
Romanian  Biotechnological  Letters                                                                                                       Vol. 22, No. 4, 2017 Copyright © 2017 University of Bucharest                                                  Printed in Romania. All rights reserved 
ORIGINAL PAPER 

 

                                                                      Romanian Biotechnological Letters, Vol. 22, No. 4, 2017 
 
12762

 
Valorising municipal sludge as fertiliser in  

Camelina sativa (L.)Crantz 
 
 

Received for publication, October 10, 2015 
Accepted, April 14, 2016 

 
FLORIN IMBREA1, STEFANA JURCOANE2*, GEORGETA POP1, ILINCA M. IMBREA,1 

LUCIAN BOTOS1, FLORIN CRISTA1, LAURA SMULEAC1 
1Banat’s University of Agricultural Sciences and Veterinary Medicine „King Michael I of 
Romania” Timişoara, 1Faculty of Agriculture, 300645, Aradului  Street 119, Timişoara, Romania 

2University of Agronomical Sciences and Veterinary Medicine Bucharest, Faculty of 
Biotechnologies, 59, Mărăsti Blvd, 011464, Bucharest, Romania 
Corresponding author email: stefana.jurcoane@biotehgen.eu 

 
Abstract 

Nowadays, they recommend the valorisation of 18-25% of municipal sludge as fertiliser in 
agriculture duet o its content of nitrogen, phosphorus, potassium, calcium, magnesium, silica salts, 
aluminium salts, organic matter, oligoelements – boron, cobalt, selenium, iodine, etc. provided the 
content of heavy metals, organic compounds, and pathogens are within legal limits (Smith S.R., 2005). 
According to the Directive 91/271/2004 regarding the treatment of wastewater and to the GD 188/2002 
(modified by GD 352/2005 and GD 210/2007), towns with over 2000 L.E. need to purify biologically 
municipal wastewater; therefore, the amounts of municipal sludge produced by water plants will 
increase substantially (http://www.posmediu.ro/). Therefore, we need to test cropping technologies that 
include the use of such sludge. Knowing that this species can be cultivated on damaged lands (Kiraly, 
2014; Ivanoiu et al., 2014), the goal of this study was to investigate the impact of the interaction 
between the sludge rate and the nitrogen rate on seed yield, oil content, and, last but not least, fat acids 
(oleic acid, linoleic acid, and linolenic acid). Results show that both oil yield (465-644 kg/ha) and oil 
quality motivate the used of municipal sludge as fertiliser, which solves the problem of valorising the 
increasing amounts of this material. 
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Introduction  

The total amount of municipal sludge in 2014 was 247,000 t/year of dry matter; if we 
take into account the fact that, by the end of 2018, Romania will have completely observed 
the EU Directive 91/271/CEE, the estimates will reach 559,000 t/year of dry matter. 
Therefore, we need technological solutions for the valorisation of some of this municipal 
sludge in agriculture while observing legal standards. 

For over 40 years, farmers from the U.S.A. and Europe have used municipal sludge as 
fertiliser aiming at both getting rid of wastes and recycling valuable nutrients. Scientific 
studies carried out in the last decade have shown the positive effect of using municipal sludge 
in agriculture (Aggelides and Londra, 2000; Warman and Termeer, 2005; Pourcher and Stan, 
2007; Singh and Mihalache, 2009, Agrawal, 2010;), while the European Commission 
encourages this practice (Showaneket al., 2004; Petersen et al., 2003; Sigua, Ajdei and 
Rechcigl, 2005; Singh and Agrawal, 2008). 
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Materials and methods 
This study monitored in Camelina sativa L. the interaction between sludge fertilisation 

and nitrogen fertilisation and its effects on seed production, oil content, oil yield, and oil 
quality. Research was carried out in a bifactorial experiment set after the subdivided plot 
method with the following factor graduations: 
- factor A – sludge rate (a1 – 10 t/ha; a2 – 20 t/ha; a3 – 40 t/ha); 
- factor B – nitrogen rate (b1 – N0; b2 – N40; b3 – N80). 

The biological material was supplied by the Centre for Microbial Biotechnologies – 
BIOTECH. 

The sludge sued was supplied by the water plant Aquatim: according to the analyses 
made by the O.S.P.A. Timisoara, both heavy metal and nitrogen compounds in the sludge 
were within legal limits (Table 1). 

 
Table 1. Chemical composition of the sludge from the water plant Aquatim compared to the Directive 
86/278/CEE and national regulations regarding agricultural uses of municipal sludge 

 
Value in 

sample dried 
at 1050C 

Value at 
harvesting 
moisture 

Maximum heavy metal level (mg/kg of 
dry matter) in the municipal sludge used 
in agriculture (Directive 86/278/CEE) 

Maximum heavy metal level (mg/kg 
of dry matter) in the municipal sludge 

used in agriculture (Romanian 
regulations) 

pH (units) 7,46 7,37   
Total nitrogen (%) 0,31 1,89   
Mobile phosphorus in 
Al  14, 19    

Mobile potassium in Al 246    
Total phosphorus (%)  1,03   
Total potassium (%)  0,23   
Moisture (%)  83,42   
Organic matter (%)  64,00   
Total manganese (ppm) 386 460,2   
Total kalium (%) 0,86 0,36   
Total magnesium (%) 0,11 0,13   
Total copper (mg/kg of 
dry soil) 2,6 31,45 1000-1750 500 

Total lead (mg/kg of dry 
soil) 12,4 7,65 750-1200 500 

Total zinc (mg/kg of dry 
soil) 73,6 109,8 2500-400 2000 

Total chromium (mg/kg 
of dry soil) 16,12 10,07 - 500 

Total nickel (mg/kg of 
dry soil) 3,68 4,97 300-400 100 

Total cadmium (mg/kg 
of dry soil) 0,32 0,23 20-40 10 

 
To analyse oil compounds, we used the SCAN mode; the working parameters of the 

GC-MS were, for the oven, a temperature of 1000C for 5 min, followed by an increase of 
100C/min up to 2500C maintained for 12 min (the total duration of the programme is 32 min); 
auxiliary temperature was 2000C, quadruple temperature was 1500C, MS source temperature 
was 2000C; the sample volume injected into the column was 1 μL; we used the working mode 
in SPLIT with a splitting rate of 50:1; the carrier gas was He. The mass spectrometer was set 
to a ionising energy of 70 eV with a scanning interval of 33-400 (m/z). 

To identify and quantify fat acids in oils, we used standard compounds such as oleic 
acid, linoleic acid and linolenic acid (Sigma-Aldrich Germany). The calibration was done in 
the interval 0.06-2.25 mg/ml.  
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Results and discussions 
Harvest data are shown in Table 2. 
Overall, yields oscillated between 931 kg/ha in the control variant fertilised with 20 t/ha 

of sludge and no nitrogen fertiliser, and 1,812 kg/ha in the variant fertilised with 40 t/ha 
sludge and N80 fertiliser. 

Per nitrogen level, applying a sludge rate of 30 t/ha, we obtained an increase in yield of 
13%, which corresponds to 158 kg/ha more than in the control variant; this difference is 
statistically ensured and distinctly significant. Increasing the sludge rate to 40 t/ha produced 
an increase in yield of 28%, i.e. a very significant difference of 388 kg/ha. 

Nitrogen fertilisers were very well valorised, increasing the yield with 35% when 
fertilising with N40 and with 55% when fertilising with N80. The difference in yield of 374 
kg/ha (when fertilised with N40) is distinctly significant, while the difference in yield of 571 
kg/ha (when fertilising with N80) is statistically ensured as very significant. 

In this case, oil content ranged between 38.7% when fertilised with N80 + 40 t/ha sludge 
and 42.5% when fertilised with N0 + 20 t/ha sludge. 

Sludge had a positive influence on oil content, which increased from 39.1% on the 
average for the three nitrogen rates when fertilised with 30 t/ha, to 42.5% when fertilised with 
20 t/ha sludge. 

Nitrogen fertilisers had a negative influence on oil content. Thus, on the average for the 
three sludge rates, oil content decreased from 42.5% when fertilised with N0 + 20 t/ha sludge 
to 38.7% when fertilised with N80 + 40 t/ha sludge. 

Oil yield depending on fertilisation is shown in Table 3. We see that, in all experimental 
variants, applying 40 t/ha sludge also produced the largest yield of oil (644 kg/ha) due to 
larger seeds. 

The largest yield of oil (649 kg/ha) was when fertilising with N80, due to larger seed 
yields. 

In conclusion, oil yield is influenced by both seed yield and oil content, and by soil and 
climate conditions. 

 
Table 2 . Influence of the interaction sludge rate x nitrogen rate on yield in Camelina sativa (L.) Crantz 

DL 5% = 42 kg/ha;   DL 1% = 53 kg/ha;   DL 0,1% = 70 kg/ha 
 

Factor A – 
Sludge rate 

Factor B – Nitrogen rate Means of Factor A  

N0 N40 N80 
Yield 

 (kg/ha) % Difference 
 (kg/ha) 

Significance
 

20 t/ha 931 1243 1404 1193 100 Mt. - 

30 t/ha 1031 1391 1628 1351 113 158 xx 

40 t/ha 1165 1617 1812 1531 128 388 xxx 
DL 5% = 72 kg/ha 
DL 1% = 120 kg/ha 
DL 0,1% = 226 kg/ha 

 
Means of Factor B 
 
Yield  (kg/ha) 1042 1417 1614 
% 100 135 155 
Difference (kg/ha) Mt. 374 571 
Significance - xxx xxx 
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Table 3. Influence of the interaction sludge rate x nitrogen rate on oil yield in Camelina sativa (L.) Crantz 

Factor A – 
Sludge rate 

Factor B – Nitrogen rate Means of Factor A  

N0 N40 N80 
Yield 

 (kg/ha) % Difference 
 (kg/ha) Significance

20 t/ha 368 486 543 465 100 Mt. - 

30 t/ha 425 571 648 548 117 83 xx 

40 t/ha 495 679 758 644 138 179 xxx 
DL 5% = 24 kg/ha 
DL 1% = 35 kg/ha 
DL 0,1% = 48 kg/ha 

Means of Factor B 

Yield (kg/ha) 429 578 649 

% 100 134 151 

Difference (kg/ha) Mt. 149 220 

Significance - xxx xxx 

DL 5% = 12,7; DL 1% = 17,9; DL 0,1% = 26,1 
.  

Table 4. Influence of the interaction sludge rate x nitrogen rate on fat acid content in Camelina sativa (L.)Crantz 
 N0 N40 N80 
 mg/ml oleic 

acid 
mg/ml  

linoleic acid 
mg/ml  

linolenic acid
mg/ml oleic 

acid 
mg/ml  

linoleic acid
mg/ml  

linolenic acid
mg/ml oleic 

acid 
mg/ml  

linoleic acid 

mg/ml  
linolenic 

acid 
20 t/ha 
sludge 0.497 0.495 0.513 0.463 0.464 0.498 0.413 0.414 0.486 

30 t/ha 
sludge 0.707 0.621 0.697 0.681 0.601 0.634 0.652 0.574 0.612 

40 t/ha 
sludge 1.113 0.885 1.025 1.087 0.861 1.025 1.002 0.836 0.987 

 
The influence of the interaction sludge rate x nitrogen rate on oil content in Camelina 

sativa (L.) Crantz is shown in Figure 1. 
 

 
 

Figure 1. Influence of the interaction sludge rate x nitrogen rate on oil content in Camelina sativa (L.) Crantz 
 

The chemical composition of the oil differs, as in any plant, on several soil and climate 
factors, on cultivation technologies and on cultivar. It is also known that nitrogen fertilisers 
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have a negative influence on both oil accumulation and oil quality (Dobre et al., 2014). 
Results show that the largest amounts of oleic, linoleic and linolenic acids were when no 
nitrogen fertiliser was used when fertilising with 40 t/ha sludge (Table 4). 
 
Conclusions  

Results point out the possibility of using municipal sludge as fertiliser but, because of 
the large number of farms and of their small size, this use is limited. 

Given that on large areas of agricultural lands nitrate levels are high or even above 
limits, we need to analyse the municipal sludge from the perspective of heavy metals, nitrates 
and nitrites. 

As for the level of yields and for yield quality, this type of fertiliser ensures profitability 
on farms because application costs are lower than mineral fertiliser costs.  

The North Eastern region is traditionally suitable for cow rearing, due to its pastures and 
meadows, the important number of cow livestock and possibilities to produce ecological milk. 
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