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Abstract 
A four-year field trial (2004-2007) was carried out to compare performances of organic and conventional farming systems in the Po Valley (Northern Italy). Four vegetable crops were grown in the sequence: 2004 – processing tomato; 2005 – bean followed by savoy cabbage; 2006 – processing tomato; and 2007 – zucchini. The experimental design was a split-plot with four replicates, the management system being the main factor (OF, organic farming vs. CF, conventional farming) with the rate of nitrogen fertilisation as the secondary factor. N efficiency of the organic fertilizers was assumed as being 50-75%). In all four of the years studied, the two farming systems did not show significant differences in marketable yields for any vegetable crops. The reduction in OF compared with CF was 17% for tomato-2004 and 2% for zucchini; in contrast, for cabbage and tomato-2006 the yields in OF were 10% and 3% higher respectively.
Introduction 

Conventional vegetable growers who want to convert to organic farming systems have to pass through a 3-year transition period before their farms can be qualified for organic certification. Most of the research indicates that in the first transition year, yields of several conventionally grown vegetables are higher than those of organically grown vegetables (Gregori and Prestamburgo, 1996). However, in the following years yields of tomato (Lycopersicon lycopersicum L.) (Steffen et al., 1995) and bean (Phaseolus vulgaris L.) (Temple et al., 1994) were not statistically different between the two farming systems. In contrast, Sellen et al. (1995) report that in the second and third transition years, yields and net income from organically grown vegetables were still lower than those for conventional crops. Since in Italy there is limited knowledge of both vegetable crop productivity during the transition phase and the evolution of soil fertility, a composite project was set up (ORTOFRUBIO, funded by Mi.P.A.A.F., Italian Ministry of Agriculture) to evaluate the quantitative and qualitative potential and the environmental aspects of organic farming, of which this research is only one part. 

Materials and methods 

The field experiment was set up in 2004 at Montanaso Lombardo (LO, Northern Italy) on a fine loamy, mixed, superactive, mesic Ultic Haplustalf (Soil Taxonomy) or a Haplic Alisol (FAO), moderately acid (pH = 5.6 in H2O), low in total N (0.072%), organic matter (1.21%), and exchangeable K (57 mg kg‑1), but high in available P (35 mg kg‑1). The field was previously cropped conventionally for two years under corn and two under wheat. The experimental design used was a split-plot with four replicates; the main factor was the farming system (organic farming, OF vs. conventional farming, CF), with the rate of applied nitrogen as the secondary factor (N0, control plots; N1, fertilised plots; the annual rates applied are shown in table 1). The sub-plot was 5.4 m wide and 10 m long. 
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Four vegetable crops were grown in the sequence: 2004 – tomato (Podium F1); 2005 – bean (cv. Taylor) followed by savoy cabbage (Brassica oleracea L. var. sabauda, cv. Montalto Dora); 2006 – tomato (Podium F1); and 2007 – zucchini (Cucurbita pepo L., Altea F1). Because of the low availability in the soil, 250 kg K2O ha‑1 as potassium sulphate (50% K) was applied annually at ploughing, to both the CF and the OF plots. In 2004, after the tomato harvest, 8000 kg ha-1 of lime (80% CaO) was used to adjust soil acidity in all the plots. As tomato and bean crops were watered by sprinkler, for the zucchini drip irrigation was adopted. Weed control was carried out using herbicides and cultivation in the CF plots, while a PP woven fabric film was used as mulch in the OF plots. Pest control, when necessary, was ensured by spraying with copper, sulphur, propolis, and biopesticides derived from plants (pyrethrum, rotenone, spinosad) in OF, whereas copper and chemical pesticides were used in CF. In 2004 and 2006, immediately after the tomato crop, a cover crop of Italian ryegrass (Lolium multiflorum Lam. var. italicum) was grown on the OF plots, then ploughed in before bean (2005) and zucchini (2007) were planted. Crop yields were determined for sample areas of 3.90-15 m2 depending on the crop; marketable and discarded fruit weight, total biomass weight, and some important morphological and qualitative features were measured. ANOVA was performed for statistical analysis of all data (MSTAT-C Software); the LSDs were calculated for P<0.05 and P<0.01 levels. 

Results and Discussion
Year 2004 – Processing tomato (figure 1). In the first year of the trial, marketable yields were not statistically different between the farming systems, according to Mazzoncini et al. (2000), although CF yielded about 13 Mg ha‑1 more than OF. As regards the effect of fertilisation, only one case of statistical significance (P(0.05) was obtained: the fertilised plots yielded 163% more non-ripening fruits than N0 plots (24 vs. 9 Mg ha‑1). No significant interaction was found. The main qualitative traits of the marketable fruits were quite similar between the two farming systems (Nervo et al., 2007). 
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Year 2005 – Bean (figure 2). No statistical differences in yields were obtained, although total biomass and bean seeds were higher in CF than in OF (7.6 vs. 4.9 and 1.78 vs. 1.21 Mg ha‑1, respectively); neither fertilisation, nor interaction with the farming system, had any effect. The absence of significant effects for bean may in part be due to increased soil variability caused by the liming.

Year 2005 – Savoy cabbage (figure 3). Yields were not statistically different between farming methods, although the OF marketable yield was about 3 Mg ha‑1 higher than CF. Nitrogen fertilisation and its interaction with the farming method was not statistically different, but the average weight of the marketable head in the fertilised organic sub-plots (OF-N1) was over 500 g higher than in the corresponding CF-N1 sub-plots (3 086 vs. 2 527 g). 
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Year 2006 – Processing tomato (figure 4). For the second tomato crop the marketable yields were not significantly different between the two farming systems. However, in the third year of the conversion period, OF yielded a higher percentage of marketable fruits (82%) than CF (68%). As in 2004, the non-ripening fruit yield of the fertilised plots (N1) was significantly higher than for control plots (N0), by more than 14 Mg ha‑1.The qualitative parameters of the marketable fruits, all included in values ranging from satisfactory to optimal, showed no significant differences; nitrogen fertilisation also had no effect on fruit quality, except for the acidity (Nervo et al., 2007). By the third conversion year, yield and quality of organically grown marketable tomato were competitive compared to those conventionally grown, partly because of the choice of the well-adapted and productive genotype Podium F1 (Dadomo et al., 2002).
Year 2007 – Zucchini (figure 5). The two farming systems did not show any significant differences in marketable yield and fruit number. However, fertilisation was statistically significant for both parameters (P(0.001). N1 yielded 28% more marketable fruits than N0 (24.1 vs. 18.8 Mg ha‑1) with 22 vs. 18 fruits per plant. The use of the highly adaptable genotype Altea F1 (Azzimonti et al., 2007) permitted optimal yields under both farming systems.
Conclusions 
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The yield performance during the 4-year period of the trial was quite good for all the vegetable crops, except bean. The changes which occurred in the soil did not significantly reduce the yields of organically grown compared with conventionally grown vegetable crops. The decrease in marketable yield in OF was 17% for tomato-2004 and 2% for zucchini; in contrast, for cabbage and tomato-2006 yields were 10% and 3% higher respectively.
References 

Azzimonti M.T., Bonelli A., Nervo G. (2007): Valutazione di cultivar di zucchino. BioAgricultura 106, Suppl.: 16-18.
Dadomo M., Bacchi A., Bonazinga M., Bonetti G., Bonomi L., Cavalli A., Cornali S., Dal Re L., Innocenti A., Lavado-Sanchez M., Leoni C., Nardi G., Martellucci R., Piccioni C, Sandei L., Sarzi-Amadè A., Schiavi M., Tassi D., Tisselli V. (2002): Le varietà di pomodoro da industria sperimentate nel Centro-nord Italia. L’Informatore Agrario LVIII (11): 65-81.
Gregori M., Prestamburgo M. (1996): Produzioni biologiche e adattamenti d’impresa. F. Angeli, Milano, 234 p.
Mazzoncini M., Bonari E., Silvestri N., Coli A., Belloni P., Barberi P. (2000): Agronomic and economic evaluation of conventional, low input and organic farming systems in central Italy. Proc. 13th Intern. IFOAM Scientific Conference, Basel, Switzerland, 28-31 August 2000. 
Nervo G., Tabaglio V., Gavazzi C., Schiavi M. (2007): Come ottenere buone rese dal pomodoro da industria bio. L’Informatore Agrario LXII (27): 68-72.
Sellen D., Tolman J.H., Mc Leod D.G.R., Weersink A., Yiridoe E.K. (1995): A comparison of financial returns during early transition from conventional to organic vegetable production. Journal of Vegetable Crop Production 1 (2): 11-39.
Steffen K.L., Dann M.S., Harper J.K., Fleischer S.J., Mkhize S.S., Grenoble D.W., MacNab A.A., Fager K., Russo J.M. (1995): Evaluation of the initial season for implementation of four tomato production systems. J. Amer. Soc. Hort. Sci. 120 (2): 148-156.
Temple S.R., Somasco O.A., Kirk M., Fiedman D. (1994): Conventional, low-input and organic farming systems compared. California Agriculture 48 (5): 14-19.









































































































































































































































































































�


Figure 5: Zucchini yields in 2007





�


Figure 4: Processing tomato yields in 2006





Tab. 1: Nitrogen fertilisation scheme during the experimental period


Year and crop�
Organic Farming�
Conventional Farming�
�
2004: tomato�
200 kg N ha-1 (*)�
100 kg N ha-1 as NH4NO3 (26% N)�
�
2005:�bean (spring)�savoy cabbage (autumn)�
�no fertilisation�160 kg N ha-1 (*)�
�no fertilisation�120 kg N ha-1 as NH4NO3 (26% N)�
�
2006: tomato�
200 kg N ha-1 (*)�
100 kg N ha-1 as NH4NO3 (26% N)�
�
2007: zucchini�
60 kg N ha-1 (*)�
60 kg N ha-1 as Ca(NO3)2 (15.5% N)�
�



(*) as organic fertiliser (Fertorganico, Ilsa, granular, 11% N) at ploughing.


During the conversion period, N efficiency is lower in OF than in CF, so the com�parison of organic N has been based on a value equal to 50-75% of inorganic N.
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Figure 3: Savoy cabbage yields in 2005
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Figure 2: Bean yields in 2005
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Figure 1: Processing tomato yields in 2004
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