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Abstract

An “on-farm” open field research on processing tomato weed control was carried out during 2006 in a conventional farm in the Serchio Valley (Pisa, Central Italy). The aim of the experiment was to test innovative strategies and operative machines for non-chemical (physical) weed control.

The innovative strategy was compared with the farm traditional technique. The innovative strategy consisted in the application of the stale-seedbed technique (by means of a rolling harrow and a flaming machine in the pre-transplanting phase) and precision hoeing interventions in post-transplanting phase (with an innovative machine equipped with rigid elements, for inter-row weed control, and elastic tines for selective intra-row weed control). Traditional technique consisted in two chemical pre-transplanting interventions and two post-transplanting rotary hoe treatments.

Innovative operative machines performances, weed density during the crop cycle, dry weed biomass at harvest and crop fresh yield were recorded.

The innovative strategy allowed to reach significantly higher yield values (+18%), a good weed control and a relevant increase of gross marketable production with respect to traditional strategy (+4500 € ha-1 as net value of weed management costs).

The experiment is still on-going and it will finish in 2008.

Introduction

Processing tomato is the most important Italian vegetable crop (ISTAT, 2007), although a significant reduction of tomato harvested area was observed in Italy in the last two years (-20%, from 113000 to 91000 ha). This trend is mostly due to political (uncertainty of CMO reform) and economical (high cultural fixed costs) reasons (ISTAT, 2007; Bazzana, 2007).

The production valorisation (for example by organic cultivation) could be a good strategy in order to follow the new policy trends and to guarantee accurate profits to the farmers. This aim could be easily reached by means of cultural practices that respect environmental and consumers health safety.

The development of new strategies and operative machines for physical weed control (one of the most serious problems in organic summer crops), could represent a good way to reach the aims previously mentioned.

Actually physical weed control research field is mostly studied in Northern Europe, while processing tomato is a typical Mediterranean crop. Thus, with the exception of some recent Spanish field trials (Cirujeda et al., 2007), no scientific papers are at the moment available on this crop.

In this work, the preliminary results of a three year long (2006-2008) “on-farm” open field research are reported. It is still on-going and it is being carried out by the University of Pisa with the aim to develop and improve innovative strategies and innovative operative machines for an effective physical weed control in processing tomato.

Materials and methods

The experiment was carried out during 2006 on processing tomato in a conventional farm placed near Pisa. The tomato variety was called “Leader”. The crop was mechanically transplanted on paired rows at the density of 33000 plants ha-1 (1.60 m of inter-pair space; 0.4 m of inter-row space; 0.25-0.30 m of intra-row space). Crop was irrigated by drip hoses placed in the middle of the inter-row space.

During this first year of experiment the traditional farm weed management system (FS) was compared to an innovative physical weed control system (PWCS). FS was carried out by means of two different chemical pre-transplanting treatments (1 kg ha-1 of “Stomp” – a.i. Pendimetalin – and 1 kg ha-1 of “Ronstar” – a.i. Oxadiazon) and two post-transplanting rotary hoe interventions (not able to till the soil in the intra-row space). PWCS was carried out by means of the stale seedbed technique (realized by one rolling harrow pass followed by one flaming treatment) and two post-transplanting precision hoeing interventions. “Superalba” organic-mineral fertilizer (9-12-21) was applied before crop-planting in both cropping systems at a rate of 1 t ha-1. Fertirrigation was carried out in post-emergence, using a 12-61-0 and a 13-0-40 fertilizers at the beginning and the end of the crop cycle respectively. The soil type was sandy-loamy and a four year rotation was adopted (tomato, wheat, maize and wheat).
The experimental design was a randomized block with four replicates. Data were analyzed by ANOVA. Innovative operative machines performances, weed density during the crop cycle, dry weed biomass at harvest and crop fresh yield were recorded.

Three different innovative operative machines were used for physical weed management: a rolling harrow, a flaming machine and a precision hoe.

The rolling harrow was projected, built, tested and patented by Pisa University. It was set up both for pre-sowing (or pre-transplanting) and post-emergence hoeing (for inter-row and intra-row selective weed control) interventions. Working tools are spike disks (placed in the front) and cage rolls (placed at the rear), respectively mounted on two different parallel axles. The axles are connected by an overdrive with a ratio equal to 2. Spike discs till the soil very shallowly while cage rolls (rotating with a double peripheral speed) allow to separate weed seedling roots from soil (Peruzzi et al., 2007a and 2007b). In this case the treatment was carried out just before crop trans-planting with a working speed of 7 km h-1 and a working depth of about 4 cm.

The flaming machine controls weeds by the use of an open flame. In this experiment it was equipped with three 50 cm wide rod burners, for a total working depth equal to 1,5 m. The treatment was performed just in the pre-transplanting phase, but if necessary, tomato may tolerate post-emergence selective flaming interventions (with the flame directed to the crop collar) (Peruzzi et al., 2007a and 2007b). Working speed was about 3 km h-1 and LPG consumption was about 35 kg ha-1.

The precision hoe is characterized by a 3 m wide frame. It is equipped by rigid elements for inter-row cultivation (goose sweeps and side “L” shaped sweeps) and elastic elements for intra-row selective weed control (torsion weeders and vibrating tines). The operative machine is also equipped with a seat, steering handles and directional wheels (Peruzzi et al., 2007a and 2007b). By means of these tools, it was possible to till soil and control weeds even inside the crop pairs, without removing the drip irrigation hoses. Furthermore, the precision hoe was equipped by on purpose made “V” shaped elements, that allow to “open” crop vegetation during late hoeing interventions (Fig. 1). Average working speed was about 2 km h-1 and working depth was about 4 cm.
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Figure 1: Scheme of a goose sweep and a “V” shaped tool used for late hoeing on processing tomato.

Results and discussion
The innovative physical control strategy allowed a good weed management and a fresh marketable yield increase of about 18%.

Tab. 1: Yield, weed biomass at harvest, total labour time requirement and gross marketable production weed management costs net value (GMP w.n.v.) registered during 2006 on processing tomato.

	Weed management system
	Yields 

(t ha-1)
	Weed dry biomass at harvest

(g m-2)
	Total labour time

(h ha-1)
	GMP

w.n.v.*

(€ ha-1)

	Farming system
	59.4 b
	102.9 ns
	15.0 b
	22790

	Innovative system
	72.1 a
	126.1 ns
	54.1 a
	27298


Different letters on the same column mean significant differences for P<0.005 (LSD test)
*Gross marketable production weed management costs net value. Data were not analysed by ANOVA
This result was probably due to the good “agronomical” effects of precision hoeing on crop development (Tab. 1). Conventional rotary hoeing, on the contrary, didn’t till the soil into crop pairs, with worse consequences on crop roots development and soil water contents.

Concerning with weed control, no significant difference was observed on weed biomass at harvest between the two different systems (Tab. 1).

Otherwise conventional weed management system allowed a significant reduction of manual labour time for weed control with respect to innovative weed control system (-72%) (Tab. 1). This fact could be explained taking into account the good chemical treatments on weed control. However gross marketable production weed management costs net value (GMP w.n.v.) was higher for PWCS than FS. The estimated differences between the two systems was equal to 4500 € ha-1 (Tab. 1).

Conclusions 
The innovative physical weed control strategy allowed to reach higher yields and gross marketable production values.

Furthermore, innovative operative machines for physical weed control appeared very versatile, suitable and adaptable to the processing tomato crop. Moreover, these machines can be easily utilized for weed control in organic agriculture, where herbicides use is not permitted. The results of this first year of experiment showed that the alternative cultural strategy could be convenient for environment and consumers health and also for farmers gross income.

However, further experimental work is obviously required in order to verify and improve the effectiveness of innovative strategies and machines for physical weed control on processing tomato.
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