Onions (Allium cepa)

Onion General Background and Basic Agronomy
(adapted from Don Pearson’s growing calendar available of www.bhu.co.nz website)

Onions are an essential ingredient in many dishes and virtually indispensable for winter stews and casseroles. They are however relatively difficult to grow organically with weed management being the biggest issue and cost. Onions prefer a good light soil with plenty of compost added. The key factors in the successful growing of onions are, planting at the right time and keeping the weeds down as onions need their full growing season and resent competition from weeds.

Growing storage onions from seed one would sow the seed in July or August and carefully weed the crop as it grows and matures. As the plants are thinned to 10cm spacings, the thinnings can be eaten as spring onions. For the small-scale gardener it is often easiest to raise ‘sets’ rather than plant directly from seed due to the timing difficulty in establishing the crop. Sets are small bulbs started as seed in intensive beds the previous year in March. These are planted at the soil surface at the same time as one would sow seed in July or August. ‘Crusader’ (a Pukekohe Long Keeper type) is the best open pollinated variety for Canterbury but is generally only available in commercial quantities. These onions are harvested from February to March when their tops have bent down and are then dried for storage.

Early maturing onions are planted in autumn and run a higher risk of bolting in the spring. These varieties are sweeter, often being used for salads, and do not store well.
Varieties;

Longkeeping

‘Crusader’

‘Pukekohe Long Keeper’

‘Spanish Brown’

Salad Onions

‘Californian Early Red’

‘Golden Globe’

Soil and Fertiliser

Onions benefit from high soil fertility as they have limited root systems.  It is therefore recommended that they be planted in the best soils available.  Liberal application of good quality compost is highly beneficial.  Most onions are direct sown and require a fine seed bed.  Previous green manures should probably be ploughed under and then the seed bed produced.

Use free draining soils to avoid soil borne diseases.  Optimum pH is 6.0 to 6.4 in most soils.  Liming is generally beneficial to keeping quality of the onions and reducing fungal disease issues.

It is recommended to stimulate growth when onions are 15-20cm high with the application of allowable foliar fertilisers, biostimulants (microbial or seaweed) or limeflour (very finely ground limestone – applied to soil at ca. 100kg/ha)
Onion Weed Management

Onions are one of the vegetable crops most prone to weed issues.  It is a relatively slow growing annual crop that does not provide much canopy to out compete weeds.  As well as weeds competing for nutrients and light, they can increase the susceptibility of onions to fungal diseases due to the reduced airflow and increased humidity around the crop.  Weeds can also impede harvesting in some cases making mechanical lifting impossible.  Weed control in organic onion crops can become highly expensive especially with hand weeding.

Non-Organic Weed Control

In non-organic onion growing, heavy use of herbicide is very common.  This will typically begin with a persistent pre-emergent (applied before germination of the crop) herbicide and several reduced rate semi-selective sprays following emergence.  Concern with the level of herbicide used in onion crops has led to research into integrated management methods and a New Zealand based programme on herbicide tolerant onions (theoretically able to be grown with a few applications of a more environmentally benign herbicide able to kill most problem weeds).

Integrated Weed Management

Integrated weed management in onion work has included highly successful research and practice in Denmark.  The main focus has been on ways to control intra-row weeds.  Interrow cultivation is able to be quite effective in controlling the weeds between onion rows.  In Europe, precision interrow cultivation aided by infrared and other crop sensing methods is able to control 70 to 80 % of within row weeds simply by coming in so close to the crop row.  Other mechanical means of intra row weed control are mentioned below under mechanical weeding.  Integrated weed management in onions often involves a pre-emergent spray and perhaps one or two post emergence sprays with a semi-selective herbicide combined with interrow cultivation.  There may also be attention paid to predetermining factors in weed burden such as rotation.

There is a progression of weed management techniques from the more systems based and cheaper methods to the more interventionist and expensive methods.  The latter methods in many cases are simply swapping non-allowed herbicides for practices similarly trying to rescue a crop.  In fact it is even possible to purchase an organically allowable herbicide albeit on a restricted use basis.

Rotation

For weed, pest, disease and plant nutrition reasons, good organic management requires rotations with onion crops not being grown in the same area in two successive years.  From the point of view of weeds, the susceptible crop of onions should be placed in a position in the rotation that is likely to present a low weed burden.

Green Manure

A late summer or autumn planted green manure crop can potentially reduce the weed burden in an area.  A combination of green manure species will often reduce the number of weeds surviving in the area.  A good green manure will provide good crop nutrition and also improve soil condition to achieve a good seedbed and fast emergence and early vigour of onions, each of these contributing to good crop establishment.

Primary Cultivation

The choice of primary cultivation and subsequent treatment should be made in part according to the potential for weed burden.  If a high weed burden is expected at the soil surface and little weed seed burden lower in the soil, then inversion ploughing could be considered.  In some cases several surface cultivations may be required to e.g. control perennial weeds.  Note grassy weeds can be a particular problem in onion crops as they are less susceptible to come of the thermal and mechanical control techniques listed below.

False Seed Bed Technique

The false seedbed technique is to cultivate a seedbed as if for planting and then allow a flush of weeds to occur (if necessary irrigating to bring on the weed flush).  The weeds are then controlled by undercutter bar or thermal weeding avoiding disturbing the soil to trigger deeper weed seeds.  This should be repeated once or twice if weed burden is high or if a high level of seed exhibiting dormancy is expected (e.g. mature fathen that had been ploughed in several years ago and the area has been once more ploughed).  

Some extra tips for false seed beds are…

Control of weeds is ideally done when weeds are very small (less than four true leaves) as regrowth after thermal weeding or light cultivation is not an issue.

Established perennial weeds should be controlled before going into the false seed bed method.

Grassy weeds are more able to regrow from thermal weeding or undercutter bar work

Post-emergence Thermal Control

Thermal weeding is not usually practiced in growing crops but onions are an exception.  Once the seedlings have a second leaf they are able to withstand and grow back from thermal treatment with little or no loss in yield.  This can be used as a key means to reduce early weeds within and between rows.  It cannot be used in this fashion much later in the crop as yield losses will occur but good results have been achieved at the fourth leaf stage and may be feasible at slightly later stages too.  With shields, thermal control, can be used for interrow weed control at later stages but this is of doubtful advantage over interrow cultivation.

Mechanical Weeding

Mechanical weeding in onions generally consists of interrow cultivation.  Care needs to be taken to not uproot sensitive seedlings and to not damage even mature plants (as disease can enter through damage points.  Following are descriptions of a variety of mechanical weeding kit and their applicability or otherwise to onions.

Tine Weeders: A large number of flexible thin metal tines are dragged along flicking up weeds.  Suitable for large seeded, sturdy and flexible crops e.g. peas and cereals when weeds are still small.  Can also be used in linseed though sowing density should be increased to allow for some crop loss.  Not suitable for onions as the crop seedlings are too easily dislodged.

Spoon Weeders: Thin metal tines with a spoon shaped end rotated around by movement across the soil.  Soil is flicked up by the spoons with weeds coming down on top of the soil and being prone to drying out.  It may reduce the capacity for good seedbed formation by negatively affecting soil surface structure.  Not generally used for onions. 

Hoes: Horizontal implements with a cutting edge, these are front, mid or rear mounted.  Front and mid mounting allow accurate hoeing with one driver/operator.  A further option is the rear mounted steerage hoe, which involves an operator sitting on top of a steer able hoe.  Hoes work best on a flat fine seedbed and it is important to have independently height variable hoes to cope with any unevenness (hoe depth is important to ensure ground contact and good kill).  Hoes are commonly used in onion production for interrow cultivation – a good design might allow for soil to be left on the onion row, burying small weed seedlings.

Brush Weeders: Mounted either horizontally or vertically, PTO driven rotating brushes effectively control interrow weeds.  In some cases, vertical brushes may be oriented to leave soil on the intrarow area to bury small weed seedlings.  Brush weeders can be used in onions.

Rotovator Hoes: Called rotary hoes in New Zealand, the blades can be removed at spaces corresponding to crop rows.  Blades can be traditional L shaped or more commonly for interrow work, the less ‘destructive’ knife blades.  Not usually used for onions as they lack precision.

Basket Weeders: These are used for interrow weeding and involve series of U shaped high tensile wires oriented perpendicular to the direction of travel and forming essentially spokes.  The first set of baskets travels with the tractor movement and is geared to turn the back set of baskets at twice the speed to effectively weed out small weeds.  Able to cope with somewhat rougher and stonier soils than interrow hoes but still have problems with stony soil and trash.  Set up is not adjustable; baskets must be made for the widths required.  Soil spill over onto the row can be problematic and this needs to be limited by driving slower.  Forward speed is also limited by the requirement to drive accurately and not damage the crop.  Can be effectively used for onions.

Rolling Cultivators: Cast steel wheels with long teeth are ground driven and dislodge weeds.  Faster forward speed and more inclined orientation increase weeding activity.  Effective interrow cultivation quite close to robust crops but not suitable for onions.

Ridging equipment: Potato ridgers are useful for some crops and are best if they contain a series of tines to break down the edge of an existing ridge before building up a new ridge.  Very effective weed control but not suitable for a crop such as onions.

Sensing Equipment: Great improvements can be achieved by using a computer guided interrow cultivator e.g. driven by infrared sensing of where the crop row is allowing close control of weeds.

Hand Weeding

In many cases a certain amount of hand weeding may be required.  If mechanisation is not practical or if scale is small then a wheel hoe is suitable for interrow work and much more efficient than hand hoeing.  There is a variety of implements possible for intrarow work and it is worth considering the most appropriate to cut down on labour requirements.  The choice depends on operator, crop, between plant spacing, type of weed, size of weed (ideally weeds should be controlled before they have more than three true leaves to allow speedy weed control work).

On a large scale, hand weeding can become very expensive and it is important to have efficient workers and to increase their efficiency by providing individual or tractor mounted weeding platforms.

Care should be taken in choosing the site, designing the rotation, preparing the ground and seed bed and using appropriate mechanisation to reduce the amount of hand weeding required.

Organic Herbicide

There is now an organic herbicide (InterceptorTM) available for restricted use in onion crops.  It is a relatively selective desiccant based on extracted pine oils and does not have a significant impact on the onion crop sprayed post-emergence.  It is more expensive than conventional herbicides and according to certification, steps should be taken to minimise the requirement for it.

Mulching

Mulching is generally not thought of in large scale onion production as mulches are laborious to apply and if weeds become an issue then the mulch material makes mechanical weeding problematic. 

Onion Pest Management
Thrips
Thrips are the main pest issue in onion growing.  There are at least two thrip species commonly attacking onions, these being the onion thrip (Thrips tabaci) and the western flower thrip (Frankliniella occidentalis).  They rasp the leaf surface leaving a characteristic silvery appearance.  Sucking on plant sap, they can reduce crop yields significantly when the infestation is during mid season and bulb formation has just begun.  They also increase the susceptibility of onions to disease such as botrytis (see below).

Thrips have a life cycle of several flightless instar larvae all of which feed on plants and a mature phase capable of flying.  If populations build up, this can result in serious damage to the crop and even complete crop failure.  In unsprayed conditions, the levels of natural enemies may be able to build up.  The natural enemies present in New Zealand include predators and parasites.  Numbers of thrips are also affected by local sources of thrips and host condition.

In a similar way to weed management the options for thrip management can be expressed in a gradient from systems based such as crop rotation and provision of refuges for biological control agents down to intervention control with spraying again generally reflecting an increased cost from systems to interventionist approaches.

Rotation

Onion thrips are a problem on a wide variety of crops.  Onions should not be for instance planted into areas that have had a winter cover crop of ryecorn or wheat for example but rather for example oats, which does not host the thrips.

Surrounding areas and crops

Attention should be paid to the surrounding area.  Ideally there would be refuges such as beetle banks for spiders, spider mites, ground beetles, lacewings, pirate bugs, ladybirds etc (though many of these control agents have difficulty accessing the thrips hidden in amongst onion leaves).  On the other hand areas of weeds and old crops that may serve as a source of thrips should be tidied or onions planted elsewhere.  Bad thrip infestations can result from a nearby thrip infested crop that has been left to mature.  When the infested crop starts to dry out, the thrips will transfer over to the onions.

Flower provision

Some thrip predators and parasites will be improved in number and activity if there is the provision of suitable flowers for providing pollen and nectar.  For example the pirate bug eats thrips and mites but also derives food from pollen of open flowers e.g. buckwheat.  Hoverflies attracted and boosted by phacelia, buckwheat and other flowers can also aid the biological control of thrips.

Crop Condition

A stressed crop will be more prone to thrip infestation.  A common issue is shortage of soil moisture and irrigation should be kept up to ensure healthy growth without summer dry stress.  Crop nutrition is also important with a desire for uninhibited growth with adequate provision of calcium and possibly boron.  Excess nitrogen should be avoided as this can provide an easy and desirable food source for thrips.

Spray Avoidance

Spraying with insecticides reduces natural enemy levels (a problem even for some of the organic restricted sue sprays).  Also spraying with fungicides to control onion diseases can reduce the level of fungal biological control of thrips.  Therefore a reduced spraying regime say based on monitoring of thrip numbers and disease presence can assist biological control of thrips.

Protective Spray

Spraying with a protective kaolin clay film (SurroundTM – available in New Zealand but use on certified organic properties would have to be with specific permission) appears to offer some protectant effect against thrips, reducing their ability to feed on the onion leaf surface. 

Sprays

There are a wide variety of sprays available on a restricted basis for organic control of thrips but their use on onions is only with moderate success as they are not very systemic or in some cases are active entirely by contact.  Options include neem (especially the oil products), garlic/pepper sprays, garlic/pyrethrum sprays, sulphur sprays, insecticidal soap and diatomaceous earth.  The problem is that the thrips largely hide within onion leaves and contact spraying is severely impeded by this.  Many of the sprays can have a negative impact on natural enemies too and use should be on a confirmed need basis.

Reflective Mulches

The use of black polythene mulch painted with reflective aluminium paint has been shown to reduce thrip infestation levels.  The reflective properties disrupt the flight control of thrips.  This is of limited applicability in large-scale production but may lead to innovations for small-scale production.

UV absorbing plastic houses

In some cases it may be justified to grow onions on a small scale in plastic tunnelhouses.  Here the environment can be controlled to limit pest and disease levels including the use of UV absorbing plastic film which reduces the reproductive capacity of thrips.  Not relevant for the majority of the onion industry but may have scope for small-scale niche production or seed production.   

Diseases of Onions

Onions can suffer from a variety of diseases of which three major ones are covered here.  These are onion white rot (Sclerotium cepivorum) a root disease, onion downy mildew (Peronospora destructor) a leaf disease and onion neck rot (Botrytis allii) a storage disease.  

For each disease, good crop nutrition is mentioned as a means of reducing disease levels.  This nutrition generally involves ensuring adequate calcium (and probably boron) levels to reduce the ease with which fungi can penetrate host tissue, generally adequate nutrients for steady non-stressed growth and the avoidance of excess nitrogen which can increase the easy food value for the fungi as well as contributing to a softer cell wall structure.

Onion White Rot

White rot can kill pre-emergent seedlings of onion, severely affect seedlings and be present on the bulbs. It is characterised by a white mycelium and the production of darkened sclerotia.  When sclerotia have formed, the mycelium often dies away and is not easily visible.  The disease often occurs in “hot spots” creating dead patches amongst onion fields.

The dissemination of white rot is mainly through infected plant material and the sclerotia (resting bodies).  Transfer to a new field is therefore generally through soil contamination e.g. machinery, boots etc.  Once established in a field, sclerotia can survive for more than two decades.  It was first reported in New Zealand around 1960 and is now present in all major onion growing areas.

The disease infects a wide range of members of the Allium genus (though rarely affecting the wild Alliums that are naturalised in New Zealand).  Onion and garlic are major crops affected.  The sclerotia are stimulated by exudates from the roots of Allium spp. and spread is mostly from direct contact of the fungal hyphae with roots and it grows from root to root.

Control in the order of systems based to interventionist includes… 

Crop rotation: At least three to four-year gaps between susceptible species though infection is still possible after a much longer gap than that – the rotation simply reduces the likelihood of an initial epidemic and slows the spread of hot spots.  Garlic should be avoided in any area of risk as is particularly susceptible and has a wide ranging root system that means even a small sclerotia load can lead to a major problem and an increased risk for future onion crops in that area.  Some researchers have looked at the ability to trigger sclerotial germination by trap crops, which are killed before there is a chance for the triggered fungus to form sclerotia.  This is a tricky and little proven method and like the use of onion oil to stimulate sclerotia (successful in some trials and not in others) requires further protocol development.

Avoiding Soil and Plant Residue Transfer: Theoretically organic farms should be at an advantage as care is taken to avoid soil transfer through tractors and implements of any shared or contractor machinery and containers should be cleaned before use on the certified area.  But transfer by boots etc (and even wind blown plant residues) is also a potential source of initial infection.  Care should be taken in accepting any plant material as this can be a major source.

Crop Hygiene: Left over bulbs and crop residues should be cleaned or at least not left exposed following a crop.

Planting by seed: There is a strong link between using transplants or sets and a higher level of white rot.  Part of this is due to the fast establishment of a root system in the early season when white rot sclerotia germination is more favoured.

Primary cultivation:  Infection in onions may be reduced by inversion ploughing of a field that may carry inoculum near the soil surface.

Plant Spacing: Well spaced plants can slow and reduce the spread of disease as this spread is primarily through the limited growth of the fungus from one root to another.

Biological Control: Natural suppression of white rot can occur in biologically active soils.  There is also potential control through well-researched commercial biological control agents which is a more interventionist type approach though a useful tool.

Crop Condition: Adequate irrigation, good crop nutrition and good soil condition is important to reduce disease potential. 

Soil Solarisation: This involves mulching prior to the crop with clear plastic sheeting to increase soil temperatures.  There can be direct kill of sclerotia and/or weakening of sclerotia making them more susceptible to fungal hyperparasites and antagonists.  Control of sclerotia deeper in the soil (e.g. greater than 10cm) may not be achieved.

Roguing: the removal of infected plants at as early a stage as possible.  Also need to remove a generous amount of soil that surrounded the roots.  More suitable to small-scale and symptoms may be easy to miss.  Infected material can be hot composted only if high temperatures (e.g. several days above 50oC) can be assured.

Onion Downy Mildew

Infects common onion and a variety of other Allium species including shallots and bunching onions.  This is the most severe of a range of potential foliar pathogens on onions.  Overwintering is in crop residues, leaves of overwintering bulbs and bulbs being kept for seed production the following season.  Lesions produce spores in mild humid spring conditions and these give rise to infection on host leaves.  Under suitable conditions (mild and moist), infection can develop into elongated yellowed areas with a downy conidia (asexual spores) filled hyphal growth in the centre.

Control in the order of systems based to interventionist includes… 

Rotation: Rotations should include at least a three to four-year gap between susceptible plants, and onions should not be planted adjacent to an area that previously had an infected crop.

Crop Condition: The crop should have a low stress level including planting at optimum soil temperatures in good condition soil, adequate irrigation (though care should be taken to not water on overcast days or in the late afternoon/evenings), and good nutrition.

Resistant Varieties: There may be some varietal difference in susceptibility though this is not as defined as in say spinach or lettuce.

Airflow: The crop should be well spaced to allow for good airflow and reduction in humidity.  Similarly weeds should be prevented from restricting the airflow.

Spraying: Spraying can be timed according to noting the very early presence of downy mildew and linked to leaf wetness events.  Sulphur and copper type sprays may be warranted in some cases.  

Heat Treatment: For seed production it may be worthwhile heat treating (e.g. 8 hours at 43-45oC) the mother bulbs to reduce downy mildew issues in the seed producing plants (note that seed borne distribution of the fungus is a doubtful issue but the disease can be very destructive to seed yield).

Onion Neck Rot

This can become a catastrophic problem post harvest potentially decimating a crop and incurring sorting and dumping charges.  There are usually no field symptoms of the disease.  Softness is first noted around the neck of bulbs several weeks after harvest and this may be followed by the production of copious white mycelium scattered with darkened sclerotia (resting bodies).  It fortunately does not spread amongst bulbs in the crates but there can be a variation in the length of time between going into storage and symptoms showing so an initial roguing is often insufficient.

One form of management actively employed is to take care to ensure proper drying of the stem before the stem is damaged or cut off at harvest.  But as for all other issues there are more systemic management techniques also including avoiding disease inoculum.

The disease is commonly carried on seed and where using untreated seed, care should be taken to ensure low pathogen presence (can be tested).  During the growth of the crop, the fungus appears to survive and not be aggressive on crop leaves.  Dumped onion material and overwintering bulbs are also sources of the disease.

Control in the order of systems based to interventionist includes… 

Rotation: Diseased onion crop residues can provide a disease source for a persistence of two years so rotations should allow for a three year or more gap in the rotation.

Crop Hygiene: Dumps of onion plants and unincorporated residues in nearby areas should be avoided.

Seed: Onion seed treatment with fungicide is common for the most effective means of reducing onion neck rot levels.  With untreated seed it becomes important to assess the level of disease present and choose low contamination seed.  Growing onion seed under cover has produced anecdotal evidence of reduced B. allii contamination and there may also be an effect from the high temperature curing and storing of the seed and of mother bulbs to be planted for seed production. 

Crop Condition: The crop should have a low stress level including planting at optimum soil temperatures in good condition soil, adequate irrigation (though care should be taken to not water on overcast days or in the late afternoon/evenings), and good nutrition.

Harvesting:  Damage to onion bulbs and necks should be avoided during the growing and harvesting of the crop.  Particular attention should be paid to not damaging, bending, breaking or cutting the neck of the onion prior to harvest.  If the crop is harvested with wounded necks e.g. some mechanical harvesting techniques then curing becomes increasingly important. 

Curing: Bulbs cured at 34 to 35oC for 10 to 14 days with forced air can show reduced levels of disease.

Storing: It is important for onions to be stored in dry conditions with sufficient airflow to reduce chances of post harvest crop loss.  

Resources

http://www.attra.org/attra-pub/thrips.html : Document on thrip biology (an important pest for onions) and control with some links/references.

http://www.hortnet.co.nz/publications/nzpps/proceedings/02/02_188.pdf :

This paper mentions some of the natural biocontrol agents of onion thrips present in New Zealand.  The ability to provide effective biocontrol is experimented with and discussed.  Note the experimentation is on a plot basis – and biocontrol was not effective enough; ideally a system design would improve the level of control possible by providing refuges and food sources for the predators and parasites.  Note also that even the selective insecticides tested appeared to have a highly negative effect on predator and parasitoid numbers.

www.merfield.com : This is the website of Charles Merfield and includes a pdf file on weed management authored by Merfield and comprehensively covering a range of weed management options including more detail on mechanical weeding implements.

Melander, B. (1998). Interactions between soil cultivation in darkness, flaming and brush weeding when used for in-row weed control in vegetables. Biological Agriculture and Horticulture 16(1): 1-14. {a} From the Danish Inst. Agric. Sci., Dep. Plant Protection, Res. Centre, Flakkebjerg, DK-4200 Slagelse, Denmark.  Bo Melander is a thermal and physical methods weed management expert. 

