c 0.31             de 3.21               c 3.92               b 0.15               b 
SS1 2.45               f 0.34             cd 2.67               e 2.71               f 0.11               f 
SS2 4.26               a 0.45               a 3.62               a 3.76               b 0.17               a 
MS1 2.69               e 0.40               b 2.15           fgh 2.30             gh 0.10               g 
MS2 3.50               b 0.37             bc 3.46               b 4.28               a 0.16               a 
SA1 2.37               f 0.29              ef 1.98               h 3.17           cde 0.10               g 
SA2 2.86               d 0.30            def 2.64               e 3.32               c 0.13             cd 
SET1 2.61               e 0.34             cd 2.29               f 3.29             cd 0.13             cd 
SET2 2.26             fg 0.28              ef 2.09             gh 2.40               g 0.12               e 
(micronutrients)     
Treatments Fe (ppm) Mn (ppm) Cu (ppm) Zn (ppm) 
Control 221                   bc 20.50                  d 9.0                    a 35.5                    d 
CIF1 178                 bcd 11.33                  h 13.3                    a 24.3                     f 
CIF2 112                   cd 20.00                  d 6.3                    a 24.7                     f 
CRF1 186                 bcd 15.00                   f 5.7                    a 26.3                   ef 
CRF2 390                     a 29.33                  b 6.3                    a 27.3                   ef 
SS1 274                   ab 16.00                 ef 6.3                    a 35.0                    d 
SS2 55                     d 37.50                  a 13.5                    a 62.5                    a 
MS1 66                   cd 19.00                  d 5.3                    a 39.7                    c 
MS2 109                   cd 27.00                  c 5.3                    a 34.3                    d 
SA1 57                     d 10.67                  h 5.0                    a 33.3                    d 
SA2 166                 bcd 20.00                  d 6.7                    a 50.0                    b 
SET1 89                   cd 17.00                  e 9.0                    a 28.7                    e 
SET2 77                   cd 13.33                  g 8.3                    a 26.7                   ef 
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Figure 1. Plant yield 

Heavy metals contents, such as cadmium (Cd), chromium (Cr), nickel (Ni) and lead (Pb) was 
also performed. No vestiges of cadmium were found. Plants fertilised with the highest level of 
sewage sludge showed the highest chromium (4 mh.kg-1) and lead (7 mg.kg-1) contents; plants 
fertilised with the highest level of “Sansão” had the highest nickel (3 mg.kg-1) content (Table 5). 

Concerning microbiological quality (Table 6), the mean of MPN/g of total coliforms in the 
control treatment was 2.34x104 and the mean difference of MPN/g of total coliforms was not 
statistically different (p>0.05) for the two inorganic and for three organic fertilisers used. However, 
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the mean difference of one of the organic fertiliser (sewage sludge) is significantly different 
(p<0.05). 

 
Table 5. Heavy metals concentration in French garlic crop 

Treatments Cd (ppm) Cr (ppm) Ni (ppm) Pb (ppm) 
Control Not detected (Nd) 0.0                      c 1.5                    ab 1.5                      b 
CIF1 Nd 0.7                    bc 0.7                      b 4.0                    ab 
CIF2 Nd 1.0                    bc 2.3                    ab 1.3                      b 
CRF1 Nd 1.7                   abc 1.0                      b 3.3                    ab 
CRF2 Nd 1.0                    bc 2.0                    ab 2.0                    ab 
SS1 Nd 2.3                   abc 2.0                    ab 3.3                    ab 
SS2 Nd 4.0                      a 2.0                    ab 7.0                      a 
MS1 Nd 1.3                   abc 2.3                    ab 1.7                      b 
MS2 Nd 1.0                    bc 1.0                      b 2.7                    ab 
SA1 Nd 2.3                   abc 2.0                    ab 2.0                    ab 
SA2 Nd 3.3                    ab 3.0                      a 2.7                    ab 
SET1 Nd 2.3                   abc 2.0                    ab 3.0                    ab 
SET2 Nd 3.0                    ab 2.0                    ab 2.0                    ab 

 
Table 6. Microbiological quality of "leeks" 

Treatments Total Coliforms 
(MPN/g) 

Faecal 
Coliforms 
(MPN/g) 

Escherichia coli 
(MPN/g) 

Spores of sulphite-
reducing 
Clostridia 
(MPN/g) 

Salmonella sp 

Control 2.34x104 0.0 0.0 3.0 Not Detected 
CRF2 1.73x104 0.0 0.0 Not determined Not determined 
CIF2 3.50x104 0.0 0.0 Nd Nd 
MS2 3.50x104 0.0 0.0 Nd Nd 
SS2 2.38x105 9.10x102 0.0 54.3 ND 
SET2 2.42x104 5.00x10 0.0 5.6 ND 
SA2 9.50x104 1.30x10 0.0 3.0 ND 

 
The faecal coliforms were not detected in control plants and in plants cultivated with the 

inorganic fertilisers and with mild sludge. The mean difference MPN/g of faecal coliforms of the 
plants cultivated in the three organic fertilisers was not statistically different from the control 
(p>0.05). 

The MPN/g of spores of sulphite-reducing clostridia was determined in control plants and in 
plants cultivated with three organic fertilisers. The MPN/g of spores of sulphite-reducing clostridia 
was 3 and the mean difference was statistically different for the plants cultivated with sewage 
sludge (p<0.001) and was not statistically different for the urban solid residues treatment (p>0.05). 
The bacterial pathogen Salmonella sp was not detected in the analysed samples. 

4. CONCLUSIONS 

Because of the short period of this culture in soil plant yield was not the expected with the 
application of all fertilisers. It was achieved the best yield with the application of the conventional 
inorganic fertiliser (Foskazoto 15:15:15), followed by the highest levels of the controlled release 
fertiliser and the urban solid residues compost. In the present study, controlled release fertiliser did 
not promote better yield or better nutritional status as compared with the other inorganic fertiliser 
used. Beside the environmental protection given by the use of controlled release fertiliser, for this 
culture it seems that the use of these fertilisers may not be the best economical option, as they are 
very expensive. 

Plant mineral content showed significant differences between treatments. The highest sewage 
sludge application promoted the highest mineral content, including chromium, nickel, and lead. At 
the plantation conditions, in greenhouse and with high temperature, these organic residues applied 
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may mineralised faster since their C/N relationship is relative low (10-14). Thus, if the 
mineralisation rate corresponds to the plant demand, these compounds allow the use of mineral 
nutrients by plants. 

French garlic fertilised with the highest sewage sludge application showed the best mineral 
content. However, French garlic which seems to accumulate nutrients in the edible part, has also a 
high soil-plant contact that may promote a potential microbiological contamination when organic 
residues are applied. According to this study and for this kind of crop, sewage sludge, “Sansão”, 
and urban solid residues compost use seems to be compromised. 

As concluding remarks, it was shown that the fertiliser management, especially the fertiliser type 
and the crop requirements are important conditions to achieve good yield and plants with high 
nutritional and microbial quality. 
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