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Abstract

Weeds are the major biotic factor that negatively affects organic carrot yield. As a matter of fact, weeds can reduce carrot growth from early stages to harvest because of the low competitive attitude of this vegetable. Innovative and conventional crop and weed managements were compared in an experiment carried out on farm in the Catania Plain (Sicily, Italy) in 2005-2006. Innovative planting pattern, operative machines (rolling harrow, flaming machine, precision hoe) and crop management increased carrot yield up to 8%, and also increased first category carrot yield and density, thus increasing production quality. Precision hoeing resulted in intra-row weed biomass decrease ranging between 55 to 97%, and in a total working time reduction up to 74%. Furthermore, the innovative crop and weed management systems reduced the costs for hand weeding and increased gross income.

Introduction

In Italy mean annual carrot (Daucus carota L.) harvested area is c.a. 13,400 ha, and total production is 620,000 t (Istat, 2006). Carrot is cultivated in many agricultural areas of Italy, and Sicily region accounts 24% of national production, with mean yield of 38 t ha-1. Weeds are known to be one of the major biotic factors that negatively affects organic carrot yield. Carrot seeds have extremely slow emergence and the taproot is preferred as the photosynthate sink during the growth cycle at the expense of the above ground plant part. As a result, carrot canopy can only achieve a very scanty ground cover compared to most weeds (Li and Watkinson, 2000; Peruzzi et al., 2005). One of the main technical constraints to organic carrot growing is the limited range of effective direct weed control means capable of replacing chemical herbicides. Many researches have focused attention on preventive, cultural and direct post-emergence physical control strategies in order to provide the carrot crop with a competitive advantage during the entire cycle (Bàrberi, 2002; Hatcher and Melander, 2003). At present, the main limitation of direct mechanical means is the intra-row weed control. An effective post-emergence intra-row weed control could in fact reduce considerably the number of man-hours required for hand weeding, a practice that is indispensable in carrot production.

This research was planned to study the effects of an innovative organic carrot crop system in comparison with the conventional system of the Ramacca area, in order to increase organic carrot yield and quality as a consequence of the adoption of a new agronomic technique, based on the utilization of innovative operative machines.

Materials and methods

The experimental trials were carried out in the 2005-2006 growing season at the organic farm “Terre del Sud” in Ramacca (Catania, Sicily) (37°23’ N, 14°42’ E). Soil tillage consisted in three passes with a cultivator at 18-20 cm depth during summer and autumn. In November fields were arranged in ridges 1.6 m wide and 25 cm high, then sowing was carried out. The conventional crop system for organic carrot was compared to an innovative crop system, differing in planting and weed control techniques. In the conventional crop system each ridge was divided before sowing in two strips 50 cm wide. Carrots were planted in two bands per strip 7 cm wide and spaced 30 cm. For early pre-emergence weed control a flaming machine was used. Afterwards intra-row weed control consisted in five manual interventions carried out during the entire crop cycle.

In the innovative crop system a false seedbed was carried out by means of a rolling harrow once the ridges were arranged. As described by Peruzzi et al. (2005), the action of this operative machine is characterized by the passage of spike discs that till the top 3-4 cm of soil, followed by the passage of gage rolls that work at a higher peripheral speed. This machine acts as a direct weeder, because it crumbles the soil superficially and detaches the weed seedlings, but also it stimulates weed emergence, in order to reduce as much as possible the potential weed flora with the subsequent physical treatments.
Then carrots were planted in 5 rows spaced 20 cm apart using a pneumatic precision planter. Before crop emergence, flaming was carried out over the ridges. The flamer was equipped with three 50 cm wide rod burners, set at 10 cm from the soil and at 45° slope, based on previous experimental evidence (Peruzzi et al., 1997). Pre-emergence flame weeding was operated at a mean working speed of 7 km h-1 and LPG pressure of 0.3 MPa.

Precision hoeing and manual weeding were carried out for post-emergence physical weed control. Precision hoeing operations in the innovative crop system differed in the number of treatments, while manual weeding was carried out twice (in April and May) in all plots. Two or three hoeing passes were performed with a six elements precision hoe realized in order to work on the ridge and equipped with manual driving system.

Carrots were harvested mechanically with a self-propelled equipment operating on a single row.
The determinations carried out during the filed tests were carrot yield and quality, carrot density, weed biomass and density, and work chains characteristics. A complete randomized block design was used, and data were treated by ANOVA. Means were compared by protected LSD test at P≤0,05.

Results
Carrot yield statistically differed between the two physical weed management, and innovative crop system resulted in higher vegetable production and quality (Tab. 1).

Tab. 1: Yield (t ha-1) of the organic carrot with different crop system menagements.

	Crop system
	Total
	1st cat.
	2nd cat.
	Ungraded

	Inn 2 hoe
	32.1 b
	3.9 a
	18.0 b
	10.2 a

	Inn 3 hoe
	35.7 a
	2.7 b
	22.7 a
	10.3 a

	Conv
	33.0 b
	0.4 c
	21.4 a
	11.2 a


In the same column, values labelled with different letters are significantly different at P(0.05.

Innovative crop system with three precision hoeing operations increased total carrot yield of about 8% with respect to conventional management. Innovative crop system also increased carrot quality with both two and three precision hoeing treatments. Although both innovative and conventional systems resulted in most carrots being included in second marketable class, innovative crop systems with two and three hoeing operations increased about ten and seven fold the first category carrot yield. The same trend was observed for carrot density at harvest. Differences in total carrot density at the end of the crop cycle were not significant, but first category carrot density was markedly increased by innovative systems.

As a consequence of preventive weed control (rolling harrowing and flaming), weed density of innovative management was reduced of about 65% in comparison to the conventional management at early stages, and the following precision hoeing treatments allowed a further weed reduction up to 76%. If compared to the conventional system, the innovative managements allowed a more constant and effective weed control, as evidenced by the weed dry weight at harvest (Figure 1).
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Inn 3 hoe: innovative weed management with three hoeing treatments;

Inn 2 hoe: innovative weed management with two hoeing treatments;

Conv: conventional weed management.

Columns labelled with different letters are significantly different at P(0.05.

Figure 1: Weed dry weight at harvest as influenced by different weed managements.

Innovative weed management with three hoeing interventions was the most effective among weed control treatments and allowed almost the total elimination of weeds at the end of crop cycle, while innovative management with two hoeing operations reduced weed biomass by 55%.

Total working time for innovative managements with two and three precision hoeing passes was respectively 60% and 74% lower than that relative to the conventional management, as a result of a lower manpower used for hand weeding.

Discussion
The present research showed that an appropriate physical weed management can effectively reduce weed density and working time needed for hand weeding, but it can also guarantee good yield and quality, and also high gross margin.

The false seedbed technique adopted in this experiment allowed a good weed control during the early stages, and provided the crop with a competitive advantage during the entire cycle. However, preventive strategies alone are not sufficient for an effective weed management, thus the utilization of specific machines like the precision hoe is crucial in order to perform a relevant intra-row post-emergence weed control. The single row crop arrangement was adopted in order to perform precision hoeing operations that considerably reduced the amount of manpower required for post-emergence hand weeding and slightly increased total yield and yield quality. The higher root commercial quality obtained with the innovative system can be explained taking into account that the single rows, associated with precision planting, lead to a more rational arrangement of the space available for the crop plants.
Conclusions
As a conclusion, the results showed that the use of effective strategies and operative machines can increase yield and quality of organic carrot. Although further investigations concerning physical weed control are clearly needed, yet today organic vegetable producers can use innovative, simple, flexible, and not expensive technologies that allow to reach a good degree of weed control, high yield, quality, and gross margin in organic carrot production.
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