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Abstract

A proposal is presented for a model programme of ecological horticulture which could contribute to improved vegetable crop production and biodiversity in tropical agroecosystems. Each step of the model “Aurora Tropical” was successfully applied for producing pesticide-free onions and shallots in semiarid conditions of Venezuela and for comparing simultaneously growth and productivity of 11 cultivars. The model steps include a good knowledge of the vegetable crop, market, soil/substrate, irrigation water, climate, microclimate, companion crops and the current and indigenous horticultural technologies. Also, the proposal recognizes the distinction between agriculture and horticulture in tropical environments. Growth and yield results indicate that the onion cultivars Americana, Cimarron and H10020 were the top performers for leaf area, bulb diameter and yield. Furthermore, the red shallot 10026 showed the highest total soluble solids and dry matter content, and also a good relative yield. Shallots (from true seed) and other local and exotic vegetables have a great potential in tropical environments.
Introduction

In tropical areas, sun’s rays striking the ground intense and continuously, means a faster and more diverse growing season year-round for plants, animals, microorganisms, and humans. These regions cover approximately 40 % of the world’s land area and are home to a large proportion of the world’s total population and to most of the world’s poor, undernourished and deprived inhabitants (Lal, 2000).

The common features of farming communities in many tropical locations include infertile acid soils, low organic matter content, steep slopes, high risk of erosion, a warm, humid climate, economically-poor farm families, many minority ethnic groups, high population growth, and poor infrastructure (Craswell and Lefroy, 2001). Additionally, most assessments indicate that climate change will have negative effects on agriculture and forestry in the tropics (Zhao et al., 2005). Notwithstanding these constraints, some farmers all over the tropics find it is profitable to diversify from agricultural into mainly horticultural crops. In recent years, the supply of fruits and vegetables has increased continuously on a global scale; much of this growth has been concentrated in Latin America and China (Weinberger and Lumpkin, 2005). Unfortunately, vegetable production systems in the tropics and elsewhere are mostly intensive, and this approach has been identified as one of the largest contributors to the loss of biodiversity and natural resource degradation (Weinberger and Lumpkin, 2005). Thus, there is an urgent need for the development and implementation of ecological vegetable production systems to mitigate tropical degradation. In this context, the aim of this research is to propose an ecological model named “Aurora Tropical" for sustainable vegetable production in tropical areas and to apply and test it in the production of onions (Allium cepa L.) and shallot cultivars (Allium cepa L. Aggregatum Group) in the Quibor valley of Lara state, Venezuela. 
Materials and methods

As a model of ecological horticulture, Aurora Tropical integrates current and indigenous knowledge from various agricultural systems including local, modern, integrated, organic agriculture and agroecology, permaculture and agroforestry, adapting all to the tropical regions. Table 1 shows the 6 steps followed by the model and their applications for producing onions and shallots in tropical conditions.
Results and Discussion
Table 2 shows the results of a trial comparing growth, yields and postharvest quality of 9 onion cultivars and 1 shallot cultivar. A second shallot cultivar (100026 Hazera Seeds, Israel), did not survive after transplanting. This cultivar may not have been appropriate for this region and/or transplanting season. The integrated model Aurora Tropical proved to be very effective, producing good quality, pesticide-free onions and shallots under tropical conditions. Each step had an interesting response. For example, companion cropping was a very useful technique, mainly intercropping with sunflowers. Results from Jones and Gillett (2005), indicate that sunflowers indeed attract and play host to numerous beneficial insects in a vegetable agroecosystem. This is a very important finding, as we know that almost all vegetable crop production in tropical countries follows the conventional system, whereby production activities are the largest users of plant protection products, since most of these crops are rather susceptible to pest and climatological hazards. As vegetables are often traded and consumed in fresh form, biological contamination, pesticide and heavy metal residues and waste products are also very serious issues (Weinberger and Lumpkin, 2005), especially in tropical conditions. Research done in Venezuela and Peru supports this concern (Pierre and Betancourt, 2007; Yucra et al., 2006).

As shown in Table 2, the onion cultivar Americana was the top performer for leaf area, bulb diameter and yield, followed by Cimarron and H10020. However, this cultivar showed a high thicknecking percentage (data not shown) which negatively affects keeping quality and market. The red shallot showed the highest total soluble solids and dry matter content, and gave a relatively high yield. Shallots are not a well known vegetable crop in Latin American countries. In fact, this is the first experiment with shallots in Venezuela. Nevertheless, in Asian and African countries, the shallot is an economically important crop and much more in demand than common onion, because of its pungent flavour, culinary value and high adaptability to tropical and subtropical conditions. For example, in Vietnam, shallots are sold in every market all over the country, as fresh green or dry bulbs. For dietary consumption, it is used as a vegetable, spice, pickle or as medicine to reduce fever and cure wounds (Phuong et al., 2006). 
Tab. 1: Steps of the ecological model “Aurora Tropical” and its application for producing onions and shallots in semiarid tropical conditions of Venezuela

	Step
	Application

	1. Crop, Market, Climate, soil/substrate and water: Historical and current analyses of these resources (quality and quantity) are compulsory 
	Onions and shallots for trading as fresh produce direct to the local market. Climate: first peak of the humid season (May to September), at the “Hacienda El Tunal” in Quibor valley, Lara state, Venezuela (lat. 9º 57´ N). Soil: Previous analyses see Ramirez, (2002). A clay loam soil with low organic matter and high phosphorus and potassium content was used. Water. The electric conductivity (EC) of the irrigation water was 0.7 dS m-1 and the pH 7.

	2. Sowing/transplanting season and system: according to the vegetable crop, market, climate, soil/substrate and irrigation water. 
	Onion and shallot seeds were sown in plug flats of 288 cells (5 seeds per cell) on 20 April 2006. On 27 May, the seedlings were transplanted in six rows with 15 and 10 cm between rows and plants respectively on a raised, shaped, standard vegetable bed (1 m wide). 

	3. Vegetable cultivar: productive genetic material adapted to the local area, sowing season and tolerant to main local constraints is necessary. 
	Growth, development, yield, postharvest quality and adaptation (mainly to day length) of 11 hybrids (8 onions, 2 shallots) and 1 onion open pollinated (OP), were compared using a complete randomised block design with 5 replications (55 plots, each 6 m long). All cultivars were certified short-day materials.  

	4. Companion crops:  mainly plants well known as hosts of beneficial insects. These crops are chosen in relation to the main vegetable crop, sowing season and main pests limiting the main crop.    
	On 27 May, crops of carrot, vegetable and herb mixture (parsley, coriander, beet, fennel, alfalfa, carrot, and basil), soy, and the outer crop of sunflower were directly sown on individual beds (1 m wide and 30 m long). These crops were completely surrounding the main crop (onions and shallots) as a core frame. Carrots were located just next to the main crop. According to Stoll (2000), mixed cropping of carrots and onions contributes to a reduction of the thrips populations (the main onion pest locally and worldwide).

	5. Horticultural technologies: A key factor. It means picking and using the appropriate and adapted technologies (indigenous or modern), such as an integrated tillage, irrigation system, fertilization and pest management (IPM) among others. All technologies are used for “preventing” and not for curing.
	Main and companion crops were drip irrigated and organically fertilized (10 ton ha-1 of “Tunal Compost” from a mix of cattle, chicken and pig manures). Moreover, main crops were mineral fertigated (only using 155 kg ha-1 of Nitrogen and 50 kg ha-1 of Potassium). Regarding IPM, roots of onion and shallot seedlings were soaked in a mixed solution of trichoderma and humus. This solution was also foliar applied. Diseases were managed with preventive foliar application of copper, sulphate, and organic pesticides. Meanwhile, insects were controlled by using natural repellent solutions (neem, basil, garlic, etc.). Also, insect pests on the coloured plastic traps (yellow, blue and white) and crops were monitored. Hand weeding was undertaken as needed.   

	6. Harvest, postharvest and complementary steps.  
	When most onion cultivars were harvested (112 days after transplanting), bulb yields and postharvest quality were recorded. After sorting by size and skin colour, the produce was sold at the local growers market, labelled as an ecological product. During the application of the model, there were guided visits, open field days, workshops, cookery demonstrations, etc., at the experimental plot. 


Conclusions
Aurora Tropical could become a useful tool for producing sound vegetables in tropical regions which still rely on an agriculture-based economy and are classified as developing countries. It is crucial to point out the big distinction between horticulture and agriculture under tropical conditions. The selection of the precise vegetable cultivar for the current season, companion crops and other adapted horticultural technologies are very useful skills for breaking down the monoculture structure, promoting biodiversity, providing pest and weed control benefits, reducing erosion, and improving water infiltration, among others. Shallots and other adapted crops have a great potential for producing and developing new markets in tropical areas.
Tab. 2: Growth, yields and postharvest quality of 9 onions and 1 shallot short-day cultivars applying the ecological model Aurora Tropical

	Cultivar
	Origin
	Skin colour
	Leaf area*    (cm2 plant-1)
	Bulb diam.* (cm)
	Yields*    (kg ha-1)
	TSS* (ºBrix)
	Dry matter (%)*

	H. Sequoia
	Nunh. Chile
	Yellow
	100bc
	4.7abc
	22797bc
	5.54de
	4.0cd

	H. 10020
	Haz. S. Israel
	Red
	115b
	5.1ab
	28153b
	7.02bc
	4.6bc

	H. Cimarron 
	Nunh. Chile
	Yellow
	117b
	5.2ab
	26368b
	5.01de
	3.6d

	H. 10000
	Haz. S. Israel
	Yellow
	63cde
	4.1cde
	12223cde
	4.81de
	3.5d

	OP Reina438
	Paim. S. Italy
	Yellow
	86bcde
	4.7abc
	17029bcde
	4.88de
	3.6d

	H. 1478
	Haz. S. Israel
	Yellow
	39e
	3.5e
	5768e
	5.11de
	3.4d

	H. 1297
	Haz. S. Israel
	Yellow
	48de
	3.6de
	7828e
	4.35e
	3.3d

	H 10026, Sh.
	Haz. S. Israel
	Red
	97bc
	4.3bcde
	18677c
	10.83a
	7.0a

	H. Americana
	Seminis USA
	Yellow
	164a
	5.3a
	35020a
	7.34b
	4.9b

	H. 10021
	Haz. S. Israel
	Red
	69cde
	4.4bcd
	14420cde
	6.01cd
	4.0cd


* Means followed by the same letter are not significantly different by Duncan test at the 0.05 level. H.: hybrid, OP: open pollinated, Sh.: Shallot, TSS: total soluble solids, Nunh: Nunhems, Haz: Hazera Seeds, Paim: Paimer seeds.
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