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1.0 Summary 
 This report completes an agreement 

between Fitzroy Basin Association (FBA) and 

Farming and Beyond Pty Ltd (F&B) in 

undertaking research into biological cropping in 

Central Queensland. Research was conducted on 

Lex and Lester Webb’s property “Belvedere”, 

Baralaba on a 25ha long term tillage trial site. The 

trial design included fifteen (15) individual strips 

established on permanent GPS guidance wheel 

tracks and adopted reduced tillage rather than the 

current standard zero tillage practices. The project 

timeframe of four years commenced in July 2007 

and concluded in June 2011. 

The trial originally consisted of five 

replicated and randomised treatments; a control, 

conventional and three biological treatments. 

Crops included sorghum (2007), wheat (2008), 

mungbeans (2009) and wheat (2010). Fifteen 

individual strips (approx 0.7ha) were allotted 

different treatments with buffer strips to segregate 

the trial from the influence of adjacent cropping 

paddocks and roads.  

The control treatment consisted of seed 

only at planting and recommended levels of 

herbicides/insecticides. The conventional treatment 

included dry soluble fertiliser pre-applied or 

applied at planting with identical herbicide rates as 

the control treatment. The biological treatments 

consisted of compost teas and extracts applied in 

combination with liquid nutrients and biological 

foods at planting or as foliars in-crop. Reduced 

herbicide rates, soil amendments including chicken 

manure and gypsum and commercial inoculums 

were included where required. 

The initial objective of the project was to 

review the effect of compost teas by liquid 

injection and foliar applications on soil and plant 

health. During the first two years, it became 

apparent that compost teas were not a desirable 

option for incorporation within a broad acre 

cropping system. The use of compost teas did not 

increase soil or plant health or enhance soil 

biological biomass. Soil biology levels were 

bacterial dominant with little fungi present. Soil 

fungi were visible on wheat and sorghum stubble 

in contact with the soil surface across all 

treatments.   

The establishment of large processing 

facilities and manufacturing time alone were 

considered beyond the realms of farmers during 

hectic planting schedules. As such, the project 

placed increased emphasis on examining the 

benefits of a holistic biological farming system by 

creating an environment to enhance soil and plant 

health.     

The incorporation of liquid nutrients at 

planting within the biological treatments increased 

plant establishment rates and early root 

development in wheat. The control treatment had 

the lowest plant establishment of all treatments for 

all crops except the 2009 mungbean crop. Higher 

soil moisture levels at planting and increased 

potential for in-crop rainfall during spring and 

summer cropping opportunities resulted in little 

apparent difference in root development between 

all treatments. The conventional treatment 

responded with enhanced root development during 

the latter stages of crop development in the 2008 

wheat crop than all other treatments and 

subsequently recorded the highest yield of all 

treatments.  

Grain yield from the biological treatments 

were higher than the conventional treatment for the 

2007 sorghum crop. The control treatment 

recorded marginally lower yields than the 

biological treatments with this trend continuing 

throughout the entire trial. For all subsequent 

crops, the conventional treatment recorded similar 

if not higher yields than the biological treatments. 

However a declining trend a difference in yield 

between the biological and conventional treatments 

occurred during the duration of the project with 

little variation recorded in the 2009 mungbean and 

2010 wheat crops. 

The use of liquid soil fertility in the 

biological treatments did not produce an increase 

in soil nutrient availability. Changes in available 

soil nutrients were similar across all treatments. By 

June 2008, total soil carbon levels had increased by 

an average 30% across the trial. The increase was 

due to incorporation of ratooned sorghum, weeds 

and surface stubble in March 2008. The control 

and two biology treatments showed similar 

increases (15-21%) in soil carbon levels over the 

four-year project timeframe. 

Applications of nitrogen based fertilisers 

in the conventional treatment increased plant 

nitrate levels through early crop development in 

wheat. At the critical flowering stage, nitrate levels 

had dropped below the biological treatments.  The 

biological treatments showed that adopting 

calcium as the main growth nutrient reduced 

nitrogen application rates by up to 90% while 

achieving similar grain yields. The inclusion of 

TwinN® as a biological nitrogen source increased 

levels of nitrogen in the early to mid-crop stages 

within wheat. The increases in plant nitrate levels 

in the biological treatments did not appear to 

convert to higher yields or grain protein.  

The number of treatments was increased 

during 2009 to include paired sites of green and 
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chicken manure applications. Immediate benefits 

to soil health were achieved in the green manure 

treatment with higher retention of soil moisture 

following the incorporation of the 4 t/ha biomass 

multi-species crop. The following mungbean crop 

had significantly less insect pressure requiring no 

insecticide applications while nearby mungbean 

crops outside the trial were sprayed twice for 

insects.  

To realise the entire benefits of a 

biological system takes on average three to five 

years when converting from a conventional 

system. Biological farming employs different 

techniques with the sole aim of enhancing soil 

fertility, building higher levels of plant nutrition 

and using approaches designed to reduce external 

inputs. The incorporation of different products, 

crops, animals and associated management 

techniques will allow farmers to build ‘new soil’. It 

is this from of cropping/animal system that will 

need to be adopted if farmers are to remain viable 

into the future.  

2.0 Aim 
The projects aims were:  

 to determine if compost teas could 

improve soil health within a broad scale 

cropping system in Central Queensland. 

 to demonstrate that using innovative 

soil, plant and nutrient management in a 

biological system would reduce the use 

of chemical and synthetic herbicide and 

fertilisers, increase yields and improve 

soil health. 
 

Different terminology exists in defining 

what is a ‘compost tea’. Compost tea can be either 

aerated or non-aerated however the definition that 

this project has adopted is as follows:  

 Compost tea is a microbial brew where 

organisms and soluble nutrients are 

extracted from compost (in water) and with 

the addition of food sources (molasses, kelp, 

fish hydrolysate and others), aerated to build 

numbers of beneficial soil organisms 

(Ingham 2005).  

3.0 Property and trial site description 
The trial was located at Lex and Lester 

Webb’s property “Belvedere”, Baralaba on a 25ha 

long-term trial site. The Webb’s commenced 

farming in 1974 using traditional cultivation 

methods prior to adoption of zero tillage in the 

early 1990’s. 

The Department of Primary Industries and 

Fisheries (DPI&F) had conducted fertiliser and ley 

legume trials from 2000 to 2007 on the trial site. 

Mr Scott Irvine from the Department of Natural 

Resources (DNR) characterised the soil (Irvine 

1998) as:  

“The soil is a self-mulching, dark or grey 

cracking clay. It has a medium clay surface and 

overlies a heavy clay B horizon with well 

developed lenticular structure. A brown buried soil 

with gypsum crystals is encountered at depths at 

0.65 to 1.1m. The soil is alkaline throughout 

becoming slightly alkaline at depth. Sodic 

conditions exist in the subsoil and become highly 

sodic in the buried soil layer”. 

When wet, the soil has an extremely puggy 

texture resulting from the elevated levels of 

magnesium and sodium. When soil moisture is 

reduced due to crop extraction, the surface cracks 

extending to deeper depths within the profile 

(Figure 1). The dominant larger vegetation prior to 

clearing was bauhinia/brigalow leading into 

coolabah within the floodplain landscape. 

 
 

Figure 1: Surface leading to deeper profile cracking 

at end of 2008 wheat harvest. 

4.0 Trial Protocols 
A replicated trial was designed under the 

guidance of a biometrician within the existing 25ha 

trial site. The larger trial site was approximately 

800 m in length by 320 m in width. To conduct this 

project, a smaller area was selected with the larger 

trial site with an area of approximately 600 m in 

length by 220m in width. 

Two buffer strips were established at the 

northern and southern ends of the smaller trial area 

to reduce the dust effects from the Moura/Baralaba 

road (north) and limit impacts from the adjoining 

paddock to the south of the trial. Each treatment 

was allocated an individual strip within each of the 

three replications (Appendix 1). The strips ran 

parallel to the northern trial site boundary in an 

east-west direction. 
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The project commenced with the following 

five treatments:  

1. control: conventional cropping system with 

nil fertiliser. 

2. conventional: conventional cropping system 

with fertiliser. 

3. Biology 1: (Direct Injection Only) biological 

treatments of liquid and granular products 

applied only at planting, reduced rate 

herbicide and insecticide applications at 

reduced rates compared to recommended. 

4. Biology 2: (Foliar Only) the same products 

as Biology 1 with the biological inoculums 

applied as foliar  applications at early crop 

development 

5. Biology 3: (Best Bet) the same products as 

Biology 1 with additional foliar applications 

of nutrients and biology when applicable. 

Recommended rates for herbicide and 

insecticide were applied to the control and 

conventional treatments. All biological treatments 

had reduced rates of herbicides and insecticides 

(where appropriate) applied in combination with 

biological food sources and acids to reduce pH.  

Foliar applications for Biology 2 and 3 

treatments were not always possible due in part to 

soil moisture and climatic conditions. 

Commercially manufactured inoculums with 

specific biological traits were applied in such 

circumstances to target lower than desirable plant 

nutrient levels.  

4.1 Establishing a Monitoring Pattern  
A monitoring pattern was designed and 

implemented within each strip and replicated for 

all treatments. Six monitoring points (GPS 

referenced for repeat accurate sampling) were 

selected equally distant along each strip between 

the permanent wheel tracks for deep soil sampling.  

This location was selected to limit compaction by 

vehicles used to conduct soil sampling.  

Adjacent to monitoring point 2 and 6 and 

equally distant from the southern wheel track 

within each strip was the location of permanent 

neutron moisture tubes. These tubes were 

strategically located between two individual tynes 

of the planter and far enough away from the wheel 

track to limit any localised impact.  

Figure 2 shows the final pattern design 

(not to scale) that was used for all soil and plant 

monitoring. Monitoring point 8 was used for 

additional replications of sampled crop indices 

where required. There were no monitoring points 

selected within melonholes as high soil moisture 

synonymous with these landscape features 

impeded deep soil sampling.  

 

 

 

Figure 2: Monitoring pattern layout for each strip 

within the replicated trial design.  

5.0 Sampling Protocols 
 Sampling protocols were established for a 

range of soil and plant health indicators. NATA 

accredited laboratories were engaged where 

possible to provide specific analysis of requested 

indices.  

Baseline monitoring conducted prior to the 

commencement of treatments comprised: 

 Soil nutrients (0-120 cm) including soil 

carbon, 

 Soil biology (0-10 cm), and  

 Soil moisture (0–140 cm). 

 

During the course of the project, soil 

biology monitoring was terminated when visual 

observations were not supported via laboratory 

analysis. Infiltration rates and earthworm 

populations were initially measured but not 

repeated prior to the conclusion of the project. 

Monitoring during the project consisted of: 

 Pre and post crop soil nutrients (0-120 cm) 

including soil carbon, 

 Soil moisture during each crop cycle (0–

140 cm),  

 Plant populations, 

 Plant sap analysis during crop cycles, 

 Anthesis biomass, and 

 Grain yields including protein and nutrient 

analysis. 

1 

2 

3 

4 

5 
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9 

N
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5.1 Soil Nutrients 
A mechanical coring device was required 

to extract a representative soil sample to a depth of 

120 cm at monitoring points 1 to 6 inclusive per 

strip. A total of six (6) cores were combined then 

sub-sampled at depths of 0-10, 10-30, 30-60, 60-90 

and 90-120 cm. The soil was crushed by hand and 

then placed in labelled brown paper bags. Soils 

were dried at 40
C
 for a minimum of 48 hours 

before being stored at ambient temperature and 

dispatched to the respective laboratory.  

Manual soil samples were taken at 

monitoring point 7 for each strip prior to planting. 

These samples were combined for individual 

treatments than analysed for available soil 

nutrients. The soil was mixed by hand with foreign 

plant material (i.e. roots, stubble) and additional 

soil beyond laboratory requirements removed. 

Samples were placed in cold storage prior to 

overnight delivery to the respective laboratory. A 

soil cropping program was developed for the 

conventional and biological treatments from the 

resultant analysis. 

Soil nutrient analysis for the deep profile 

sampling consisted of total soil carbon, major 

cations, available and total major and trace 

elements. Soil nutrient testing was performed by 

the Environmental Analysis Laboratory (EAL) in 

Lismore, New South Wales. 

5.2 Soil Biology 
For individual strips pre and post crop, 

three manual soil samples (0-10 cm) were 

collected at monitoring points 7 and 9 (six samples 

in total for each individual strip) and combined to 

give one composite sample. Within each crop 

cycle, manual sampling was performed at 

monitoring point 7 only to test for any treatment 

effect. Two samples were taken at individual strips 

and then combined for one composite sample for 

each treatment. 

 Samples were taken adjacent to the basal 

area of a plant, either actively growing or dead and 

placed within a sandwich size plastic zip lock bag. 

The soil was mixed by hand with foreign plant 

material (i.e. roots, stubble) and additional soil 

beyond laboratory requirements removed. Samples 

were placed in cold storage prior to overnight 

delivery to the respective laboratory. Soil biology 

was analysed by the Soil Food Institute (SFI) in 

Lismore, New South Wales. Typical analysis 

included bacteria and fungi (biomass and activity), 

fungal hyphae diameter, soil moisture and 

protozoas. 

 
Figure 3: Soil fungi invading wheat roots post 

harvest in December 2008. 

5.3 Soil Moisture 
Soil moisture was monitored during the 

crop cycle using a neutron moisture meter. The 

moisture meter emits neutrons into the soil and 

counts the deflected neutrons from soil moisture. 

To correlate the number of deflected neutrons with 

soil moisture content, the meter was calibrated in 

2007 with soil cores extracted to measure 

gravimetric moisture content. Using a standard x-y 

regression analysis plot, a series of equations were 

established for all soil depth intervals to enable an 

accurate representation of soil moisture for each 

strip and corresponding treatment. 

The neutron probe was lowed at 20 cm 

intervals within permanently located aluminium 

tubes to a maximum depth of 140 cm. 

Measurement of soil moisture was performed at 

monitoring points 7 and 9 on average every three 

to five weeks during the crop cycle. 

5.4 Plant Populations 
 Plant establishment or population counts 

were assessed within the first month of each crop 

cycle. Counting procedure varied between crops 

depending on seeding rates. For all crops, twin 

rows were identified east and west of monitoring 

points 7 and 9. Counting occurred a maximum 

distance of four metres from these monitoring 

points with a minimum of two repetitions per strip.  

 For sorghum and mungbean crops, a two 

metre section of twin rows was selected. For wheat 

crops, a one metre section was selected.  

5.5 Sap Sampling 
Plant sampling was performed at 

monitoring points 7 and 9 for each individual strip. 

Subtle variations of plant parts were sent for 

analysis depending on stage of crop growth. At 

early crop development, the entire plant was 
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removed to provide adequate plant sap. During the 

later stages of crop growth, only the plant stem to 

15 cm above ground level was selected. This 

procedure was followed from the 

recommendations by the analysing laboratory. 

At early crop development, a minimum of 

50 entire plant samples were removed using 

secateurs on each strip. From mid to later stages, a 

maximum of 25 stems per strip were obtained. 

Sampling was performed where possible at the 

same time for each strip during the crop cycle. 

Samples were handled without protective gloves 

but extreme care was taken not to contaminate the 

sample with other foreign matter.  

Plants were stored in A4 sized plastic zip 

locked bags and remained within cold storage until 

freighted overnight to the respective laboratory. 

Sap analysis was undertaken by Agvita Analytical 

Laboratory (Agvita) in Devonport, Tasmania.  

5.6 Anthesis Biomass 
Anthesis biomass was measured at 

monitoring points 7 and 9 where plant sap analysis 

was performed during each crop cycle. Twin rows 

of similar length used for monitoring plant 

population counts were selected. 

Plants were cut at ground level using 

garden shears and placed in individually marked 

hessian bags. The bags were oven dried at 110
C
 for 

a minimum of 48 hours prior to weighing. Plant 

head counts were also performed to assess whether 

a relationship existed between head counts, 

biomass and crop yield for individual strips and 

treatments.  

 
 
Figure 4: Sorghum at anthesis stage when sampled 

in November 2007. 

5.8 Grain Yields and Nutrients 
Grain yields were obtained for each 

individual strips using the contractor harvester. 

Calibration of the harvester was performed using a 

mobile weigh bin. Two buffer strips on the western 

edge of the trial were used for calibration purposes. 

To assess grain yield per strip, a third 

harvester pass was undertaken at the western end 

of the trial. The northern buffer strip was harvested 

to approximately 50 m beyond monitoring point 6. 

Two buffer strips perpendicular to the existing 

strip layout were then harvested to provide a 

definitive area for grain yield. If the harvester had 

yield mapping potential, then this was downloaded 

for further analysis.  

Not all header fronts had the same width 

dimensions compared to each strip so allowances 

were made such that the same area per strip was 

removed. Often this meant that two outside rows 

were omitted as the header front was generally 

smaller than each strip width.  

At the conclusion of each strip, a sample 

of grain was extracted from the header bin. This 

sample was stored in A4 plastic zip lock bags and 

analysed for total grain nutrients. Protein, 

screenings and test weight were also analysed for 

wheat. For mungbeans, no analysis of bean quality 

was made. The Australian Perry Analytical 

Laboratory (APAL) in Magill, South Australia 

performed all grain nutrient analysis. 

6.0 Manufacturing process of 

Compost Teas 
Compost teas used for the initial 2007 

sorghum crop and the following 2008 wheat crop 

were brewed by Mr Peter Attard from ‘Shingle 

Hut’, Moura. Mr Attard is a long term advocate of 

compost teas having devoted considerable time and 

resources examining the effects of biological 

inoculums on his grazing property ‘Shingle Hut’.  

Teas for the 2009 mungbean crop were provided 

by Scott Stevens from Farming and Beyond. 

Several base compost products were used 

in the brewing of compost teas to provide a 

broader spectrum of soil biology. The major source 

of compost was manufactured by Mr Attard using 

local products where possible and included 

endemic soil organisms taken under different 

vegetation communities. Buffel grass was cut, 

baled and blended with shredded mulch sourced 

from the local waste transfer station. These two 

products formed the major carbon source for the 

compost pile. Composted chook manure, cotton 

trash and water plants taken from melonholes were 

added as nitrogen sources. All ingredients were 

combined with water added where required and 

sealed with a straw layer reduce evaporation.  

The compost pile was turned with a front 

end loader when the internal temperature reached 

65
C
. Water was added if moisture levels were 
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deemed insufficient. Each pile required a minimum 

of five to six turns and reached maturity between 

four and six months. 

Compost teas were brewed in a 2000 or 

5000 L central draining fish tank fitted with a side 

channel air blower for aeration. Rain water was 

used for all teas as local dam water was not 

considered to be of an acceptable quality. Compost 

was initially prepped three days prior to use with 

fish hydrolysate at 1:2 ratio with water to 

encourage fungal activity.  

Biological food sources including fish 

hydrolysate, kelp, oat meal and sea minerals were 

thoroughly mixed via aeration within the brewing 

tank (Figure 5) prior to the addition of the prepped 

compost (contained within a stainless steel mesh 

cylinder). Biology was ‘stripped’ from the compost 

by the force of air bubbles rising from purposely 

drilled holes in PVC tubing on the bottom of the 

tank. The extracted biology then multiplied in the 

aerobic environment until all food sources were 

consumed.  Typically the brewing process was 

completed between 14 and 16 hours depending on 

water temperature and quantity of food sources.  

 
 
Figure 5: Aeration effects of ‘brewing’ compost tea. 

6.1 Compost Tea Analysis 
A sample of compost tea used in the 

biology treatments was analysed by Soil Foodweb 

Institute (SFI). Following application, the tea was 

chilled and sent via overnight courier to SFI. A 

portion of tea only and tea combined with specific 

foods and liquid nutrients was retained. Daily 

assessment of each product was conducted to 

determine if beneficial biological organisms 

continued to grow with/without additional liquid 

foods and nutrients.  

  

 
 

Figure 6: Microscopic view (100x) of branching 

fungal hyphae in compost tea 
 

6.2 TwinN® commercial inoculum 
 TwinN® is a commercial inoculum 

comprised of nitrogen fixing bacteria designed to 

elevate plant nitrogen levels, thus increasing 

potential grain protein levels. This commercial 

inoculum was applied via foliar application in 

preference to compost teas on Biology 2 treatment 

during the 2008 wheat crop and 2009 mungbean 

crop. This approach was adopted as plant nitrogen 

levels were low (especially wheat) and climatic 

conditions were less favourable for any beneficial 

responses from compost teas.  

TwinN® was also applied with compost 

tea in the Biology 3 treatment during the 2008 

wheat crop and as a stand-alone product in the 

2009 mungbean crop. The initial application with 

compost tea was not common practice and was 

suspected to provide little if any benefit to plant 

nitrogen levels. 

7.0 Application process with compost 

tea 
Application of compost tea was either 

using liquid injection for Biology 2 and 3 

treatments or foliar application for Biology 1 

treatment. The liquid injection system was 

designed with a squeeze pump to dispense equal 

volumes of liquid to individual tynes. A 1000 L 

tank was positioned above the squeeze pump to 

deliver liquid via gravity flow. The tank was 

initially not installed with an agitator however 

continual deposition near the outlet reducing flow 

to the squeeze pump resulted in a minor 

modification.  

Compost tea was added to the planter tank 

during the final stages of pre-plant setup. All other 

liquids including additional water for dilution 

effects were pre-mixed and added to the tank prior 

to the compost tea. This reduced the transplant 
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shock of the tea being added early in the process 

directly to liquids with high concentrations of 

nutrients. It reduced the length and number of 

pumping operations that can be harmful to 

beneficial biological organisms.  

The foliar application process for Biology 

2 treatment was similar to the liquid injection 

process with the tea added at the final stage. In-line 

filters within the boom spray were removed prior 

to pumping to allow larger organic particles to 

pass. The boom spray was thoroughly cleaned with 

hydrogen peroxide and rinsed twice before the tea 

was added. The tea was applied using two 

boomless jets at the rear of the spray rig. The jets 

were designed to allow larger particles to pass 

unrestricted but adequate droplet size was still 

possible to wet leaf surfaces. Applications were 

performed in early morning to limit spray drift 

onto neighbouring strips. 

 

 
 
Figure 7: Liquid injection set-up on planter with 

peristaltic squeeze pump delivering adjustable but 

equal volumes of liquid to individual tynes.  

 

7.1 Application process with TwinN® 
 TwinN® was activated using rain water a 

minimum of four hours prior to foliar application 

@ 100 L/ha using the recommended 008 spray 

nozzles. For the wheat 2008 crop, compost tea and 

biological food sources were added to TwinN® 

aimed at providing additional beneficial biology to 

the plant. TwinN® was applied as a stand-alone 

product to a green manure treatment (when planted 

to wheat) outside the trial area as a direct 

comparison without the addition of compost teas. 

 TwinN® alone was also applied in the 

2009 mungbean crop to aid plant and soil nitrogen 

levels. The application was made to the Biology 1 

and 3 treatments at higher rates of 120 L/ha. 

8.0 Crop Sequencing 
Table 1 shows the crop sequencing and 

compost teas applied to respective biological 

treatments during the project. The lower than 

average rainfall throughout 2009 delayed any 

potential winter cropping opportunity. When the 

rain did arrive, the timing was not conducive to a 

late summer plant and so wheat was the preferred 

choice in 2010. Due to excessive and prolonged 

wet weather post wheat harvest in 2010, no other 

crops were grown until the project concluded.  

 

Date Crop Teas 

applied 

Biology 

treatments 

Sept-07 Sorghum Y All 

June-08 Wheat Y 1 and 3 

Jan-09 Mungbeans Y 1 and 3 

May-10 Wheat N None 

 
Table 1: Crop sequence from September 2007 until 

May 2010 including applications to biology 

treatments. 

9.0 Trials within trials 
 On review of a biological cropping system 

specific for the larger trial site, it became apparent 

that additional trials within the 25 ha trial area 

could directly benefit further understanding of 

practices to promote soil and plant health. Trials 

were conducted on green manure sequencing, 

reduction in application rates for herbicides, 

stubble digestion, bulk chicken manure, composted 

chicken manure, gypsum and specific liquid 

nutrients aimed to balance soil nutrients. The 

following sections will discuss the green manure 

and herbicide trials as they are considered pre-

requisites for inclusion within a biological 

cropping system. 

 

9.1 Green Manures 
 A green manure trial was established 

outside the replicated trial area to evaluate the 

benefits to soil health and future plant 

performance. In January 2009, a legume/cereal mix 

was planted adjacent to a mungbean crop located 

within the trial area. Following 7 weeks post 

establishment, the green manure crop was turned 

back into the soil following a foliar application to 

assist decomposition via microbial processes. 

Comparison of biomass to the mungbean crop 

showed that the green manure produced greater 

than double that of the mungbean crop. Organic 

matter had increased from 1.7% to 2.0% and 

remained at 1.9% when repeat testing occurred in 

October 2009.  
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The most telling factor was the amount of 

stored soil moisture still available in the green 

manure treatment. Soil sampling to 120 cm 

following the mungbean harvest was possible in 

the trial area whereas it was only possible to 

extract soil to 15 cm under the green manure 

treatment. The elevated soil moisture at this depth 

continually blocked soil tubes and subsequently 

was not continued. In addition, the soil moisture 

was still available for a following wheat crop but 

would have required an adjustment to the tyne 

depths for seed to contact with wet soil. This was 

not undertaken due to the lengthy time to convert 

the planter for only 4 strips. 

In January 2010, a mungbean crop was 

established but due to herbicide residue, lacked 

plant vigour through the early stages of crop 

development. When the crop recovered from the 

initial setback, it did not require any insecticide 

control for the variety of insects known to target 

mungbeans. Nearby paddocks that were planted 

with mungbeans required a minimum of two 

insecticide applications. The green manure 

contributed to an improvement in soil health 

(increase in soil carbon) which then corresponded 

to an improvement in plant health. Insects are not 

attracted to a healthy plant with higher but 

balanced plant nutrient levels. 

 

 
Figure 8: Green manure crop prior to incorporation 

using offset discs. 

 

9.2 Reduction in herbicide rates 
 The review of herbicide rates was 

undertaken as the consequences of applying such 

products to soil nutrient tie-up and crop health is 

now becoming more apparent (Johal et al. 2009). 

Biological cropping systems aim to promote soil 

and plant health through increased soil fertility. 

There are no known herbicide products that the 

author is aware of that increase soil fertility. 

 Herbicide rates were trialled on the 

biological strip, adjacent green manure and buffer 

strips. In 2007/08 rates were reduced between 20 

and 30% on the recommended levels that were 

applied to the broader cropping area. In years 

2008/09 and 2009/10, rates were further reduced 

by up to 50%. Products such as fish hydrolysate 

and citric acid were routinely added with fulvic 

acid and hasten oil included when applying 

specific herbicides.  

Visual results indicated that the reduction 

in herbicide rates performed as well as 

recommended levels when targeting actively 

growing weeds at early development (3 to 5 leaf). 

Mixed results were observed when controlling 

weeds such as Feather-top Rhodes and Sesbania. 

The recommended rates for Feather-top Rhodes 

did not control this hardy, early successional 

species with cultivation the only successful 

remedy.  

The cost savings by using less herbicides 

was re-invested in programs and products aimed at 

building soil fertility.   

10.0 Results 
 The addition of compost teas was to 

complement a balanced soil cropping biological 

program and influence soil nutrient availability and 

biological levels within the topsoil (0-10 cm). The 

compost tea was never applied independent of 

other soil and crop amendments. Biological food 

sources were added to assist the survival and 

growth of applied biology. The following results 

therefore are a direct reflection on the entire 

biological farming approach rather than the 

application of compost teas alone.  

Regular in-field monitoring comprised soil 

nutrients, soil water, plant health and grain yield 

and quality. The project employed NATA 

accredited laboratories where possible to determine 

the effect of compost teas and biological cropping 

systems on soil biology, soil and plant nutrient 

availability including soil carbon and plant sap 

testing. 
 

10.1 Compost Tea and TwinN® 
 Compost teas were analysed by Soil Food 

Web Institute (SFI) for active and total bacterial 

and fungal biomass. The teas were not tested for 

soluble nutrient levels as the amount of compost 

used in the manufacturing process was deemed 

insufficient to benefit soil and plant nutrient levels 

directly. Beneficial biology in combination with 

food sources to aid survival and growth post 

application was expected to increase soil and plant 

nutrient levels. 
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 TwinN® was trialled specifically to 

elevate low nitrogen levels within early crop 

development of wheat and mungbeans. The field 

conditions at the time of application were less than 

desirable with low relative humidity and lack of 

plant vigour.  

 Major finding: All compost teas analysed 

by SFI were either within or above desirable levels 

for total bacteria and fungi levels and active 

bacteria levels. Lower than desirable levels were 

obtained for fungi in October 2007 and June 2008 

(Table 2 and 3). These findings were supported by 

the project team when analysis of samples was 

performed independent to SFI.  

 Minor finding: Active fungal levels of 

compost teas were very low and not in proportion 

to total fungal biomass. The addition of specific 

food sources namely fish hydrolysate to encourage 

fungal activity was added with the compost teas 

when they were applied in field conditions. Visual 

observations of the project team of teas with added 

food sources appeared to increase fungal activity.  

 Overall: The quality of compost teas was 

deemed to be of sufficient standard to demonstrate 

beneficial responses in soil and plant health. 

Specific food sources and ideal field conditions at 

application when liquid injected for Biology 2 and 

3 treatments should have promoted the survival 

and growth of applied biology. 

Less than desirable levels of active fungi 

were observed in the compost tea. With the 

addition of targeted food sources, the development 

of fungi was noticeable. Fungi are arguable one of 

the most difficult biological organisms to grow 

within a compost tea.  

 

 

Table 2: Total and active bacterial biomass (µg/ml) 

of compost teas between 2007 and 2009. 

 

Table 3: Total and active fungal biomass (µg/ml) of 

compost teas between 2007 and 2009. 

10.2 Soil Biology 
Monitoring for soil biology was conducted 

from May 2007 until April 2009. During this time 

it became apparent that field observations were not 

corresponding to laboratory analysis results. Soil 

biology testing was thus terminated in preference 

to more proven analysis techniques of soil and 

plant parameters.  

Major Finding: All cropping treatments 

were bacterial dominate (Figure 9) with little or no 

presence of fungi (Figure 10).  

 
Figure 9: Average total bacteria biomass (ug/g) (0-10 

cm) of individual treatments. Desirable ranges are 

within the green line (upper) and red line (lower). 
 

Soil fungi did exhibit a slight increase 

from January to April 2009 but this was result was 

independent of any applied treatments.  

 
Figure 10: Average total fungi biomass (ug/g) (0-10 

cm) of individual treatments. Desirable ranges are 

between 100 ug/g (lower) and 300 ug/g (upper). 

Active bacteria levels were low and less 

than desirable (Figure 11). Granted the low total 

fungi biomass, fungi activity was virtually non-

existent (Figure 12).  

 
Figure 11: Average active bacteria biomass (ug/g) (0-

10 cm) of individual treatments. Desirable ranges are 

within the green line (upper) and red line (lower). 

Crop Mungbeans 09 Mungbeans 09

Date Sep-07 Oct-07 Jun-08 Aug-08 Jan-09 Sep-07 Oct-07 Jun-08 Aug-08 Jan-09

Biology 1 na 5760 na 4992 na na 374 na 35 na

Biology 2 14080 na 5120 na 730 230 na 44 na 12

Biology 3 14080 na 5120 4992 730 230 na 44 35 12
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10 to 25
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Crop Mungbeans 09 Mungbeans 09
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Biology 1 na 133 na 104 na na 1 na 3 na
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Figure 12: Average active fungi biomass (ug/g) (0-10 

cm) of individual treatments. Desirable ranges are 

within the green line (upper) and red line (lower). 

Total bacterial biomass was not influenced 

by soil moisture (Figure 13). Active bacterial 

biomass did increase as corresponding soil 

moisture increased (Figure 14).  

 
Figure 13: Total bacteria biomass levels (y-axis) 

(ug/g) (0-10 cm) for all treatments compared to soil 

moisture levels (x-axis) (0-10 cm). Soil moisture 

levels approaching 1 indicate a dry soil.  

 
Figure 14: Active bacteria levels (y-axis) (ug/g) (0-10 

cm) for all treatments compared to soil moisture 

levels (x-axis) (0-10 cm). Soil moisture levels 

approaching 1 indicate a dry soil. 

Minor Finding: There was no direct 

influence on soil biology levels (biomass or 

activity) from the use of compost teas. The teas 

were bacterial dominate but still did not show any 

increase in soil bacterial biomass or activity.  

Levels of total bacteria and fungi were 

initially low prior to the commencement of the 

project. The trial area had been fallowed since 

early 2006 and had only produced three crops since 

2004. The extended fallow conditions had 

potentially contributed to the decline in soil 

biology levels as little plant activity had occurred 

in this period. 

  Overall: Soil biology was dominated by 

bacteria with little fungi present. The compost teas 

applied were bacterial dominated and may have 

negatively influenced existing fungal populations. 

Visual observations did indicate that fungi were 

present but these observations were limited to 

stubble in contact with the soil surface. The higher 

carbon to nitrogen ratio of the stubble is a 

preferred food source for stubble digesting fungi. 

Characteristics of fungi improve soil structure, 

increase soil carbon levels and aid phosphorus 

availability through versicular arbuscular 

mycorrhiza (VAM) colonisation of roots. 

Top soil conditions (0 – 10 cm) at 

sampling were not conducive to enhance the 

activity levels of both species. Soil moisture was 

influential on active bacterial biomass levels rather 

than applications of compost tea. These findings 

are supported by a biological project within 

Central Queensland (Stevens 2011) that found soil 

moisture to be a dominant factor in biological 

activity.  

10.3 Soil Nutrients 
A biological cropping program (initially 

including compost teas) was developed to increase 

available soil nutrient levels through applied soil 

biology, liquid and dry soluble fertilisers. Plant 

available soil nutrients were monitored regularly in 

the topsoil (0-10 cm) in combination with either 

soil biology or plant sap levels. Pre and post crop 

monitoring of total soil nutrients to a depth of 120 

cm were collected but have not been included in 

this report. Given the four year timeframe of this 

project (final crop harvested in October 2010), any 

changes to soil nutrient status were likely to be 

observed only in the topsoil. 

 Major Finding: There was little variation 

between treatments in the majority of available soil 

nutrients (Figure 15). Calcium, zinc, boron and 

silicon were the four nutrients that did exhibit 

appreciable change between the control, 

conventional and biological treatments. Available 

calcium levels were expected to increase in the 

biological treatments as gypsum was broadcast in 

June 2009. Liquid calcium has also been applied 

via liquid injection at planting in all biological 

treatments since June 2008.  The Biology 3 

treatment did not show any increase in calcium 

even though the same products and rates pertaining 

to gypsum and liquid calcium were applied. 
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All treatments exhibited increases in 

phosphorus, potassium and iron with the control 

treatment on par with the other four treatments. 

This suggests that even though phosphorus and 

potassium were added to the biological and 

conventional treatments program, there was no 

direct influence in soil nutrient availability.  

  
Figure 15: Percentage change (%) in major and 

minor plant available soil nutrients for individual 

treatments between May 2007 and April 2011. 

 Minor Finding: Although potassium and 

phosphorus increased, the actual levels of both 

nutrients were extremely low and significantly less 

than desirable. Natural processes including crop 

extraction are influencing the availability of each 

nutrient without any benefit from applied nutrients. 

The significant increase in zinc levels for Biology 

2 and 3 treatments was as a result of initial low 

levels recorded in May 2007. Levels in April 2011 

were marginally higher than other treatments.  

 Overall: The progressive implementation 

of a biological cropping program should produce 

some beneficial changes to available soil nutrients 

within three years. From January 2009 to April 

2010, calcium levels were consistently higher in 

the biological treatments when compared to the 

control and conventional treatments. No doubt that 

the application of gypsum and liquid calcium at 

planting have contributed to this outcome. Calcium 

was targeted as a key nutrient as it is responsible 

for not only improving soil structure but more 

importantly, is the primary nutrient that moves all 

other nutrients within the plant. Low calcium 

levels will reduce or elevate other nutrients within 

the plant that will not improve plant health. 

While it was encouraging to see increases 

in phosphorus levels, the principle proponent that 

aids increases in phosphorus is fungi (VAM). The 

soil biological status within the trial site has 

extremely low fungal levels and thus not aiding the 

release of phosphorus to become plant available. 

This factor alone highlights the requirement for the 

creation of an environment that harbours and 

fosters diverse and active soil biological life to 

assist plants in accessing valuable stored soil 

nutrients.  

Increases in soil biological activity will 

increase plant available soil nutrients. The 

biological program to date has not provided the 

environment for sustained biological activity. This 

finding was established very early in the project 

and hence the move into the use of green manuring 

to address low soil carbon and soil moisture levels. 

Unfortunately green manures were not included 

within the biological treatments and thus not 

replicated. 

10.4 Soil Carbon 
Total soil carbon concentration (%) was 

analysed from regular soil nutrient testing (0-10 

cm) and pre and post crop to a depth of 120 cm. 

The deeper profile sampling often coincided with 

the larger Soil Carbon Project in Central 

Queensland.  

Major Finding: Total soil carbon 

concentration levels (%) showed a minor increase 

in all treatments within the top 0-10 cm (Table 4) 

between May 07 and April 11.  

 

 

Table 4: Soil carbon concentration (%) for 

individual treatments at the commencement and end 

of the project. 

By June 2008, carbon levels had increased 

by an average of 30% across the trial (Figure 16). 

The increase was due to incorporation by offset 

discs of ratooned sorghum, weeds and surface 

stubble in March 2008.  

 
Figure 16: Total soil carbon concentration (%) (0-10 

cm) for individual treatments. 

Minor Finding: The decrease in carbon 

levels from January 2009 to April 2011 was 

assumed to be from the lack of above (green plants 

and stubble) and below ground biomass (roots) 

grown in this period. Root nodulation in 
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mungbeans (Jan 09) increased soil nitrogen levels 

thus aiding the decomposition of organic matter. 

The following 2010 wheat crop was the last 

opportunity to provide additional biomass (above 

and below ground) until April 2011 to aid soil 

carbon levels.  

 Overall: Short-term increases in soil 

carbon were possible under all treatments when 

significant levels of biomass were incorporated 

into the top soil (0-10 cm). The trial used a reduced 

tillage cropping practice to increase soil fertility 

when required. When levels of soil carbon 

increased, so did the availability of soil nutrients. 

Under a zero-tillage approach, this is not possible 

as the standing stubble is retained and weeds are 

controlled with herbicides.  

The minor increase in soil carbon during 

the trial was directly related to the incorporation of 

above ground biomass. Increases occurred across 

all treatments and as such, it was a common 

practice or process for all treatments that produced 

this result. Unfortunately, a green manure was not 

included as a treatment effect within the biology 

treatments. Green manures were trialled alongside 

the trial area with some outstanding results in 

retaining soil moisture and benefitting subsequent 

crops through improved soil fertility (Section 9.1).  

 

10.5 Plant populations 
 Major Finding: Apart from the 2009 

mungbean crop, the control treatment recorded the 

lowest plant establishment of all treatments. The 

conventional treatment recorded lower plant 

population counts than the biological treatments 

(except the 2007 sorghum crop). 

 

 

Table 5: Plant populations for all crops including the 

average per crop from 2007 to 2010. 

 Minor Finding: Figure 17 shows plant 

population counts were independent of total soil 

carbon concentration (%). Total soil carbon 

increased from strip 1 to strip 15. The use of dry 

and liquid crop fertilisers/blends at planting appear 

to have increased the rate of germination of all 

crops.   

 

 
Figure 17: Plant populations for 2008 and 2010 

wheat crops for each strip (strip 1 is the most 

northern).  

 Overall: Seed germination was influenced 

by the addition of a dry or liquid fertiliser/blend 

applied at planting. Plant establishment is an 

important component of the crop cycle but did not 

correlate necessarily to higher grain yields. 

10.6 Plant Sap 
 Plant sap was collected to assess if applied 

‘fertility’ was being accessed by the plant. Sap was 

analysed in preference to plant tissue as it 

represents the short-term plant response when 

amendments are applied. Various stages of crop 

growth were tested with different field collection 

procedures as outlined by the analysing laboratory.  

 Major Finding: Plant response to nitrogen 

based fertiliser in the conventional treatment was 

the main element affected by the additional of 

fertilisers. Early plant development exhibited 

higher levels of nitrate nitrogen in the conventional 

treatment. By flowering, these levels had dropped 

below those of the biological treatments (Figure 

18). 

The inclusion of a balanced fertility 

approach in the biological treatments at planting 

did not show any appreciable increases in 

corresponding sap levels at early crop 

development. This was not expected even though 

application rates were minimal but solely designed 

to target early root and shoot development.  

  
Figure 18: Plant nitrate levels (ppm) at two growth 

stages post germination for individual treatments in 

the 2008 wheat crop. 

Date Crop Control Conventional Biology 1 Biology 2 Biology 3 Average

Sept-07 Sorghum 37122 41618 42104 38398 38094 39467

June-08 Wheat 798246 855263 879386 870614 901316 860965

Jan-09 Mungbeans 236477 218933 231725 224415 243421 230994

May-10 Wheat 697368 728070 802632 758772 785088 754386
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 Minor Finding: TwinN® did show 

increases in plant nitrate levels in early to mid-

stages of wheat. TwinN® was also trialled on 

mungbeans but produced no variation in nitrate 

nitrogen levels within the plant (Figure 19).  

 
Figure 19: Plant nitrate levels (ppm) pre and post 

TwinN® application to the Biology 2 and 3 

treatments for 2008 wheat and 2009 mungbean crop.  

 Overall: The use of pre-applied urea and 

starter fertiliser in wheat did increase plant nitrate 

levels in the conventional treatment. By flowering, 

these levels had dropped to below the biological 

treatments. Application of TwinN® as an alternate 

nitrogen source lead to higher plant nitrate levels in 

wheat. This result was not repeated in the 

following mungbean crop with no change in nitrate 

nitrogen levels observed. The control treatment 

consistently recorded lower plant nitrogen levels 

than any other treatment. 

 Other plant nutrient levels were tested but 

have not been reported. The application of a 

balanced soil fertility program at planting in the 

biological treatments did not show any appreciable 

changes in plant sap nutrient levels. The 

incorporation of liquids at planting are designed to 

promote early plant vigour targeting root and shoot 

development.   

10.7 Soil water 
 Soil water was monitored using a neutron 

moisture meter. Permanent tubes were positioned 

on each strip at monitoring points 7 and 9 (Figure 

2). Monitoring occurred on average every 3 – 5 

weeks within the crop cycle.  

Major Finding: Little difference existed 

between treatments for the 2007 sorghum crop 

(Figure 20) and 2009 mungbean crop at all stages 

of plant growth (Figure 21). Root response in the 

biology treatments was better than the 

conventional and control treatments in early stages 

of 2008 and 2010 wheat crops (Figure 22). The 

conventional treatment exhibited better root 

development during the latter stages of crop 

development in the 2008 wheat crop than all other 

treatments (Figure 23).   

 
Figure 20: Soil volumetric moisture content (%) 15 

weeks following planting of 2007 sorghum crop for 

individual treatments. 

 
Figure 21: Soil volumetric moisture content (%) 9 

weeks following planting of the 2009 mungbean crop 

for individual treatments. 

 
Figure 22: Soil volumetric moisture content (%) 8 

weeks following planting of 2010 wheat crop for 

individual treatments. 
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Figure 23: Soil volumetric moisture content (%) 13 

weeks following planting of 2008 wheat crop for 

individual treatments. 

Minor Finding: The control treatment 

exhibited reduced root development for all crops. 

The lack of root development was noticeable early 

and extended throughout the entire crop. The 

control treatment was always the lowest yielding 

and most likely was influenced by the smaller root 

development compared to other treatments. 

 Overall: The biological treatments showed 

better root development in the early stages of 

wheat crops than the conventional or control 

treatments. During the mid to post flowering crop 

stage, the conventional treatment reversed this 

trend to showed enhanced root development, 

particularly at depth. Dry soluble fertilisers were 

used exclusively with the conventional treatment at 

planting which may have aided increased root 

development. 

The conventional treatment extracted 

moisture from deeper in the profile than any other 

treatment. It also appeared to extract higher 

amounts of soil moisture throughout the profile at 

critical stages of crop development from pre-

flowering to senescence. The enhanced root 

development throughout the entire profile was a 

factor in producing the highest yield for all 

treatments across most crops.  

There were no appreciable differences 

between treatments for spring/summer sorghum 

and mungbean crops. Rainfall was more likely to 

occur during this period and continued to sustain 

soil moisture levels, particularly at shallow depths. 

The availability of soil moisture at shallower 

depths meant that root development deeper within 

the soil profile was not warranted.  

The use of liquid nutrients at planting 

within the biological treatments increased early 

root development. The root development was not 

sustained throughout the entire crop thus limiting 

yield potential at critical stages in the crop cycle. 

The use of a combination of liquid and dry 

fertilisers may assist with better root development 

throughout the entire crop cycle. 

 

10.8 Grain Yield 
 The use of nitrogen fertilisers was 

examined to determine if there was a yield 

response to the total nitrogen applied. In the 

conventional treatment, nitrogen was applied in the 

form of urea and starter fertilisers. In the biological 

treatments, nitrogen sources included Ammonium 

Sulphate (stubble digestion), liquid nitrogen at 

planting (various forms), biological sources 

(TwinN®) and broadcast chicken manure 

(combined with gypsum for soil amelioration).    

Major Finding: Apart from the 2007 

sorghum crop, the conventional treatment was the 

highest yielding of all treatments for crops 

thereafter (Table 6). The control and Biology 3 

treatments were the lowest yielding while the 

Biology 1 and 2 treatments recorded similar yields 

but marginally lower than the conventional 

treatment. 

 

Table 6: Grain yields for all crops in individual 

treatments between 2007 and 2010. 

 The conventional treatment had 13 times 

(53 v 4 kg/ha) the quantity of nitrogen per hectare 

applied compared to the biological treatments for a 

20% increase in grain yield in the 2008 wheat crop. 

For the following 2010 wheat crop, the 

conventional treatment recorded a 6% increase in 

yield over the biological treatments. Nitrogen 

levels applied in the conventional treatment were 

approximately 10 times (22.5 v 2.5 kg/ha) to that 

of the biological treatments (Table 7). 

 

Table 7: Nitrogen use with comparative grain yield 

for the 2008 and 2010 wheat crops. 

 Minor Finding: As soil carbon 

concentration (%) in 0 – 10 cm increased, so did 

the yields within the trial (Figure 24). This was 

particularly evident in the wheat 10 crop which on 

average recorded the highest soil carbon 

concentration levels during the project. Soil carbon 

concentration increased from the northern to 

southern strips within the trial with grain yield 

responding accordingly. 
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Control Conventional Biology 1
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Date Crop Control Conventional Biology 1 Biology 2 Biology 3

Sept-07 Sorghum 5.7 5.1 5.9 5.9 5.9

June-08 Wheat 2.2 3.0 2.6 2.6 2.3

Jan-09 Mungbeans 0.7 0.8 0.8 0.8 0.7

May-10 Wheat 3.2 3.7 3.5 3.6 3.4

Average 3.0 3.2 3.2 3.2 3.1

Wheat 08 Control Conventional Biology 1 Biology 2 Biology 3

Nitrogen (kg/ha) 0 53 4 4 4

Yield (t/ha) 2.2 3 2.6 2.6 2.3

Wheat 10 Control Conventional Biology 1 Biology 2 Biology 3

Nitrogen (kg/ha) 0 22.5 2.5 2.5 2.5

Yield (t/ha) 3.1 3.6 3.4 3.5 3.3
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Figure 24: Total soil carbon concentration (%) (y-

axis) versus grain yield (x-axis) for individual strips 

in the 2008 and 2010 wheat crops. 

 Overall: Grain yield was influenced by 

soil carbon and nitrogen applications in the form of 

liquid and dry blends. As soil carbon increased, so 

did the yield, regardless of imposed treatments. 

The application of nitrogen will reduce soil carbon 

levels, thus inferring that higher levels of nitrogen 

translate into a false yield as the penalty is in a 

reduction of soil fertility. The judicious use of 

nitrogen in the biological treatments did result in a 

yield reduction when compared to the conventional 

treatment. This was most obvious in the 2008 

wheat crop (3 v 2.5 t/ha) but the yield discrepancy 

had reduced by 50% in the 2010 wheat crop (3.6 v 

3.4 t/ha).  

There was a reduction in the difference in 

yield between the control and other treatments 

when soil moisture was not a limiting factor in the 

2007 sorghum and 2009 mungbean crops. When 

soil moisture was limiting during both wheat crops, 

the control treatment recorded the lowest yield. 

The lack of root development from earlier findings 

would have decreased the yield potential of this 

treatment.  

 

11.0 Discussion 
 The benefits of integrating compost teas 

within a broad scale cropping system are not 

achievable. The manufacturing process of compost 

teas is somewhat complex, time consuming and 

can produce highly variable results even under the 

guidance of experienced practitioners. The lack of 

tangible data to suggest that compost teas increases 

soil biological levels, soil carbon and plant 

available soil nutrients has been further reinforced 

in the findings from this project. 

The cropping soils were bacterial dominate 

with little fungi present. The role of fungi is 

important in soil structure, release of critical 

nutrients such as phosphorus, building soil carbon 

and assisting with the decomposition of high 

cellulose stubble and root biomass. Within 12 

months, the project created an environment for 

cellulose digesting fungi seen attached to plant 

roots and stubble in contact with the soil surface. 

The proliferation of other fungal species would be 

possible if the environment changed to encourage 

such organisms to populate cropping soils. 

The incorporation of dry and liquid 

fertiliser blends including soil biological food 

sources is warranted in any cropping system. The 

control treatment with seed only at planting had 

lower plant populations, less root development, 

lower sap levels with corresponding lower yields 

than any other treatment. The biological treatments 

showed higher plant populations levels, enhanced 

root development at early crop development with 

the conventional treatment increasing soil moisture 

extraction through the latter stages of crop cycles. 

The balanced approach of a liquid/dry fertiliser 

blend at planting complimented by foliar 

applications when appropriate should be adopted. 

The fiscal use of nitrogen in the biological 

treatments did highlight the potential reduction of 

applied nitrogen rates achievable when 

undertaking a more balanced soil fertility program. 

The role of calcium as the major growth nutrient 

instead of nitrogen resulted in incremental 

increases in yields within the biological treatments. 

Reduction in nitrogen rates applied to the 

biological treatments was in the order of 80 - 90% 

compared to the conventional treatment. Coupled 

with the findings that herbicide rates were reduced 

by up to 50%, the potential impacts to water 

quality alone should see these practices adopted 

throughout the broader cropping regions of the 

Fitzroy Basin. 

Soil fertility levels were enhanced by the 

incorporation of stubble and green manures. Under 

current zero-tillage management, this practice does 

not occur due to the perceived benefits of rainfall 

interception and infiltration rates and reduced soil 

loss from the retention of soil surface cover. The 

increase in soil fertility, especially from green 

manures will provide much higher levels of soil 

moisture, plant available nutrients and grain yield 

than currently achieved under zero tillage. 

A biological cropping system is designed 

to build soil fertility or ‘new soil’. The 

incorporation of soil and biological nutrition in the 

form of dry and liquid nutrition/cereal crops and 

legumes/animals/green manures and associated 

management techniques allows farmers to reduce 

external inputs that do not build soil fertility. The 

flexibility in the use of tools to create new soil 

through diversity in plants and animals is reverting 

back to natural farming practices. This integrated 

and holistic form of cropping/grazing should be 

adopted if farmers want a future in farming. 
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12.0 Future Recommendations 
 Future research on biological systems is 

justified within Central Queensland on the initial 

findings from this study. The reduction in 

herbicides, incorporation of green manures and use 

of minimal rates of liquid fertilisers at planting 

warrant further attention. 

Farmers need to consider building their 

own soil fertility rather than rely solely on external 

inputs. The current cropping systems within 

Central Queensland do not build soil fertility, at 

best they can only maintain the current status quo. 

Future research could be directed at the 

following areas which would demonstrate that 

biological cropping systems can play an important 

role in broad acre dryland cropping systems. 

 The initial benefits of green manures have 

shown potential for this technique to be 

adopted within any cropping system. 

Further benefits could be derived from 

introducing a ley herbal phase with 

appropriate grazing and re-incorporation 

when soil fertility levels are reached. 

 Reviewing the role of weeds within our 

environment and what they are telling us. 

Weeds are specialised plant forms that are 

designed to return soils back into balance. 

Continual removal of weeds via herbicides 

is counter-productive as nature abhors bare 

surfaces. 

 Incorporation of animals to provide weed 

control, conversion of stubble into plant 

available nutrients by their by-products 

and disperse soil biology and fertility from 

outside areas back across cropping lands. 

 A reduction in cropped area where 

management is more intensive but overall 

yields when averaged are similar or higher 

to that currently experienced. This would 

result in less external inputs, addressing 

issues such as herbicide resistant weeds 

and the building of soil fertility. 

 The re-introduction of heritage varieties 

lost due to lower yielding traits compared 

to commercial varieties of today. Lower 

yields may have resulted directly from 

lower soil fertility. 
 

Farmers are the key to building 

regenerative landscapes capable of generating the 

foods, fibre and natural ecosystem function that all 

humans rely upon. We should be financing and 

promoting such systems that encompass natural 

farming methods. The declining health of  people 

and environment are testament of our current 

harmful methods that are still supported today by 

industry, government and associated community 

organisations.  
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Appendix 1: Trial Site Layout  
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Strip A B 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 C D 20 21 22 23 24

Treatment 6 6 5 1 2 3 4 2 1 3 4 5 2 4 5 1 3 6 6 7 7 8 8 8

ID FTR6A FTR6B BBS501 CON102 BBC203 BBB304 BDI405 BBC206 CON107 BBB308 BDI409 BBS510 BBC211 BDI412 BBS513 CON114 BBB315 FTR6C FTR6D GM7E GM7F CM8G CM8H CM8I

Short ID FTR FTR BBS CON BBC BBB BDI BBC CON BBB BDI BBS BBC BDI BBS CON BBB FTR FTR GM GM CM CM CM

Treat. No. Treatment Colour Short ID

1 Control CON Seed only, recommended rates for herbicide and insecticide applications.

2 Best-bet conventional BBC Fertiliser at planting where required, recommended rates for foliar, herbicide and insecticide applications.

3 Best-bet biology BBB Fertiliser and biology at planting and foliar applications; herbicide and insecticide applications at reduced rates compared to recommended.

4 Biology direct injection BDI Fertiliser and biology at planting only; herbicide and insecticide applications at reduced rates compared to recommended.

5 Biology boom spray BBS Fertiliser at planting; foliar application of biology in crop; herbicide and insecticide applications at reduced rates compared to recommended.

6 Feather-top Rhodes FTR Strategies adopted to control Feather Top Rhodes grass.

7 Green Manue GM Implementation of green manure crop in biological program.

8 Chicken Manure CM Chicken manure added to strips, 1st strip @ 1t/ha, 2nd strip @ 2t/ha, 3rd strip @ 3t/ha.

Rep 1 Rep 2 Rep 3
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Appendix 2: Soil Biology Results 

 
 

  

Active Bacteria Total Bacteria Active Fungal Total Fungal Fungal Hyphal

Property Treatment Soil/Tea Sample Application Treat ID Date Dry Weight µg/g soil µg/g soil µg/g soil µg/g soil  Diameter µm

Belvedere Biology 2 Soil Baseline BBS501 15/05/2007 0.84 1.07 86.5 0.0 14.3 2.5

Belvedere Control Soil Baseline CON102 15/05/2007 0.85 1.06 90.2 0.0 10.1 2.5

Belvedere Conventional Soil Baseline BBC203 15/05/2007 0.87 0.66 72.3 0.0 17.1 2.5

Belvedere Biology 3 Soil Baseline BBB304 15/05/2007 0.86 0.96 68.3 0.0 12.6 2.5

Belvedere Biology 1 Soil Baseline BDI405 15/05/2007 0.88 1.01 64.5 0.0 12.3 2.5

Belvedere Conventional Soil Baseline BBC206 15/05/2007 0.89 1.66 33.1 0.0 11 2.5

Belvedere Control Soil Baseline CON107 15/05/2007 0.88 1.68 34.8 0.0 15.7 2.5

Belvedere Biology 3 Soil Baseline BBB308 15/05/2007 0.87 0.52 30.6 0.0 3.31 2.5

Belvedere Biology 1 Soil Baseline BDI409 15/05/2007 0.87 1.32 33.7 0.0 1.31 2.5

Belvedere Biology 2 Soil Baseline BBS510 15/05/2007 0.86 0.45 59.5 0.0 1.99 2.5

Belvedere Conventional Soil Baseline BBC211 15/05/2007 0.87 8.42 42.6 0.0 6.62 2.5

Belvedere Biology 1 Soil Baseline BDI412 15/05/2007 0.88 6.32 75.7 0.0 29 3

Belvedere Biology 2 Soil Baseline BBS513 15/05/2007 0.88 3.64 33 0.0 9.12 2.5

Belvedere Control Soil Baseline CON114 15/05/2007 0.87 3.6 85.7 0.0 19.7 2.5

Belvedere Biology 3 Soil Baseline BBB315 15/05/2007 0.87 0.95 13.5 0.0 3.93 2.5

Applied Compost tea to BBB and BDI treatments on 3rd Sept 09 with food sources.

Belvedere Biology 1 & 3 Tea Tea App 1 3/09/07 230 14080 27.00 28.10 3.00

Belvedere Biology 2 Soil Post App 1 1, 10, 13 1/10/2007 0.86 6.02 273 0.0 6.19 2.5

Belvedere Control Soil Post App 1 2, 7, 14 1/10/2007 0.87 4.98 378 0.0 11.4 2.5

Belvedere Conventional Soil Post App 1 3, 6, 11 1/10/2007 0.87 2.25 459 0.0 7 2.5

Belvedere Biology 3 Soil Post App 1 4, 8, 15 1/10/2007 0.88 3.8 287 0.0 6.01 2.25

Belvedere Biology 1 Soil Post App 1 5, 9, 12 1/10/2007 0.85 12.2 561 0.0 8.05 2.5

Applied Compost tea to BBS treatments on 10th Oct 09 with food sources.

Belvedere Biology 2 Tea Tea App 1 10/10/07 374 5760 1.13 133.00 3.50

Belvedere Biology 2 Soil Post App 1a 1, 10, 13 22/10/2007 0.87 11.8 696 0.0 18 2.5

Belvedere Control Soil Post App 1a 2, 7, 14 22/10/2007 0.87 11.3 485 0.0 11.4 2.5

Belvedere Conventional Soil Post App 1a 3, 6, 11 22/10/2007 0.86 15.5 412 0.0 5.78 2.5

Belvedere Biology 3 Soil Post App 1a 4, 8, 15 22/10/2007 0.87 13.4 1423 0.0 11 2.5

Belvedere Biology 1 Soil Post App 1a 5, 9, 12 22/10/2007 0.85 9.61 829 0.0 10.3 2.5
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Active Bacteria Total Bacteria Active Fungal Total Fungal Fungal Hyphal

Property Treatment Soil/Tea Sample Application Treat ID Date Dry Weight µg/g soil µg/g soil µg/g soil µg/g soil  Diameter µm

Applied Compost tea to BDI and BBB treatments at planting.

Belvedere Biology 1 & 3 Tea Tea App 2 17/06/08 43.5 5120 0.07 14.40 3.50

Applied Compost Tea (50L/ha) to BBB treatment only post germination of plant at planting on the 20/07/08.

Applied Compost tea to BBS treatment when crop had germinated on the 20/7/08 with food sources.

Soil tested 7 weeks post extract application and 3 weeks post application on BBS treatment. 

Belvedere Biology 2 Soi l Post App 2 1, 10, 13 4/08/08 0.82 1.57 443 0.51 13.6 2.5

Belvedere Control Soi l Post App 2a 2, 7, 14 4/08/08 0.82 4.98 229 0.00 5.58 2.5

Belvedere Conventional Soi l Post App 2a 3, 6, 11 4/08/08 0.83 7.12 185 1.33 31.7 2.5

Belvedere Biology 3 Soi l Post App 3 4, 8, 15 4/08/08 0.82 1.4 382 0.00 10 3

Belvedere Biology 1 Soi l Post App 2a 5, 9, 12 4/08/08 0.9 5.24 469 0.00 6.09 3

Soil tested 3 weeks since last testing.

Belvedere Biology 2 Soi l Post App 2b 1, 10, 13 25/08/08 0.89 1.73 556 0.16 16.7 2.5

Belvedere Control Soi l Post App 2b 2, 7, 14 25/08/08 0.9 2.57 779 0.93 15.3 2.5

Belvedere Conventional Soi l Post App 2b 3, 6, 11 25/08/08 0.9 4.84 638 0.78 8.92 2.5

Belvedere Biology 3 Soi l Pre App 4 4, 8, 15 25/08/08 0.9 9.72 412 0.78 8.1 2.5

Belvedere Biology 1 Soi l Post App 2a 5, 9, 12 25/08/08 0.9 2.5 482 2.49 4.69 2.5

Application of Twin N product (nitrogen fixing bacteria) occurred on BBB treatment on 25/08/08. A compost tea and food soruces were also added.

Belvedere Biology 3 Tea Tea App 3 25/08/08 35.3 4992 89.10 104.00 3.0

Soil test 5 weeks post application of Twin N and Compost Tea.

Belvedere Biology 2 Soi l Post App 2b 1, 10, 13 27/09/2008 0.92 5.83 503 1.21 14.7 2.5

Belvedere Control Soi l Post App 2c 2, 7, 14 27/09/2008 0.92 1.88 235 0 23.9 3

Belvedere Conventional Soi l Post App 2c 3, 6, 11 27/09/2008 0.93 5.25 352 0.77 31.7 4

Belvedere Biology 3 Soi l Post App 4 4, 8, 15 27/09/2008 0.93 5.25 297 0.22 16.6 3

Belvedere Biology 1 Soi l Post App 2c 5, 9, 12 27/09/2008 0.91 6.59 453 5.95 55.4 3
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Active Bacteria Total Bacteria Active Fungal Total Fungal Fungal Hyphal

Property Treatment Soil/Tea Sample Application Treat ID Date Dry Weight µg/g soil µg/g soil µg/g soil µg/g soil  Diameter µm

Soil test 11 weeks post application of Twin N and Compost Tea and after harvest of wheat crop.

Belvedere Biology 2 Soi l Post App 2c BBS501 3/11/2008 0.89 1.95 771 0.00 3.04 2

Belvedere Control Soi l Post App 2d CON102 3/11/2008 0.9 1.98 399 0.00 10.1 2.5

Belvedere Conventional Soi l Post App 2d BBC203 3/11/2008 0.9 1.28 595 0.20 1.09 2

Belvedere Biology 3 Soi l Post App 5a BBB304 3/11/2008 0.9 3.33 531 0.31 22 2.5

Belvedere Biology 1 Soi l Post App 2d BDI405 3/11/2008 0.91 2.82 710 0.00 21.9 2.5

Belvedere Conventional Soi l Post App 2d BBC206 3/11/2008 0.89 2.15 705 0.00 8.57 2.5

Belvedere Control Soi l Post App 2d CON107 3/11/2008 0.9 1.84 1183 0.00 15.7 2.5

Belvedere Biology 3 Soi l Post App 5a BBB308 3/11/2008 0.91 1.98 755 1.54 10.5 2.5

Belvedere Biology 1 Soi l Post App 2d BDI409 3/11/2008 0.91 0.91 730 0.00 12.1 2.5

Belvedere Biology 2 Soi l Post App 2c BBS510 3/11/2008 0.9 1.21 349 0.00 10.2 2.5

Belvedere Conventional Soi l Post App 2d BBC211 3/11/2008 0.89 1.65 300 0.40 1.92 2

Belvedere Biology 1 Soi l Post App 2d BDI412 3/11/2008 0.9 1.78 279 0.31 8.49 2.5

Belvedere Biology 2 Soi l Post App 2c BBS513 3/11/2008 0.91 1.2 755 1.54 7.59 2.5

Belvedere Control Soi l Post App 2d CON114 3/11/2008 0.89 1.36 580 0.00 15.8 2.5

Belvedere Biology 3 Soi l Post App 5a BBB315 3/11/2008 0.9 1.41 213 0.00 6.75 2.5

Stubble digestion trial on BBB, BDI, BBS, FTR  and GM treatments on 6/12/08. Products included: ammonium sulphate @ 10kg/ha, Fish Hydrolysate @  2.7L/ha and Molasses @ 1.25L/ha.

Soil tested immediately before planting of mungbean crop.

Belvedere Biology 2 Soi l Pre App 3 1, 10, 13 20/01/2009 0.87 4.53 222.07 0.62 34.3 3.0

Belvedere Control Soi l Pre App 3 2, 7, 14 20/01/2009 0.88 5.61 524.78 0.54 4.4 2.0

Belvedere Conventional Soi l Pre App 3 3, 6, 11 20/01/2009 0.87 3.13 504.92 0.00 29.8 2.5

Belvedere Biology 3 Soi l Pre App 6 4, 8, 15 20/01/2009 0.87 1.66 495.08 0.00 55.5 3.0

Belvedere Biology 1 Soi l Pre App 3 5, 9, 12 20/01/2009 0.87 5.29 351.64 0.43 57.5 2.5

Applied Compost Tea to BBB and BDI treatments at planting (direct inject into ground) on the 20/1/09 with food sources.

Belvedere Biology 1 & 3 Tea Tea App 4 20/01/2009 11.5 730 2.95 19.00 3.00

Application of Twin N product (nitrogen fixing bacteria) occurred on BBB and BBS treatments on 7/03/09. No additional foods were added.
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Active Bacteria Total Bacteria Active Fungal Total Fungal Fungal Hyphal

Property Treatment Soil/Tea Sample Application Treat ID Date Dry Weight µg/g soil µg/g soil µg/g soil µg/g soil  Diameter µm

Soil tested 12 weeks post planting of mungbean crop and application of compost tea. No sampling available in crop due to unfavourable weather conditions. No application of compost tea on BBS treatment in crop.

Belvedere Biology 2 Soi l Post App 3 BBS501 21/04/2009 0.84 4.90 197 0.84 41.1 2.5

Belvedere Control Soi l Post App 3 CON102 21/04/2009 0.86 6.55 238 1.63 22.2 2.5

Belvedere Conventional Soi l Post App 3 BBC203 21/04/2009 0.84 9.86 251 0.66 23.5 2.5

Belvedere Biology 3 Soi l Post App 6 BBB304 21/04/2009 0.85 6.78 282 0.33 32.4 2.5

Belvedere Biology 1 Soi l Post App 3 BDI405 21/04/2009 0.84 11.39 270 0.33 40.8 2.5

Belvedere Conventional Soi l Post App 3 BBC206 21/04/2009 0.84 6.69 224 0.00 61.4 3

Belvedere Control Soi l Post App 3 CON107 21/04/2009 0.84 7.19 300 1.44 52.6 3

Belvedere Biology 3 Soi l Post App 6 BBB308 21/04/2009 0.84 9.26 261 1.00 54.4 2.5

Belvedere Biology 1 Soi l Post App 3 BDI409 21/04/2009 0.83 7.51 207 0.84 55.4 2.5

Belvedere Biology 2 Soi l Post App 3 BBS510 21/04/2009 0.83 11.39 203 2.69 157.2 2.5

Belvedere Conventional Soi l Post App 3 BBC211 21/04/2009 0.82 14.59 295 2.71 37.0 2.5

Belvedere Biology 1 Soi l Post App 3 BDI412 21/04/2009 0.84 9.54 228 0.48 67.7 3

Belvedere Biology 2 Soi l Post App 3 BBS513 21/04/2009 0.83 15.77 327 2.19 54.4 2.5

Belvedere Control Soi l Post App 3 CON114 21/04/2009 0.84 6.52 349 0.33 37.1 2.5

Belvedere Biology 3 Soi l Post App 6 BBB315 21/04/2009 0.83 6.17 256 0.00 58.3 3
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Appendix 3: Example of Soil Nutrients Analysis  

 
 

 

Farming and Beyond
Advisor: Scott Stevens Plant: Wheat

Client: Project Plant Stage: Pre Plant

Sample ID: BBB Date: 10/06/2009

Soil Type: Heavy Soil Analysis: Reams (soluble nutrients)

Landuse: Cropping

Desirable 

Level

Tested 

Level Status

Organic Matter - OM 5.5 1.5 very low

Total Carbon - TC 3.1 0.9 very low

Total Nitrogen - TN 0.3 0.07 very low

C/N Ratio - C/N 10 13 optimum

pH - pH 6.5 7.8 elevated

EC - EC 200 145 low

CEC - CEC 20 35 high

Desirable 

Level

Tested 

Level Status

Calcium - Ca 1150 2712 high

Magnesium - Mg 160 601 high

Potassium - K 112.5 102 satisfactory

Phos (Morgan) - P (Morgan) 15 1 very low

Phos (Bray 1) - P (Bray 1) 45 2 very low

Phos (Colwell) = P (Colwell) 80 7 very low

Phos (Bray 2) = P (Bray 2) 90 15 very low

Nitrate - N03 15 5 very low

Ammonium - NH4 20 4 very low

Sulphur - S 40 7 very low

Desirable 

Level

Tested 

Level Status

Zinc - Zn 6 1 very low

Manganese - Mn 25 10 very low

Iron - Fe 25 30 optimum

Copper - Cu 2.4 2 low

Boron - B 2 0.4 very low

Molybdenum - Mo 2 0.2 very low

Cobalt - Co 40 22 low

Selenium - Se 2 0.6 very low

Silicon - Si 50 21 very low

Correction (kg/ha)

Major Elements Trace Elements Recommendation:

Calcium -3499 Zinc 12

Magnesium -988 Manganese 34

Potassium 23 Iron -12

Phosphorus 168 Copper 2

Nitrate 22 Boron 4

Ammonium 36 Molybdenum 4

Sulphur 74 Cobalt 39

Selenium 3

Silicon 65
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Addition of Phosphorus and Potassium to help with plant 

establishment as little plant available from soil test. Nitrogen levels 

could be increased, approx 24kg/ha in the top 0-10cm. Sulphur 

remains low and following extended wet season, levels will be lower 

in the top 0-30cm then under average season conditions. Most trace 

elements are less than desired so would recommend broad 

spectrum application and additional supplementation in crop using 

foliars.

OM

TC

TN

C/N

pH

EC

CEC

LOW OPTIMUM ELEVATED HIGH

Ca

Mg

K

P…

P…

P…

P…

N…

N…

S

LOW OPTIMUM ELEVATED HIGH

Zn

Mn

Fe

Cu

B

Mo

Co

Se

Si

LOW OPTIMUM ELEVATED HIGH
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Appendix 4: Example of Plant Sap Analysis 

 

Farming and Beyond

Advisor: Scott Stevens Plant: Wheat

Client: Project Plant Stage: Pre Flowering

Sample ID: BBB Date: 10/09/2008

Soil Type: Heavy Soil Analysis: Plant Sap

Landuse: Cropping

High Low

Ammonium -  NH4 100 15 42 satisfactory

Nitrate -  NO3 800 300 1053 high

Phosphorus -  P 410 190 214 low

Sulphur -  S 250 110 315 high

Potassium -  K 7500 4500 8609 high

Calcium -  Ca 300 150 610 high

Magnesium -  Mg 170 75 463 high

Boron -  B 1.05 0.5 1.66 high

Molybdenum -  Mo 0.05 0.02 0.055 high

Copper -  Cu 2.2 1.1 2.94 high

Iron -  Fe 8 2 7.07 elevated

Manganese -  Mn 15 8 19.84 high

Zinc -  Zn 2.25 1 4.55 high

Sodium -  Na 250 0 561 high

Chloride -  Cl 2000 0 8988 high

Cobalt - Co 0.08 0.04 0.02 -

Selenium - Se 0.75 0.45 0.46 low

Silicon - Si 70 40 40.85 low

brix  % 16.3 11.5 0 #N/A
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