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Abstract

An experiment was started in 1998 in Central Italy to evaluate changes in soil fertility and the risk of N loss in an organic (ORG) and a conventional low input (CONV) cropping system. At the end of a 6-year rotation, ORG caused a higher plant biomass incorporation into the soil and thus a higher soil soluble organic carbon. The N surplus in ORG was 32% higher than in CONV, while no differences were recorded on N content in the top soil, so that ORG implicated a higher N loss from that soil layer. In ORG we recorded a higher phosphatase activity but a lower available soil P (due to application of rock phosphate in sub-alkaline soil) and a lower exchangeable K.
Introduction

Nutrient management in organic systems is based on atmospheric nitrogen (N) fixation, combined with recycling of nutrients via bulky organic materials, such as farmyard manure and crop residues, with only inputs of permitted fertilizers. Organic systems are expected to improve soil quality parameters and reduce N leaching (Haas et al., 2002), but this is not always confirmed. Actually, these systems have been criticized for relying on reserves of soil phosphorus (P) and potassium (K) built up by fertilizer additions prior to organic management (Heathwaite, 1997; Løes and Øgaard, 2001), and for increasing residual N exposed to leaching (Kirchmann and Bergström, 2001, Torstensson et al., 2006). This research is aimed to evaluate changes on soil quality indicators in an organic and a conventional low input cropping system over a long term rotation.
Materials and methods

An experiment was started in 1998 in Central Italy (43°N, 165 m a.s.l.) to compare an organic (ORG) and a conventional low input (CONV) system in two contiguous fields, both clay loam, pH 7.8 and with same initial contents of SOM, total N, available P and exchangeable K. The conversion to organic of the ORG field had been started in 1996. Both fields were divided in six sectors (A1, A2, B1, B2, C1, C2) to reproduce the steady-state running of a 6-year rotation in a farm and test several food crops concurrently. In each cropping system a randomized block design with 3 or 4 replicates (depending on year and crop) was adopted. The same sequence of cash crops over the 6 years was adopted in both systems (Table 1). The nutrient supply was assured by green manures, pelleted poultry manure (4% N, 4% P2O5, 3% K2O), rock phosphate (P2O5 17% soluble in formic acid 2% concentrated) and potassium sulfate (50% K2O) in ORG; by green manure (only until 2000) and mineral fertilizers in CONV. 
Tab. 1: Six-year crop rotations in the six field sectors in organic (ORG) and conventional low input (CONV) cropping systems. Green manure crops (GM) were adopted in ORG and CONV until 2000, only in ORG afterwards. The N supply (kg ha-1) from fertilizers in ORG/CONV system is reported in brackets.

	Sector
	Years

	
	1999
	2000
	2001
	2002
	2003
	2004

	A1
	bean
(40/0)
	spelt
(40/40)
	GM1+
maize
(40/150)
	GM4+
soybean
(0/0)
	GM1+
pepper
(0/200)
	wheat
(0/80)

	A2
	bean
(40/0)
	wheat
(80/80)
	GM1+
pepper
(40/175)
	GM4+
maize
(40/40)
	GM1+
tomato
(0/200)
	wheat
(0/80)

	B1
	field bean
(0/0)
	GM3+
pepper
(100/100)
	pea
(40/0)
	wheat
(80/80)
	GM2+
maize
(0/150)
	GM3+
tomato
(60/160)

	B2
	field bean
(0/0)
	GM3+
maize
(100/100)
	field bean
(40/0)
	wheat
(80/80)
	pea
(0/0)
	GM3+
pepper
(60/200)

	C1
	GM1+
pepper
(0/70)
	bean
(40/0)
	spelt
(80/80)
	GM1+
tomato
(60/200)
	wheat
(40/80)
	field bean
(0/0)

	C2
	GM1+
millet
(20/135)
	bean
(40/0)
	wheat
(80/80)
	GM1+
pepper
(60/200)
	wheat
(40/80)
	GM1+
maize
(40/150)


GM1: field bean; GM2: field bean+rapesed; GM3: hairy vetch; GM4: barley.

Above-ground biomass and N accumulation (Kjeldahl method) and partitioning between marketable yield and residues were determined at the end of each crop. The biomass incorporated into the soil was calculated as the sum of crop residues and green manures. Apparent residual N in the soil (∆N, kg ha-1) (i.e. the soil-crop component of the soil surface budget) (Aarts et al., 2000) was calculated at the end of each crop cycle as: N input with fertilizers plus legume Ndfa (i.e derived from atmosphere via symbiotic fixation, estimated as in Boldrini et al., 2007) minus N off-take with marketable yield removal. At the end of the 6-year rotation four 0-0.40 m soil cores per sector were taken to determine: total organic carbon (TOC); water extractable organic carbon (WEOC); total soil N content, as mineral N (i.e. either   N02-N + NO3-N or NH4-N) (Bremner and Keeney, 1966) plus organic-N (i.e. reduced-N obtained by Kjeldahl minus NH4-N); available P (Olsen method); phosphodiesterase activity; exchangeable K (ammonium acetate method). Data were submitted to analysis of variance according to a hierarchical design (crops within systems).
Results
As an average over the 6 years and the six field sectors, both the total biomass yield and biomass incorporated into the soil were higher in ORG than in CONV (+13% and +26%, respectively) while marketable yield was 12% lower in ORG (Table 2). Actually, incorporated biomass was the 74% of the total in ORG and the 66% in CONV. The ∆N (Table 2) was 32% higher in ORG than in CONV. 
Table 2: Average values over 6-year and 6-sectors of total biomass, biomass incorporated into the soil, marketable yield and N surplus (∆N) per year for an organic (ORG) and a conventional low input (CONV) cropping system. 
	Systems
	Total biomass
	Incorporated biomass
	Marketable yield
	∆N

	
	 (t ha-1 d.m.)
	(t ha-1 d.m.)
	(t ha-1 d.m.)
	(kg ha-1)

	ORG
	12.9
	9.5
	3.4
	41

	CONV
	11.4
	7.5
	3.9
	31

	Pooled SD
	1.34
	1.21
	0.46
	2.3


At the end of the 6-year rotation, no significant differences were observed between the two systems for TOC in the 0-0.40 m top soil, while WEOC was 13% higher in ORG than in CONV (Table 3). In that soil layer, total N content was not significantly different in the two systems, available P was 21% lower and phosphatase activity 14% higher in ORG than in CONV, exchangeable K was significantly but slightly higher in CONV. 
Table 3: Total organic carbon (TOC), water extractable organic carbon (WEOC) total N, available P, P-diesterase activity, and exchangeable K in the 0-0.40 m soil layer for an organic (ORG) and a conventional low input (CONV) farming system at the end of a 6-year crop rotation. 
	Systems
	TOC
(g kg-1)
	WEOC
(mg kg-1)
	Total N
(g kg-1)
	Avail. P
(mg kg-1)
	P-diesterase
(µmol p-NP g-1h-1)
	Exch. K
(mg kg-1)

	ORG
	9.84
	52.9
	0.80
	18.7
	55.7
	180.4

	CONV
	9.30
	47.0
	0.82
	23.6
	48.9
	192.9

	Pooled SD
	0.050
	9.04
	0.110
	3.85
	4.78
	15.57


Discussion
The higher total biomass yield in ORG is the consequence of the regular use of green manure crops before summer cereals and vegetables (Table 2). On the contrary, the lower total and marketable biomass yield of cash crops in ORG, especially in spring-summer crops, was due to either a lower nutrient availability from green manures and organic fertilizers or to a higher competition of weeds in ORG (particularly for summer grain legumes). As well, the higher ∆N in ORG with respect to CONV (Table 2) was determined by both a 17% lower cash crop N off-take (data not shown) and the imprecise N availability (as total amount and timing of release) from green manuring and organic fertilisers, that caused a lower N fertilisation efficiency. On the contrary the total N input (i.e. N from fertilizers + legume Ndfa) was similar in the two systems (100 kg ha-1 per year on average) even though with a 3.5 times higher estimated legume Ndfa in ORG than in CONV, as already reported for this trial by Boldrini et al. (2007). The lack of difference for TOC between systems and the higher WEOC in ORG (Table 3) are probably consequent to no use of amendments and incorporation of greater plant biomass in ORG. In fact, plant tissues contain a high quantity of simple organic molecules that increase WEOC. The not statistically different total N content in the 0-0.40 m top soil layer in the two systems suggests that the higher ∆N recorded in ORG should have implicated a higher N loss from that soil layer. However, the invariance for total N and TOC between systems need to be further checked in the future, since changes might need more time to be detectable. The lower available P in ORG, was likely due to the fertiliser-P form applied in this experimentation; in fact the main amount of phosphate in ORG was added as Ca triphosphate that, in a soil with a sub-alkaline pH value, tends to transform to very insoluble forms as apatites. Indeed, organic P fertilisers will be preferred for our soils in the future. The phosphatase activity, instead, was higher in ORG, where the final product of reaction (available P) was less concentrated and where the substrate for enzyme activity (organic P) was higher. The significant but slight difference on exchangeable K cannot be traced back to the fertiliser form, that was the same in both systems, and need to be further confirmed in the future to advance any hypothesis on why it originates. 
Conclusions
As compared to the conventional low input cropping system, the organic system increased biomass supply to the soil and thus soil soluble organic carbon. Moreover, the organic system increased N surplus, but the total N content in the top 0.40 m soil at the end of the 6-year rotation did not vary, so that the surplus of N was necessarily lost from that soil layer. The organic system also increased phosphatase activity but the use of rock phosphate in our sub-alkaline soil reduced available soil P. Finally, the organic soil showed a slightly lower exchangeable K. A longer time-interval will allow to better evaluate effects on those soil fertility indicators. In any case, our experiment already confirms that the supposed benefits of organic systems on soil fertility and environment are not to be taken for granted, but depend on the adoption of suitable cultivation strategies such as those that may increase N use efficiency and reduce N loss from the soil (Kirchmann and Bergström, 2001; Torstensson et al., 2006).   
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