Potato (Solanum tuberosum)

Potato General Background and Basic Agronomy
(largely taken from Don Pearson’s growing calendar available from www.bhu.co.nz website)

Potatoes can be grown either as earlies (or ‘new’ potatoes) or as a main crop for storage.  Early potatoes are much lower yielding but quicker to mature than main crop varieties.  Potatoes prefer a slightly acid soil to help prevent potato scab so avoid liming immediately before this crop.  Always use certified seed, as virus is undetectable to the eye in the seed potato but can make a crop almost valueless if all the seed is infected.

EARLIES

Earlies are generally planted in September or October when there is still some risk of frosting in Canterbury. In frost free areas, planting can be as early as June through to August.  As an insurance measure it is wise to plant ¼ to ½ of the seed tubers at fortnightly intervals. This reduces the risk of losing much of the crop to a late frost (the shoots are frost sensitive).

Harvest is typically 90 to 120 days after planting.  To get earlies off to a good start it is recommended to ‘chit’ the seed. This involves leaving the seed in a warm place (15.5oC optimally) for 10 to 14 days prior to planting, each seed tuber with its eyes facing up to encourage sprouting. Usually only one ‘eye’ will grow but if several grow, they can be reduced to one shoot manually. Singling the shoot reduces the crop but increases the size of the tubers that do form.

Seed are planted either by machine or manually.  If planting manually, place them shoot up in mounds, with the shoot entirely beneath the soil. The mounds help the soil to warm faster than a level surface. Spacings are 30-50 cm apart in the row and 50-105 cm between the rows. The spacing depends on what is limiting, space or seed. The crop can be harvested at any time after the tubers have begun forming. Usually they are harvested either when the plants flower or when the tops start to die, which ever comes first.

MAINCROP

Maincrop potatoes are usually planted from late October to early December in Canterbury (typically harvested 120-150 days later). The seed are not chitted and they are generally coming from a cool storage into a warm soil (the opposite to earlies). The growing season for maincrop potatoes is longer and the yield much higher than for earlies but the soil requirements are the same. Planting distances are 50-70cm in row and around 1-1.5m between rows. Seed are usually planted 10cm deep into a flat bed without regard to which way is ‘up’. As the plants grow, the soil is earthed up around the plants to increase the potential cropping surface of the plants and to reduce the likelihood of green potatoes. The crop is usually harvested for storage after the tops have died down but can be left in the ground for some time before harvesting becomes imperative.

Varieties: As with many other vegetables varieties are constantly changing and could be chosen and timetabled with your potato seed merchant.

Rotation: Potatoes should be rotated so that they are not planted in the same area for more than one in three years.  This is to reduce the potential for soil borne diseases (especially nematodes) which can persist in the soil or on volunteer potatoes (potatoes that grow from tubers missed in the previous season’s harvest).  Potatoes are gross feeders especially of potassium and will benefit from compost addition or the incorporation of cover crops or a pasture phase.  They can be useful in a rotation to reduce weed burden (as a growing area is easier to keep clean of weeds under potatoes than most other crops) and to help create good tillage in a soil following a pasture phase.

Storage: Good storage of harvested potatoes is essential to maximize saleable produce.  Avoid keeping tubers with mechanical or insect damage and dispose of diseased tubers by deep burial.  Storage life is extended by initial curing at 15.5oC for 10-14 days. Then store at 7-12oC (85-100% rel hum) with sufficient ventilation.  Store unwashed; potatoes can be washed (if required) prior to final packing and sale.  Pack in perforated plastic bags or paper multi-wall bags.
Soil and Fertiliser

Preferably well drained, fertile, loam with good soil structure.  

Crop nutrition will benefit from the incorporation of a cover crop or pasture phase.  Compost is very beneficial for yields and is a good supplier of potassium, a major element required in abundance for producing good quantities of potatoes.  Prior to final moulding of the crop, a side dressing fertiliser can be applied.  This could consist of further well made compost (e.g. 20 tonne per hectare).  Foliar fertiliser can be beneficial for stimulating extra yield – apply after final mounding.
Optimal pH for potatoes is lower than many other crops due to the risk of potato scab at higher soil pH levels.  Potato scab is usually more of an issue in lighter soils where the optimal pH may be around 5.4-5.6.  In heavier soils as long as potato scab is not a known problem, the optimal pH is around 5.8 to 6.0.  Bulk liming should be avoided before a potato crop as the soil pH level can be temporarily lifted above desired levels during the potato crop leading to significant issues with the disease.
Intercropping Potential
See general intercropping information for a background to the principles and practice of intercropping.

Potatoes and Borage
Borage is a beneficial flower to plant in strips around potato areas.  It attracts and feeds a parasitoid wasp that is the natural enemy of the potato tuber moth.  Borage may be grown in its own right as a seed crop helping intercropping synergy.
Potato Weed Management

Potatoes are one of the easiest crops to maintain in a relatively weed free condition in organic growing.  The crop has a canopy that can smother many weeds and the regular ridging operations disrupt and bury the majority of weeds (see notes in next paragraph).

Many growers and farmers new to growing potatoes or other ridge crops make the mistake of buying any old set of ridging bodies believing they will achieve a good result. This is not the case. Old or badly designed sets of ridging bodies will not achieve a good ridge nor weed kill. Any set of ridgers should also have a set of tines for pulling down ridges on the same tool bar. This means that in a single pass the sides of the ridge are pulled down, and then put up again ensuring a good ridge shape with maximum weed kill. Common types of tines are short straight tines set in a ‘V’ formation (see Figure 10) or spring tines (similar to a tine weeder) set in a fan shape. Many ridgers also have a grubber tine at the bottom of the furrow to loosen up the soil compacted by the tractor wheels.

(Reproduced with permission from Organic Weed Control by Charles Merfield available on www.merfield.com)

Ideally, control perennial and grassy weeds prior to cropping and manage annual weeds through false seed bed technique.  Interrow cultivation if required in the early stages can be with hoes and then ridging will be important to maximise yield as well as controlling weeds effectively.  Intrarow weeding is assisted by the ridging process and can also be assisted if required with hand hoeing in intensive situations.
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
Potato Pest Management

The main pests of potato include potato aphids, potato cyst nematode, potato tuber moth and wireworm.
Aphids
Also see general information on aphid management.  Aphids are a concern for causing poor growth of lettuces, transmitting viruses (lettuce mosaic virus – LMV) and reducing marketability of the produce.

Aphids are common sucking insects that can spread viruses and directly cause ill thrift plants.  They can be controlled with spot applications of soap-based sprays (e.g. Safers), garlic/pyrethrum, neem and homemade pepper sprays (e.g. one onion mixed with 2 garlic cloves and six hot chillie peppers diluted and sprayed).  Homemade sprays will benefit from having a spreader/sticker added.  It should be noted that these sprays would also have some effect on levels of natural enemies of insect pests.  Natural enemies (e.g. hoverflies, lacewings, parasitoid wasps) can be enhanced by planting companion plants such as phacelia, buckwheat, broadbeans and members of the carrot family etc (these companion plants need to be flowering with the exception of broad beans – they can be interspersed in the vegetable areas and sequentially planted to have flowers present over an extended period, some can be trimmed to extend flowering).  Strips of planted grass (e.g. cocksfoot and Yorkshire fog) may encourage beetles and spiders to help control aphids and caterpillars.  Yellow sticky traps can be effective against a variety of flying insect pests they are available from horticultural merchants as sheets or rolls that can be cut up.

Potato cyst nematode

Potato cyst nematodes are one of the most economically serious plant parasitic nematodes.  There are two species, Globodera rostochiensis and G. pallida that have similar life cycles and morphology.  There is generally just one generation per crop so it is slow to multiply into an economic problem (even slower if rotation is being practiced).  The dead female bodies act as vessels for egg survival for several years without a host being present.  The nematodes do not actively travel much further than a few centimetres per year with field to field spread being generally due to soil transfer.

Plant parasitic nematodes can be controlled by interplanting or alternating with certain types of plants.  These plants can either be enemy plants that release substances in the soil that negatively affect the nematodes or they can by triggering or trap crops that stimulate the nematodes to hatch.  Once hatched the nematodes either fail to receive suitable nutrition or habitat for breeding or the crop is cultivated in before the nematode has matured. 

White mustard is an enemy plant best used as an intercrop with potatoes but can also be placed in the rotation to reduce the level of potato cyst nematode.  The best triggering plant for potato cyst nematode discovered so far appears to be Solanum sisymbriifolium (wild tomato) but optimised protocols are still in the development phase and the plant is not recorded in New Zealand.  The aim is to grow S. sisymbriifolium after harvesting a potato crop and before any subsequent planting of potatoes.  The weed can be grown as a green manure and although triggering the nematodes to hatch, it is an unsuitable host for the nematode to breed.

Nematodes can also be controlled by soil organisms.  Through having a pasture phase and or green manures in the rotation, there can be higher levels of nematode trapping fungi, predatory nematodes, beneficial bacteria such as fluorescent Pseudomonas and amoeboid organisms all of which have been shown to reduce potato cyst nematode levels.

Rotations that include potatoes should be designed to have at least a four or five year period of non-host crops.  Cysts with eggs in them can survive longer than this but there is a reduced population level.  The population needs to be above a certain threshold (varying depending on region and conditions) to cause economically significant damage to the crop.  Fortunately the host range is relatively limited being a particular problem on potato and tomatoes as well as affecting eggplant and being able to breed on many wild Solanum species.

Within the potato phases of the rotation crop timing and cultivar choice can help prevent potato cyst nematode issues.  Early potatoes contribute less to the nematode problem and resistant cultivars to various pathotypes of the nematodes are available.  Since the nematodes overcome resistance present in potato cultivars, rotations remain the principal method of control of this serious pest.
Potato tuber moth

Natural control of potato tuber moth (Phthorimaea operculella) can be enhanced by the planting of the right kinds of flowers.  The parasitoid wasp Copidosoma koehleri is attracted to and feeds on borage (Borago officinalis) flowers but these flowers unlike others do not encourage the potato tuber moth.  Thus there cab be optimal management of potato tuber moth levels using strips of borage.
Plamt tubers 10cm deep to reduce access to the tuber moth caterpillars.  Regular mounding is also important (three times during the crop) – each time aiming for burial of tubers to a depth of greater than 5cm.
Pay attention to managing the levels of weed around the potato crop particularly those from the potato family like black nightshade which is an alternative host to the tuber moth.

Wireworm

These are beetle larvae in the soil that can reduce saleable tuber numbers.  Management includes ensuring good drainage and generally healthy plants.  Garlic and onion spray has been used with some success in the UK.  Tagetes patula, the French marigold, has very strong root exudates which repel wireworms for a distance of around 60 cm from the plant.

Potato Disease Management

Many diseases can affect potato crops.  These include late blight, early blight, potato scab, black scurf, dry rot, “gangrene”, sclerotinia rot, silver scurf, stem canker, Erwinia and a variety of viruses.  Most diseases are managed by a combination of buying certified seed tubers, ensuring good soil organic matter levels, crop rotation (see above), good weed management and regular mounding.  Good general crop health aids tuber quality and disease resistance.  Foliar feeding can improve crop condition.  Potato tubers should all be removed from the soil and any volunteers controlled early in the next season.  Diseased, damaged tubers and crop residues should be buried to prevent spread on to new crops.  If feeing potatoes to livestock, do not do this on paddocks to be planted in potatoes.
Late blight (Phytophthora infestans)
This can be a serious fungal disease.  The first symptoms are slightly brownish water-soaked lesions mostly at leaf edges.  Infected potato tubers rot and yield can be dramatically reduced. 
Use certified seed.  Infected plant parts should be burnt.  The disease is promoted by warm humid weather and in these conditions, foliar bio-fertilisers and compost teas etc may be beneficial (spray in the early morning to minimize leaf wetness hours and to maximize plant uptake).
Crop hygiene is important.  Manage weeds well to improve crop airflow.  Remove all tubers when harvesting and remove any volunteers that do come up again the next season.
Early blight (Alternaria solani)
A very common disease causing defoliation and yield loss being at its worst in autumn conditions.  Affected foliage will often continue to hang on the plant and can act as a heavy producer of inoculum; it should be collected and burnt or buried.
Potato scab

Potato scab is caused by an actinomycete bacterium and is mostly a cosmetic issue.  The main methods of management include using only certified clean seed tubers and maintaining soil pH at a lower level than is optimum for many other crops (see Soil and Fertiliser section).  Good drainage and general good plant health is important.  During tuber formation, soil should be kept reasonably moist but not overwatered.  Crop rotation is important; do not repeat potatoes for more than one in three years.
Black scurf and Stem Cankers (Rhizoctonia solani)
Avoidance in the first place is through using certified seed but once the disease is established, carries over very effectively in the soil.  Harvest tubers as soon as possible after crop reaching maturity to minimise build up of this disease in the soil.
Dry rot (Fusarium spp.)
Mainly a storage disease.  Best practice is to harvest tubers when soil is not too wet and sticky and to cure tubers (ideally at 15.5oC for 10-14 days in good ventilation).
Gangrene (Phoma foveata, P. exigua)
Largely a problem in harvested tubers; pay good attention to storage conditions (see general section above).
Powdery scab (Spongospora subterranean)
Where infection is known, use resistant cultivars.  Unfortunately rotation is ineffective once the disease has established in a paddock.  Ensure good drainage and good general crop health.
Sclerotinia – cottony rot

Scelrotinia sclerotiorum is a common fungal disease of vegetables.  In potatoes the symptoms are the development of soft “cottony” white growth of fungal mycelium around the crown of the plant (and leaves that are in contact with the soil) with a darkening of the flesh in affected areas.  The black resting bodies of the disease, sclerotia, are eventually formed within the mycelium.  The rot can severely affect potato tubers and spread rapidly post harvest.

Avoid planting potatoes in poor draining conditions as this will favour the development of the disease.

See general information on Sclerotinia management.  Crop rotation and careful selection and monitoring of roots for storage are the most important methods of avoiding this disease.

Silver scurf (Helminthosporium solani and Colletotrichum spp.)
Mainly cosmetic issues although they can reduce saleability, both of these fungi cause shiny silvery effects on the tuber skin.  Ay good attention to storage conditions especially adequate ventilation (or not overly moist soils if storing in the ground).
Erwinia – bacterial soft rot
Stored potatoes and sometimes potatoes in the field are susceptible to bacterial soft rot caused by Erwinia carotovora and other species.  The bacteria cause a small water-soaked lesion, enlarging rapidly to dissolve the tissue in the side of the potato.  Splits appear oozing a slime teeming with the pathogen.  In storage, potatoes can be lost very rapidly as the disease spreads from tuber to tuber and there is often a very foul odour due to secondary bacteria taking advantage of the moist dissolved tissue.
Management is mainly based around crop and storage hygiene.  Crops should be grown in a free draining soil with attention being paid to removal of previous crop residues that may significantly harbour the disease.  Ground dwelling insects such as grass grub can harbour and spread the disease, so such pests should be managed.
Use only certified potato seed.  Only good quality potatoes should be stored and this should be in clean conditions.  Avoid damaging the carrots during growing, harvesting and storage.  Monitor stored potatoes for the first signs of disease which can spread rapidly.
