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1. Latest Cultivation Techniques
During the last two growing seasons at the BHU we have accumulated some experience in cultivation techniques as well as checking out new potential technologies.  This workshop presents a combination of our experience and our intended practices for the upcoming season as well as the rational for these.
But first some fundamentals;

1.1 Why?

The reasons for cultivation which ultimately degrades soil and decreases the productive potential of a site can be lumped into three broad categories,

· to incorporate crop residues and green manure crops (primary cultivation)

· to prepare seed beds (secondary cultivation)
· to control weeds (secondary or tertiary cultivation)

To this list could potentially be added to compensate for poor or inappropriate earlier cultivations but people usually prefer to pretend that this is for one of the above reasons.

1.2 Tools

The following table gives an indication of the use, potentials and drawbacks of the some of the more commonly used tools for cultivation and their fit in the scheme of things.
	Tool
	Type
	PTO
	+’s
	-’s
	Comments

	Mouldboard Plough
	1ry
	No
	Accessible, good for removing trash and burying last seasons mistakes
	Tends to smear soil, inverts soil, unearths last years mistakes, can cause anaerobic decay in plough sole and form a cultivation pan.  
	Becoming much less common in small farm and organic production.

	Discs
	1ry
	No
	Good for incorporation of green crops once perennial weeds are gone
	Needs a relatively large area and multiple cross passes to be effective
	Usually larger scale

	Rollers
	2ry
	No
	Useful for covering poor soil structure
	Can lead to poor soil structure
	Used as ‘cover up’ technique

	Flail mower
	1ry
	Yes
	
	
	Usually used to reduce ‘mass’ of residues or green crop but can be set ‘too low’ to kill green crop


	Rototiller (rotary hoe)
	2ry
	Yes
	Accessible, forms ‘good’ seed bed, can help with perennial weed management. 
	Tends to smear soil, unearths last year’s mistakes and form a cultivation pan.  
	A useful tool but can degrade soil quickly if overused.  Kills heaps of worms.

	Spader
	1ry & 2ry
	Yes
	Can reputedly form a seed bed pasture in a single pass without killing many earthworms, can be used for small areas.
	Scarce and expensive, may be less effective on perennial weeds.
	We may have access to one for the coming season

	Undercutter bar
	3ry
	No
	Very effective for creating a stale seed bed
	Not so good where soil has capped
	We are currently using one fairly effectively

	Hand tools (e.g. planet jr.) 
	3ry
	No
	Very effective on small areas and where tractor access is not possible e.g. experiments
	Has a high labour content
	Wide range of tools e.g. oscillating hoe, knives, seeder can be set up for small areas


These tools are some that we are familiar with others could include chisel plough, tine weeders and steerage hoe but these are more relevant to larger properties.
1.3 Timing

Timing of cultivation can be crucial i.e. if the soil is too wet or dry far more damage is done to soil structure than if the appropriate level of soil moisture is present.
To preserve soil structure, soil should not be cultivated when it is too dry or too wet.  Structural damage can take years to rectify.  Soil should be assessed before cultivating.  This can be done simply by testing soil consistency as below but in many cases, a more thorough examination is warranted.

Soil Consistency: Take a small sample of soil and try to roll it in the palm of your hand.  If you can get it down to a diameter of 2 to 3 mm (within 20 repeats of hands moving backwards and forwards) without it breaking up then (for most soils) it is too wet to be cultivated without damage to soil structure.  

Thorough Examination: Dig spade width holes to just below cultivation depth around the area to be cultivated.

· The soil should be friable and free of large clods when dug

· Upon breaking them up, aggregates should be rounded not angular

· The sides of a hole should indicate good pore structure and not a smooth wall

· The soil consistency test (see paragraph above) should be applied at various depths

1.4 Effects of cultivation on weeds
Cultivation can have a large effect on weed management and compared to managing weeds via rotations, cultivations can be quickly varied to address the needs of different crops, and existing weed problems. 

Perennial weeds

If perennial weeds are present in a field extra work may be required to kill them and different techniques used than for annual weed control. For the purpose of managing perennial weeds with cultivations they can are grouped into four types:

tap roots e.g., dock;

shallow creeping stems or roots, e.g., couch/twitch;

deep creeping stems or roots, e.g., Californian thistle;

corms, tubers bulbs etc., e.g., oxalis (Oxalis spp.)

The primary approach to managing perennials with cultivation is to exhaust the plant by separating the above-ground and underground parts by mowing, grazing, or cultivations and then exhausting the food reserves in the underground part. Additional techniques include the use of rippers / sub-soilers to break up deep rooted and creeping weeds. Tap rooted and shallow creeping perennials are generally easier to manage while the deep creeping and tuber, corm and bulb types are often the most difficult. 

Tap rooted weeds

Tap rooted weeds are best controlled by either a shallow cultivation with a rotary hoe or goose foot shares to cut the crown / growing point from the root and allow the top part to dry and die on the field surface. This only works against weeds that do not easily reshoot from the root left in the ground. For weeds that can regrow from root fragments, such as dandelion (Taraxacum officinale), an intensive rotovation to a depth of 10 to 15 cm chops up and damages the root fragments thereby killing them. This process may well have to be repeated. Ploughing is not a good technique for controlling these weeds as they can re-emerge after burial from considerable depths. 

Shallow creeping weeds

Shallow creeping stems or roots are best controlled by surface cultivation. Ploughing is not recommended as the weeds can reach the surface from some considerable depth and they are then mixed throughout the soil profile, where as they had been previously been confined to the surface layers. Depending on the amount of weed, either a tined cultivator or rotaryhoes can be used. If there is a lot of weed tines will clog up so rotovation is a better option. If a slow forward speed is used, severe damage and fine chopping of the plants can achieve a high kill rate. It is important not to cultivate any deeper than the depth of the creeping roots or stems as this will bury some viable plant material that may survive and will then be harder to control due to its greater depth within the soil. If the amount of weed is lower tines are effective at dragging the weed to the surface where it is left to desiccate and die. Sheep and goats like to eat the roots or stems and will even dig them up, so they are useful tool in combination with tines. Cultivation with tine cultivators will need to be done on several occasions to bring all of the weed to the surface. It is also often needed also following rotovation to kill any surviving weed fragments. 

Deep creeping weeds

Deep creeping stems or roots are controlled by continually removing the aerial parts of the plants to deprive the storage organs below ground from accumulating nutrients. Recommendations vary but in a pasture situation mowing at least four times a year spread out over the summer will kill weeds like Californian thistle over a period of three to four years. In a cropping situation, cultivation to sever the aerial shoots each time they appear will more rapidly reduce the food reserves in the underground roots or stems; however this practice is damaging to the soil and should only be used when the infestation is severe. Sub soiling / deep ripping is a useful technique to use in conjunction with mowing and cultivation. It is important that the tines penetrate to a depth greater than the underground organs and that good shattering is achieved. Two passes of the subsoiler at 90° to each other can cause considerable damage to the underground organs often killing a high percentage of them.

Corms, tubers bulbs etc

Corms, tubers bulbs etc. can prove very difficult to kill as the storage organs are often small and unaffected by cultivations. In some species the storage organ is not present all year round, i.e., the old storage organ is exhausted before new ones are formed. In these species it is at this time that cultivations are used to kill the plants. For species where the organ is present year round, frequent repeated cultivations can exhaust the storage organs, but this is very damaging to the soil. The use of repeated green manures is a better alternative. Other approaches are to have a long pasture phase and allow grazing livestock to continually remove the vegetation and thereby exhaust the storage organ. Scavenging animals such as pigs and poultry can be effective in that they will dig up and eat the storage organs. 

Annual weeds

The history of annual weed populations and seeding in a field is a rough but useful guide to the likely levels of weed seeds present in the soil, known as the weed seed bank. A record of previous cultivations and their timing will give an indication as to the likely position of weeds within the soil. This information when combined with an understanding of weeds’ lifecycles, their seeds’ longevity and how their dormancy operates, is used to decide on the best cultivation approach. 

Some annual weeds have very tough long lived seeds and can survive for more than 40 years, while others last only a year or two. In addition some seeds are innately dormant, i.e., they will not germinate for a number of years regardless of germination conditions. Others have enforced dormancy i.e., they will become dormant if conditions are not correct for germination, but will rapidly spring to life when conditions are right. 

Germination is dependent on the correct levels and mixture of; moisture, oxygen, carbon dioxide, temperature, and in some weeds the presence or absence of light. This requirements are only met near the soil surface so most weeds will only germinate in the top five centimetres of soil, with the exception of weeds with large seeds, e.g., wild oat. 

Cultivations vary in how they move seeds from the soil surface down the soil profile. The figure below shows the effects of a range of different cultivation practices on the vertical distribution of seeds. For example, a single ploughing results in most of the seed being buried below the critical 5cm depth, however a second ploughing distributes the seeds evenly through the profile. In comparison the use of tines or disks results in most of the seed remaining near the soil surface.

Fields that have had weeds go to seed in the previous few years need considerably more attention than fields that have been kept clean. Even low levels of weeds that have seeded in a field, e.g., less than 1000 fat hen (Chenopodium album) plants / ha, can create a considerable weed problem. 

All of these factors need to be taken into account when deciding which cultivation strategy to use. For example, where there has been little seeding in the previous years in a field and it has been ploughed annually but this year a large number of short lived seeds had been shed then ploughing followed by surface tillage over the next two years would be a good option as the buried seeds will die. In comparison if this year’s crop had been kept clean of weeds, but in the previous year a large number of long lived seeds had been ploughed under, then surface tillage would be a preferred option. If instead a large number of long-lived seeds that do not have enforced dormancy are shed it may be better in the long term to only surface work the field keeping the seeds near the surface where they can be encouraged to germinate and then be destroyed by cultivation rather than burying them with a plough only to be brought back to the surface over several years. 

Where very high levels of seeding have occurred, care should be taken about using the ground for cropping, particularly with un-competitive crops. Very vigorous crops that can be easily weeded, such as potatoes, could be considered, a period of fallow, or a series of quick growing green manures may be a better option. A return to pasture if the weeds are palatable to stock and will be controlled by grazing or mowing is another choice. 

Occasionally growers are tempted to plant a crop into a seed bed that already has weeds growing in it, with the belief that they can be managed later. This can occur after an over-winter fallow that has been hampered by wet weather. This is very inadvisable. Even if there are only low levels of weeds and/or they are very small it will be very hard to gain control. It is strongly recommended never to sow or plant into existing weeds, regardless of their size or numbers. Always start with clean ground. 
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Vertical distribution of seeds in soil as a result of various cultivations. 

1.5 An idealised sequence of cultivation for growing spinach following weedy pasture and a green crop.
1.5.1 Worst pasture scenario (includes twitch, Californian thistle and dandelion)
1. mow/incorporate 
flail mower, rotary hoe or shallow spader

2. rotary hoe

1 – 3 times to control perennial weeds

2a. deep plough 

to bury last remnants of perennial weeds (optional)

3. rotary hoe to form beds

4. undercut to control annual weeds

5. sow crop

6. cultivate to control weeds

1.5.2 Green crop scenario

In this situation perennial weeds are virtually absent.

1. mow/incorporate 
flail mower, rotary hoe or spader

2. rotary hoe to form beds

3. undercut to control annual weeds

4. sow crop

5. cultivate to control weeds


1.6 Conclusion
As with all farming techniques and decisions choices are made within the constraints of the system.  How, when and why we cultivate helps to plan a system that can be made to work especially if the system manager is aware of the constraints, potentials and shortcomings of the tools at hand.
