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1. Introduction

1.1
Onions are broadly categorised into short-day, intermediate-day and long-day types.  In South Africa, only short-day and intermediate-day onions are produced. The former are grown in the northern production areas, as far south as Kimberley, whilst the intermediate types are grown in the eastern and western Cape (and, to a limited extent in the Barkley-West area).  The short-day onions are generally straw-coloured, do not dry to a brown colour and have a limited storage life, whilst the intermediates are copper- to brown-coloured, and have a long storage life under optimal production- and postharvest conditions.

1.2
Total onion production in South Africa is approximately 220 000 tons per year.  The top production areas are Ceres (ca. 22.2%), Brits (ca. 20.9%), the Northern Province (ca. 20.9%) and the combined Free State and Northern Cape production areas (19.8%).  Between 25% and 30% of the total production is exported, mainly to Zimbabwe, Namibia and Angola, with smaller volumes going to Europe and other destinations like Asia.

1.3
Our main Southern hemisphere competitors for the northern hemisphere markets are New Zealand, Southern Australia (mainly Tasmania) and Chile.  Together, for example, they export approximately 150 000 tons of onions to the UK, per annum.  South Africa is in a very favourable position to compete successfully for this market segment, due to our shorter shipping times.  This would, however, require a focused approach, commencing with selection of the correct cultivars, appropriate production practices, optimal curing and postharvest handling, and shipping under the correct conditions.

1.4
The purpose of this document is to point out various important factors in the production of high quality onions for export, but more specifically to address the postharvest aspects of curing and shipping.  It must be stressed that successful export of a high quality product requires attention to all aspects relating to the production, handling and shipping of the onions.  Neglect of a single factor cannot be negated by stricter attention to other factors.
2.
Onion production practices influencing postharvest quality

2.1
These aspects fall outside the focus of this document, and are addressed only insofar as key points are mentioned.  For more detailed information, growers and exporters are advised to contact agents from fertiliser and seed companies, researchers and breeders of the Agricultural Research Council (ARC), and researchers at the various universities where agronomic crops are studied.

2.2
Selection of the most suitable plant material is, undoubtedly, one of the most critical factors when growing crops for export.  Market research must be undertaken to determine what the target consumers want, and then the best cultivars of that specific product must be chosen with local production conditions in mind.

2.3 Three production aspects have a particularly pertinent bearing on onion quality.  

Firstly, nitrogen fertilisation.  In comparison with other onion-producing countries, we appear to use luxurious amounts of fertiliser.  This has the benefit of increasing the yield per hectare by stimulating vegetative growth and thereby increasing the photosynthetic capacity of the plant.  However, there have been many reports indicating a direct relationship between nitrogen content and the susceptibility of plant products to pathogen attack.  High nitrogen levels are also often associated with lower firmness, and also a reduced dormancy.  The latter is particularly relevant when medium- to long-term storage and shipping are envisaged, as sprouting is a major cause of deteriorating quality.  

Secondly, irrigation.  South Africa can generally be regarded as having a relatively harsh climate for crop production.  It is therefore of utmost importance to ensure that plants do not suffer from drought stress, as this would limit yield.  Excessive irrigation, however, can lead to the same problems as excessive fertilisation, and it is advisable to withdraw irrigation in the period immediately prior to harvest.  

Thirdly, the use of a chemical sprout-inhibitor such as maleic hydrazide, should be considered.  It is widely used internationally, and is almost a necessity when long-term storage and shipping under ambient conditions are envisaged.  The concentration and timing of application are critical, as high concentrations and premature applications lead to development of soft bulbs which are prone to decay.

2.4
Harvest maturity is normally determined by the extent to which the tops have fallen over.    Bulbs which are harvested very late have a shorter storage life.  However, they will also be significantly bigger than bulbs from earlier harvests, as bulb growth continues for some time following the collapse of the foliage.  Therefore, there will always be a compromise between maximum yield per hectare and maximum storage potential of the crop.

3.
Curing

3.1
Curing is a process following harvest, during which the onion bulbs are ‘hardened off’.  It basically entails a drying of the bulb, so that the neck shrinks and seals, and the outer leaf scales of the bulb seal to reduce subsequent moisture loss and pathogen attack.  During this time, the bulb also goes into a state of dormancy i.e. no growth occurs until dormancy is broken.  This process is critical for the successful storage and shipping of onions.  The objective should be to develop three dry skins, including the outer ‘field skin’ which is normally lost during the grading and packing process.  A tightly sealed neck is essential to prevent the development of neck rot, which is caused by Botrytis allii.

3.2
Curing can occur under two scenarios.  The most widely applied in South Africa is field curing, where the bulbs are lifted (sometimes after undercutting) and stacked in windrows to dry.  This takes anywhere from two to eight weeks, depending on factors such as rainfall, maturity at harvest, etc.  The dried foliage of the bulbs is then clipped, and bulbs are stored in bins until grading and packing.  The main advantage of this system is that it involves very little capital investment.  The disadvantages are that the process is uncontrolled, in the sense that temperature and relative humidity fluctuate widely, sunburn can occur, and rainfall and dew can lead to skin staining and pathogen decay.

3.3
The alternative to field curing, is store curing.  In this scenario, the bulbs are lifted and brought into a curing store where temperature and relative humidity are controlled by manipulating ventilation (using outside air and/or recirculated store air) and the judicious use of fans and heaters.  The advantages of this system are that the precise temperature and humidity conducive to bulb quality can be attained, sunburn is eliminated, skin staining and decay are minimised as the bulbs are kept dry, and the curing process can be substantially shorter.  The main disadvantages are a high initial capital investment, running costs and managerial demands.

4.
Shipping options

4.1
General considerations

4.1.1
Only well-cured onions meeting the quality specifications of the importing country should be considered for export.  In general, short-day onions cannot be stored for more than two weeks and should only be exported by air, or to nearby markets (e.g. Africa and surrounding islands) when sea export is used.

4.1.2
Condensation on the bulbs must be avoided at all times, as it is the prime cause of Aspergillus niger (sooty blotch or black mould) infestation.  This factor introduces significant managerial responsibilities when shipping at low temperatures.  It also necessitates a very high ventilation rate to rapidly remove any surface moisture which may develop on the bulbs.

4.1.3
Relative humidity should be maintained below 70%, as higher humidities lead to root development of the bulbs and a loss of brittleness of the outer leaves.  Both rooting and sprouting (growth of leaves) are influenced by temperature, where higher temperatures hasten the processes.

4.1.4
Onions should never be shipped in the same container (or in the same deck on a conventional vessel) with other produce, as severe tainting will occur (garlic is an exception).

4.1.5
Onions can be successfully shipped at a wide temperature range, from 0oC to 25oC.  Rooting, sprouting and pathogen growth are, however, favoured at warmer temperatures. Experience in the UK has indicated optimal rooting and sprouting between 14oC and 24oC.  This will be a function of the age of the bulbs, how well they were cured, whether a sprouting inhibitor was used, and the relative humidity in the container.  As a general rule of thumb it can be stated that the quality of the product will be maintained more effectively at lower temperatures.  There are circumstances, however, under which the additional cost of refrigeration may be unnecessary.  Refer to sections 4.2 and 4.3 for more details.

4.1.6
Given this basic information, one needs to evaluate various shipping options available to the exporter of intermediate day length onions.  To a large extent, the options will be influenced by the marketing strategy.  If, for example, the exporter wishes to market over an extended period, onion quality would benefit from storage at 0oC and 70% RH.  Under these conditions rooting, sprouting and development of decay are all inhibited.  On the other hand, should the exporter wish to exploit a marketing niche which exists in January through March (for example), the product could be stored and shipped at ambient conditions, with high ventilation rates to limit decay.  This is a less expensive option, as it requires no refrigeration.  It could, however, require the use of maleic hydrazide to inhibit sprouting.  The requirements of the importer should also be taken into consideration, as some have preferences for certain shipping temperatures.

4.2
Refrigerated shipping

4.2.1
Onions can be shipped at low temperatures in conventional vessels, or in containers. Optimum shipping conditions are 0oC and 70% RH, with a high air circulation rate of 60 to 90 complete circulations per hour, and one complete air change per 12 hours, based on the empty volume of the shipping space.

4.2.2
Shipping at any temperature below the dew point of the atmosphere at the time of unloading of the vessel, will lead to condensation forming on the bulbs.  It is therefore imperative that product which is shipped under refrigerated conditions be placed under forced ventilation immediately upon discharge.  A delay of even a few hours could initiate mould development, as the bulbs will have fungal spores present on their surface and between the scale leaves.

4.2.3
Trials investigating the feasibility of raising the delivery air temperature in the vessel by 1oC to 2oC per day immediately prior to discharge, have not been successful in eliminating condensation.  Exporters choosing to ship under refrigerated conditions, are advised to obtain a written undertaking from the importer or receiver at destination that ventilation will be applied immediately upon discharge.

4.2.4
PPECB will request a low RH (in the range of 70%) in the temperature letter to the Master of the vessel. In the case of conventional vessels, this relatively low RH can be obtained by restricting the surface area of the evaporator.  To maintain the desired DAT, the evaporator temperature is lowered, creating a large temperature differential across the coil and thereby leading to excessive condensation.  Modern integral reefer containers have a built-in dehumidifying capacity, which can maintain RH at 65% to 70%.  This is achieved by heating the air immediately before it makes contact with the evaporator, hence increasing condensation on the coil. 

4.2.5.1 Product being shipped in Integral Containers, booked at plus 14°C and above, can be loaded with warm cargo, to a maximum of 25°C.  These shipments can only be accepted with the approval of the producer, exporter and the shipping line, and must be indicated to the line and PPECB during the booking stages.  Containers should preferably be containerized during the early part of a stack, in order for the units to stabalise, prior being shipped.

4.2.5.2 Product being booked at below 14°C, i.e. (+2°C for all containers), must be pre-cooled and the normal PPECB tolerance of +2°C will be applicable.  These containers must be connected to a powersource, within a total TTT of 6 hours.

4.2.5.3 In order to assist exporters, who ship from out an unpre-cooled environment and need to have product delivered at plus 2°C on market, PPECB prepose the following guideline:  Book containers at a stepdown regime, which needs to be approved by all parties.  This ambient load (max. plus 25°C) should also be approved by the shipping line during the booking stage.

4.2.6
Conventional shipments are loaded at ambient temperatures.  Product should be delivered to the quayside at least 12 hours prior to loading.  Ensure that the consignment is well ventilated, protected from the elements and stored in such a way that it does not taint other products.

4.2.7
Refrigerated shipping is recommended after long-term storage, and also for bulbs harvested late in the harvest window.  It is important to keep in mind that the exposure to low temperature will break the dormancy of the bulb, and subsequent warmer conditions will hasten sprouting.  Onions stored and shipped under refrigerated conditions should therefore be marketed within a few weeks of the break in the cold chain.

4.3
Non-refrigerated shipping

4.3.1
Onions can be shipped under ambient temperatures and humidities in conventional vessels, or in modified reefer containers (e.g. Fantainers or Ventainers).  Alternatively, a general purpose container (non-insulated) can be used, by incorporating a small extractor fan in the side opposite the doors.  Please consult PPECB for more details on ventilated shipping procedures ,equipment and certain destinations, normally less than 10 days and not via transshipment ports.

4.3.2
Adequate ventilation (60 to 90 circulations per hour, and at least one complete air change per 12 hours) is essential to prevent a build up of excessive humidity in the load, which could lead to initiation of rooting, and also condensation if temperature fluctuations occur.  Horizontal and vertical air plenums should be provided throughout the load to ensure aeration of the product.  This can be facilitated by positioning pallets vertically against the bulkhead of the container and loading onto pallets.  Ideally, a second layer of pallets can be placed horizontally at the centre line of the load. Ensure that there is at least 150 mm of clear space between the top of the load and the roof of the container, to allow air movement.

4.3.3 Open door shipments are possible, but not recommended.  Cargo is susceptible to water damage under adverse weather conditions or high seas.  The Master of the vessel can be requested to have the openings covered during such conditions, but the safety of the crew is first priority and he has the right to ignore the request.

4.3.4 These types of shipments should preferably only be done on direct shipments, due to handling constraints at transshipment ports.

