The Industrious Earthworm:

It may be doubted whether there are many other animals which have played so important a part in the history of the world as have these lowly organised creatures."
Charles Darwin, 1881 
Nearly 200 different earthworm species have been found in New Zealand. Most of these species are native to New Zealand, but around a dozen species were accidentally introduced from Europe by the early settlers.
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	NZ native worm (Octochaetus multiporus)


The native earthworms are in general much bigger than the introduced species, with some native species reaching 30cm or more in length and having a diameter larger than your middle finger. Although these species used to be widespread in New Zealand, nowadays they tend to be largely confined to areas where the soil is less frequently disturbed, such as in the forests, in old gardens and in the hills and mountains. 
The species which were introduced from Europe now dominate in our gardens and agricultural land. They were inadvertently introduced by the early European settlers, who brought plants and shrubs with them. 
The settlers' ships also used soil as ballast and this was off-loaded at the ports once no longer required. The soil contained many earthworms and they gradually spread out from the ports. Indeed some farmers after seeing the benefits from the presence of such earthworms deliberately introduced earthworms to their land. 
Earthworms are one of the most important groups of organisms that live in the soil, since as they burrow their way through the soil they also help to improve the soil structure and the soil fertility. They make holes which help with root growth and allow air, water and fertilisers to enter the soil. Their activities can also reduce erosion, increase plant growth and help to provide food for important micro-organisms. 
It is therefore wise to encourage the growth of these beneficial creatures in the soil as they will help to maintain your soil for you. 
Their main requirement is a good supply of organic matter in the soil which acts as their main food source. Some species prefer to feed on dead plant roots, dead leaves, dead herbage or animal dung which gets partially broken down as it passes through their guts. Other species preferentially graze upon the soil particles themselves, while still others are said to feed upon fungi and small microorganisms present in the soil. 
After the soil has passed through an earthworm's gut some of the soil nutrients become more available to plants and the structure of the soil also becomes more stable. 
Some earthworms are more suited to living in the soil while others are prefer to live in compost. Soil dwelling earthworms will not survive in compost and likewise compost dwelling worms will usually not survive for very long in soil. 
In general, earthworms will be encouraged to survive and multiply where there is a plentiful food supply, sufficient (but not too much) moisture and where the temperatures do not get either very hot or very cold. Addition of lime has been shown to encourage earthworms, as most of them prefer more alkaline conditions. 
For soil dwelling earthworms, soil management practices which increase the amount of organic matter in the soil usually encourage earthworm activity due to the increase in the amount of food available to the earthworms. Consequently, as the addition of mulches, farmyard manure or crop residues to the soil increases the amount of organic matter in the soil, such practices also cause earthworm numbers to increase. Similarly, where the addition of fertilisers to soil results in an increase in plant production, a simultaneous increase in earthworm numbers is found, since the fertiliser indirectly increases the soil organic matter, the food source for the earthworms, by increasing the plant production. 
Overall, a much larger population of earthworms s usually supported under a pasture than under a crop, since higher amounts of organic matter are returned to the soil under the pastoral system. Therefore, where practicable, crop residues should be returned to the soil in order to encourage a large population of earthworms a cropped soils. Such crop residues not only act as a food source for the earthworms, but they also help to conserve water in the soil and provide protection for the earthworms from extreme temperatures. 
Incidentally, the old wives tale that if you cut a worm in half you will end up with 2 worms is not actually true!! Only one part may survive and even then it depends upon where the earthworm is cut whether it is able to regenerate the missing part of its body... 
For more information contact:
Dr Trish Fraser: FraserP@crop.cri.nz 
The effect of soil management practices on earthworm populations 

Tillage

Frequent cultivation of soil favours the breakdown of the soil organic matter and therefore reduces the food supplies available to earthworms. As a result of this reduction in food and also due to direct mechanical damage, numbers of earthworms in the soil decline following cultivation. Continual cultivation results in degradation of the soil physical conditions, which can also be detrimental to earthworm activity. A decrease in the size of the earthworm populations with increasing length of continuous arable production is illustrated in Figure 1. 

Different types of implements also have differing effects on earthworms. For example, the greater soil disturbance caused by rotary hoeing compared to mould board or disc ploughs has a bigger damaging effect on the earthworm populations. 

Deeper ploughs favour earthworms more than surface scraping ones, because there is less disturbance of the surface soil. 

The time of cultivation can also be important. Following cultivation, the earthworms can become exposed at the soil surface and may desiccate very rapidly, particularly if the soil was already dry. Earthworms exposed at the soil surface may also be eaten by birds, but it is estimated that birds only eat a small proportion (around 3%-4%) of the earthworms in the soil following cultivation. 

Tillage method (direct drilling versus conventional cultivation) also has large effects on earthworm population size and composition in arable soils. Earthworm populations can be up to 3 times higher under direct drilling than conventional cultivation. The reasons for the populations being higher under direct drilling include: 

· the soil is not disturbed several times a year by cultivation, 

· organic litter material is available over a longer period since it breaks down more slowly at the soil surface than when incorporated, 

· the soil is generally more moist over the summer period under direct drilling due to the surface mulch of litter, 

· the mulch also insulates the soil from extremes of temperature, which can have very detrimental effects upon earthworms. 

Mulches and crop residues

Application of mulches or crop residues can conserve soil moisture and provide earthworms with protection from sudden changes in temperature. It can also provide them with an additional food source. Consequently, earthworm survival is usually favoured where mulches are applied or residues are returned to the soil. 

Individual species of earthworm may respond differently to residue applications and also to the manner in which residues are applied. For example, surface dwelling species such as L. rubellus could be favoured by surface application of mulches, whereas A. caliginosa, a topsoil dwelling species, is likely to benefit when residues are ploughed into the soil. Therefore management practices have the potential to encourage individual earthworm species

Ley/arable rotations

In order to maintain soil organic matter content and/or add N to the system, arable crops are often grown in rotation with pasture leys (which often contain legumes). Earthworm populationshave been shown to fluctuate greatly under such rotations, increasing under the pasture phase, but decreasing rapidly under the arable phase (Figure 1). 

For example, a pasture soil in Canterbury was measured to contain around 800 earthworms/m2 before it was cultivated and put into arable production. Two years later the earthworm population had declined to less than 200 m2. Conversely, when an arable field with a population of less than 100 m2 was converted to a grazed grass/clover pasture the population increased to between 400 and 600 earthworms/m2 after only two years, which shows that the earthworms respond rapidly to the changes in managment practices. 

In general, over the whole rotation, average earthworm populations are intermediate between those under long-term pasture and long-term arable. 

Conclusion

Individual farmers follow their own management systems to suit their particular needs, so that a large number of combinations of soil management practices are used. Each of these practices undoubtedly has its own individual effects on earthworm populations, yet it is often difficult to separate the differences due to the interdependency between them. In addition, considerable natural earthworm population fluctuations occur between seasons (populations are bigger in the winter) which adds to the complexity of the system. 

However, a healthy population of earthworms will be maintained by providing them with an adequate food supply and an environment conducive to their needs (e.g. moisture and temperature at acceptable levels and soil which is disturbed as little as possible). 

This can be controlled by making appropriate reductions in tillage, limiting the use of pesticides (particularly fungicides and fumigants) and increasing the returns of organic matter to the soil by utilising fertilisers, manure and crop residues appropriately. 

Intensive cropping farmers who do not do so already should endeavour to include a phase of pasture in their cropping rotation, which will not only encourage a healthy population of earthworms, but also potentially enhance their soil structure and soil fertility. 

Benefits of earthworms

By their activity in the soil, earthworms offer many benefits: increased nutrient availability, better drainage, and a more stable soil structure, all of which help improve farm productivity. 

· Improved nutrient availability 

Worms feed on plant debris (dead roots, leaves, grasses, manure) and soil. Their digestive system concentrates the organic and mineral constituents in the food they eat, so their casts are richer in available nutrients than the soil around them. Nitrogen in the casts is readily available to plants. Worm bodies decompose rapidly, further contributing to the nitrogen content of soil.

New Zealand research shows that worm casts release four times more phosphorus than does surface soil. Worms often leave their nutrient-rich casts in their tunnels, providing a favourable environment for plant root growth. The tunnels also allow roots to penetrate deeper into the soil, where they can reach extra moisture and nutrients. Earthworm tunnelling can help incorporate surface applied lime and fertiliser into the soil. 

· Improved drainage 

The extensive channelling and burrowing by earthworms loosens and aerates the soil and improves soil drainage. Soils with earthworms drain up to 10 times faster than soils without earthworms. In zero-till soils, where worm populations are high, water infiltration can be up to 6 times greater than in cultivated soils. Earthworm tunnels also act, under the influence of rain, irrigation and gravity, as passageways for lime and other material. 

· Improved soil structure 

Earthworm casts cement soil particles together in water-stable aggregates. These are able to store moisture without dispersing. Research has shown that earthworms which leave their casts on the soil surface rebuild topsoil. In favourable conditions they can bring up about 50 t/ha annually, enough to form a layer 5 mm deep. One trial found worms built an 18-cm thick topsoil in 30 years. 

· Improved productivity 

Research into earthworms in New Zealand and Tasmania found earthworms introduced to worm-free perennial pastures produced an initial increase of 70–80% in pasture growth, with a long-term 25% increase: this raised stock carrying capacity. Researchers also found that the most productive pastures in the worm trials had up to 7 million worms per hectare, weighing 2.4 tonnes. There was a close correlation between pasture productivity and total worm weight, with some 170 kg of worms for every tonne of annual dry matter production.

How to encourage earthworms

Because earthworms do not like soil that is too acid, alkaline, dry, wet, hot or cold, their presence is a good indicator of soil conditions suitable for plant growth. 

· Ensure soil pH (CaCl2) is above 4.5 

Earthworms do not like acid soils with pH (CaCl2))* less than 4.5. The addition of lime raises pH and also adds calcium. Earthworms need a continuous supply of calcium, so are absent in soils low in this element. South Australian research found that earthworm numbers doubled when pH(CaCl2) rose from 4.1 to 6.7. 

* pH can be measured in water or calcium chloride (CaCl2). The CaC12 method is more accurate and gives values of about 0.5–0.8 lower than water pH. A pH(CaCl2) of 4.5 measures about 5.0–5.3 in water. 

· Increase organic matter 

Earthworms feed on soil and dead or decaying plant remains, including straw, leaf litter and dead roots. They are the principal agents in mixing dead surface litter with the soil, making the litter more accessible to decomposition by soil microorganisms. Animal dung is also an attractive food for many species of earthworms. The following farming practices provide food for earthworms. 

· Permanent pasture: Permanent pasture provides organic matter as leaves and roots die and decay. Pasture slashings and manure from grazing animals are also good sources of organic matter in pasture. 

· Green manure crops: Green manure crops are fodder crops turned into the soil to provide organic matter to benefit the following crop. The crops are grazed or slashed, sometimes pulverised, and then left on the surface or turned into the soil. 

· Crop stubble: Stubble is an important source of organic matter. Burning stubble destroys surface organic matter, and this affects worm numbers. It is best to leave stubble to rot down, and sow following crops into the stubble using aerial sowing, direct drill or (at least) minimum tillage. All these techniques mean less cultivation, and this also encourages earthworms. 

· Rotations: Rotating pasture with crops helps build up organic matter levels and earthworm numbers. 

· Reduce use of some fertilisers and fungicides 

Highly acidifying fertilisers such as ammonium sulfate and some fungicides reduce worm numbers. Researchers have found that orchards sprayed with bordeaux or other copper sprays contain few earthworms and have peaty surface mats and poor soil structure. 

· Keep soil moist 

Worms can lose 20% of their body weight each day in mucus and castings, so they need moisture to stay alive. Groundcover such as pasture or stubble reduces moisture evaporation. Decaying organic matter (humus) holds moisture in the soil. In dry times some species burrow deep into the soil and are inactive until rain 'reactivates' them. 

· Improve drainage 

Worms need reasonably aerated soil, so you may need to drain or mound soil in wetter areas to prevent waterlogging. 

· Reduce soil compaction 

It is difficult for earthworms to move through heavily compacted soil, so keep vehicle and animal traffic to a minimum in wet conditions. 

· Reduce cultivation 

Ploughing soil reduces earthworm numbers. Researchers have found that after four years, zero-tilled paddocks had twice as many worms as cultivated soils. However, shallow cultivation may not affect worm numbers. 

· Protect from climatic extremes 

Earthworms are intolerant of drought and frost, and do not like dry sandy soils. They are active only when the soil is moist, and are inactive when it is dry. Organic matter cover helps reduce the effect of climatic extremes, and retains soil moisture.

How to introduce earthworms

· Change management practices 

If you do not have many earthworms in your soil, introduce some of the practices described above. It is surprising how quickly they build up in favourable conditions. 

· Transplant pasture 

Cut pasture sods from areas with high worm populations and transfer them to worm-free areas. New colonies will establish within a couple of years as long as there is plenty of organic matter and soil and climatic conditions are favourable. It is important that you transplant pasture, not just worms. Do not try and transplant compost worms into agricultural soils. Species that thrive in compost will not survive the harsher conditions of paddock soils, which dry near the surface.
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