No-till Without Herbicide

Summary 

Over three successive years, a range of no-tillage and minimal tillage techniques were compared on a variety of cover crop species and species combinations.  Protocols have been developed for no-till cover crops without the use of herbicide.  The project also assisted in some of the initial development of a novel diesel powered steamweeder as a kill method (the subject of a new SFF project just commenced).  The requirement for designing a cover crop roller crusher and assessing it in New Zealand conditions was also identified and is intended to be part of future research at the Biological Husbandry Unit.  A trial continues this growing season on a variety of cover crops high speed flail mower treated to provide a mulch for a subsequent squash crop.
Milestones

Milestones were met through the assessment of high speed flail mower, undercutter bar, annual die-off and winter kill as well as shallow rotary hoeing.  The initial intentions of the project were thus fulfilled with the exception of testing the roller crusher technique (now intended for a separate research project).
A requirement was identified to design and build a roller crusher; this was beyond the scope of finances available for this project.

Results
High speed flail mower

This had shown early potential but with some re growth of most plants unless flowering was well established (pollen production in cereal grains and open (extended petals) flowering in most of the legume and brassica species tested.  The exceptions to this flowering requirement found in our project were tickbeans and maple peas.
Flail mowing was far superior to sicklebar and other types of mowing in terms of controlling groth down to the soil base and distributing residues in a even mulch that would not impede mechanical planting.

A trial has been set up in the current growing season to compare a range of cover crops for effect on subsequent squash growth and yield following mulch mowing.
Undercutter bar

The original BHU design of undercutter bar which is fitted to a roller is not suitable for no till cover crop mulching and even conventional undercutter bars without rollers attached are prone to clogging up and distributing the mulch in uneven piles when cover crops are fully established.
Wide wings on staggered slicing hoes can result in a pseudo undercutter bar which is less prone to clogging.  Unfortunately, there were still clogging issues and uneven kill where some hoes went too deep or actually missed the soil.

The undercutter type method thus seems only suitable for low biomass cover crops on very even seedbeds.  Modern implements with variable cultivation depths possible between hoes could make the method more feasible.  It seems more sensible though to concentrate on the mulching methods that have already been settled on overseas as dependable methods i.e. high speed flail mower or roller crusher methods.

Annual die-off and winter kill

The climate at Lincoln, Central Canterbury was too mild to achieve kill of winter radish nor oats.  Buckwheat was trialled though as a summer cover crop which could be controlled by winter frost.  This plant was completely killed by frost in early winter and may be suitable for some no till cover crop protocols (providing mulch for winter planted crops such as garlic or broad beans and even some brassica transplants.  This could be experimented with in the future and other species could be assessed.  Overseas research has pointed to such crops as soybean and sunn hemp.
Subclover (an annual) dies naturally in the summer and may be suitable for subsequent late summer or autumn planted c ash crops.  It should be noted that the subclover plants produced seed prior to dying and this led to potential weed issues for these areas in the future.

Shallow rotary hoeing
This method is minimal till rather than no-till but was assessed as a realistic option when plans for no-tillage do not work.  Examples of this that we have had experience with include late planting of cover crops (e.g. following a late seasonal crop such as yam) and/or requiring land in spring or early summer (both of which can mean the cover crop species need to be dealt with prior to fully flowering).  Another common example of a requirement for this is if a seed bed is required that is not covered with mulch e.g. for a particular crop that is chosen for the areas subsequent to the cover crop going in or if machine planting is required and the appropriate no-till planting equipment is not available.
In an experiment involved investigating shallow rotary hoeing method, cover crops were mown allowed to wilt and the beds rotary hoed to a 5 cm depth.  The importance of cover crop species or species mix was demonstrated by the comparison of cereal only (rye), combination cereal and legume (oats and vetch) and fallow (allowing weeds to grow – predominantly winter annuals including spurry and speedwell).
The best result in pea yield was achieved with the oats and tares cover crop.  This was significantly superior to the ryecorn only cover crop (this treatment might have been limited by the high carbon:nitrogen ratio of the ryecorn residue, immobilising soil nitrogen – this is a strong consideration when a cover crop is being incorporated rather than left as a mulch on the soil surface)
Table. Shallow rotary hoeing of cover crops – effect on yield of subsequent pea crop

	Cover Crop
	Average Pea Yield*
(tonne per Ha equiv.)

	Rye
	1.74b

	Oats and Tares
	2.00a

	Fallow
	1.94a


* Treatments with the same letter indicate no statistically significant effect (at 95% confidence level.
Steam Weeder

To achieve effective kill of vegetation through thermal weeding technology, this project collaborated with Charles Merfield and commercial organic growers in the development of a novel steam weeder.  The steam weeder prototype has now been developed.  Steam weeder presents no issue with fire risk (as compared to flame weeding) and there is even potential to achieve effective kill of pasture which would revolutionise the no chemical no-till approach in a mixed cropping setting.  This is being investigated in a newly commenced SFF funded project.
