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Abstract 
Well-managed organic vegetable production systems (OVPS) can provide food security and healthy diets for humans, while being less harmful to the environment and more efficient in natural resource use. However, most OVPS research is carried out in developed countries, mainly under temperate or subtropical climatic conditions. Institutionalized research in organic farming in most tropical countries appears to be relatively new, and it is not a significant focus for the International Agricultural Research Centers. Tropical farmers in Asia producing vegetables organically, whether by design or default, must overcome significant challenges organic growers in temperate climates seldom face, including a lack of suitable varieties, heavy rainfall and the year-round presence of pests. According to our online literature survey, tomato is the vegetable most commonly researched in organic farming, followed by lettuce, carrot and cucumber; we found little research on crops important to tropical Asia, such as eggplant, chili pepper, different cucurbits such as gourds, and locally important indigenous vegetables. To improve and promote OVPS in tropical countries, institutional research is needed to identify and develop vegetable varieties, alternative crop protection and management methods better suited to the tropics.
Introduction 

In tropical Asia, vegetables are an integral part of the diets of many people, providing the essential micronutrients vital to human health and development. While conventional vegetable production has generated income for Asia’s many small-scale farmers, consumer concerns about synthetic pesticide residues have led to a greater demand for ‘safer’ organically produced vegetables (UN, 2003). Although there are constraints, the potential exists for smallholders to further increase their incomes by producing vegetables organically. For example, according to Pai (2006), there were 914 certified organic farms in Taiwan in 2006, covering an area of 1,442 hectares. The area of organic rice was largest with 746.4 hectares followed by organic vegetables with 372.7 hectares. However, in terms of production value, organic vegetables (NTD 249 million or USD7.55 million) were more important than organic rice (NTD158 million or USD4.78 million), or any other organically produced crop in Taiwan. This relationship is also true for other countries in the tropics/subtropics such as Thailand (Danuwat, 2007). 
To participate in this expanding market, Asia’s organic farmers – including traditional farmers who are “organic by default” because they cannot afford chemical inputs – need help to increase yields and improve the quality of their produce. Research should focus on the development of superior, disease-resistant vegetable varieties, safe botanical pesticides and crop management techniques specific to the tropics. 

Organic production constraints in tropical countries
According to an electronic survey by Stoll (2003) lowland vegetable production is the predominant form of organic vegetable cultivation in the tropics, followed by upland vegetable cultivation. Vegetable farmers in tropical and subtropical countries are confronted with a range of production constraints including climatic stress (heat, seasonal drought, heavy rainfall, floods, and tropical cyclones) and the year-round prevalence of insect pests and diseases (UN, 2003). Poor soil fertility, low-quality seed, and a lack of varieties adapted to these conditions further complicate organic vegetable production. Successful organic vegetable production requires a minimum level of key inputs, but in most tropical countries organic input markets are poorly developed. Weak linkages persist between vegetable producers and their input suppliers and produce markets. Traditional farmers considered to be ‘organic by default’ often lack basic agricultural equipment, have limited access to credit, must expend a significant amount of labor to satisfy their daily basic needs, and may not have access to education and information (Freyer, 2007). 
Lack of research on tropical organic production 

A simple literature search using internationally available databases shows that tomato is the most commonly researched vegetable in organic farming systems, followed by lettuce, carrot and cucumber (Table 1, column two). 
Tab. 1: Number of records returned when entering keywords related to organic vegetable production
	Key words entered
	Records returned
CAB-Abstracts + (AGRICOLA, AGRIS) 1)
	Records returned 
CAB-Abstracts only2)
(without ‘organic’ in front, vegetable name only)

	Organic tomato
	27 + (9) = 36
	32,536

	Organic lettuce
	16 + (3) = 19
	7,255

	Organic carrot
	 9 + (2) = 11
	5,684

	Organic cucumber 
	8 + (1) = 9
	11,411

	Organic onion
	7 + (1) = 8
	7,349

	Organic pepper
	5 + (0) = 5
	9,026

	Organic bean
	5 + (0) = 5
	25,192

	Organic pea
	5 + (0) = 5
	16,740

	Organic cabbage
	5 + (0) = 5
	9,374

	Organic broccoli
	4 + (1) = 5
	2,847


(Databases AGRICOLA 1984 – September 2007, CAB-Abstracts 1989 – September 2007, AGRIS 1975 – June 2007, accessed 8 November 2007)

1) The same records already returned in CAB-Abstracts not included to avoid duplicate records 

2) The database CAB-Abstracts was used only in order to avoid duplicate records
Note: if potato would have been considered to be a vegetable, tomato would be just the second most important vegetable crop in organic vegetable research.
Organic vegetable research is only a small subset of overall vegetable research – most of which has been done in developed countries under temperate and subtropical climatic conditions (Table 1, column three). Very few records related to organic vegetable production in tropical countries appeared in our search. For example, in the search for “organic tomato” production only four records were returned from tropical countries (three from Brazil and one from India). The FAO report ‘Organic Agriculture and Food Security’ states that there is almost no organic agricultural research taking place in most developing countries. Even in developed countries allocations to organic farming do not exceed one percent of total agricultural research budgets (Scialabba EL-Hage, 2007).
A focus for future research 
To promote and improve organic farming in tropical Asia research efforts should focus on crops important to the region, including eggplant (brinjal), chili pepper, and different cucurbits such as gourds, etc. Some indigenous vegetables may be more suited to regional OVPS than introduced ‘exotic’ vegetables because of their adaptation to tropical environments, and often good tolerance of pests, diseases and low soil fertility. 
Research into plant protection strategies based on a combination of preventive and direct methods will help organic vegetable producers to better manage their crops. Preventive methods such as crop rotation and maintaining soil fertility enhance the vigor and health of crop plants (UN, 2003). Soil-borne diseases and insect pests such as flea beetle (Phyllotreta spp.) are in general very difficult to manage. We found in tropical Taiwan that it is extremely difficult to control small sucking insect pests (often virus vectors) such as white flies (e.g. Bemisia tabaci), aphids (e.g. Myzus persicae) and melon fruit fly (Dacus cucurbitae) in the open field without nets. In contrast, larvae of several important Lepidoptera such as Spodoptera spp., Leucinodes orbonalis, Plutella xylostella, and Helicoverpa armigera can be controlled relatively easily with Bacillus thuringiensis (Bt) foliar applications, provided the larvae are small and remain exposed on leaves and stems. Fungal diseases are difficult to control in organic farming due to a lack of effective fungicides (Aini et al., 2005), particularly if copper and sulfur products are omitted or not available. Therefore, the most important research need in organic (and conventional) farming is to manage plant diseases through the development of disease-resistant or tolerant varieties (Aini et al., 2005).
Botanical pesticides offer a fertile area for research. More than 1,000 plants with potential applications in crop protection have yet to be investigated in detail (Prakash & Rao, 1997). Field experiments are needed to confirm the abilities of the most promising candidates observed in laboratory studies. The efficacy, human and environmental toxicity, and mode of action of most home-made botanical pesticides remain to be studied. Research should consider aspects influencing their efficacy, such as optimized extraction methods, use of natural additives such as alcohol, and target pests in relation to their vegetable host plants, as well as phytotoxicity and the effect on non-target beneficial organisms.
Research in soil fertility and plant nutrition management is needed to ensure the most effective use of limited resources such as phosphorus, and to provide the best management options for stressed soils affected by salinity, acidification, low organic matter content or nutrient depletion (eg. Grenz & Sauerborn, 2007). Being able to produce effectively under low fertility conditions may become more common (Juroszek et al., 2008) due to increasing land degradation and soil nutrient depletion as well as the expected depletion of sources of high-grade phosphate fertilizers this century (Runge-Metzger, 1995). Breeding of modern varieties is conducted mostly under high-input situations and has missed out on exploiting genetic differences expressed at low levels of inputs (Ceccarelli, 1996). Lammerts van Bueren (2002) pointed out that for very low yield-level environments, selection in ‘low-input’ systems is necessary. For instance Moura et al. (2001) found in a pot experiment a large variation in the phosphorus (P) efficiency of 10 tested sweet pepper lines, suggesting that genetic improvement programs aimed at increasing this characteristic in sweet pepper could be successful. In addition to breeding P-efficient vegetable varieties to cope with expanding low-fertility situations, other approaches such as the use of microbes for enhancing P-availability, improved technologies to use low-grade phosphate rocks, and extraction and recycling of ‘safe’ P from organic resources such as waste water and solid waste should be considered (Grenz & Sauerborn, 2007). 
To conclude, more institutionalized research in organic agriculture and horticulture is needed to improve and promote organic farming systems in tropical countries.
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