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Abstract

Cauliflowers represent 10% of the vegetable production in EU and are rich sources of phytonutrients. Consumer’s requests are for safe products, cultivated without massive chemical inputs. The aim of this work was to evaluate 6 years of organic (OR) and conventional (CO) field trials on 16 genotypes of cauliflower. Yield of production and quality-nutraceuticals characteristic were determined. Yield and florets weights significantly decreased in OR (about 25%) compared to CO. The differences in dry matter, soluble solids and pH between each OR and CO were negligible. The acidity and vitamin C was higher (14 and 18%) in OR respect to CO. Total polyphenol index, thiols and antioxidant indexes were slightly higher in OR compared to CO (not significant). With respect to sulphur-nitrogen volatile amounts, the total average difference between OR and CO was not significant, with however differences for single samplings. Some differences between single typologies were noted with respect to agronomical responses to different crop management. White typologies were positively influenced by CO, while green ones were more productive in OR fields. 

Introduction

Cauliflower production in Italy (Brassica oleracea, L. var. botrytis) represented about 1% of the world production in year 2004 (Autori Vari, 2005). Spain, Italy and France are the main European countries producing cauliflower with 460, 438 and 336 thousands of tons in 2006 equalling nearly 10% of EU production (Autori Vari, 2007). Cauliflowers are rich sources of phytonutrients such as glucosinolates, vitamin C and polyphenols (John et al., 2002) and the consumer’s need safe and healthy products. In a wider sense the “Inner Quality Concept”, including crop management → food quality → health effects  (Huber, 2006), is the more accredited. So, the main objective of the present work was to assess the suitability (18 genotypes, 3 typologies) of cauliflower for both organic (OR) and conventional (CON) systems over 6 years by analysing yield and quality parameters. Hence, organic (OR) cauliflowers (EU Rule 2092/91) and conventional (CO) fields were included in a crop rotation, in order to overcome the difficulties linked to the soil fertility and the control of biotic adversities (Caporali, 2003).  Another aim of this work was to evaluate the effect of OR and CO field trials on the quality-nutraceuticals characteristics of cauliflower, justified by the lack of a specific literature. 
Materials and Methods

Plant material and yield analysis

Field trials were performed in the Research Unit for Horticulture (ORA) of National Council for Agricultural Research (CRA) located in Monsampolo del Tronto (Ascoli Piceno, Italy). The CRA-ORA is carrying on, from 2002, a research on an horticultural rotational system conducted both in OR and in CO. The two lands under crops for the trials (1584 m2 each) were at a distance of 200m. Analyzed soils were of medium paste, and the chemical analyses were executed in the first 30 cm of depth, showing a good supply of phosphorous and potassium for OR and CON, but a low content of organic matter: 1.11% in OR and 1.21% in CO soils. Four horticultural species subjected to rotation were annually present, each one covering an area of 528 m2 including tomato (Lycopersicon esculentum); cauliflower (B. oleracea var. botrytis), common bean (Phaseolus vulgaris) and muskmelon (Cucumis melo ). 

Table 1.:   N - application in the organic (OR) and conventional (CO) system.

	year
	OR (U ha-1)
	CO (U ha-1)

	
	pellet form
	hydrosoluble
	fertlizer

	2002-03
	150
	10(1)*
	190

	2003-04
	150
	15(4)*
	190

	2004-05
	150
	1,8(5)**
	190

	2005-06
	200
	-
	200

	2006-07
	190
	7,5(1)*
	200

	* number of distribution on soil, ** foliar manure


In OR a green manure of velvet vetch (Vicia villosa) and of barley (Hordeum vulgare)  was cultivated prior to tomato and muskmelon.  Cauliflower seedlings were transplanted at the end of Aug (except in 2004 = 5 Sept) at 3rd-4th leave stage and plants were 70×60cm spaced. The N manuring in OR was made by organic pellets and hydrosoluble matter, while for CO only fertilizers were employed, in successive amounts as showed in Tab 1. Four cauliflower genotypes were compared for each year on three times replicated plots (26.8 m2 each) with the experimental scheme of a split-block design. In total sixteen genotypes were evaluated during the experiment: 8 of white typology (7 HF1 and 1 variety) in 2002-05; 4 of “violetto di Catania” tipology (1 commercial and 3 accessions selected in CRA-ORA) in 2005/06; 4 accessions of CRA-ORA belonging to the “verde di Macerata” green typology in 2006/07. Yield and average florets weight were calculated on 16 genotypes over 6 years of trials (Tab 2). The productivity was calculated by keeping in account the decreases in production due to lost plants for stress and diseases, considering the plants really present at harvest. All data were subjected to ANOVA.

Quality attributes were determined on 3 typologies (Tab 3). Dry matter, soluble solids (SS), pH and TA were measured according the official methods. Vit C was determined by HPLC (Lo Scalzo et al., 2007). The thiols were determined according  to Hawrylak & Szymanska (2004). TPI index was measured by the Folin-Ciocalteau method. The antioxidant activity by the lipoxygenase-linoleic acid-crocin method (LIPOX) was carried out according to Lo Scalzo et al., (2007). FRAP assay was carried out according to Benzie & Strain (1996). The determination of S-N aroma compounds was made as described by Di Cesare et al (2003). Each experiment was conducted two times and all analysis were made in quadruplicate and the results were referred to dry weight units. Data were submitted to analysis of variance ANOVA and the averages were compared by Tukey test (p<0.05). 

Results and Discussion

Cauliflower productivity showed different patterns in the different years: this could be due both to environmental changes and to the genetic influence. The use of N fertilizers coupled with biostimulants enhanced productivity. The rotations had a visible effect on the soil organic matter: the values of 2002 were 1.11 and 1.21% in OR and CO, respectively, while in 2007 were 1.39 and 1.13%, with an increase for OR and a decrease for CO soils. The first three samplings (Tab 2) refer to common white genotypes. Yields were clearly higher in CO compared with CO plots.
Tab. 2: Average productivity parameters of 16 cauliflower genotypes over 6 years of production, using crop rotation in organic (OR) or conventional (CO) field management, Tukey test alpha = 0,05.

	samplings
	
	t ha-1
	kg florets-1

	
	
	OR
	CO
	OR
	CO

	Average 2002/03 (4 HF1)
	white
	15,64  b
	29,24  a
	0,706  b
	1,255  a

	Average 2003/04 (4 HF1)
	white
	20,55 b
	26,59 a
	1,106 b
	1,254 a

	Average 2004/05 (1 var 3 HF1)
	white
	9,35 b
	14,49 a
	0,528 b
	0,728 a

	Average 2005/06 (1 var 3 br. lines)
	violet
	3,82 a
	4,64 a
	0,336 a
	0,380 a

	Average2006/07 (4 var)
	green
	12,63 a
	11,04 b
	0,639 b
	0,707 a


In the second sampling, “Rafale” and “Triomphant” obtained good yields in OR, with similar OR and CO values for “Triomphant”, assuming a significant adaptation under OR conditions for this variety. The third sampling, in particular cv “Palla di Neve”, resulted in a general reduction of productivity, due to a late in plant set and to a drastic decrease in temperature (4-8°C lower than the seasonal average). Violet genotypes were assayed in 2005/06, showing a very low productivity, suggesting a low adaptability to both field conditions. In 2006/07, the assayed green genotypes resulted in lower productivity than white, but with a good response for OR, not so different from CO. 
Tab. 3: Quality parameters of OR and CO cauliflower (7 genotypes, 3 typologies, w=white, v=violet, g=green)  over 6 years of trials, Tukey test alpha = 0,05.

	Cauliflower tipologies
	dm %
	SS
	pH
	TA
	Vit C
	TPI
	Thiols
	LIPOX
	FRAP

	OR white (n=6)
	8,0
	5,8
	6,4
	36,8
	465,6
	411,9
	20,4
	46,3
	129,5

	OR violet (n=1)
	9,0
	7,1
	6,5
	50,0
	1022,2
	518,9
	70,0
	57,4
	131,1

	OR green (n=3)
	9,8
	6,7
	6,6
	41,1
	526,9
	511,9
	19,5
	44,1
	94,8

	OR average
	8,6 a
	6,2 a
	6,5a
	39,4 a
	539,7 a
	452,6 a
	25,1 a
	46,8 a
	119,3 a

	CO white (n=6)
	7,9
	5,6
	6,5
	33,2
	402,2
	424,6
	18,2
	48,5
	118,5

	 CO violet (n=1)
	10,0
	7,9
	6,7
	39,0
	690,0
	591,0
	64,0
	60,8
	163,0

	CO green (n=3)
	9,9
	7,0
	7,0
	33,5
	485,3
	414,4
	16,0
	34,2
	85,3

	CO average
	8,7 a
	6,2 a
	6,6a
	33,8 b
	455,9 b
	438,2 a
	22,1 a
	45,4 a
	113,0 a


*Early harvested, ** Late harvested

dm: dry matter; SS: soluble solids (°Bx); TA: total acidity (mEq/100g dm); Vit C (mg/100g dw); TPI: Total Polyphenol Index (mg gallic acid/100 g dm); Thiols: total content of non-protein-SH groups (mg cystein eq./100g dm); LIPOX: antioxidant activity by the lipoxygenase-linoleic acid-crocin method (mg gallic acid/g dm); FRAP: ferric reducing antioxidant power (mg vitC/100g dm)

The primary quality characterization of the different cauliflower genotypes (Tab 3, dm, SS, pH and TA) affirmed that there were no differences between OR and CO, not showing a quality loss in OR-grown cauliflowers. The only significant difference was noted for TA, which was higher in OR than in CO.  The nutraceutical profile (Tab 3) shows the highest difference in vitamin C content. OR cauliflowers contained 18% more vit C than CO (significant). The TPI, thiols and antioxidant data resulted slightly higher in OR compared with CO (not significant). These trends were confirmed on other food plant species by other authors: recent studies pointed out that ascorbic acid content in OR-cultivated plants is from 5 to 90% higher than in CO ones (Heaton, 2001); polyphenols and carotenoids resulted higher or unchanged in OR plants, furtherly confirming our results (Lucarini et al., 1999). 

The characteristic volatile compounds of Brassicaceae were sulphur-nitrogen (S-N-) substances produced from the hydrolysis of glucosinolates that have relevant healthy-implications. The main classes of these compounds were sulphurs, isothiocyanates, nitriles and thionitriles.

Tab. 4: Sulphur-Nitrogen volatiles (mg/100g dm) from organically (OR) and conventionally (CO) grown cauliflowers (5 genotypes over 4 samplings). Tukey test alpha = 0,05. Nd = not found.

	Cauliflower genotypes
	Sulphurs
	Isothiocyanates
	Nitriles
	Thionitriles

	
	OR
	CO
	OR
	CO
	OR
	CO
	OR
	CO

	Nautilus 2004
	392.2 a
	1212.6 b
	37.1 a
	85.2 b
	Nd
	Nd
	2,1 a
	3.8 b

	Medusa 2005
	951.5 a
	1198.2 b
	369.2 a
	489.6 b
	Nd
	Nd
	0,9 a
	2.9 b

	Violetto di Sicilia 2005
	626.0 b
	539.7 a
	53.5 b
	28.5 a
	Nd
	Nd 
	1.6 b
	0,6 a

	Noverde 2006
	264.3 b
	84.8 a
	70.9 a
	68.0 a
	1.7 b
	0,6 a
	6.3 b
	4,4 a

	Velox 2007 E*
	139.4 a
	439.7 b
	35.2 a
	121.5 b
	0,6 a
	1.6 b
	5,9 a
	10.7 b

	Velox 2007 L**
	64.6 a
	131.3 b
	124.5 b
	64.2 a
	1,1 a
	1,1 a
	7,3 a
	9.1 b

	 Average
	406.3 a
	609.4 a
	115.1 a
	 142.8 a
	1,1 a
	1,1 a
	4,0 a
	5,2 a


*Early harvested, ** Late harvested

Tab 4 shows a different situation in the different samplings. Specific variations have been shown for single genotypes, assuming that the influence of OR and CO could depend on both genetic and environmental factors. CO genotypes of Nautilus, Medusa, Velox 2007 E and L generally produced higher amounts of S-N-volatiles than OR ones. On the other hand, Violetto di Sicilia 2005 and Noverde 2006 resulted higher in OR trials. Other authors affirm that glucosinolates were higher in OR rather than in CO (Adam, 2002). The most important objective of OR is to prevent produce’s quality reduction in comparison to CO. The present results confirm this objective, and except for the productivity of common white genotypes, the OR cauliflower did not differ from the CO samples. It’s sure that further studies need to fully interprete environmental and genotypic quality characteristcs of cauliflowers in OR and CO management, in order to better answer to consumers and producers demand for high product quality.
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