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Abstract 

The aim of the work was to verify the potential of citrus by-products for the production of a quality compost to be used in both conventional and organic farming. Two different composts were produced utilizing Pastazzo (mixture of citrus pulp and skins). One of them, to be used in conventional farming, was prepared adding sludges obtained from citrus industry waste water treatment to pastazzo. The other one, whose final destination was organic farming, was produced without the addition of sludge as starting raw material. Chemical parameters were used to evaluate the characteristics of the final product. Results obtained demonstrated that organic residues from citrus-processing industry could be considered as raw materials for the production of quality composts for both conventional and organic farming.
Introduction 

In Italy, citrus-processing industry has increased its importance during the last ten years. The main product of the industrial process is the juice (35-45% of total weight of fresh product), while the main by-products are represented by pastazzo, a mixture of citrus pulp and skins (60% of fruit weight), and a significant amount of sludges obtained by industrial waste water treatment.
In order to solve the economic and environmental problem connected to the large amount of by-products obtained (600.000 t of pastazzo y-1) a sustainable approach to waste management should be identified. Compost processing is a potential technology to recycle organic matter component of these by-products.

The main aim of the work was to verify the potential of citrus by-products for the production of a quality compost. Moreover, since in organic farming sludges are not allowed, we wanted to verify the technical feasibility of compost production by the utilization of pastazzo and pruning materials. 
Materials and methods 
The composting trials were performed in the Experimental farm of CRA-ACM. Two different compost heaps were set up. The first one, to produce compost for conventional agriculture (C-conv), was prepared mixing pastazzo (40%) (w/w), sludge (20%) and pruning materials (40%). The other one, to be used in organic farming (C-org) was obtained mixing pastazzo (60%) and  pruning materials (40%), without the addition of sludge.
Compost samples were taken from each pile at prefixed time. In details: just after the mixing of the raw materials, at starting of compost process(T0) and after 29 (T1), 67 (T2), 89 (T3), 130 (T4) e 165 days (T5). Samples were dried in oven at 50°C, ground and sieved at 1 mm and then stored for subsequent analysis.

Each sample was analyzed to determine total N, total organic carbon (TOC), total extractable carbon (TEC) and humic and fulvic like carbon (CHA+FA) In addition, the isoelectric focusing (IEF) in a polyacrylamide slab gel with a preformed pH gradient was performed in order to separate organic compounds, according to their isoelectric point and their electrophoretic mobility (Govi et al., 1994). 

In order to determine the humic and fulvic like carbon (CHA+FA) and to perform the IEF profile, organic matter was extracted from samples in a solution of NaOH/Na4P2O7 0.1 N (2g in 100 mL) for 48 hours at 65°C. The humic acids were then precipitated by 0,5 N H2SO4 at pH 2. The fulvic acids were purified on a polyvynilpyrrolidone column and then joint to humic fraction (HA+FA) following the procedure proposed by Ciavatta et al. (1990). Degree of humification (DH%) and humification rate (HR%) were calculated according to Ciavatta et al. (1990) as follow:
	DH% = (CHA+FA ( 100)/TEC
	HR% = (CHA+FA ( 100)/TOC


On T5 samples, obtained at the end of the composting process, the following parameters were determined: total P2O5 (%), total K2O (%), total Cd, Hg, Cu, Zn, Ni, Pb, Cr (VI) (mg kg-1) by atomic absorption.
Results
Table 1 reports the main physical-chemical characteristics of the two composts produced and, in order to allow an easy comparison of the values with the applicable legislative limits, the values imposed by Italian legislation (Lgs.D. 217/2006).

In table 2 quality and quantity parameters of compost organic matter, sampled during the composting process, are reported. The C/N ratio shows a decrease over time, while DH % and HR % presented an increasing trend.

Figure 1 reports the IEF profiles of samples T0-T5 for C-conv and C-org. In C-conv the IEF profiles showed a sharp peak at pH 3.5 while in C-org its area decrease starting from T1 profile. For both the composts the IEF profiles, from T1 to T5, resulted better resolved in the pH range 4.2-4.7. Number and the area of the peaks focused at pH>4.7 increased over time.
Table 1. Chemical-physical characteristics of C-conv and C-org and limits of the Italian legislation. 
	Parameter
	C-conv
	C-org
	IT Limits

(Lgs.D. 217/06)

	pH
	8.4
	8.5
	6-8,5

	Ashes (%)
	37.5
	24.6
	-

	TOC (%)
	31.0
	37.7
	>25

	Total N (%)
	2.8
	2.5
	-

	P2O5 (%)
	2.3
	0.7
	-

	K2O (%)
	0.8
	0.7
	-

	C/N
	12
	14
	<25

	CHA+FA (%)
	14
	18
	>7

	Total Cadmium (mg kg-1)
	1.5
	<0.5
	<1,5

	Total Mercury (mg kg-1)
	<0.1
	<0.1
	<1,5

	Total Copper (mg kg-1)
	37
	32
	<150

	Total Zinc (mg kg-1)
	320
	99
	<500

	Total Nickel (mg kg-1)
	31
	20
	<100

	Total Lead (mg kg-1)
	10
	13
	<140

	Hexavalent Chromium (Cr VI) (mg kg-1)
	-
	-
	<0,5

	Electric conductivity (dS m-1)
	2.08
	1.78
	- 


Table 2. Total organic carbon (TOC), humification rate (HR), humification degree (HD) and C/N ratio of the samples collected during the composting process.
	
	TOC (%)
	HR %
	DH %
	C/N

	Sample
	C-con
	C-org
	C-con
	C-org
	C-con
	C-org
	C-con
	C-org

	T0
	45.0
	49.8
	22
	23
	57
	64
	31
	37

	T1
	38.7
	45.8
	31
	31
	73
	86
	16
	23

	T2
	37.2
	43.5
	34
	36
	78
	88
	14
	17

	T3
	34.4
	41.9
	36
	38
	76
	83
	13
	16

	T4
	35.2
	38.5
	40
	42
	72
	85
	12
	14

	T5
	31.0
	37.7
	47
	47
	74
	90
	12
	14


Discussion
Both the composts produced complied with the limits imposed by Italian legislation concerning compost allowed in conventional and organic farming (table 1). The differences between C-conv and C-org regarding ashes and TOC could be explained considering that C-conv contained sludges, which are generally characterised by a high value of ashes and, consequently, a relatively low content of TOC. Similarly, can be explained the higher value in P2O5 of C-Conv.

As far as heavy metals content is concerned, both composts presented low absolute values, complying with the national legislation. In addition, excluding Zn and Cd which are significantly higher in C-conv than in C-org, the two composts showed similar values. 
Results about C/N ratio and the different C fractions evolution during composting process (table 2) gives information about the appearance of more stabilised humic like substances. The C/N ratio decreased starting from T0, while DH% and HR % increase over time, showing the expected trend. In addition, DH% values were higher in C-org than in C-conv. 


Figure 1.  IEF profiles of investigated compost samples.
Isoelectrofocusing profiling technique, which allows evaluation of organic matter during the composting process from a qualitative point of view, showed an increase of complexity of organic fractions over time, as demonstrated by the larger size and number of peaks focused at pH higher than 4.7 (indicating more humified material) and by the decreasing of peaks focused at lower values of pH (less stabilized organic matter) (Figure 1).

Conclusions
The low content of potential toxic elements and the positive properties of organic matter of the two composts produced allow affirms that the citrus-processing industry wastes can be utilized for a quality compost production (Tittarelli et al., 2007). Moreover compost obtained without sludges, depending on its qualitative-quantitative characteristics, can be utilized in organic farming.
References
Ciavatta C., Govi M., Vittori Antisari L., Sequi P. (1990). Characterization of humified compounds by extraction and fractionation on solid polyvynilpyrrolidone. J. Chrom. 509:141-146.

Govi M., Ciavatta C., Gessa C. (1994). Evaluation of the stability of the organic matter in slurries, sludges and composts using humification parameters and isoelectric focusing. In: Senesi S. and Miano T.M. (eds). Humic Substances in the Global Environment and Implications on Human Health. Elsevier Science. pp 1311-1316. 

Tittarelli F., Petruzzelli G., Pezzarossa B., Civilini M., Benedetti A., Sequi P. (2007). Quality and Agronomic Use of Compost. Compost Science and Technology. Diaz L.F., De Bertoldi M., Bidlingmaier W. and Stentiford E. pp 119-157.
Lgs.D. 217/2006. Revisione della disciplina in materia di fertilizzanti. Gazzetta Ufficiale n. 141 20 June 2006 - Supplemento Ordinario n. 152.























































































pH





pH





5.0





4.5





3.5





pH





C-conv T5





C-conv T3





C-conv T4





pH





C-org T0





C-conv T2





4.0





C-conv T1





C-conv T0





5.5





5.0





4.5





4.0





3.5
































A








C-org T5





C-org T4





C-org T3





C-org T2





C-org T1





A








� Consiglio per la Ricerca e la sperimentazione in Agricoltura – Centro di ricerca per lo studio delle Relazioni tra Pianta e Suolo (CRA – RPS). Via della Navicella, 2 - 00184 Rome, Italy. E-mail: corrado.ciaccia@entecra.it 


� Consiglio per la Ricerca e la sperimentazione in Agricoltura – Centro di ricerca per l’Agrumicoltura e le Colture Mediterranee (CRA – RPS). Corso Savoia, 190 – 95024 Acireale (CT), Italy. 





