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Setting the Scene

Good organic horticultural management is more than using allowable mineral fertilisers instead of chemical fertiliser.  Green manures or cover crops are a key way to provide nitrogen and a range of other nutrients in a readily available form for subsequent crops and delivering many other simultaneous benefits.  In many cases it will even be feasible to include pasture leys in a crop rotation.

For perennial crops, understoreys and cover crops can be established to aid soil fetilisty and other aspects of orchard/vineyard management.

Organic material being added can be applied as a mulch increasing the benefit accrued to the soil and crop.  Practical aspects of mulching are discussed.

Developing further the idea that good organic management is not just the replacement of chemical fertiliser, the sections of this module show how more systems based approaches can be taken to bring multiple benefits.

Resources

Sustainable Agriculture Network 1998, Managing Cover Crops Profitably, 2nd Ed. National Agricultural Library, Beltsville, MD, Chelsea Green Publishing.  Has individual cover crop (green manure) species attributes and management.  Includes references, resources and practical examples.

www.attra.org: Documents with extensive resource lists including an extensive resource list document on cover crops (green manures).

Green Manures

A table in the Cover Crops folder article on Green Manures listed the potential benefits of green manures.  In that article, we also discussed the various alternative names for green manures and what different functions each term emphasised.  In reality a green manure crop will serve several different functions at once and the choice of species will determine how well each function is performed.

In this article we look at some of the species and species combinations suitable for New Zealand conditions and their advantages/disadvantages over other species choices.  We will also look at designing a cropping system with appropriate use of green manures.  For specific information on species management see ‘Managing cover crops profitably’ (reference under resources) page 47 to 53.

Winter Green Manures

The practice is to grow the green manure over the winter, sowing in February through to autumn and then incorporating in the spring prior to a cash crop.  It is common to include a legume species for nitrogen fixation e.g. lupin, vetches, subclover, medics, field peas, tick beans etc.  Cereals are also common e.g. ryecorn, triticale, oats, barley and wheat.  In many cases the ideal is to sow a mixture of legume and cereal with the legume providing nitrogen fixation and the combination providing a balance of nitrogen availability, an increased dry matter production and better exclusion of weeds.

Extremely hardy cover crops for the very cold areas include hairy vetch, ryecorn and the related triticale.  Alternatively in these very cold areas a crop like oats or fodder radish can be grown with the aim of winter killing leaving a mulch in situ.

Example 1: Oats and Hairy Vetch

Strengths: Highly weed suppressant, nitrogen fixing, soil improving (better water infiltration, greater soil aggregate stability), increases beneficial ground dwelling insects, able to be mulched in situ, phosphorus scavenging ability.  The combination of a nitrogen fixer with a fibrous rooted strong cereal brings these multiple benefits over and above what is achieved with a single species planting.

Management: 

For maximise nitrogen fixation benefit, hairy vetch should be left to mature to flowering in the spring (till early November or so).  If mulching by mower or roller, also need to wait until the hairy vetch vine is mature (flowering) to ensure no regrowth from the base.  The hairy vetch has a good smothering effect on spring weeds, which is improved even further by the oats ensuring more upright growth and contributing to the canopy cover.

Drill hairy vetch at around 16 kg/ha and oats at 80 kg/ha (broadcast at half as much again) 1.5 to 3.5 cm depth (rhizobia inoculant type as for peas and general vetch).  Sow in late summer, early autumn and let grow to late October early November.

Summer Green Manures

Green manures can also be grown over the summer period to fill gaps in the rotation and/or provide fast nutrition to subsequent cash crops being planted in the late summer or autumn.  Suitable crops include buckwheat and phacelia (both of which provide biological control enhancing benefits through flowering). 

Example 2 Buckwheat

Strengths: Excellent weed smothering effect (even effective against twitch and other perennial weeds following a tillage regime to weaken these), phosphorus scavenging, very quick to establish, one of the best cover crops for biological control promotion from flowering.

Management:

Sown only after all danger of frost is past.  Light tillage midway through flowering period will result in sufficient seed for a further crop.  If this is repeated, three crops can result in highly effective weed control.  If mown before 25% flowering, will regrow rapidly (in this way seedset of any surviving weeds may be prevented.  Buckwheat itself can become a weed if allowed to set seed, if this is to be avoided, the crop should be incorporated within 7 to 10 days of flowering commencing.  On the other hand if biological control effect is desired, a more prolonged flowering is required and monthly repeat sowings will provide ongoing biological control.

Undersowing

A variant on the cover cropping is to have a cover crop type plant growing at the same time as the cash crop.  Examples include nitrogen fixing legumes e.g. clovers and vetches growing around the base of cash crops.  Such undersowings maximise utilisation of space and light (reducing weed potential) and add nitrogen to the system.  Alternatively cover crops can be undersown later into a cash crop such that when the cash crop is harvested the catch crop is already established and able to quickly provide soil cover and catch leached nutrients.  Such strategies are described further in Module 5.

Testing Cover Crops

It is worthwhile assessing the suitability of selected cover crops on your farm.  ‘Managing cover crops profitably’ (see Resource section) Appendix A covers methods for assessing cover crops on farm including plot design and the range of attributes to record.

Pasture Leys

If there is sufficient land to enable a proportion to be placed into pasture ley for two or more years at a time then the ley represents a chance to rebuild soil structure and nitrogen availability.  This period is economically more viable if livestock can be grazed to take advantage of the feed produced.

The potential benefits of each of the plant types (grasses, legumes and forbs) that may be included in the ley are listed in BIOS 071 Module 9.  In the current module, we look at methods of pasture establishment for leys and how to manage the leys.

Ley Establishment

Species and cultivar choice will vary according to climate, soil type, stock presence and species, species availability and price.  A balance is sought between nitrogen fixation and organic matter building and soil structure improving (including the different aspects of soil structure such as friability and deep drainage).  Ley establishment will often be similar to pasture establishment in a non-organic system.  With some of the forb and herb species there may be a requirement to hold off grazing until better establishment is achieved.

Strategic nitrogen applications will not usually be available (in some cases on farm manure/effluent may be used) so pasture establishment may be slower in the organic situation.

A strategic fertiliser policy where RPR (reactive phosphate rock) is the main source of phosphorus input is to apply the bulk of this material for the whole rotation at the beginning of the ley pasture period.  RPR provides phosphorus too slowly for many crops but pasture grasses are reasonably efficient at increasing the weathering of P from the mineral fertiliser.  The clover in the pasture will therefore benefit from the significant phosphorus input and often be able to fix significantly more nitrogen.  When the pasture is incorporated, the subsequent crops will benefit from the built up levels in recent and soil organic matter of both nitrogen and phosphorus (often the two most limiting nutrients for many crops).  The RPR should be applied to be incorporated in the cultivation prior to sowing, as this will provide more contact with the soil and a more even spread of the fertiliser, both of which will increase the rate of phosphorus release.

One method of pasture establishment without is to sow the pasture ley species at the same time as a linseed crop, harvest the minorly affected linseed crop and collect the straw, then allowing the pasture to establish.  This appears to be very successful and eliminates the requirement for a further cultivation and the delay between linseed harvest and pasture establishment and grazing.  Note that in this case the bulk of any RPR programme could be applied prior to the sowing of the linseed pasture combination.

Ley Management

The most efficient use of the pasture ley is to graze.  For maximum soil benefit, the areas should not be overgrazed.  In this way roots can grow deeper and soil organic matter levels lift higher.  It is recommended by some that the pasture should be allowed to fully recover (e.g. 15 cm height or more of pasture) before incorporating into the soil prior to the next cropping phase).  This provides a higher amount of plant material for soil organisms to feed on and may result in greater soil structural effects e.g. from the threads, gums and mucus produced by the soil life.  Note that most of the long term organic matter derived from the pasture phase is from the roots of the pasture and the shoots are reasonably quickly metabolised.

If the ley involves a mixture of forb or herb plants then grazing management should focus on improving the survival of these generally more palatable and slower to recover (from grazing) plants.  Grazing should not be too heavy so as to eat out important species and an area should be allowed sufficient time to recover for the slower recovery plants.

Perennial Crop Understoreys

In orchard and vineyard systems, the maintenance of the orchard/vineyard floor is an important part of management.  Important features can be controlling weeds, reducing frost damage, promoting biological control of insect pests, reducing disease levels, maintaining soil structure and aiding nutrient cycling.

Controlling Weeds

One key feature is to reduce the level of competition with crop roots from grasses and weeds.  In some cases the growing of an understorey can provide control of such problem competition as long as the roots of the understorey plants themselves do not compete too much with the crop – and the top growth is able to outcompete the weeds and grasses.

Reducing Frost Damage

Some crops such as grapevines are susceptible to frost damage and will benefit from the presence of bare ground.  The bare ground absorbs heat during the day and will release this during the night reducing the intensity of frosts.  Such a requirement for bare ground works against the practice of having a continuous perennial understorey but it is not the whole area that has to be kept bare and in some cases it may be practical to only have the soil bare at times when it is necessary.  An annual cover crop such as buckwheat can be grown between rows during the summer providing a number of benefits including soil cover, soil structure improvement and increased biological control of insect pests.  In the autumn, this cover crop can be cultivated down to leave bare ground.

Promote Biological Control

Understorey plants, cover crops and border plants with suitable flowers can provide pollen and or nectar to many of the biological control agents that can then provide more effective control of insect pests.  Many such plants will also provide a suitable habitat for harbouring biological control agents during the growing season and overwinter.  Some may also act as hosts for alternative prey to maintain the levels of some biological control agents.  Thus a vegetated system will provide better biological control than a bare ground system.

In some cases it will be possible to plant specific biological control promoting crops.  buckwheat and alyssum have been found to improve rates of parasitoid activity controlling pests such as leaf roller caterpillar (their open flowers provide pollen and nectar for the parasitoid wasps).  Dwarf bean presence improves the level of biological control of European red mite due to hosting alternative mite prey to improve levels of predatory mites.

Trap Disease Spores

Some understorey plants can provide effective reduction in disease levels by improving the rate of decomposition of disease bearing plant parts on the orchard floor (e.g. apple leaves containing black spot fungi and general plant debris hosting botrytis).  They may also impede or prevent fungal spores and bacteria present near the orchard floor from reaching the crop canopy.

Improve Soil Structure

Orchard floors are often characterised by compaction problems due to machinery use and a lack of vegetation (if the soil is kept bare for prolonged periods).  The roots of understorey plants and cover crops can improve soil structure and consequently drainage, aeration, soil biological activity and nutrient availability.  These effects are a result of physical action of the roots, living roots providing carbohydrates (“leaky roots”) to the soil microorganisms and old roots providing organic matter in the soil.

Aid Nutrient Cycling

Nutrient availability can improve through the improvement in soil structure and the provision of carbohydrates by understorey roots.  If understorey plant roots are deep rooting then they will also be able to capture leached nutrients and bring subsoil nutrients up to the soil surface where they will eventually be available to crop roots.  This increases nutrient sustainability of the orchard (lower losses, improved fertiliser efficiency).  

Orchard understoreys in organic situations will often also include legume species for nitrogen fixation, which can effectively provide the required nitrogen for good fruit production and tree vigour.  It is recommended to have a balance of plants rather than a continuous stand of legumes so as to not provide excess nitrogen that may increase nitrogen leaching levels and cause overly vigorous growth of the trees or vines.

The mowing of alley ways may include spreading the clippings on the tree rows say once a year to provide fertiliser and mulching value to the tree crops.  In this case, attention may need to be paid to replacing some of the nutrients removed from the alley e.g. potassium and phosphorus, especially if these elements and others start limiting legume performance.

Maintenance of Understoreys

Understoreys will require some degree of management.  During establishment of the understorey the orchard may require greater fertiliser input than an orchard with bare soil though eventually there will be no greater requirement and in fact a reduced or eliminated requirement for nitrogen input.

Orchards and vineyards may require more irrigation with understoreys and cover crops as these plants too will be taking up water.  And perhaps the greatest management requirement will be for mowing.  Mowing can be used to increase nutrient cycling from the understorey, can restrict root growth to reduce competition with tree roots and can control high plant growth that might otherwise interfere with orchard airflow (and thereby increase humidity and propensity for diseases and pests).  Mowing can be achieved with a variety of mowers.  If understorey mowing is required within rows then a swing arm mower may be required on medium to large-scale orchards.  On a smaller scale a scythe or sicklebar mower may be sufficient.

Model Understorey Systems

Establishment of understorey depends on the crop and the chosen understorey species as well as intended management.  It is usually most important in the first three years of tree crops to allow tree establishment with a minimum of competition from weeds and grasses (and even understorey plants).  Thus in these early years a practice of mulching or active means of weeding (e.g. steam weeding, allowable herbicides, careful mechanical control) may be recommended.

Apples and Cow Parsley

The Biological Husbandry Unit, Lincoln University example of cow parsley as an understorey of apple trees is an example of a multipurpose perennial system.  Maintenance includes infrequent mowing or scything to control the height of the cow parsley and to prevent the plants forming mature seed (which can cause reduced flowering in the remainder of the growing season.  The advantages of the cow parsley system include all of those mentioned above for understoreys although the roots are not particularly deep.  The system is self perpetuating and even involves a delineation between cow parsley in the semi shade and lesser mowing pressure beneath the canopies and pasture plants in the alleyways.  The most effective way of establishing cow parsley is probably waiting until a semblance of canopy is present from the tree crops and transplanting cow parsley plants in the spring and performing release work around the transplants for the first season so they are not overcrowded by grasses.

Comfrey and Citrus

With the very shallow roots of citrus, comfrey provides a deep rooting non-competitive understorey that effectively brings nutrients up from lower in the soil profile and fulfils other roles such as outcompeting weeds and grasses and improves soil condition.  A further refinement to the system is that ducks or geese can be used to graze and manage the height of the comfrey.

Herbley Pasture Alley Ways

Many understorey plants may not be suitable for the alley ways themselves as they may impede access or not handle the higher light levels (as this increases competition from grasses) or the necessary mowing regime.  It is possible to include grasses in the alleyways and also to have legumes such as clover.  Deep rooting forbs and other plants such as lucerne may be included to improve soil structure and drainage in these areas that tend to get compacted with tractor work and any history of prolonged bare ground.

Summer Annuals and Small Grasses

Some grasses such as Poa annua do not compete strongly with tree roots when they are kept mown.  With regular mowing, other plants may come in like fast growing summer annuals such as shepherds purse.  These plants are also weak competitors with tree roots so can be tolerated and in fact they bring the benefit of soil cover and more roots in the soil (for structure and biological activity benefits etc.

Buckwheat and Vines

Vineyards have been planted with occasional alleyways of cover crops such as buckwheat and alyssum with measurable increases in biological control of leaf roller caterpillar by parasitoid wasps.

Mulching

The benefits of mulching can be many.  These potential benefits are listed in the table in Module 4 of BIOS 071.  They include controlling weeds and conserving moisture, which are both of benefit sustainability-wise in an ongoing labour saving capacity.  Mulches can also reduce temperature fluctuations, increase nighttime soil temperature, control leaching of nutrients, and reduce erosion.  If the mulch is organic material then it is adding nutrients to the soil, improving microbial activity and aiding earthworms.

Drawbacks in Mulching

To mulch may seem like common sense with the benefits given above but there are several potential drawbacks which especially in a commercial operation may preclude mulching or at least modify its practice.

Labour Requirement

Mulching with organic material involves the transporting and spreading of bulky material.  If appropriate machinery is not available this may mean a very laborious job reducing its applicability on larger scale operations.  The amount of time spent mulching could always be spent performing other activities (opportunity time) or may have to be paid for in wages taking away from other potential spending priorities (opportunity cost).

Difficulty in Weeding

Although mulching will tend to reduce weed issues it can counter-productively interfere with weeding operations especially cultivation.  Some perennial weeds can become significant problems if they are not controlled in a timely manner.  Species like twitch (or couch grass) may be able to penetrate through the mulch and build up rhizome resources while being difficult to weed out because of the mulch.  It is usually best to eradicate such problem weeds before installing a mulch in a cropping situation.

Nitrogen Drawdown

The classic problem with applying mulches of high carbon:nitrogen ratio is nitrogen drawdown or nitrogen robbing.  The microorganisms that begin to decompose a woody mulch will require nitrogen to balance their growth on such a carbon rich food source.  This nitrogen can end up being taken from the soil, reducing the nitrogen available to nearby plants.  The application of nitrogen rich material such as fishmeal or composted manure may assist with this condition.  In perennial cropping situations (especially with deeper rooting plants, high carbon materials can be used as mulch.  In such cases a higher grade of material and using chips or shavings rather than sawdust will result in less nitrogen drawdown.

Dry Soil Stays Dry

It is important to ensure soils are sufficiently moist before a mulch is applied as a dry soil once mulched will be more difficult to bring up to optimum moisture.

Cold Soil Stays Cold

In a similar fashion, mulching a cold winter soil may have the effect of keeping the soil cooler through the remainder of the winter and spring than if the soil was bare and able to absorb radiant energy during the day.  See note below in black plastic and stone mulches.

Frost Damage

The absorption of heat by soil during the day results in the transfer of heat from the soil during the night.  This can reduce the risk of frost damage to nearby plants.  For this reason small sensitive plants e.g. many vegetable seedlings should be kept free of mulch during frosty seasons.  Grape vines can be sensitive to frosts but here it has been found that mulching of around the vines themselves is okay provided there is sufficient bare ground nearby to absorb the heat.

Note: Black plastic and stone mulches on the other hand aid the absorption of heat during the day and can actually improve winter daytime soil temperatures and reduce frost damage.

Use of Plastic

With plastic mulches there is a sustainability issue involved with the manufacture of new plastic and the disposal of used plastic.  Black plastic will often tear and become unsightly which could create a negative impression of a growing area.  Polythene sheets do restrict aeration of the soil often creating sticky anaerobic soil conditions with soil structural problems.

On the other hand the plastic mulches are almost impermeable to weeds and black polythene is very cheap and can be laid by machine.  For some perennial crops weed matting may be suitable, is very long lasting and allows some aeration of the soil.  Weedmat though can still be detrimental to soil aeration and structure and is significantly more expensive than polythene.

In greenhouse conditions, black plastic mulch may result in excessive temperatures in the soil and air.  Here, white plastic can be used instead.

Biodegradable plastics made primarily from corn starch (together with vegetable oils and polyethylene) may be allowable in organically certified situations.  They are more expensive than black polythene but appear to leave the soil in better condition and present no problem with rubbish at the end of the season as they are biodegradable.  With these as well as paper and cardboard mulches, there are likely to be improvements made that will further increase their usability in commercial cropping situations.  One particular concern with biodegradable mulches could be their limited life span before tearing or decomposition on the soil.  In most cases though the most important period for weed control is in the early stages and during this time, the mulch can also aid temperature conditions.

Growing Mulch Material In Situ
A practice becoming more common in the USA is to grow green manures and then control them with herbicide, mower, stalk chopper, roller or undercutter bar to leave a mulch on the soil surface in situ.  This can be very successful with suitable crops such as tomatoes, sweetcorn, pumpkin, squash, cucumbers and some beans.  The mulch is often irrigated to improve the nutrient release from the mulch material.

The method is still being experimented with for New Zealand conditions but if practiced right can result in a zero tillage crop of the aforementioned vegetables.  The soil benefits from reduced tillage, added organic matter, and other benefits as mentioned previously that accrue to a soil mulched with organic material.

The green manures grown that can be mechanically mulched include hairy vetch and other winter legumes, subclover, lupin and cereals such as rye, triticale, wheat and oats.  In some cases a winter kill may be sufficient for leaving a mulch of green manure that can be planted into (e.g. fodder radish or oats as long as the winter is very severe).  In other cases the natural death of annual plants such as subclover (in mid summer) may be suitable for producing a mulch and planting into.

