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Abstract

Sugar beet and durum wheat, cropped in a 2-years rotation were treated with differing doses of municipal solid waste (MSW) compost corresponding at three N doses (40, 80, 120 kg N ha-1). The MSW treatments were compared with mineral fertilizer  in a completely randomized block experimental design with three replications.  A 6-year field experiment was carried out at Foggia (Southern Italy) during 1994-1999 on a silty-clay soil (Vertisol). The compost was obtained by the SLIA Plant in Brindisi and in Castel di Sangro (Italy) through aerobic transformation of municipal solid waste.

The quantities of composted biomass and organic C incorporated in the soil during the trial period were on the average 7.66 and 3.52 t ha-1, respectively.

In some years MSW treatments increased yield performances, while sugar content and pulp quality were not different with other experimental treatments. Other important findings concern: i) the decrease of  -amino N of sugar beet in MSW-treated plots; ii) lower quantities of Na+; iii) the N supplied to durum wheat by MSW-compost seems  enough for dry matter accumulation, while  the same quantities of N supplied by other N source could be in excess.

Best responses obtained may be attributed at the organic matter of MSW compost  that improves physical soil properties, root apparatus efficiency and plant nutrition.

Some modifications of soil humification parameters were observed (i.e.: rate and degree of humification of plots amended with MSW compost decrease through the years), whereas heavy metals applied with municipal solid waste compost, after 6 years of trial, do not modify soil total heavy metal content.

Key words: MSW-compost, sugar beet,  heavy metals, total organic carbon, soil fertility. 

Introduction

The development of sustainable agroecosystem in semiarid regions can be obtained mainly with soil organic matter (o.m.) conservation. This is because soil o.m. is extremely important in all soil processes (biological, physical and chemical); in fact improves nutrient cycling, reduces the effects of compaction, builds soil structure, checks water flow, serves as energy source for soil microorganisms, increases cation-exchange capacity (Sequi, 1989).

Pieri (1995) reports that the annual losses of organic matter could be more than 5% (on sandy soil ploughed with fertilizers). To prevent a decline of soil o.m., the suitable methods experimented also in old time, consist in plowing under any kind of organic material (crop residues, manures, sewage sludge, composts, wastes). Some of these organic material could determine crop yields reductions attributable: i) to short-chain fatty acids production during residue decomposition (Lynch et al., 1981); ii) colonization of roots by deleterious rhizobacteria (Alstrom, 1987); iii) higher contents of weak-alkali soluble organic matter and nitrogen and toxic humic substances (Plice, 1950); iiii) organic N of manures only slowly becomes available to the crop when C/N ratio exceeds 20 or 25 (Harmsen et al., 1955). 

The development of composting of high C/N ratio residues is providing an innovative management to eliminate the  negative effects on yields. Composting of different residues (crop, municipal solide waste, olive mill waste) will overcome the negative aspects of crop growth, as showed on some soil-borne diseases (Hointink et al., 1991), soil structure (Elliot and Lynch, 1984),  fertilizer supply  and soil quality (Nelson and Craft, 1992; Thomsen, 1993; Zaccheo et al., 1993),  land reclamation (Dick and McCoy, 1993),  organic matter and nutrients (He et al., 1992; Shiralipour et al., 1992), soils physical, chemical and microbiological characteristics and crop production (Steffen, 1979; Nishio and Cusano, 1980; Darmody et al., 1983;  Pera et al., 1983).

In agronomic compost disposal trial, the major objective is to increase economic benefits while decreasing associated health hazards; to evaluate and study municipal solid waste compost (MSW)  effects on yield response and soil chemical and physical changes, a field experiment was conducted in southern Italy during 6 years. 

Materials and Methods

Sugar beet and durum wheat, cropped in a 2-years rotation were treated with differing doses of municipal solid waste compost corresponding at three N doses (40, 80, 120 kg N ha-1). The MSW treatments were compared with mineral fertilizer  in a completely randomized block experimental design with three replications. 

The research was carried out at Foggia (Southern Italy) since 1993 on a silty-clay soil (Typic Chromoxerert, Soil Taxonomy classification), characterized by the following chemical composition: o. m. 2.07 %; clay 31.1 %; pH 8.3; C/N 10; CaCO3 4.3 %. In the Figure 1 were reported climatic characteristics recorded during the trial period.

The compost was obtained by the SLIA Plant in Brindisi and in Castel di Sangro (Italy) through aerobic transformation of municipal solid waste.

Before and at the end of both the cropping cycles, soil samples were collected (0-40 cm depth) of all elementary plots. Heavy metals contents, total organic C, total extracted C and humic C, soil N-NO3, N-NH4 exchangeable, NaHCO3-P, NH4Ac-K were determined (Ministry of Agricultural Resources, 1992). Humification parameters were also calculated.

At the harvest, yields and qualitative characteristics of sugar beet roots (Mantovani, 1977; Barbanti et al., 1994; Biancardi et al.,1994) were recorded and examined in this paper. In particular, mineral nitrogen fertilization (NH4NO3), with 120 kg N ha-1 as NH4NO3, and MSW compost application (MSW) treatments, containing same quantity of organic N, were compared and investigated.

Results and Discussion

Figure 2 shows sugar-beet root yields trend through trial years. Light differences between the two treatments were observed; although not significant sugar-beet yields seem to increase when was used MSW-compost as soil amendment, in comparison to nitrogen fertilizer (NH4NO3) supplied in spring time. Particularly, in 1997 significant difference (P 0.05) in yield performance was found, indicating that MSW-compost played  an important role on physical soil characteristics that is able to enhance root apparatus efficiency compared with conventional N fertilizer (NH4NO3). 

[image: image1.wmf]Figure 2. Effects of experimental treatments on sugar beet root and sugar yield during the trial period.

(*= significant at P<0,05).

Significant increase in sugar beet sucrose in MSW treatments were found (Figure 2) in three years (1996-1997-1999) of trial period. The variations observed during the whole trial period on this  parameter certainly are independent from irrigation treatments to the crop because are the same on  both conventional fertilized and MSW-compost amended plots. 
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Figure 3 - Effects of experimental treatments on Na and K  contents of sugar beet during the trial period 

( *= significant at P<0.05).

Sodium content of sugar beet pulp (meq 100 g-1) shows high variations within samples that makes very difficult to individuate a general trend through the years (Figure 3). Except in the 1996, Na content of SB pulp is higher when the experimental plots were treated with mineral N fertilizer. Although it is not easy to draw general conclusions, it could be important to observe that Na content in SB pulp is reduced supplying MSW-compost as soil amendment. 

The high Na values observed in 1996 were probably attributed to the late of sugar-beet harvesting, as observed also by Amaducci and Venturi (1976).

Only in the 2nd year Potassium of SB pulp (Figure 3) shows a highest content; in the following 5 years the average value of 5 meq K 100 g-1 pulp was practically constant and no significant difference between treatments tested was found. Therefore, when no conventional fertilizer was applied no difference in potassium content of SB pulp was obtained.

When MSW–compost was added in the soil no significant difference with NH4NO3 treatment was found in the -N content (Figure 4). Therefore, the quality of sugar beet pulp was not modified after 6-years of  MSW-compost application.
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Figure 4 - Effects of experimental treatments on  -amino N content of sugar beet and alkalinity coefficient  during the trial period ( *= significant at P<0.05).

Obviously, the alkalinity coefficient (Figure 4) presents the opposite trend of -aminonitrogen content. For this parameter only in the year 1996 the sugar-beet MSW-treated was significant higher than NH4NO3 treatment, whereas in the other years no difference was found.The “molasse-sugars” content (M.s.c.), as reported in the Figure 5, shows that organic fertilization with MSW-compost decrease this substance, increasing the yield of white sugar obtained after the industrial extraction of sugar beet juices (Mantovani et al; 1977). This result was obtained in the 1997 year, whereas no significant difference between MSW-compost and NH4NO3 treatments were found in the other years. 
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Figure 5 - Effects of experimental treatments on  “molasse-sugars” content (M.s.c.),  of sugar beet   during the trial period ( *= significant at P<0.05).

Table 1 shows the mean values of yields (roots and sugars–t ha-1)  and qualitative characteristics  recorded in the experimental years. Very large differences were found on roots and sugars yields (passing from 45.9 to 73.5 t ha-1   and from 5.61 to 9.06 t ha-1, respectively) determined by climatic conditions, irrigation treatments and phytosanitary state rather than fertilization.  Significant differences were observed through the years on Na, K and other sugar beet characteristics qualitative: Na content differs significantly from the first and following years, on the contrary,  K content in 1998 seems lower than other years and maximum value was recorded in the second year. The variability of quality parameters of sugar-beet is strictly correlated to yearly changes of rainfall and temperature (see Figure 1).

Table 1 – Effects of years on yields and qualitative characteristics of sugar beet (mean of treatments).

	Years
	yield

(t ha-1)
	Ssucrose

(t ha-1)
	Na

(meq 100g-1)
	K

(meq 100g-1)
	Alk. Coeff.
	Molass sugar content (meq 100g1)
	-aminoN

(meq 100g-1)

	
	1994
	55.3 bc
	9.06 a
	1.65 a
	3.23 d
	1.13 ab
	3.22 b
	5.06 c

	
	1995
	57.7 bc
	7.62 b
	0.80 bc
	5.57 a
	0.87 b
	4.84 a
	6.83 ac

	
	1996
	73.5 a
	7.59 b
	1.32 ab
	5.41 ab
	1.39 a
	3.41 b
	5.79 bc

	
	1997
	45.9 d
	8.84 ab
	0.56 c
	4.49 bc
	0.81 b
	  4.03 ab
	6.41 ac

	
	1998
	51.9 c
	5.71 c
	0.98 bc
	4.37 c
	0.76 b
	4.88 a
	7.77 ab

	
	1999
	59.5 b
	5.61 c
	0.88 bc
	5.04 ac
	0.71 b
	5.32 a
	8.47 a


In each column the values with different letters are significantly at P<0.05 (DMRT test).

Soil fertility variations in a typical vertisol of southern Italy observed between 1993 (t0  = beginning of the trial) and 1999, seem the same as adding MSW-compost as supplying N fertilizer (as NH4NO3) to the soil, except for soil N-NO3 content that significantly differed between the years and treatments (Table 2).   

Table 2 – Soil fertility variations as affected by years and experimental treatments.

	Years
	Soil  N-NO3
	Soil  N-NH4
	Organic  C

	
	mg kg-1
	mg kg-1
	 g kg-1

	
	NH4NO3
	MSW
	_

x
	NH4NO3
	MSW
	_

x
	NH4NO3
	MSW
	_

x

	1993
	38.24
	24.23
	31.24
	1.23
	1.70
	1.47
	20.25
	16.56
	18.40

	1999
	16.84
	9.78
	7.06
	1.24
	1.38
	1.31
	19.99
	19.70
	19.84

	lsd “Y” (P0.05)
	
	
	15.21
	
	
	n.s.
	
	
	n.s.

	_

x
	27.54
	17.01
	
	1.24
	1.54
	
	20.12
	18.13
	

	lsd “TRT” (P0.05)
	
	
	9.67
	
	
	n.s.
	
	
	n.s.

	
	
	
	
	
	
	
	
	
	


Conclusions 

Maintenance of soil organic matter is important to sustain yield potential mainly in many developing countries where every attempt should be made to return manures, sewage sludges or composts to the soil. The findings observed in this long-term trial conducted in southern Italy, seem to indicate that plowing MSW-compost, soil organic matter can be maintained above the critical value and consequently yield potential is constant. Agronomical responses and soil fertility variations show same trends, even if variability through the years is very large. Another important information obtained in this experimental work concerns the changes observed on quality parameters of sugar-beet: chemical composition of sugar beet pulp was similarly affected from N fertilizer (NH4NO3) and MSW-compost applications.

Short and long-term benefits of this conservation practice can be observed in the future because agroecosystems could be sustained by meeting the conservation of natural resources and the production of  adequate amounts of food, sugar and fiber.
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Figure 1 –Rainfall and mainly temperatures in trial period (1994-1999) compared to long period.
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		Mesi		Pioggia dell'anno		Pioggia della Norma		Temperatura media dell'anno		Temperatura media della Norma

		G		68.60		53.43		7.63		7.12

		F		77.00		43.88		6.25		7.62

		M		1.80		49.38		11.48		9.65

		A		27.00		48.71		11.98		12.79

		M		27.00		40.24		18.31		17.32

		G		23.40		32.72		21.72		21.93

		L		9.20		25.99		27.00		24.76

		A		6.60		31.76		28.38		24.82

		S		30.20		47.49		23.70		21.43

		O		20.20		57.86		17.41		16.64

		N		21.20		65.71		12.46		11.69

		D		23.60		62.71		7.96		8.54

		G		70.00		53.43		6.50		7.12

		F		18.60		43.88		9.60		7.62

		M		74.20		49.38		7.91		9.65

		A		54.80		48.71		11.16		12.79

		M		53.40		40.24		17.34		17.32

		G		2.40		32.72		21.43		21.93

		L		61.40		25.99		26.22		24.76

		A		71.20		31.76		23.94		24.82

		S		43.00		47.49		20.32		21.43

		O		0.80		57.86		16.58		16.64

		N		22.60		65.71		9.22		11.69

		D		98.00		62.71		9.85		8.54

		Mesi		Pioggia dell'anno		Pioggia della Norma		Temperatura media dell'anno		Temperatura media della Norma

		J		46.00		53.43		7.90		7.12

		F		74.80		43.88		5.87		7.62

		M		57.20		49.38		7.59		9.65

		A		33.80		48.71		12.80		12.79

		M		60.80		40.24		18.10		17.32

		J		27.40		32.72		22.61		21.93

		J		0.00		25.99		24.39		24.76

		A		76.00		31.76		25.09		24.82

		S		84.60		47.49		18.42		21.43

		O		48.80		57.86		15.09		16.64

		N		41.20		65.71		12.20		11.69

		D		69.00		62.71		7.44		8.54

		G		53.8		53.43		7.52		7.12

		F		24.6		43.88		7.66		7.62

		M		22.6		49.38		9.24		9.65

		A		51.6		48.71		9.03		12.79

		M		0.0		40.24		18.71		17.32

		G		0.2		32.72		24.31		21.93

		L		5.6		25.99		25.61		24.76

		A		67.0		31.76		24.72		24.82

		S		31.4		47.49		22.34		21.43

		O		155.0		57.86		16.41		16.64

		N		124.8		65.71		12.86		11.69

		D		25.2		62.71		9.11		8.54

		Mesi		Years rainfall		Normal rainfall		Mean years temperature		Mean normal temperature

		J		38.0		53.43		8.53		7.12

		F		50.6		43.88		9.82		7.62

		M		66.0		49.38		8.74		9.65

		A		17.8		48.71		14.62		12.79

		M		80.2		40.24		17.92		17.32

		J		35.4		32.72		24.72		21.93

		J		76.7		25.99		27.43		24.76

		A		16.6		31.76		27.72		24.82

		S		18.0		47.49		22.05		21.43

		O		33.7		57.86		17.91		16.64

		N		103.6		65.71		11.01		11.69

		D		47.6		62.71		7.15		8.54

		G		60.2		53.43		7.90		7.12

		F		18.0		43.88		6.97		7.62

		M		11.6		49.38		10.47		9.65

		A		31.8		48.71		13.99		12.79

		M		14.8		40.24		20.50		17.32

		G		62.8		32.72		23.99		21.93

		L		38.8		25.99		25.04		24.76

		A		44.2		31.76		26.99		24.82

		S		62.0		47.49		21.98		21.43

		O		52.4		57.86		18.08		16.64

		N		58.4		65.71		11.69		11.69

		D		69.3		62.71		8.66		8.54
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		1994		1994

		1995		1995

		1996		1996

		1997		1997
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Years

K ( meq/100 g)

2.96

3.51

5.74

5.41
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5.78
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4.16

4.59

4.97
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MSC

		1994		1994

		1995		1995

		1996		1996

		1997		1997

		1998		1998

		1999		1999



NH4NO3

MSW

Years

alfa-N ( meq/100 g)

4.82

5.3

7.28

6.39

6.6

4.99

7.25

5.58

7.74

7.8

8.54

8.4



		1994		1994

		1995		1995

		1996		1996

		1997		1997

		1998		1998

		1999		1999



NH4NO3

MSW

Years

Alkal. coeff.

1.32

0.95

0.8

0.95

0.93

1.86

0.72

0.91

0.73

0.79

0.71

0.71



				1994		1995		1996		1997		1998		1999

		NH4NO3		4.82		7.28		6.6		7.25		7.74		8.54

		MSW		5.3		6.39		4.99		5.58		7.8		8.4





		



NH4NO3

MSW

Years

alfa-N ( meq/100 g)



				1994		1995		1996		1997		1998		1999

		NH4NO3		1.32		0.8		0.93		0.72		0.73		0.71

		MSW		0.95		0.95		1.86		0.91		0.79		0.71
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Alkal. coeff.
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		1994		1994

		1995		1995

		1996		1996

		1997		1997

		1998		1998

		1999		1999



*

NH4NO3

MSW

Years

M.s.c. ( meq/100 g)

3.1

3.33

5.67

4.02

4.15

2.68

4.56

3.51

4.86

4.9

5.36

5.28



				1994		1995		1996		1997		1998		1999

		NH4NO3		3.1		5.67		4.15		4.56		4.86		5.36

		MSW		3.33		4.02		2.68		3.51		4.9		5.28
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