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1
Executive Summary

The reestablishment of the BHU commenced on August 2001 under the governance of the Biological Husbandry Unit Organics Trust.  The Biological Husbandry Unit has been reestablished with an aim of providing research and extension services to improve the success and output of organic and sustainable agriculture.  A specific research aim is to test and develop protocols for the use of existing and new technologies.  This report covers a year and a half of establishment work, the research programme and the extension work undertaken at the Biological Husbandry Unit at Lincoln University.

Part of the work has been the reestablishment and in some cases creation of model systems within which replicated experiments can be conducted.  The model systems provide demonstrational capacity suitable for extension work.  They also benefit the experimental work by providing a range of situations under which a technique or product can be assessed.

Much of the research focuses on the potential of biofertilisers, microbial inoculants and plant extracts and other types of “new” technologies that may offer some benefit under certain conditions.  The effect of these is tested and, where appropriate, protocols for optimal use are determined.

More general horticultural and agricultural techniques are tried such as crop and pasture selection, growing methods and choice of machinery for cultivation and weed control.

Extension work involves holding regular workshops, giving seminars, working with local growers/farmers, working with Maori community groups, hosting a website (www.bhu.co.nz) and disseminating information through the media.

The BHU employs four fulltime staff and there has a number of volunteers and parttime workers.  The BHU Organics Trust comprises representatives of organic industry and community group stakeholders and Lincoln University appointees.  The Trust is supported by Lincoln University and research funding has been received from MAF Sustainable Farming Fund and AGMARDT.

2
Reestablishment of BHU Model Farm

The biological husbandry unit has been in existence since 1976 but was without management and production since 1998.  Management was established again on August 23 2001.  Since that time all existing model systems have been reestablished although a no-dig area is still under some cultivation to assist perennial weed control before returning to zero cultivation in the summer of 2003/2004.  The polyculture area, which will include a variety of multipurpose tree crops, will be added to over time.  A large shelter belt of rapid growing hardy species is planned for this autumn to provide shelter from Southerly winds in this area.

The value of reestablishing the Biological Husbandry Unit as a site for evaluation of organic technologies and disseminating protocols to growers includes:

· high level of prominence of the BHU in organic circles

· existing model systems that require monitoring for their potential to meet the needs of organic farming

· areas with a variety of histories and soil organic matter levels to provide a range of test sites for new or existing technologies

· improves the relevance of BHU research to a wide range of organic growing situations and methods

Replicated testing over the existing different model systems is not possible (so any differences seen between the systems cannot be definitely ascribed to any factor/factors).  But within the model systems replicated experiments have been set up.

3
Machinery Developed and Tested

Part of the operation of the BHU is to test and develop ways of utilising farm machinery that may be suitable for organic and sustainable farming.  Some examples assessed in the last year have been a hydaulic claw attached to a tractor front end loader bucket, a bed forming machine adapted from a rotary hoe and an undercutter bar.

An hydraulic operated opposing claw for the front bucket on the Leyland tractor to improve the shifting of compost material. 

Manufacture Cost: $300 including 2nd hand hydraulics

Significance: Demonstrating an inexpensive way of making large scale composting more efficient and practical.

A bed forming machine (tractor drawn) which is an adaptation of a 2nd hand Howard rotavator (rotary hoe) fitted with semi adjustable moulding guides to enable even raised bed formation.

Alteration Cost: $250 – addition to existing rotary hoe

Significance: Fits into more intensive model systems.  Flat, even bed top ideal for any hand hoeing work required, use of undercutter bar, and generally aids speed of operation on the beds.

A roller and undercutter bar combination (tractor drawn).  The equipment results in a much more even bed and good weed control without disturbing the seed bed (this reduces future weed flushes from otherwise disturbed weed seed).  The roller combination results in a very smooth even surface and gives excellent control over depth (depth is adjustable). 

Manufacture Cost: $1200 – including some recycled materials

Significance: Can be used for stale/false seedbed preparation (i.e. after cultivation and final bed preparation, a flush of weed seedlings is encouraged and then controlled with the undercutter bar without unearthing deeper weed seeds) for less weed issue.  

4
RESEARCH

4.1 Fermented Plant Extracts:

4.1.1 Effect of Fermented Plant Extracts on Zucchini and Squash Survival, Yield and Powdery Mildew

Zucchinis and summer squash were planted into an area of moderate fertility without the addition of fertiliser or compost.  The aim was to test the effectiveness of fermented plant extracts with and without EM on the yield and powdery mildew level of the crops.  A combination of heat and dry stress soon after transplanting and root and stem rot pressure resulted in a large percentage (47%) mortality of the zucchini crop.  This presented the opportunity of assessing the effect of plant extract spray treatments on the survival of ten zucchini planted for each treatment combination.  

Interim harvesting data is presented for zucchinis and squash yield will be assessed at the end of the growing season.  Powdery mildew effect will be assessed in early April.

The plant extracts tested were:

Russian comfrey (borage family, commonly used as comfrey liquid manure) 

Cow Parsley (carrot family)

Fennel (carrot family, aromatic)

Giant Knotweed (dock family, used internationally for plant disease reduction and as a biostimulant)

Materials and Methods

Approximately 4 kg of fresh plant material was placed in a 20 L bucket and water added to cover the material.  Molasses and EM were added at 500 mL each and mixed, then water added to fill the bucket which was then sealed with a lid and allowed to ferment at room temperature (20oC) for at least three weeks before utilizing.  In the case of this experiment, the plant extracts were sprayed to complete upper-leaf coverage on the zucchini seedlings as a 5% solution in water which should is probably as strong as you would like it and recommended is probably 1% or less to avoid leaf damage from the organic acids in the fermentation.

Fermenting plant material can produce some extremely unpleasant smells but this was reduced to some extent by the addition of molasses and thoroughly by the use of EM.

Survival of Zucchini Plants

Within one month almost half the zucchini plants had been killed by root and stem rotting fungi.  Such deaths are not uncommon but this was particularly high.  The deaths were assessed across the randomized experimental design and the following pattern was found.

Table 1. Percentage survival of zucchini plants according to treatments
	
	Fermentation Ingredients
	

	Plant Extract
	Water
	Molasses
	EM + Molasses
	Average

	Fennel
	50
	10
	60
	40

	Comfrey
	40
	40
	70
	50

	Cow Parsley
	30
	40
	70
	47

	Giant Knotweed
	60
	70
	100
	77

	Average
	45
	40
	75
	


Note: Plants sprayed with an equivalent amount of water alone (control) or not sprayed at all (nil control) had a percentage survival of 40 and 30% respectively.

An analysis (twoway ANOVA) of the combined results showed that there was a statistically significant effect on plant survival due to both fermentation ingredient (p=0.039) and a plant extract type (p=0.013).

The EM fermentation of all plant extracts was shown to significantly increase the survival of zucchini plants almost by a factor of two (statistically significant p<0.05).  Of the plant extracts, only one showed significant improvement over the others and controls, this being giant knotweed, already known internationally for biostimulant use and disease reduction in crops (statistically significant p<0.05).  Most notably, there was 100% survival when the treatment was EM fermented giant knotweed.

Zucchini Yield

Interim results show that both EM fermentation and giant knotweed treatments tended to increase zucchini yield per plant (in kg) but as at mid March, this was not statistically significant (onetailed t-test, extra 23.0% p=0.13 and 19.0% p=0.20 for EM and knotweed treatments respectively).  Due to the difference in number of surviving plants, the total yield per treatment due to these treatments was statistically significant (extra 109% p<0.01 and 103% p=0.04 for EM and knotweed respectively). 

Discussion
To date, both the use of giant knotweed and the fermentation with EM have resulted in higher plant survival and a tendency towards higher yield per plant.  Results will be available soon on final yield and powdery mildew levels.  Further experimentation is planned with fermented plant extracts, knotweed and EM to determine the extent of their effects on a range of crops and diseases. 

4.2 Intercropping

4.2.1 Squash, Beans and Maize Intercropping

Examining the suitability in BHU conditions for growing a traditional mixture of crop species.  The replicated experiment includes planting species alone and in a variety of combinations with some differences in planting density.  General observations will be recorded and yield measured to gauge the effect of intercropping on yield of each crop and on total yield per unit area.  Harvesting expected by end of March 2003.

4.2.2 Wheat and Linseed Intercropping

An unreplicated experiment to determine the feasibility of cropping wheat and linseed together.  A wheat only and a linseed only crop are grown alongside.  General growth will be observed and yield will be measured.  Harvested in March 2003, dressed weights available in April.

4.3 Fineness of Fertiliser Particle Size

The effect of grinding organically allowable mineral fertilisers to a fine particle size is examined in this pilot experiment.  A fertiliser blend containing most plant nutrient elements (with the exception of nitrogen) was applied as either granular or finely ground.  The control treatment had no fertiliser applied.  Over four replicate rows, a variety of vegetable crops have been planted to allow comparison between treatments.  Crops include zucchini (preliminary results presented here), tomatoes (harvest just beginning), misome and lettuce.  Final harvest of zucchini and tomatoes expected in April.

Results and Discussion

The finely ground fertiliser tended to give higher crop yield but this was not statistically significant in any of the crops harvested so far.  Although there was a large increase in zucchini yield relative to control, the small difference between the finely ground treatment and the control treatment puts the reliability of this result in doubt.

Table 4.3.1 Effect of Finely Grinding Mineral Fertiliser

	Crop
	% above granular
	% above control
	Stat. Significance*

	Misome
	3.3%
	10.7%
	p=0.935

	Lettuce ‘Canasta’
	1.7%
	5.6%
	p=0.745

	Zucchini
	21.6%
	2.7%
	p=0.696


*values below 0.05 indicate that differences are statistically significant and are likely to be due to the treatments (none of these differences were statistically significant).

Based on the results and on the theory of faster nutrient release for smaller particles of minerals (which must be weathered), there is merit in further experimentation on the use of finely ground fertilisers.  Any similar experiments should be conducted with larger numbers of plants, more uniform seed lines, and in lower fertility conditions (e.g. not straight out of pasture).  The importance of having a nil control as well as a comparison granular treatment has been shown in this experiment so that results are not interpreted positively or negatively when there may not have been a significant fertiliser response at all.

4.4 Dairy Effluent

In conjunction with HortResearch, we have begun researching the effect of microbial inoculant (Effective Microorganisms) on dairy effluent quality in situ and in vivo.  The effect on odour, suspended solids, indicator organisms, total N and available N will be measured.  The intention is to have five treatment farms compared to five control farms using measurements before treatment to pair farms and assist in analysis.  A lab based model effluent pond system will be set up for optimisation of treatment method and measurement of a greater level of factors including microbial inoculant success and pathogenic and other microbe levels.  

4.5 Effect of Microbial Inoculants on Crop Growth

Experiments so far have looked at EM and Eco-Grow.  Pilot experiments have included the effect on radish, lettuce and mustard seedlings in greenhouse pot experiments and the effect on a variety of vegetable crops in the field (with EM).  This leads into a variety of experiments looking at mode of action, survival of inoculated organisms and the potential for creating microbial inoculants on farm e.g. from “compost teas”.  A further experiment will look at alternatives to molasses for bulking up microbial inoculants during an activation/expansion phase.

4.5.1 Effect of microbial inoculant “Eco-Gro” on growth of radish seedlings

Abstract

In this pilot study the effect of Eco-Gro microbial inoculant on the growth of radish was measured in greenhouse conditions 6 weeks after sowing in seedling trays.  Eco-Gro applied on potting media alone or on cotyledon leaves and potting media tended to increase bulb dry weight by 19.1% and 11.6% respectively (p=0.097, weak statistical significance) and shoot dry weight by 13.4% and 10.9% respectively (p=0.113, not statistically significant).

Materials and Methods

Radish seeds were sown into 45mL cell transplant trays, with 60 cells per tray. They were grown in a seedling mix containing 60% peat and 40% pumice, with Osmocote Mini (18-2.6-10) 100g, Dolomite 400g, and Hydraflo II 100g.  Eco-Gro was diluted to 100% and positioned in sunlight in a sealed clear plastic container for 21 days (following packet instructions for expansion).  Eco-Gro was applied to the cell transplant trays at an equivalent rate of 1 L of stock product (100 L of expanded product) per hectare.  The product was applied to either the potting mix directly after sowing or to the cotyledon leaves of radish seedlings and the potting media surface one-week after sowing.  Control and treatment trays were positioned randomly on the same tray.   After 6 weeks, shoots and bulbs were cut off and dry weights assessed.

Results

Eco-Gro applied on potting media alone or on cotyledon leaves and potting media tended to increase bulb dry weight by 19.1% and 11.6% respectively (p=0.097, weak statistical significance, one tailed t-test) and shoot dry weight by 13.4% and 10.9% respectively (p=0.113, not statistically significant, one tailed t-test).  The method of applying Eco-Gro (to either potting media alone or to cotyledon leaves one week later) gave no statistically significant difference but both bulb and shoot weights tended to be higher in the earlier potting-media-only application.  No effect was observed on germination level.

Table 4.5.1.1 Effect of Eco-Gro on Radish Growth

	Treatment
	Bulb

(g dry weight)
	Shoot

(g dry weight)

	Control
	2.768
	2.092

	Eco-Gro applied to potting media at sowing
	3.296
	2.372

	Eco-Gro applied to cotyledon leaves and media (1 week)
	3.088
	2.320


Discussion

The results indicate a positive response of radishes to the microbial inoculant Eco-Gro.  Further experiments would be required to confirm the results with a higher statistical significance and to determine any difference in response between applying to leaves or soil.

4.5.2 Preliminary Experiment for the Effect of Spraying “Activated” EM

An experiment began in April 2002 to assess the effect of spraying activated EM on the growth of a variety of vegetable crops including broadbean, leeks, garlic, chinese cabbage and three cultivars of lettuce.  

Method

Ten raised beds were prepared on a Templeton Silt Loam soil.  Five randomly selected beds were sprayed monthly with activated EM.  EM was applied at 20L per hectare at a 1:100 dilution by boom spraying.  Spray drift was controlled by plastic guards along either side as required.  The standard method of EM activation was followed.  Molasses and then EM1 solution were added at 5% each by volume to water and the container sealed airtight (undertaken in a 200 L barrel).  The fermentation was kept at 17 to 25​​o​C with an aquarium heater.

Results

Overall growth of vegetables tended to be increased in the EM treatment beds but there was reasonably high variability in the growth of vegetables within and between beds.  Three out of nine experimental plantings showed up as statistically significant (one-tailed t-test) and one other as weakly statistically significant.  The main negative result was in one of the Cos Verdi lettuce plantings with one control bed having particularly good growth affecting the overall result – this variation contributed to the lack of statistical significance in that planting.  In the other lettuce plantings, including two plantings of Cos Verdi, the EM treated plants tended to have higher harvest weights.

Table 4.5.2.1 Effect of Spraying Activated EM on Crop Growth

	Crop
	Harvested
	% Increase over Control
	Statistical Significance (p)

	Broadbean
	Shoots
	  8.3
	 0.137

	Leeks
	Whole Plant
	 -0.2
	 0.495

	Garlic
	Bulb and Tops
	 20.8
	     0.036**

	Lettuce ‘Cos Verdi’
	Tops
	   6.3
	     0.047**

	Lettuce ‘Cos Verdi’
	Tops
	 16.8
	   0.079*

	Lettuce ‘Cos Verdi’
	Tops
	-12.6
	 0.260

	Lettuce ‘Lolla Rossa’
	Tops
	   4.7
	 0.267

	Lettuce ‘Oak Leaf’
	Tops
	   4.5
	 0.268

	Chinese Cabbage
	Tops
	   9.9
	     0.045**


*: weakly statistically significant (>90% confidence level)

**: statistically significant (>95% confidence level)

Discussion

Spraying with EM tended to increase vegetable yield with some of the results being clear cut.  Future experiments should attempt to reduce the amount of variation within beds and between replicates.  Uniform seed lines will be used and plots made larger to increase the resolution of the experiments.

4.6 EM Bokashi

Bokashi is a Japanese method of fermenting organic material for use as a fertiliser.  EM Bokashi is produced by incorporating the microbial inoculant EM within the organic  material.  Most experiments on EM Bokashi at the BHU have been conducted in the greenhouse with several medium to large scale experiments underway in the field.

4.6.1 Is EM Bokashi beneficial to add to potting media?

The first experiment on this question is detailed in Section 4.9.1 and gave a positive result.  A series of other experiments followed.  These are described here.

4.6.1.1 EM Bokashi Effect on Radish and Mustard

Bokashi is a Japanese term for fermenting organic material and EM can be used as the source of microbes to perform the fermentation, with molasses added to enhance the process.  The value of adding EM during the manufacture of Bokashi was evaluated in glasshouse trials on radish and mustard with dramatic results.  Plants of both species grown in potting media amended with EM Bokashi outperformed plants in standard potting media and potting media with bokashi ingredients added either with or without molasses.  Bokashi material had been incorporated as 5% of total potting medium.

In analysing the actual Bokashi made with molasses and with or without EM there was if anything a higher number of mircroorganisms detected in the molasses only treatment.  The results on plant growth within 2 weeks of sowing, however, showed that the EM Bokashi fermentation resulted in a higher value fertiliser and/or microbial inoculant effect.

Table 4.6.1.1.i Bokashi treatments tested

	Code
	Treatment

	Nil Control
	Standard Potting Media

	Control
	Media + Sawdust + Wheat Broll

	Molasses
	Media + Sawdust/Broll Fermented with Molasses and Water

	EM
	Media + Sawdust/Broll Fermented with Molasses and Water and EM


Mustard

Germination was very low in the control treatment (87.7% below nil control) but not statistically significantly different for the other treatments.  The molasses and EM treatments both tended to reduce germination by a small amount (7.6% and 6.3% respectively) which given similar results seen in the radish experiment may represent a real drop and mitigating this is discussed in the radish section below.

All treatments increased chlorophyll content of the mustard leaves, the control treatment was 13.0% higher than nil control, molasses was 24.7% higher and EM was 26.3% higher.  Increased chlorophyll content aids photosynthesis, the creation of energy for plant growth.

Two weeks after sowing, shoot dry weights in the EM treatment were 46.9% greater than nil control (p<0.05).  At the same time shoot dry weights for the control and molasses treatments were less than nil control by 34.6 and 39.7% respectively.  Root dry weights in the EM treatment were 13.3% less than nil control but this was not statistically significant and at the same time, root dry weights of control and molasses treatments were 83.1 and 54.7% less than nil control.

Table 4.6.1.1.ii Effect of Bokashi on Mustard Growth

	Treatment
	Shoot Dry Weight (g)
	Root Dry Weight (g)

	Nil Control
	47.3
	13.5

	Control
	48.9
	  2.2

	Molasses
	33.3
	  6.1

	EM
	69.1
	11.7


Radish

Germination was even for most treatments but significantly (11% below nil control, p<0.01) lower in the control treatment with unfermented organic matter applied.  As with mustard there was a tendency for the bokashi treatment to lower germination which although not statistically significant (-5.0%, p=0.22) in this individual experiment, possibly indicates that there is potential for continued fermentation activity affecting seed germination and where such problems are encountered this could be avoided by incorporating bokashi into moist potting media a fortnight in advance of planting seed.

Chlorophyll contents tended to be higher in the cotyledons of EM treatment plants (5.8% above nil control, not statistically significant but it does match with statistically significant results in previous experiments).  There were no significant differences noted in true leaf chlorophyll levels.

Two weeks after sowing, radish shoot dry weights in the EM treatment were 46.9% greater than nil control (p<0.05).  At the same time shoot dry weights for the control and molasses treatments were less than nil control by 34.6 and 39.7% respectively.  Root dry weights in the EM treatment were 24.5% less than nil control and at the same time, root dry weights of control and molasses treatments were 54.5% and 56.9% less than nil control.  The somewhat lower root weights for the EM treatment may reflect a better availability of nutrient in the potting medium.

Table 4.6.1.1.ii Effect of Bokashi on Radish Growth

	Treatment
	Shoot Dry Weight (g)
	Root Dry Weight (g)

	Nil Control
	47.3
	42.0

	Control
	48.9
	19.1

	Molasses
	33.3
	18.1

	EM
	69.1
	31.7
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Photo 4.6.1.1.i.  Effect of EM Bokashi on Radish Seedling Growth

EM Bokashi showed a positive effect on the growth of radish when incorporated in potting media.  The trials compared normal potting mix (on left) to potting mix amended with EM fermented sawdust and broll (right) together with controls of adding the sawdust and broll either unfermented (2nd from left) or fermented with molasses but no EM (2nd from right).  Each tray is one replicate representative of the five replicates in the experiment.
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Photo 4.6.1.1.ii. Effect of EM Bokashi on Mustard Seedling Growth 

EM Bokashi also showed a positive effect on the growth of radish when incorporated in potting media.  Little germination was observed in the unfermented organic material treatment (2nd from left).  Other treatments are positioned as for Photo 4.6.1.1.i above.
4.6.1.2 Effect of amending EM Bokashi with Fishmeal, Seaweed Extract and Trace Elements

Bokashi can be made with a variety of ingredients.  A common addition is fishmeal to provide a higher nitrogen and general fertiliser source.  The effect of fishmeal addition on the growth of seedlings was tested along with the potential for seaweed extract and a blend of added trace elements (and all permutations of the additions) to enhance the fermentation process or resultant effect of the EM Bokashi.

Materials and Methods

EM Bokashi was made by fermenting a blend of macrocarpa sawdust and broll (2:1 due to fineness of broll used) together with 0.3% EM and 0.3% molasses by volume.  The treatments consisted of a nil control and EM Bokashi with permutations of fishmeal (added at 5% by volume), seaweed extract (Kelpac, 0.15% by volume) and trace elements (following amounts were added dissolved in 500 mL per 100 L of Bokashi being made).

4.6.1.2.i Amounts of Trace Element Compounds used for 100 L of Bokashi

	Compound
	Mass

	Magnesium Sulfate Hepta
	1
	g

	Iron Sulfate Mono
	0.2
	g

	Zinc Sulfate Hepta
	0.02
	g

	Copper Sulfate
	0.01
	g

	Boric Acid
	0.02
	g

	Manganese Sulfate
	0.01
	g

	Cobalt Sulfate
	0.005
	g

	Sodium Selenate
	0.0005
	g

	Sodium Molybdenate
	0.002
	g


The Bokashi fermentations were undertaken in sealed 20 L containers at @ 20% moisture content.  After 3 weeks, the material was used to provide 5% of the potting media in the treatments.  The growth of radish and mustard in cell transplant trays (each cell 45 mL) was followed for 1 month.

Results

The results are presented in table form for mustard and radishes.  The inclusion of fishmeal increased the effect of the EM Bokashi on both mustard and radish (highly statistically significant, p< 0.005).  The seaweed extract gave no clear result while the trace element treatment appears to have increased root growth and possibly shoot fresh weight (only statistically significant for root growth of radish).

Table 4.6.1.2.ii Effect of incorporating fishmeal, seaweed extract and/or trace element blend to EM Bokashi fermentation on the potting media properties for Mustard.

	Treatment
	Leaves FW
	Leaves DW
	Roots DW

	Nil Control
	1.107d
	0.127c
	0.119bc

	EM Bokashi
	1.479c
	0.162b
	0.170abc

	EM Bok incl. Fish
	2.328b
	0.217a
	0.163abc

	EM Bok incl. Kelpac
	1.167d
	0.114c
	0.120bc

	EM Bok incl. Trace
	1.113d
	0.111c
	0.140abc

	EM Bok incl. Fish + Kelpac
	2.406ab
	0.228a
	0.188abc

	EM Bok incl. Fish + Kelpac + Traces
	2.302ab
	0.232a
	0.203ab

	EM Bok incl. Kelpac + Traces
	1.284d
	0.128c
	0.144abc

	EM Bok incl. Fishmeal + Traces
	2.356a
	0.246a
	0.189abc


The results were also analysed for the effect of each type of addition.  For instance, for fishmeal EM Bokashi was compared with Bokashi including fishmeal, Bokashi including Kelpac was compared with Bokashi including kelpac and fishmeal, Bokashi including trace elements was compared with Bokashi including traces and fishmeal, and Bokashi including Kelpac and trace elements was compared to Bokashi including Kelpac, trace elements and fishmeal.  The comparison was analysed with paired t-tests.

Table 4.6.1.2.ii Individual analysis of the effectiveness of incorporating fishmeal, seaweed extract and/or trace element blend - Mustard
	
	Shoots FW
	
	Shoots DW
	
	Roots DW
	

	
	% increase over control
	Statistical Significance
	% increase over control
	Statistical Significance
	% increase over control
	Statistical Significance

	Fishmeal
	 84.91%
	p<0.001
	79.37%
	p<0.001
	29.46%
	p=0.003

	Kelpac
	-14.98%
	  p=0.214*
	-6.97%
	  p=0.143*
	-1.51%
	  p=0.863*

	Trace Elements
	   7.26%
	p=0.306
	-0.51%
	  p=0.929*
	 5.46%
	p=0.255


Table 4.6.1.2.iii Effect of incorporating fishmeal, seaweed extract and/or trace element blend to EM Bokashi during fermentation on the potting media properties for Radish.

	Treatment
	Leaves FW
	Leaves DW
	Roots DW

	Nil Control
	1.088d
	  0.139cd
	0.330c

	EM Bokashi
	1.538c
	0.161c
	  0.457bc

	EM Bok incl. Fish
	2.120b
	0.212b
	  0.425bc

	EM Bok incl. Kelpac
	  1.199cd
	0.129d
	0.317c

	EM Bok incl. Trace
	1.039d
	0.115d
	0.380c

	EM Bok incl. Fish + Kelpac
	  2.375ab
	0.245a
	  0.570ab

	EM Bok incl. Fish + Kelpac + Traces
	2.553a
	0.251a
	0.665a

	EM Bok incl. Kelpac + Traces
	  1.316cd
	  0.136cd
	  0.443bc

	EM Bok incl. Fishmeal + Traces
	  2.485ab
	0.246a
	0.644a


Table 4.6.1.2.iv Individual analysis of the effectiveness of incorporating fishmeal, seaweed extract and/or trace element blend - Radish
	
	Shoots FW
	
	Shoots DW
	
	Roots DW
	

	
	% increase over control
	Statistical Significance
	% increase over control
	Statistical Significance
	% increase over control
	Statistical Significance

	Fishmeal
	76.38%
	p<0.001
	87.20%
	p<0.001
	44.27%
	p=0.002

	Kelpac
	  0.99%
	p=0.424
	-0.23%
	  p=0.967*
	  1.40%
	p=0.436

	Trace Elements
	  0.00%
	p=1.000
	 2.22%
	p=0.355
	20.52%
	p=0.020


Discussion

Some of the differences shown in comparison of treatment combinations could be due to factors other than the addition or absence of fishmeal, seaweed extract or trace elements.  Although attention was paid to making the fermentation mixtures up, there was no replication of recipe ingredients (one fermentation container per treatment).  The pairwise comparisons for each of the individual ingredients do, however, provide replication.  Differences between treatments could also be due partly to effect of the ingredients on moisture relations and other factors in the fermenting material.

Fishmeal was a positive addition for use as a potting media supplement for radish and mustard seedlings.  The effect on a range of crops and as a fertiliser in the field requires further experimentation.  When used in potting mixes, it may be that the fishmeal will make the EM Bokashi too rich for some seedlings as may have happened in an experiment with zucchini (see Section 4.8).  It appears that the addition of a blend of trace elements was beneficial.  Given the inexpensive nature of this addition, it is worth considering and experimenting further on its ability to enhance other types of bokashi performance.

4.6.1.3 Comparison of Crushed Wheat and Broll for EM Bokashi Manufacture

A variety of materials can be utilised for making EM bokashi.  This experiment was designed to test what level of variation in quality/effect of bokashi can be expected when using different materials.  With macrocarpa sawdust as a base, the use of either crushed wheat or wheat broll was compared.

Materials and Methods

The broll used in this experiment was very fine and it was judged that a ratio of sawdust:broll of 2:1 (rather than 1:1) was necessary to obtain a good composition for bokashi fermentation.  A higher ratio of the broll created too sticky a consistency.  (Other types of broll appear to be sufficiently coarse to allow a 1:1 ratio with sawdust).  EM Bokashi was made to standard protocol in sealed 200 L containers.

The EM Bokashi types were then added to potting media at either 2% or 5% and the effect on radish seedling growth measured in glasshouse conditions. 

Results

The effect on shoots, roots and bulbs of the two EM Bokashi types and rates within potting media is shown in the table below.

Table 4.6.1.3.i. Effect of EM Bokashi types and rates on radish growth

	Treatment
	Leaves (g FW)
	Leaves (g DW)
	Roots (g DW)
	Bulbs (g DW)

	Nil control
	0.420
	0.065
	0.094
	0.098

	Crushed Wheat 2%
	0.713
	0.098
	0.154
	0.144

	Crushed Wheat 5%
	0.909
	0.112
	0.144
	0.162

	Broll 2%
	0.588
	0.074
	0.142
	0.124

	Broll 5%
	0.793
	0.089
	0.116
	0.128


Both forms of EM Bokashi increased the growth of the radish seedlings in all parameters tested including bulb weight.  The higher rates of EM Bokashi in the potting media yielded greater shoot growth (highly statistically significant <0.001) and bulb growth (not statistically significant p=0.625) but root growth (although generally promoted by the inclusion of bokashi) was less in the higher rates of bokashi inclusion (not statistically significant p=0.145).  

Crushed wheat EM Bokashi gave better results in all parameters than EM Bokashi made with broll.  This was statistically significant for fresh and dry weights of shoots (p=0.005 and p<0.001 respectively) but not for roots and bulbs (p=0.145 and p=0.239 respectively). 

Discussion

Crushed wheat EM Bokashi outperformed broll EM Bokashi showing the significance of choice of materials for efficacy of bokashi material.  The difference could be due to the nutritional contents of the material or physical characteristics, which may influence moisture and aeration factors in the fermentation as well as substrate effects on microbial growth. 

In practice, crushed wheat would be more expensive than broll if purchased.  Further experimentation with a range of cheap waste materials should be undertaken.

Five percent EM Bokashi in the potting media yielded better results than 2% for shoots and bulbs but there did appear to be diminishing returns relative to control.

4.6.2 Question 2: Do seedlings grown with EM Bokashi in the potting media retain an advantage over seedlings grown without EM Bokashi?

This was tested on lettuce Cos Verdi seedlings.  The objective was to see if seedlings of a sensitive plant like lettuce having accelerated growth from the use of EM Bokashi would suffer from greater transplant stress or simply lose their size advantage over control plants by harvest time.  Seed was sown 10/9/02 into transplant trays (45 mL plugs).  Seedlings transplanted 8/10/02 to tunnel house soil.   Five pairs of replicate plots were set up.  Each plot had fourteen plants.  Treated plants were noticeably larger (approx. double shoot size).  Chlorophyll content of the plants was tested on 6/11/02.  After 48 days (25/11/02) lettuces were cut as per commercial harvest.

Results

Treated plants weighed 23.4% (fresh weight – harvest index) more on average than control plants at harvest date (highly statistically significant, p=0.005).  Observations indicated that treated plants were of saleable size more than a week prior to control plants.  The results showed that the improvement in seedling growth from the incorporation of EM Bokashi in the potting mix did not appear to impede plant growth in the field and in fact at harvest time there was a significant weight advantage to the treated plants.

4.6.3 Does EM Bokashi increase crop yield when added to the soil in tunnel house conditions? (and do the EM microorganisms persist in the soil?)

This was tested with spinach plants direct sown into beds that had been treated 2 weeks previous with either EM Bokashi or Bokashi fermented with molasses but no EM.  The Bokashi lots were fermented at the Biological Husbandry Unit using a 1:1 ratio of sawdust (macrocarpa) and crushed wheat together with 5% fishmeal and 0.3% molasses (the EM Bokashi had 0.3% EM added also) in sealed 200 L containers.  Bokashi was applied at an equivalent rate to 2 tonne per hectare.  There were three replicates.  ‘Springer’ spinach was used in two pairs of replicates and ‘San Paulo’ in the other pair.

Results
The EM Bokashi treated plots consistently outperformed the non EM Bokashi plots with the average increase due to the EM fermentation being 35.6% (statistically significant p=0.018).

Table 4.6.3.i. Effect of EM Bokashi on Spinach Growth (Harvest Yield – kg per 2 m2)

	Treatment
	Row A
	Row B
	Row C

	Non-EM Bokashi
	5.10
	5.50
	5.73

	EM Bokashi
	6.85
	6.90
	8.40

	% Difference
	34.3
	25.5
	46.5


Discussion

The scale of the difference between treatments was impressive and highly economically significant.  It is important to point out that we cannot be sure how much of the difference between the two treatments may have been due to a possible negative effect of the non EM fermented Bokashi (a negative response has been seen in some of the glasshouse trials to this sort of treatment).  

Further experiments in tunnelhouse and field conditions are warranted to test the consistency of effect under a range of conditions and for a range of crops to develop optimized protocols for the use of this material.

4.6.4 Does EM Bokashi increase crop yield in field conditions?

This question is addressed in section 4.7 and in the experiment below.

Field Experiment on EM Bokashi 

With a bokashi made 2:1 broll, no statistically significant effect was seen in the field.  There was only 3 replicates per treatment with just five plants of Misome (an Asian leafy brassica vegetable) and five plants of Lolla Rossa Lettuce per replicate.  The level of variation between replicates was too high to be sure of any specific differences and the nil control outperformed all other treatments.  Twoway ANOVA analysis showed that there was statistical significance in average misome (p=0.042) and lettuce (p=0.032) weight i.e. there was likely to be a true difference between treatments.  There may have been a pattern of improved production with the incorporation of fishmeal but this could not be proven and the fishmeal treatments again performed worse than nil control.

Table 4.6.4.i. Effect of Bokashi treatments on growth of misome and lettuce in field

	Treatment
	Misome
	Lettuce

	Nil Control
	215
	190.75

	Control Dry Ingredients
	157.2375
	140.1063

	Fermented control with fishmeal
	178.7
	172.85

	EM Bokashi
	112.15
	111.425

	EM Bokashi with Fishmeal
	187.775
	176.0625


Overall the experiment was too small in numbers of plants and in replicates to show clear results.  There was also too high a variability between plots showing a requirement for more even ground preparation or larger plot size.  On the other hand the non-positive results may point towards an inadequacy of effect of the EM Bokashi where it is e.g. 

· made with broll as opposed to e.g. crushed wheat

· is made with very fine broll that is sticky and may create bokashi quality problems

· is made at 2:1 sawdust to broll rather than 1:1 (related to the bran fineness and moisture problems) and is therefore more “dilute” a product.

· is made with macrocarpa sawdust rather than pine sawdust.  This requires further experimentation.

4.6.5 Does EM Bokashi work in field conditions concentrated around transplanted seedlings?

A further experiment has been set up in late March at the BHU to test the concentrated application of EM Bokashi vs. spreading EM Bokashi out (and control treatments) on lettuce, misome, spinach and radishes.  Experiments are also planned to assess factors such as sawdust wood type (pine Pinus radiata compared with macrocarpa) and the material mixed with the sawdust (e.g. crushed wheat again compared to broll and bran).  The relative value of using straw types rather than sawdust will also be assessed.

4.7 Kyusei (Japanese) Nature Farming Area

Introduction

Japanese Nature Farming is a method of organic farming influenced by the philosophy and teachings of Masanobu Fukuoka and Mikichi Okada.  Some specific principles include the avoidance of chemical inputs and the use of mulching and minimal tillage.  In this experimental area, there is a large-scale experiment testing the effect of compost additions within this model system and the effect of use of Effective Microorganism (EM) Technology (a microbial inoculant practice being widely adopted by modern Nature Farming practitioners in Asia).

In the preliminary experiments undertaken so far, the mulching regime has not been instituted but a comparison has been made of the growth of crops over the growing season as affected by the application of varying rates of compost with or without EM treatment.

The treatments include EM (bokashi and spray at standard recommended application rates and frequency) a nil control and a control with water molasses and organic matter added as per the EM treatment but no microbial inoculant.  The compost treatments are 0 tonne per ha, 40 tonne per ha (initial application was just 20 tonne per hectare, future applications will be at 40) and 100 tonne per ha (dry weight) annually.  A four year rotation is to be followed (all four years represented in each bed each year) of summer cropping (with green manures grown over the winter and incorporated into the same bed as it was grown in).  The beds will be mulched with green manure material and added straw eventually but soil was kept exposed in the first growing season to ensure adequate control of residual twitch.  In the first growing season there has only been a single application of EM Bokashi and no EM spray applied.  EM spraying will commence in the autumn following crop harvest.

The area will provide a long-term study of the effect and interaction of EM and compost addition and a display of minimal tillage and use of mulching.  The experimental write up below refers to harvests taken so far (two harvests of the Asian green leafy vegetable misome) and the extent to which these were affected by the compost and EM Bokashi additions.

Materials and Methods

The 0.7 hectare area is divided into 15 plots with 4.5 m of buffer zone between them.  Within each plot are three 40 m raised beds each being subplots receiving randomly designated applications of compost.  Compost analysis is given in Section 4.11 of the annual report.

The treatments of EM, Control and Nil Control were allocated randomly to the 15 plots within 5 blocks.  EM Bokashi was applied at 2 tonne per hectare (counting only effective area on raised beds) to the EM plots (bokashi sourced from Kiwitaiki flora – equal parts of pine sawdust and broll combined with 0.3% EM and 0.3% molasses – fermented for 4 weeks).  The control treatment received bokashi also fermented with the same materials by Kiwitaiki Flora but with no EM.  The nil control area received no bokashi material.  Misome was harvested on 31 January 2003 (Harvest 1 - 20 transplants) and 11 March 2003 (Harvest 2 – 25 transplants) from plantings five weeks previous the first planting starting two days after application of compost and bokashi.

Results

The numbers of plants surviving and shoot weights (harvest index) for each harvest are given in the tables below according to treatment.  Analysis suited the General Linear Models procedure (GLM) and results were analysed for each harvest separately and then for both using harvest date as a further treatment variable.

The number of plants surviving in each plot tended to be higher in the EM Bokashi treated areas; over the two harvests, the number of surviving plants (weighted average) were higher than the nil control by 2.4% and control by 6.2%.  The difference in bokashi treatments was statistically significant for Harvest 2 (p=0.02) but not for Harvest 1 (p=0.44).

Compost had no discernible effect on plant survival but in Harvest 1, the compost treatments tended to improve survival (not statistically significant, p=0.59). 

Table 4.7.1. Effect of treatments on no. of plants surviving through to harvest (out of 20 transplants) for Harvest 1

	
	
	Treatment
	
	

	Compost Rate

(tonne/ha)
	Nil Cont
	Cont
	EM
	Average

	0
	18.4
	17.2
	19.2
	18.3

	20
	18.4
	18.8
	19.2
	18.8

	100
	19.0
	18.8
	19.0
	18.9

	Average
	18.6
	18.3
	19.1
	


Table 4.7.2. Effect of treatments on no. of plants surviving through to harvest (out of 20 transplants) for Harvest 2

	
	
	Treatment
	
	

	Compost Rate

(tonne/ha)
	Nil Cont
	Cont
	EM
	Average

	0
	23.6
	21.6
	23.2
	22.8

	20
	23.0
	22.2
	23.4
	22.9

	100
	22.2
	21.6
	23.6
	22.5

	Average
	22.9
	21.8
	23.4
	


Table 4.7.3. Effect of treatments on total harvest (kg) for Harvest 1

	
	
	Treatment
	
	

	Compost Rate

(tonne/ha)
	Nil Cont
	Cont
	EM
	Average

	0
	1.496
	1.450
	1.710
	1.552

	20
	1.790
	2.312
	1.970
	2.024

	100
	2.376
	2.566
	2.716
	2.553

	Average
	1.887
	2.109
	2.132
	


Table 4.7.4. Effect of treatments on weight per plant (kg) for Harvest 1

	
	
	Treatment
	
	

	Compost Rate

(tonne/ha)
	Nil Cont
	Cont
	EM
	Average

	0
	0.080
	0.079
	0.089
	0.083

	20
	0.099
	0.122
	0.103
	0.108

	100
	0.126
	0.137
	0.143
	0.135

	Average
	0.101
	0.113
	0.112
	


Table 4.7.5. Effect of treatments on total harvest (kg) for Harvest 2

	
	
	Treatment
	
	

	Compost Rate

(tonne/ha)
	Nil Cont
	Cont
	EM
	Average

	0
	3.694
	3.632
	4.354
	3.893

	20
	3.672
	3.924
	4.796
	4.131

	100
	5.384
	5.506
	5.724
	5.538

	Average
	4.250
	4.354
	4.958
	


Table 4.7.6. Effect of treatments on weight per plant (kg) for Harvest 2

	
	
	Treatment
	
	

	Compost Rate

(tonne/ha)
	Nil Cont
	Cont
	EM
	Average

	0
	0.157
	0.170
	0.188
	0.171

	20
	0.160
	0.177
	0.205
	0.180

	100
	0.246
	0.258
	0.243
	0.249

	Average
	0.187
	0.202
	0.212
	


The total harvest from each sub-plot tended to be higher in the areas receiving bokashi (EM and control treatments compared to nil control) material with those receiving EM Bokashi outperforming those receiving control bokashi.  Such differences were marginal in the first harvest (1.1% over control bokashi) and significant in the second harvest (13.9% over control bokashi).  The treatment differences were not statistically significant in the individual harvests but when the two harvest results were combined (EM exceeding control by 7.5% and nil control by 14.8%), the result was statistically significant (p=0.04).  The weight per plant results (EM exceeding control by 2.1% and nil control by 11.6%) were weakly statistically significant (p=0.10).

The effect of compost was dramatic with both total harvest and weight per plant responding significantly to compost addition (100 tonne per hectare significantly out performing 20 tonne per hectare).

Discussion

The effect of EM Bokashi appears to be at least partly due to the actual application of the organic matter possibly due to plant nutrient content.  In previous glasshouse experiments the effect of fermenting with EM to make EM Bokashi has been shown to either improve the quality of the organic matter or provide a microbial inoculant effect (or both) on the growth of several vegetables.  A positive effect was also seen on spinach production in tunnel house beds.  In this experiment there was a small difference between control bokashi and EM bokashi in weight per plant harvested but significant differences in the number of plants harvested and the total crop weight.  These results point to the value of bokashi in field conditions as in tunnel house and glasshouse conditions.

The results with compost point to the value of incorporating compost.  There was no statistically significant interaction between EM treatment and compost application according to the GLM analysis.  As more results are collated and after a period of time it may be possible to see such interactions.  One hypothesis is that prolonged microbial inoculant application may require organic matter to be sustainable and another hypothesis is that microbial inoculants may have more dramatic effects in soils of low soil microbial activity (perhaps influence by less soil organic matter).  The set up of this experiment allows such hypotheses to be tested.

4.8 Effect of a Microbial Inoculant and Biofertiliser on Zucchini Powdery Mildew

Introduction

Powdery mildew of cucurbits is a fungal disease severely affecting crops generally near the end of the growing season.  All powdery mildews are obligate parasites only able to infect living material of a host.  The fungus grows mostly on the surface of the host leaf and stem penetrating the surface in places and forming haustoria within host epidermal cells to access nutrients.  Obligates parasites have been shown to increase in severity with excess levels of available nitrogen and phosphorus in the apoplasm.  Some control of powdery mildew has been shown by the application of products that stimulate the host plants defence mechanisms (induced resistance).  

In this experiment, the effect of a microbial inoculant (EM – Effective Microorganisms) and biofertiliser (PastureAid) on the level of powdery mildew successfully infecting zucchini was tested on seedlings in glasshouse conditions.  Seedlings were grown in potting media with or without a component of organic matter fermented with the microbial inoculant to assess if this affected susceptibility to powdery mildew.  The fermented sawdust and broll (EM bokashi) had previously been shown to improve growth of lettuce and radish seedlings in glasshouse conditions.

Materials and Methods

Zucchini cv.Black Beauty was sown on 22 January 2003 into 1 litre pots filled with potting media.  Two seeds were sown in each pot to increase likelihood of at least one seedling emerging.  Where two seedlings emerged, the smaller seedling was removed within 10 days of sowing.

The standard potting media was made to the following recipe – 60L p eat, 40L pumice, Osmocote Mini (18-2.6-10) 100g, dolomite 400g, hydrafloII 100g.  The added EM Bokashi (added as 5% of potting media in the EM Bokashi treatment) was made by incorporating 0.3% EM and molasses by volume to a mixture of 50% sawdust and 50% wheat broll fermented  (with moisture adjusted to ca. 20%) in a filled airtight container for 5 weeks.  A further potting media treatment incorporated EM “Fert” Bokashi which was also added at 5% of the potting media and incorporated a proportion of fishmeal (5%) and Reactive Phosphate Rock (RPR, 1%).

Glasshouse conditions were ca. 23​​oC day and 17​oC night.  Plants were watered at the base, avoiding wetting leaves (to prevent incidental infection with powdery mildew).  After 4 weeks and 2 days from sowing (28 February, 2003), seedlings were inoculated with powdery mildew conidial spores collected from a host zucchini plant of the same cultivar.  Inoculation was carried out by evenly spraying a suspension of spores onto all 

leaf surfaces of each plant.  Leaf surfaces were kept moist by spraying with water for a further three hours to enable time for inoculation.

The number of successful powdery mildew infections (small colonies assumed to arise from a single successful conidial spore) was assessed for each plant on the 28 February, one week after inoculation.  On the same day, a further inoculation was made to attempt to increase the level of infection observed.  The final number of successful infections were counted on 7 March 2002.  On that day (5 weeks, 2 days after sowing), plants were cut near the soil surface and the dry weights for roots and shoots were measured (fresh weights were also assessed for the shoots).

There were ten reps for each treatment combination and these were placed in a randomized block design following the possible gradient of light and temperature towards the glasshouse wall.

Results

Plants grew well initially with a relatively high percentage of germination.  One pots failed to have any zucchini seedling emergence and two seedlings died during the experiment.  Numbers of powdery mildew infection sites and final weights were analysed according to potting media and spray treatments with the General Linear Model (GLM) procedure.

Average shoot and root dry weights according to potting media type and spray treatment are depicted in Table 1 and 2.  The potting media treatments influenced the size of zucchini shoots at harvest (shoots, P<0.001) with larger shoots being recorded for the EM Bokashi (without fishmeal) treatment but shoots being smaller in the EM Bokashi + fishmeal + RPR than in the standard potting media.  Both bokashi treatments tended to increase the root dry weight but this was not statistically significant (p=0.171).

The sprays had no statistically significant effect on shoot growth (p=0.453) but both the microbial inoculant and the biofertiliser treatment plants had smaller root masses (p<0.001).

Table 4.8.1. Effect of Treatments on Average Shoot Dry Weights (g)

	
	Potting Media
	

	Spray
	Standard
	EM Bokashi
	EM Bok + Fish
	Average

	Water
	8.390
	9.980
	7.322
	8.564

	EM
	7.887
	8.870
	7.088
	7.948

	PastureAid
	7.691
	9.469
	7.337
	8.166

	Average
	7.989
	9.440
	7.249
	


Table 4.8.2. Effect of Treatments on Average Root Dry Weights (g)

	
	Potting Media
	

	Spray
	Standard
	EM Bokashi
	EM Bok + Fish
	Average

	Water
	0.940
	1.003
	0.882
	0.942

	EM
	0.669
	0.809
	0.692
	0.723

	PastureAid
	0.696
	0.775
	0.837
	0.769

	Average
	0.768
	0.862
	0.804
	


Powdery mildew infection tended to be lower in the microbial inoculant spray than control and even lower in the biofertiliser spray treatment at both assessment days.  Due to the distribution of results, analysis was undertaken of the logarithmic value of number of spots for each plant.  The GLM analysis of log transformed results showed weak statistical significance to the effect of spray treatments in the February results (p=0.100) and good statistical significance in the March results (p=0.018).  Although powdery mildew levels tended to be lower on plants growing in potting media with EM Bokashi or EM Fert Bokashi, this was not statistically significant (effect of potting media was p=0.207 for Week 1 and p=0.624 for Week 2).  Table 3 and 4 show the average number of powdery mildew infections per plant recorded from the Week 1 and Week 2 

observations.  Table 5 shows the log results for the Week 2 observation.

Table 4.8.3. Effect of Treatments on Powdery Mildew (no. of infections per plant) – Week 1 observations

	
	Potting Media
	

	Spray
	Standard
	EM Bokashi
	EM Bok + Fish
	Average

	Water
	1.0
	1.4
	0.4
	0.93

	EM
	0.9
	2.6
	0.8
	1.43

	PastureAid
	0.6
	0.2
	0.5
	0.43

	Average
	0.83
	0.14
	0.57
	


Table 4.8.4. Effect of Treatments on Powdery Mildew (no. of infections per plant) – Week 2 observations
	
	Potting Media
	

	Spray
	Standard
	EM Bokashi
	EM Bok + Fish
	Average

	Water
	16.5
	12.3
	9.3
	12.70

	EM
	11.9
	14.5*
	7.1
	11.17

	PastureAid
	7.9
	3.9
	12.8*
	8.18

	Average
	12.1
	10.2
	9.7
	


* these results in the non-transformed data were influenced by individual plants with high numbers of powdery infection sites.

Table 4.8.5. Effect of Treatments on Powdery Mildew (log transformation of no. of infections per plant) – Week 2 observations
	
	Potting Media
	

	Spray
	Standard
	EM Bokashi
	EM Bok + Fish
	Average

	Water
	1.071
	0.967
	0.748
	0.929

	EM
	0.822
	0.780
	0.601
	0.734

	PastureAid
	0.516
	0.355
	0.537
	0.469

	Average
	0.803
	0.701
	0.629
	


Discussion

PastureAid and to a lesser extent EM reduced the amount of powdery mildew infection on the glasshouse grown plants.  The effect of this in the field and the significance to any epidemic would need to be tested but it shows a link between the use of biofertiliser sprays and the reduction in susceptibility to powdery mildew for the treated zucchini plants. 

The potting media treatments had a clear effect on plant growth with the EM Bokashi treatment producing significantly more shoot and root weight than other potting media.  The EM Fert Bokashi was possibly too strong (e.g. high ammonia release from the fish meal) for the zucchini plants which can be sensitive to such factors or there may even have been a problem with sufficient water availability for fast early growth in these plants although this was not checked.  Any future experiments will use larger pots and bottom watering to reduce the chances of quick depletion of water by faster growing seedlings and also eliminate the potential effect of depletion of nutrient and space as seedlings outgrow pots.  The effect of all treatments on plant growth in this experiment should be treated cautiously. 

If the plants grown in EM Fert Bokashi media were stressed in some way then this could affect biofertiliser action (e.g. if biofertiliser action is based on stimulating plant defences it could be that the effect of this is reduced in a plant suffering from stress).  If the EM Fert Bokashi treatment is removed from the overall results, the level of bio fertiliser and statistical significance are increased.

Other experimental results have pointed to the value of incorporating EM Fert Bokashi into potting media at 5%.  Caution may be warranted (given the present result) with the amount incorporated with certain types of seedlings but this requires further investigation.

4.9 Effect of Biofertilisers on Crop Growth

4.9.1 Effect of EM Bokashi and a Biofertiliser on Radish in Glasshouse Conditions

Introduction

Biofertilisers are considered by some to promote the growth of crop plants by a range of possible modes of action including increasing chlorophyll content, increasing the production of fine feeder roots, improving nutrient uptake efficiency and improving plant health and resistance to pests and diseases.

A biofertiliser product, PastureAid, and a fermented organic matter product EM Bokashi (made by fermenting organic material with the microbial inoculant Effective Microorganism EM) was tested for effect on radish growing in greenhouse.  The aim was to determine if there was a measurable effect on plant growth and chlorophyll content.

Materials and methods

Radish seed was sown on the 27/10/01 in cell transplant trays of (60 cells of 45mL each).  The potting media was 60L peat, 40L pumice, Osmocote Mini (18-2.6-10) 100g, dolomite 400g, hydrafloII 100g was put in the 20 trays.

Five trays were used as replicates for each of the four treatments:

Standard potting media – No PastureAid

EM Bokashi potting media – No PastureAid

Standard potting media – PastureAid applied

EM Bokashi potting media – PastureAid applied

The EM Bokashi was made of a combination of pine sawdust and wheat bran (1:1) together with 0.3% EM and 0.3% molasses at a moisture content of 20% by Kiwitaiki Flora.  PastureAid is a commercially available biofertiliser produced by Jenkins Biolabs Ltd.  

For the EM Bokashi treatments, the standard potting media was amended with 5% EM Bokashi.  PastureAid was applied after sowing.  The PastureAid Plus treatment was an equivalent of 100L/ha watered in from watering can (5% solution applying 10mL PastureAid per tray, estimated to give 5 mL effective application).  Control trays were watered and all 20 trays placed randomly on a greenhouse tray.

After three weeks, the chlorophyll level of the biggest leaf and cotyledon leaves were measured using a Spadmeter.  The same measurements were repeated three weeks later.

On the 10/11/01 the 30 radishes/tray were harvested, the roots separated from the bulbs and shoots and fresh and dry weights assessed.  The remaining half of the seedlings was harvested on 12/12/01.

The data was analysed using analysis of variances (ANOVA) and Fisher’s pairwise comparisons test.

Results

Fresh and dry weights are presented in Tables 1 to 5 for shoots, bulbs and roots.  Dry weights for roots were not reliable due to potting media contamination of the roots, which became too significant in relation to dry root weights.  

Table 4.9.1.i Radish Shoots Fresh Weight

	Treatment
	3 Weeks (g dry weight)
	6 Weeks (g dry weight)

	Control
	0.815b
	1.540b

	PastureAid
	0.746b
	1.470b

	EM Bokashi
	1.694a***
	3.489a***

	EM Bokashi + PastureAid
	1.582a***
	3.056a***


***: Highly statistically significant compared to control, p(0.01

**: Statistically significant compared to control, p(0.05

*: Weakly statistically significant compared to control, p<0.1

Column values sharing the same letters are not significantly different at P = 0.05 according to Pearson’s test.

Shoot fresh weights were more than doubled by the inclusion of EM Bokashi in the potting media at 3 weeks and 6 weeks (p<0.001).  The PastureAid treated plants tended to have smaller shoots (weakly statistically significant p=0.094 and p=0.101 for weeks 3 and 6 respectively).

Table 4.9.1.ii. Radish Root Fresh Weight

	Treatment
	3 Weeks (g fresh weight)
	6 Weeks (g fresh weight)

	Control
	0.463a
	0.178a

	PastureAid
	0.761a
	0.292a

	EM Bokashi
	0.464a
	0.130a

	EM Bokashi + PastureAid
	0.531a
	0.325a


Root fresh weights were increased by PastureAid application (p=0.138 and p=0.018 for 3 and 6 weeks respectively).  EM Bokashi had no statistically significant effect on root fresh weight (p=0.338 and p=0.900 respectively).

Table 4.9.1.iii. Radish Bulb Fresh Weight

	Treatment
	3 Weeks (g fresh weight)
	6 Weeks (g fresh weight)

	Control
	0.566a
	0.539b

	PastureAid
	0.603a
	0.598b

	EM Bokashi
	0.855a
	1.080a***

	EM Bokashi + PastureAid
	1.029a*
	1.366a***


Bulb fresh weight (equivalent to actual harvest) was increased by EM Bokashi (p=0.007 and p<0.001 for 3 and 6 weeks respectively) and by PastureAid (weakly statistically significant p<0.188 and p<0.080 onetailed for 3 and 6 weeks respectively).

The one off application of PastureAid increased overall radish harvest weights by 13.4% after 3 weeks and 18.7% after 6 weeks.  The incorporation of EM Bokashi into the potting media increased overall radish harvest weights by 60.9% after 3 weeks and 18.7% after 6 weeks.

Table 4.9.1.iv. Radish Shoots Dry Weight

	Treatment
	3 Weeks (g dry weight)
	6 Weeks (g dry weight)

	Control
	0.180b
	0.190b

	PastureAid
	0.191b
	0.187b

	EM Bokashi
	0.244a***
	0.334a***

	EM Bokashi + PastureAid
	0.258a***
	0.297a***


With shoot dry weights, there was still a highly statistically significant difference due to EM Bokashi with the foliage of EM Bokashi treated plants having had a lower ratio of dry weight to fresh weight (p<0.001).  On the other hand the dry weight ratio of PastureAid treated plants was significantly increased (p=0.023) in the 3 week reading (sufficient for the dry weights to be generally higher for the PastureAid treatments, not statistically significant p=0.905).  By the 6 week reading, the dry weight ratio was not significantly affected by PastureAid and shoot dry weights were generally lower for the PastureAid treatment (weakly statistically significant, p=0.083). 

Table 4.9.1.v. Radish Bulbs Dry Weight

	Treatment
	3 Weeks (g dry weight)
	6 Weeks (g dry weight)

	Control
	0.082a
	0.093c

	PastureAid
	0.066a
	0.107bc

	EM Bokashi
	0.070a
	0.152ab***

	EM Bokashi + PastureAid
	0.080a
	0.176a***


Results for dry weights were similar to those for fresh weights.  There was no statistically significant effect of EM Bokashi or PastureAid on dry weight ratio at 3 weeks.  At 6 weeks, EM Bokashi treated plants tended to have lower dry matter contents (statistically significant, p=0.041) and PastureAid treated plants tended to have higher dry matter content (not statistically significant, p=0.309).

The dry weight bulb increase due to PastureAid was more statistically significant than for fresh weights with the one-tailed comparison being p=0.053 (weakly statistically significant).

Table 4.9.1.vi. Radish Leaf Chlorophyll Level (Spadmeter measurement)

	Treatment
	3 Weeks

(Largest Leaf)
	3 Weeks

(Cotyledon Leaf)
	6 Weeks

(Largest Leaf)

	Control
	30.6b
	13.1c
	27.6a

	PastureAid
	32.0ab
	18.1b
	27.0a

	EM Bokashi
	33.3ab
	23.7a
	29.1a

	EM Bokashi + PastureAid
	34.8a
	23.7a
	29.8a


Both EM Bokashi and PastureAid treatments at 3 weeks increased the cotyledon leaf chlorophyll content (EM Bokashi p<0.001 and PastureAid p=0.027).  There was also a statistically significant interaction (p<0.029) in that no significant chlorophyll response to PastureAid was observed in the EM Bokashi amended treatments.

At 3 weeks, the largest leaf chlorophyll content was also higher for EM Bokashi (p=0.005) and for PastureAid (weakly statistically significant, p<0.059 if treated as one-tailed test).  After 6 weeks the largest leaf chlorophyll difference due to EM Bokashi was weakly statistically significant (if treated as one-tailed, p<0.078) but there was no apparent effect of PastureAid (p=0.987) and no interaction between the two treatments (p=0.676).

Discussion

Both EM Bokashi in the potting media and PastureAid sprayed onto the potting mix after sowing showed measurable differences in radish growth in glasshouse conditions.  The differences were often highly significant for the EM Bokashi treatment, the Bokashi probably having contributed significant amounts of nutrients to the potting mix as well as any possible microbial inoculant effect.  Both treatments appeared to have some positive effect on harvest yield of the radish (bulb weight).

Leaf chlorophyll content appeared to be useful in demonstrating a difference between treated and untreated plants in a non-destructive way but the variation in response and perhaps temporary nature of the effect may make it difficult to rely on this in practice as a means of determining the effectiveness of a treatment.  For the meantime, fresh and/or dry weights should be taken.  Fresh weights are more relevant to actual harvest and any commercial difference in harvest yield or speed of harvest.  The increase in chlorophyll content in treated plants may show a mode of action for the treatments.  

The results for PastureAid application showed there should be caution in predicting harvest result for root crops by assessing shoot growth.  In the case of radishes, PastureAid increased harvest yield but tended to have smaller shoot mass.

Both treatments were inexpensive (calculated at less than 0.05 cents per seedling in purchase cost) and the use of both gave best results.  It should be noted that PastureAid is not yet approved for use in organic certified properties and EM Bokashi use may depend on sources of organic matter although the EM itself is approved for use by Bio-Gro certification.  Osmocote is not an organically allowable fertiliser.

The significance of these effects in the field requires assessment.  It is likely that it is easier to achieve higher yield differences with biofertilisers in controlled glasshouse conditions.

4.10 Conservation Biological Control of Crop Pests

Three experiments have been undertaken on the BHU by Lincoln University ecology and entomology group staff and students (supervision by Professor Steve Wratten).  All have shown value in the planting of beneficial flowers in order to encourage the presence and activity of predatory or parasitoid insects that control plant pests.  Results are pending analysis and write up.  The experiments were conducted in outer areas of the BHU where biodiversity was at its lowest to reduce background “noise” of beneficial flowers present.

Brassica aphid: Flowering phacelia strips were planted to at opposite ends of a paddock and a transect between the plots was lined with radish plants at intervals.  The radish plants were infested with brassica aphid.  The distribution of hoverflies (the larvae of which are predators of the brassica aphid) was measured in relation to proximity to the phacelia strips.  Proximity of phacelia increased the rate of predation of aphids.

Wheat aphid: Flowering buckwheat plots were planted at either end of a wheat crop.  The effect of proximity of buckwheat on the level of parasitism of wheat aphid was measured.  Wasp parasitoids gave near complete control of wheat aphid in close proximity to the buckwheat patches.

Diamondback Moth (Plutella): Flowering buckwheat was also trialed for the control of diamondback moth.  Diamondback moth is a severe caterpillar pest of summer brassicas and it has been demonstrating increasing insecticide resistance.  The Diadegma parasitoid wasp fecundity and parasitism of diamondback moth caterpillars was increased (in laboratory tests) more by buckwheat than other flowering plants tested.  In the field, strips of broccoli with buckwheat plots at the northern end had a gradient of diamondback moth damage with little damage present nearest the buckwheat plots.   In broccoli strips without buckwheat, there was no such gradient and the level of diamondback moth was 

high corresponding to the season being a problem one with this pest.

Discussion

Buckwheat and phacelia will become a regular part of vegetable growing areas of the BHU.  Plantings will be every 20 m and be made sequentially to ensure constant flowering over the periods of concern for aphid and caterpillar damage.

4.11 Composting Methods

Current composting practice utilises a ‘hot’ composting process whereby a mix of ¼ pasture clippings and ¾ stable straw/sawdust (mixed with animal manure) are windrowed. All material except the stable straw/sawdust is sourced on-site with weeds and other vegetable waste added as available.

The dimension of the ‘hot’ compost windrows are approximately 2m wide, 1.5m high and 10m long. Temperatures reach ~65-70oC. The windrows are mechanically and manually turned when material begins to cool. The turning process re-heats the windrow instigating a secondary hot composting phase. Care is taken to ensure all outside material is incorporated into the centre of the new windrow enabling a full compost of all material. The aim is to provide an easily workable compost with effective heat treatment of the uncertified stable straw.

Compost ready after minimum 8 weeks (summer) to 5 months (winter). Water is applied to point of water holding capacity.

Composting trials are planned that include incorporating organically allowable mineral fertilisers within compost and testing the differences in weed seed kill, chemical residues and plant pathogen levels in various methods of composting and fermentation.

Table of Analysis of Compost Characteristics

	Characteristic
	Level

	Total Nitrogen
	1.46%

	Total Recoverable Phosphorus
	0.47%

	Total Recoverable Potassium
	1.43%

	Total Recoverable Calcium
	1.45%

	Total Recoverable Magnesium
	0.39%

	Total Recoverable Sodium
	0.16%

	Carbon/Nitrogen Ratio
	15:1

	Total Carbon
	22%

	Organic Matter
	37.9%

	Ash
	62.1%

	Dry Matter
	47.5%


4.12 Potting Media

4.12.1 Composting bark organically

Prepared by C. McHaffie, BHU Summer Student 2001/2002

Introduction

Bark is conventionally composted using the inorganic fertiliser calcium ammonium nitrate as a nitrogen source. The use of calcium ammonium nitrate is not permitted under organic production standards therefore, conventionally composted bark cannot be used in an organic system. To compost bark organically an approved organic nitrogen source such as manure, blood and bone, or fishmeal must be used instead of calcium ammonium nitrate.  

The purpose of this research was to make an organic bark compost which could be used for further experiments into organic container culture. The nitrogen source used in the compost was fishmeal, as it was readily available and relatively cheap.

Methods and Materials

1) The pH of the fresh bark was measured according to the 1:1.5 volume extract 

    method as outlined in Growing media for ornamental plants and turf (Handrek,  

    1994). The amount of Aglime and dolomite required was then calculated.
2) The amount of fishmeal required to compost eight cubic meters of bark
 was   

    calculated based on the rate of calnitro (1.75 kg) required to compost one cubic  

    meter of bark.

3) The total amount of each nutrient required to compost eight cubic meters of bark  

    was weighed out as follows:

    120 kg of fishmeal 

      20 kg of Reactive Phosphate Rock (R.PR.)

      15 kg of Ag lime

        5 kg of Dolomite

4) The approximate amount of each nutrient required per loader bucket of bark was    

    calculated. The bark and nutrients were mixed one loader bucket at a time to ensure 

    all ingredients were evenly distributed through the heap. Each bucket load of bark  

    was sprayed with water before being added to the heap.

5) The temperature of the heap was recorded every couple of days.  As the 

    temperature started to fall the heap was turned. During the tuning process water  

    was sprayed over the bark. The heap was turned three times over the course of eight 

    weeks.

6) After eight weeks the completion of the composting process was indicated by a low 

    steady temperature after the final turning.

7) At nine weeks the nitrogen draw down index was determined using the method 

    outlined in Container Media Management (Bodman, 1993)

Seedlings grown in a potting mix containing 60% organically composted bark, 20% pumice and 20% soil, seemed to grow well, however, their leaves appeared slightly yellow.  This could indicate that nitrogen levels in the mix were sub-optimal and that more fishmeal should have been used in the composting process.

Laboratory analysis of the compost confirmed that available nitrogen was too low in the media, a higher rate of fishmeal is recommended.  Phosphorus and potassium levels were good.  While the pH (6.1) was optimal the level of calcium and magnesium were rather low indicating that extra 20% of dolomite would be desirable.  Of the trace elements, there may have been an extra requirement for iron, copper and boron.  These and other low nutrient levels could be addressed to some extent by adding soil to the bark compost to make a more balanced potting media.

Period of Time Composting

A minimum period of 8 weeks (summer) and 5 months (winter) are probably required enabling similar temperatures to be achieved through this process. An indicator of a ‘ready’ potting media is the absence of pink colours generally found in the bark. Water is applied to the point of water holding capacity.

Sieving

This bark compost is then sieved (6.25 mm) and 3 parts are added to 1 part steam sterilised soil and 1 part pumice for a weed free potting media.  This has been a satisfactory mix for vegetable transplant production but only with the inclusion of EM Bokashi (fermented organic material using a microbial inoculant – see above).  It is possible that the requirement for the fermented organic material is largely a nutrient effect.

4.12.2 Potting Media Experiment – Tomato Plant Growth

A full trial on organic potting media from different constituents of bark compost, chicken litter compost, soil and pumice was conducted by Charlotte McHaffie as a summer student (2001/2002).  The full report is available on www.bhu.co.nz.  The trial demonstrated that plants can be grown successfully using organically approved potting media and organic fertilisers.  Although more detailed research needs to be done to determine the exact cause of many of the observations, it is still possible to make a number of general recommendations.  These are as follows:

1) It is important to know the basic physical and chemical characteristics of the materials before deciding the ratio at which the materials should be mixed. Although composted bark will have relatively stable properties,  ‘compost’ could have radically different characteristics depending on what it was made out of and how it was composted.    

2) Mix the materials at ratios that will maintain correct AFP (air filled pores) and RAW (readily available water) values. The best mixes are those that contain a wide range of particle sizes. Make sure that materials that have a low AFP should not make up more than 25% of the mix. 

3) 100% bark mixes can often be improved through the addition of 25% soil, compost or pumice.

It is not possible to recommend a particular organic fertiliser regime, except to state that the one used in this trial appeared to supply sufficient nutrients for at least 6 weeks of vegetable seedling growth.  More research is necessary to determine whether more or less nutrients are needed and whether such clays as bentonite or zeolite could be used to prevent leaching.  It would also be interesting to see whether the addition of such materials as kelp meal or vermicasts could be used to improve the quality of the organic growing media.   

4.12.3 Future Experiments

Further experiments are planned to assess a variety of potting mix blends for vegetable seedling production.  This will follow on from the 2001 year’s experiments on potting mix and the 2002 year’s experiments on bokashi.  The designs of 2 experiments commenced late March 2003 on cabbage and lettuce seedlings are…

Existing potting media

Existing potting media with 5% EM Bokashi

Rich Compost potting media

Rich Compost potting media with 5% EM Bokashi

Peat, NuFert potting media

Peat, NuFert potting media with 5% EM Bokashi

Two side treatments…

Existing potting media with NuFert addition 

Rich Compost potting media with NuFert addition

Existing potting media with NuFert addition with 5% EM Bokashi

Rich Compost potting media with NuFert addition with 5% EM Bokashi

Seedlings will be grown and assessed for shoot and root weight after 3 weeks with a sample being planted out in replicated plots to assess eventual field harvest effect.

5
Model Systems

A schematic of the areas/model systems contained within the BHU are shown in the figure below.

MAP OF BHU MODEL SYSTEMS








5.1 Balfour Block

Balfour Block constitutes part of a mixed cropping model system. The block is named after Eve Balfour, a pioneer advocate of organic farming in Britain.  The area has formerly been used for general cropping to fundraise for activities at the BHU. In this time, no livestock have been introduced but with the new creation of the model mixed cropping system, sheep are due to be introduced. (The rotation will be two years grazing followed by four years of cropping and cover crops).

5.2 Howard Block

Named after Sir Albert Howard, another organics pioneer.  This area is divided into Howard I and Howard II

Howard I: No-dig market gardening

Howard II: Intensive market gardening, high compost input (100 tonne/ha/annum), raised beds, with rotary hoe bed forming and stale seed bed method (after seed bed preparation the flush of weeds is controlled by undercutter bar before planting or sowing, reducing the weed burden and avoiding disturbance of the soil that might create another weed flush).

Howard II is also the site for trialing portable tunnelhouse technology.  Good results have been obtained with extending the season for market garden vegetables with the use of tunnelhouses from late winter into spring and again through autumn into early winter.  One of the aims is to produce early season vegetables which gain market premium – organic production may be slower than conventional in the spring due to low rates of natural nitrogen mineralisation (release of nitrogen from soil organic matter) in cool temperatures.  Production without fertiliser nitrogen stands to gain more from the use of portable tunnelhouses that other forms of market gardening and there is also a crop quality benefit due to the protection from larger insect pests.  Portability allows use for starting off seedlings in a number of areas (maximum utilization of each house) and also avoids soluble salt build up as occurs in soils of permanent greenhouses.

5.3 Steiner Block

The Steiner Block is named after the founder of Biodynamic agriculture, Rudolf Steiner.  This area will be converted into mixed cropping in addition to the existing area of peaches and an area for making compost.  This area will receive biodynamic preparations to provide a further model system for demonstration, comparison and containing replicated trials of new or existing technologies.

The peach orchard area is being renovated including the establishment of an effective understorey /mulching methods (being trialled) to control twitch/couch grass.

5.4 Chapman Block

This block is named after a New Zealand pioneer organics proponent Guy Chapman.  This area will be used for general cropping and experiments and the provision of mulching and compost material for other areas (nutrients to be replaced by the use of organically allowable mineral fertiliser).

The block also includes an area of Sturmer apples and other fruit trees that are maintained free of sprays of even organically allowable products (no lime, sulphur or copper sprays, no biofertilisers, foliar fertilisers etc) to provide a model system for HortResearch research on leaf and apple surface microbiology and entomology.

5.5 Kyusei Nature Farming Block

The Kyusei Nature Farming block is largely occupied by the nature farming experiment as described previously.  The area is being run with minimal tillage and will include the on-site mulching of plant residues and green manures.

5.6 Polyculture Block

Over time this area will be converted into one of mixed species multipurpose tree crops and perennial vegetables.  The area also includes a pond for watercress production and habitat provision.

5.7 Vegetable Plots Area

This area will eventually contain vegetable plots run under different fertiliser and mulching regimes in a replicated experiment but it was recently harvested from a wheat/linseed intercropping trial and will be going into a covercrop trial which includes a subsequent onion crop.  The remainder of the area will include pilot experiments on the handing of covercrop residues with a special focus on the provision of on site mulching material by using cover crops that will either die from winter killing or by mechanical means.  In the 2003/2004 season, the vegetable plots trials will begin. By that time, improved shelter will be present for the area.

HERITAGE AREA

The remaining sites are within the “Heritage area” representing the original area of the BHU and some of the long standing model systems…

5.8 Low Exogenous Input

In this area, no mineral fertiliser or lime is used and no organic material is imported from outside of the specific area aside from seed and seedlings.  The sustainability of the system will be aided by the establishment of deep rooting and leafy plants such as comfrey around the border of the area which can be harvested and used in the cropping areas.  The original six-year rotation has begun again following three further surface (grubber) cultivations.  The rotation has a slight variation from the previous treatments in terms of the absence of a cereal year and the inclusion of a further year sabbatical fallow.  Nitrogen fixing and soil improving covercrops will be grown over the winter.

Year 1

Mixed Herb Ley

Year 2 

Mixed Herb Ley

Year 3 

Potatoes

Year 4 

Onion family

Year 5 

Sweetcorn 

Year 6

Squash family

5.9 Medium Rotation

There are three medium rotation areas which will receive no mineral fertiliser or lime but will receive compost material from organic certified sources (including other areas of the BHU) to replace losses of nutrients such as crop export.

5.10 Intensive Vegetable Beds

This area has been organically managed for 25 years, almost entirely as a no-dig system with use of mulching and compost additions.  At present it is being used for vegetable production with cultivation to control the perennial weed problem (twitch and comfrey) but by the 2003/2004 season will be put back into the no-dig/mulching model system.  Due to its history, the area has a higher organic matter content and fertility level than the remainder of the BHU and therefore provides another set of conditions for testing new and existing technologies on to see how they perform in such conditions.

5.11 Herb Area

Will be used for a display and source area for a variety of culinary, medicinal and veterinary medicinal herbs including for future trials.  A part is also devoted to trialling potential new herb crops.

5.12 Granny Smiths and Connoisseur Apples 

The BHU holds over 50 cultivars of apples some of which show promise for organic management.  Most of the orchard areas have a permanent understorey of cow parsley.  This is maintained as a model system for pest, disease and weed management.  This season, Scythe control of understorey was left until mid-December (normally might perform this by mid-November to continue to prevent blackspot spores from leaf litter reaching the foliage and fruit (given the late spring conditions).  Fortnightly EM sprays and two Bio-Sea fish fertiliser applications have been made.  Fruit is moderately hail damaged.  Shelterbelts have been thinned out to improve airflow.  Harvesting of crops has started with apple cv. ‘Hetlina’ proving a star performer under the organic situation – ‘Sunset’ is also a good performer and seller.  ‘Granny Smith’ is a useful multipurpose late-season apple – moderate black spot damage does not preclude use for processing.  Irrigation has been installed in all orchard areas.

5.13 Home Area

The remaining area is called “Home” and contains two older wooden permanent tunnelhouses.  These tunnelhouses receive compost that includes a proportion of imported stable manure.  They are used for early production of seasonal crops such as cucumbers, courgettes, tomatoes and peppers.  The Home area hosts the buildings of the BHU and also contains further apple trees and an area of comfrey grown for provision of mulching and plant extract material.

6
EXTENSION

6.1 Workshops

August Workshop: Soil Fertility. This workshop covered some broad aspects of how to assess your soil with and without a laboratory.  It looks at the important chemical, biological and physical attributes that affect plant production, quality and health.

42 attendees

September Workshop: Winter Pruning.  Covered the principles and practices of winter pruning for a range of perennial fruit-crops and ornamentals.

26 Attendees

October Workshop: Composting.  Covered methods for, and interpretation of, soil tests and plant tissue tests. It also included diagnosis of problems by observation and soil quality assessment. Also methods of measuring organic matter and soil biological activity. 23 Attendees.

November Workshop: Starting Out in Organic Small Farming.  Covered practical aspects of system design for small organic farms.  Methods of implementing farm biodiversity.  Economic considerations related to stock and crop type.  And sourcing of information for a new venture. 22 Attendees.

February Workshop: Summer Plant Propagation.  Covered production of native plants and vegetables from seed, propagation of woody plants by semi-hardwood cuttings and T-budding (grafting) for fruit tree and ornamental shrub production / maintenance.  Also covered reasons why particular methods are used for particular plant varieties.  31 Attendees.

March Workshop: Non-Chemical Pest Control.  Covered system design and intervention strategies for pest control in organic and sustainable farming operations.

Most workshops have an associated manual.  These manuals and a programme for future workshops is available on www.bhu.co.nz.

6.2 Meetings and Field Days

The BHU held a working bee open to the public on Saturday 9 March 2002 and an Open Day on Saturday 16 March 2002.  There was a total attendence of around 60 members of the public.  At the working bee, preparations were made for a herb herbarium area, general weeding was undertaken and a large windrow compost heap was constructed with an explanation of compost theory and practice.  At the Open Day there was a full tour of the existing and developing model systems at the BHU and an explanation of the types of trials being undertaken at the BHU and their relevance to organics and sustainable agriculture in general.

Christchurch College of Education visit to BHU October 17 2001.  This provided some input regarding future school field trips to the BHU.

Presented a paper to 7th International Conference on Nature Farming, Christchurch (15th to 18th January 2002) on fermentation extracts for probiotic effect on livestock as well as a poster on amelioration of odour and ammonia loss from manure.  Both topics are of ongoing interest to the BHU.

Attended a national meeting on the coordination of organic research in New Zealand held by the OFANZ and Landcare Research (2002).  This was useful for further developing collaborative research.

International Congress on Plant Pathology (ICPP) was hosted partly by Lincoln University (February 2003).   Two separate field trips were conducted on the BHU for the Botrytis and Sclerotinia workshop attendants focussing on organic approaches to these fungal disease problems.

Regular visitors continue to tour the BHU to see Functional Agricultural Biodiversity and the plans for future trials.

6.3 Seminars

Keynote speaker for the New Zealand and Australasian Herb Society Conference (November 10, 2001); topic “Functional Agricultural Biodiversity with Herbs”.  Fostered ongoing community support for commercial herb growing research and designing, supplying and maintaining a herb collection.

Lincoln University Seminar on Potential for Agricultural Microbiology – “Good Bugs / Bad Bugs”.  

Lincoln University Seminar on Research Plans at the BHU was given to the Plant Science Group and other members of University staff in October.  There was a good turnout (of around 40) to hear of the research activities at the BHU.

Seminar on “Creating Resilient Farming Systems” to the Holistic Decision Making Association of Australia and New Zealand in December 2002.

Keynote speaker at Oamaru Organic Food and Wine festival March 15, 16 2003, talked on “Resilient Farms” and presented a seminar on research and extension at the BHU. 

6.4 Media

Article in Organic NZ magazine on inaugural open day after BHU reestablishment.  Article on BHU including naming and descriptions of the areas in Organic NZ and Lincoln University's Infolink.  Article in Orchardist (on orchard understorey systems – repeated in Organic NZ).  Continued monthly articles in Canterbury Farming.  Repeat appearances on CTV (local television) specials, promoting workshops and community involvement with the BHU.  National Radio Country Living featured ECOPT (see below inder Maori Community Agriculture) including some of our workshops and activities.  Radio Ngati Porou also featured the visit.

6.5 Maori Community Agriculture

The Biological Husbandry Unit is working with Maori community based agriculture in the East Cape (with the East Cape Organic Producers Trust – ECOPT) and in Northland with Ngati Kuri.

East Cape Organic Producers Trust

Held workshops and established links with ECOPT along with John Reid a Lincoln University doctoral student. Workshops included soil testing, fertiliser programmes, small farm system design and weed management.  Returned in December for on farm consultancy and are creating a joint development research programme to be implemented.

Ngati Kuri

Met with members of a Ngati Kuri farming whanau (Petera whanau) and discussed farm design, crop nutrition and weed management.  Returning to Northland in April 2003 to assist with strategic development and conduct wider community workshops as well as be involved in MAF SFF funded experiments with Northland organic farming.

7
People

7.1 Fulltime Staff

Tim Jenkins PhD Microbiology

Manager: Designing research programme.

Ivan Barnett

Farm Manager.

Don Pearson BHortSc(Hons)

Coordinating Field Experiments.

Simon Beckett BSc Biochemistry

Coordinating microbial inoculant and biofertiliser experiments.

Mark McGrath B.ResStud 

Agronomy and Economic (Feasibility of Systems/Marketing).

7.2 Research and Summer Students

Student Summer Projects

Microbial Inoculants: Susan Carrodus 2001/2002

Biofertilisers: Guillaume Caillot 2001/2002

Potting Media: Charlotte McHaffie 2001/2002

Fineness of mineral fertilisers: Maria Bradley 2002/2003

Fermented Organic Material in Potting Media: Susan Carrodus 2002/2003

Fermented Plant Extracts: Birthe Schoesser 2002/2003

Microbial Inoculants: Annemarie de Koeijer 2002/2003

PhD Candidates Utilising BHU

Charles Merfield (Merf) has begun his PhD in association with the BHU focussing on Organic Carrot Seed Production – disease and weed issues (supervisors Prof John Hampton and Dr Tim Jenkins). 

Blas Lavandero (PhD candidate) has set up his conservation biological control experiments for diamond back moth on brassicas using buckwheat in flower that attracts the wasp Diodegma which parasitizes the moth larvae (supervisor Prof Steve Wratten).

Christine Stark (PhD candidate) utilizing one area of the BHU as providing information on the microbiology of organically managed soil.

7.3 Parttime Staff and Volunteers

Anitra Fraser and Virginia Owen parttime employed with particular focus on sowing and transplanting.

Steve Wylie parttime employed on general horticultural duties.

Volunteers: Tom Battisti, Birthe Schoesser, Annemarie de Koeijer, Guillaume Caillot, Charlotte McHaffie, Anne Seyger, Bernard, Santiago and Elizabeth Hernandez, Hayashi Tomahiro, Claudio, Hin Su, Nau Ko, Amy, Leah, Jesse, Nate, Richard Huist, Illoisa, Margaret Harding, Thomas, Keiko Saito, Alex.

Much gratitude is expressed for the active support of these volunteers, students and staff.

8
FUNDING

Major funding has been provided by the Sustainable farming Fund and AGMARDT.  In addition to voluntary labour we have also received the kind support of organisations and individuals as detailed below.

Sustainable Farming Fund: Research and extension funding

AGMARDT: Research and extension funding

CEG: “Mini Grant” for feasibility study

Leif Keane: Overhead projector and data show

Trees for Canterbury: 80 eco-sourced native trees and shrubs

Larry Tanchack for seedlings and use of equipment
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�  The minimum amount of bark that can be composted at any time is a conical heap about 2 meters high. This will contain 6-8 cubic meters of bark.  Heaps smaller than this dissipate heat too rapidly (Ravenwood, 1984).
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