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Abstract 

Meat & Livestock Australia (MLA) has supported a number of Producer Demonstration Site 
projects that were designed to investigate the effects of alternative soil treatments on soil 
chemistry and biology and pasture and livestock production.  These projects, with the addition of 
another, supported by Binalong Landcare and NSW Department of Primary Industries, formed 
the basis of Section 1 of this report and were used to provide an across-project assessment of 
the efficacy and cost effectiveness of alternative soil treatments for improving the biology and 
productivity of soils, pasture and livestock.  Section 2 of this report includes a review of the 
published evidence on the benefit of alternative soil and pasture treatments for pasture growth 
and quality. This includes the development of a set of principles for producers to use when 
making an assessment of particular products. 
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Executive Summary 

There is strong interest among livestock producers in the effectiveness of soil treatments that 
provide a possible alternative to single super phosphate.  In line with these changes in market 
sentiment, there has appeared a large range of soil treatments available for use by livestock 
producers.  These treatments include animal wastes (e.g. cow, poultry, pig), composts, microbial 
products, microbial foods, plant growth substances and biologically activated phosphate rock. 
Objective information, that has been independently collected from replicated experiments, on the 
effect of these treatments on pasture production has been limited and this has hampered the 
decision making process when it comes to choosing soil treatments and fertilisers.  

In acknowledgement of this gap in information, MLA commissioned the review (Section 1 of this 
report) of a number of Producer Demonstration Site projects (and another supported by Binalong 
Landcare and NSW Department of Primary Industries) that were designed to investigate the 
effects of alternative soil treatments on soil chemistry and biology and pasture and livestock 
production.  The review was conducted to provide an across-project assessment of the efficacy 
and cost effectiveness of alternative soil treatments for improving the biology and productivity of 
soils, pasture and livestock. 

The five projects included in this review provide a test of soil treatments in phosphorus (P) 
limiting and non-limiting environments. A total of 43 soil treatments were tested alone or in 
combination with superphosphate and these represented microbial products, plant growth or 
microbial foods, animal wastes, major or trace nutrients other than P, other forms of P and 
biologically activated rock phosphate.  In total, the projects include ten sites in two environments 
(i.e. winter/spring and summer dominant rainfall regions), each site having a minimum of three 
replicates of each soil treatment, and included untreated controls and superphosphate. 

The factor that best predicted pasture production in a P limiting environment was the amount of P 
applied. Few other soil chemical or biological measures were regularly associated with changes 
in pasture production. The conclusions from the data collected in these projects were that:  

 With P limiting soils, soil treatments to provide P (which also generally provide S) are 

most effective (i.e. first limiting) for increasing pasture production.  Under these 

conditions, microbial products, plant growth or microbial foods or less limiting major or 

trace elements did not increase pasture production. 

 With P and S non-limiting soils with low exchangeable aluminium, application of microbial 

products, plant growth or microbial foods, or P were ineffective at increasing pasture 

production. 

 Pasture production was insensitive to the form of P and therefore animal wastes or other 

products capable of providing P were effective soil treatments in P limiting soils.  

 Measurements of microbial biomass and microbial activity were not associated with 

changes in pasture production and were highly variable over time.  Where increases in 

microbial biomass and activity were detected, it was typically in response to soil 

treatments that provided plant limiting nutrients and not to substances which were 

promoted for microbial and plant growth or microbial foods. 

 The soil treatments with the lowest cost of producing extra pasture were those that 

addressed first limiting nutrients and in these projects, the most cost effective treatments 

were those that provided adequate amounts of P. 

A literature review was conducted (Section 2 of this report) to assess the evidence on the 
benefit of alternative soil and pasture treatments (also referred to as alternative fertilisers) for 
pasture growth and quality and to draw a set of principals from the review process that guide 
decision making about the need for, and selection of, soil and pasture treatments.  
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Categories of alternative treatments were considered as two groupings with claims for 
primary effects on soil biology and/or plant nutrients.  Products with claims for affecting soil 
biology must affect at least one of the following processes: organic decomposition, soil 
mineralisation, increased access to nutrients; or having effects through better plant health. 
Where biological products have been demonstrated to increase plant growth and soil biology 
in soil it appears effects operate primarily through provision of growth-limiting plant nutrients 
rather than through provision of microorganisms. Tests that are available for soil microbiology 
(excluding those for plant pathogens) are in principle correct but their interpretation has no 
biological basis and has not been demonstrated to be causally linked with pasture 
production. 

Pasture plants require at least 18 elements for normal growth and these are divided into 
macronutrients and micronutrients on the basis of their concentration in plants. A number of 
soil chemical tests have been developed and verified over time to provide critical ranges for 
macronutrients and micronutrients which are causally linked with pasture production and are 
the basis for making fertiliser recommendations. 

The principles underlying decisions about soil and pasture treatments are underpinned by the 
principle that a range of nutrients are required by plants for growth and agricultural production 
involves nutrient removal. A logical approach to choosing soil and pasture treatments is 
provided which includes: 

 Decide your objective for pasture growth and soil fertility. 

 Determine what are the deficiencies and toxicities that need to be addressed. 

 Identify fertilisers and soil treatments that address any nutrient deficiencies and toxicities. 

 Obtain a nutrient analysis of the possible products and check for contaminants and 

livestock and human health risks. 

 Ask (suppliers) for evidence of nutrient availability and product performance. 

 Calculate the cost of the available nutrients in the possible products. 

 Choose the product on the basis of all information collected in Steps 1-6. 

Monitor the pasture’s response to the product by conducting a soil chemical test every 2 years. 
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1 Section 1: Across-project assessment of the efficacy and 
cost effectiveness of alternative soil treatments 

1.1 Background 

There is a strong interest among livestock producers in the efficacy of soil treatments that provide 
a possible alternative to single superphosphate.  The interest in alternative treatments is likely 
based on a number of factors including (i) the short-term spike in fertiliser prices in 2008 – 2009; 
(ii) the perception of diminished pasture responses to super phosphate; (iii) interest in 
sustainability and the use of less refined soil treatments; and (iv) interest in soil carbon, biology 
and health as limiting factors for pasture production.   

In line with these changes in market sentiment, there has appeared a large range of soil and 
pasture treatments available for use by livestock producers.  These include animal wastes (e.g. 
cow, poultry, pig), composts, microbial products, microbial foods and biologically activated 
phosphate rock. 

Meat & Livestock Australia (MLA) has supported applications through their Producer 
Demonstration Site (PDS) program from livestock producer groups wanting to investigate the 
effects of some of these alternative soil treatments on soil chemistry and biology and pasture and 
livestock production.  These projects, with the addition of another project supported by Binalong 
Landcare and NSW Department of Primary Industries, form the basis of this review. 

The purpose of this Section was to provide an across-project assessment of the efficacy and cost 
effectiveness of alternative soil treatments for improving the biology and productivity of soils, 
pasture and livestock. 

1.2 Description of projects 

Four projects which have been supported through MLAs PDS program, and another project with 
separate funding, form the basis for this review (Table 1). 

All of the projects included a replicated plot site/s where effects of soil treatments on soil and 
pastures were recorded (Table 2).  Some projects also included application of the same 
treatment/s on paddocks so as to determine effects on livestock production.  Paddock 
comparisons were not replicated within each property but relied on the treatment (along with 
positive –superphosphate– and negative controls) being applied on a number of properties.  It is 
not the purpose of this review to provide detailed information about these projects as Final Reports 
are or will become available (http://www.mla.com.au/Research-and-development/Extension-and-
training/Producer-demonstration-sites). 

  

http://www.mla.com.au/Research-and-development/Extension-and-training/Producer-demonstration-sites
http://www.mla.com.au/Research-and-development/Extension-and-training/Producer-demonstration-sites
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Table 1: Titles, period of activity and details of projects.  
 

Project 
code 

Project title Project 
period 

Location Producer 
group 

B.PDS.003 Carp, Kelp and 
Christmas Island; where 
to next with fertilisers?  

2009 – 
2014 

Holbrook region, 
South West Slopes 
NSW 

Holbrook 
Landcare 
Network 

B.PDS.0006 
E.PDS.1302 

Is compost the fertiliser 
of the future? 

2009 – 
2014  

Wongwibinda 
region, Northern 
Tablelands NSW 

Wongwibinda 
Landcare 

B.PDS.1101 Increasing pasture and 
red meat production 
through soil ameliorants 

2011 – 
2014  

Armidale region, 
Northern Tablelands 
NSW 

AIMS Grazing 
Management 

B.PDS.0902 Alternative Fertilisers 
Project 

2011 – 
2014  

Tenterfield region, 
Northern Tablelands 
NSW 

Granite 
Borders 
Landcare 

Binalong 
Landcare 
NSW DPI1 

Native pasture and 
alternative fertiliser trial 

2009 – 
2014  

Binalong region, 
Southern Tablelands 
NSW 

Binalong 
Landcare 

  
 
Table 2: Characteristics of replicated plot sites 
 

 No. of 
sites 

No. of 
treatments 

No. of 
replicates 

Plot area 
(m2) 

Pasture 
description 

Starting soil 
chemistryB 

Holbrook 1 10 4 20 
Phalaris + sub 

clover 
Adequate 

Wongwibinda 1 7 3 9 
Native 

perennialA 
Low 

Armidale 1 
10 x ± 
lime 

4 20 
Native 

perennialA 
Low 

Tenterfield 4 20-23 3 5 
Native 

perennialA 
Moderate 

Binalong 3 10 3 16-20 
Native 

perennialA 
Low 

A
 Native perennial pastures also included sub or white clover dependent on season. 

B
 Approximate ranking of low, moderate and adequate soil chemistry was based on soil phosphorus. Adequate is used 

to define levels above a critical threshold for plant response. 

 

The soil treatments that were used in the projects (Table 3) have been categorised as follows: 

 Microbial and plant growth or microbial foods (e.g. Bactivate, R.U.M., composts, NutriSol 

LS, R.U.M., humate granules, YLAD BioTX 500 compost tea extract) 

 Animal wastes (e.g. cow manure, chicken litter, SEP pig manure) 

 Major or trace nutrient excluding phosphorus (e.g. biodiesel by-product, CalSap, gypsum, 

Boron Granules, Dia-Life, potash, urea ) 

 Less soluble forms of phosphorus  and biologically activated rock phosphate (Trio-min/Eco-

min, Soft Rock, Agriash, YLAD compost mineral blend, Prolong, BioAgPhos, BioAg blend) 

 Superphosphate 

                                                
1
 Note –this project was not funded by MLA 
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The rationale for application rates varied among projects.  For example, Holbrook, Tenterfield 
and Binalong applied proprietary soil treatments at manufacturer’s recommended rates and 
frequency.  At Wongwibinda, there were three application rates of compost and three 
application rates of superphosphate and these were matched for cost per hectare. Treatment 
application rates at Armidale were set so that all treatments had the same cost. The cost was 
calculated to be equivalent to that required to increase soil phosphorus (P) from starting levels 
to 15 mg/kg (Olsen P) over a two-year period with superphosphate.   

Superphosphate was applied annually at the rate of 125 kg/ha at Holbrook, Tenterfield and 
Binalong and at 320 kg/ha at Armidale. At Wongwibinda, superphosphate was applied 
annually at 130, 260 and 520 kg/ha.   Untreated control plots remained without any additions in 
all of the projects except at Armidale where half of the untreated plots received lime applied at 
1t/ha in each of the first two years.
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Table 3: Soil treatments applied and evaluated in the five projects. 
 

Holbrook Wongwibinda Armidale Tenterfield Binalong 

Untreated control Untreated control Untreated control Untreated control Untreated control 
Single superphosphate5 Single superphosphate5 Single superphosphate5 Single superphosphate5 Single superphosphate5 
Bactivate1 Wright’s compost1 Chicken litter2 BioAgPhos + Gypsum3,4 Agriash3,4 
Biodiesel by-product3  Chicken + S Super2,5 Biochar3 Trio-min/Eco-min Balance4 
CalSap3  Cow manure2 Biochar + S Super3,5 SEP pig manure2 
NutriSoil LS1  Cow + S Super2,5 Boron granules3 Groundswell compost1,3 
Prolong4  Wright’s compost1 Boron granules + S Super3,5 YLAD compost mineral blend1,4 
R.U.M1  W Comp + S Super1,5 CalSap3 YLAD compost tea1 
Johnson’s compost1  Makim’s compost1 CalSap + S Super3,5 BioAg blend4 
  M Comp + S Super1,5 Cement + S Super + Boron3,5 Ecology Fluid Fert/Dical 641,3,4 
  All of above + lime Compost (high rate)1 Urea3 
   Compost (low rate)1  
   Compost + S Super1  
   Cow manure2  
   Dia-Life1  
   Guano4  
   Humate granules1  
   Humate granules + S 

Super2,5 
 

   Manure + Additive2  
   Mo Super3,5  
   Potash3  
   Potash + S Super3,5  
   S Super + K + B + Humates 

+ Dia-life1,3,5 
 

   Soft Rock4  
   Urea3  

Soil treatment categories: 1 = Microbial and plant growth or microbial foods; 2 = Animal wastes; 3 = Major or trace nutrient excluding phosphorus; 4 = Less soluble forms of 
phosphorus and biologically activated rock phosphate; 5 = Superphosphate. 
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1.3 Summary of results 

1.3.1 Holbrook 

The Holbrook site had a history of superphosphate application and at the start of the trial had 
Olsen P = 21. 2 mg/kg, KCl40-S = 7.6 mg/kg, Colwell K = 163 mg/kg, organic carbon = 1.9%, 
pHCaCl2 = 5.6.  These results indicate the pasture would not be responsive to P applications as 
the ideal range of Olsen P is 15-20 mg/kg.  As such, this site represented a test of alternative soil 
treatments in a situation when P was non-limiting for pasture production. Pastures were 
composed of phalaris (Phalaris aquatica), sub clover (Trifolium subterraneum), barley grass 
(Hordeum spp) and annual ryegrass (Lolium rigidum). 

Olsen P levels were significantly increased above the untreated control in response to 
superphosphate (14 mg/kg increase) and CalSap (7 mg/kg increase; composed of 30-60% 
calcium carboxylate, 17% potassium, applied at 20L/ha, Optima Agriculture), whereas plant 
available sulphur (S) was significantly increased by superphosphate (17 mg/kg increase) and 
NutriSoil LS (7 mg/kg increase; nutrient and microbial mixture, content not provided, 5L/ha 
applied twice annually, NutriSoil). The response to superphosphate is predicted from the P and S 
content of the product (approx. 9 and 12% respectively) but the response to CalSap and NutriSoil 
LS was unexpected.  No other measures of soil chemistry were affected by any of the soil 
treatments.  Microbial biomass was unaffected by soil treatments and microbial enzyme activity 
was highest in the untreated control plots. 

There was no effect of soil treatment on pasture production (mean value approx. 13.5 t/DM/ha for 
the period April-November) or quality (metabolisable energy and crude protein content). As a 
result, the financial outcomes from soil treatments were negative. 

1.3.2 Wongwibinda 

The Wongwibinda site did not have a history of super phosphate application and at the start of 
the trial had Olsen P = 8.3 mg/kg, KCl40-S = 8.5 mg/kg, Colwell K = 215 mg/kg, organic carbon = 
1.9%, pHCaCl2 = 4.9.  These results indicate the pasture would be responsive to P applications.  
As such, this site represented a comparison between the provision of major nutrients (P, S) in 
superphosphate and provision of microbes, microbial products and some nutrients in Wright’s 
compost (1% N, 0.5% P, 1% K, 0.2% S, 9% C on dry weight basis). Pastures were composed of 
cocksfoot (Dactylis glomerata), weeping grass (Microlaena stipoides), paspalum (Paspalum 
dilatatum) and redgrass (Bothriochloa macra) with white clover (Trifolium repens) periodically 
abundant during favourable seasons.  

Olsen P levels were significantly increased above the untreated control in response to 
superphosphate (mean increase 5.6 mg/kg) whereas no change was detected in response to 
Wright’s compost (0.6 mg/kg increase).  Superphosphate applied annually at 520 kg/ha 
increased Olsen P to 16.4 mg/kg and was the only treatment to increase soil P into the ideal 
range. Increases for soil S in relation to untreated controls were not significant and were 2.1 and 
5.6 mg/kg for Wright’s compost and superphosphate respectively. Largest increases for soil S 
were observed for Wright’s compost applied annually at 250 kg/ha (6.9 mg/kg) and 
superphosphate applied annually at 520 kg/ha (11.7 mg/kg). No other measures of soil chemistry 
were affected by soil treatments.  Microbial biomass was unaffected by soil treatments and 
microbial enzyme activity increased with superphosphate but decreased with compost. 

Over the four years of the trial, total pasture production (measured throughout the entire year) 
was significantly increased by superphosphate (increase of 5.3 t DM/ha) but not by Wright’s 
compost (1.7 t DM/ha) over the untreated control (13.9 t DM/ha).  Highest pasture production 
(22.5 t DM/ha and 18.9 t DM/ha) was recorded for superphosphate applied annually at 260 kg/ha 
and 520 kg/ha respectively which was not in accordance with changes in soil P (which were 
greater for superphosphate at 520 kg/ha). White clover mass (kg DM/ha) and content (% of DM) 
were significantly increased by superphosphate (increase of 2800 kg DM/ha and 13.4% of DM 
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respectively) from the untreated control (749 kg DM/ha and 4.7 % of DM). Largest effects on 
white clover (increase of 4000 kg DM/ha and 18.4% of DM) were recorded from the 
superphosphate 260 kg/ha treatment.  Pasture quality was highest from superphosphate 
treatments with significant increases for crude protein content.  Pasture P, S and sodium 
contents were elevated in superphosphate treatments and molybdenum and selenium 
concentrations were higher with Wright’s compost. 

The cost of producing extra pasture from soil treatments ranged from $43 – $279/ tonne with the 
lowest cost for superphosphate 260 kg/ha and highest for Wright’s compost 250 kg/ha.  

1.3.3 Armidale 

The Armidale site did not have a history of super phosphate application and at the start of the 
trial had Olsen P = 8.9 mg/kg, KCl40-S = 9.2 mg/kg, Colwell K = 300 mg/kg, organic carbon = 
3.6%, pHCaCl2 = 4.8.  These results indicate the soil would be responsive to P applications.  
Pastures were composed of poa (Poa sieberiana), redgrass (Bothriochloa macra), paspalum 
(Paspalum dilatatum) and parramatta grass (Sporobulus creber) with white clover (Trifolium 
repens) periodically abundant during favourable seasons. 

Olsen P levels were significantly increased above the untreated control (8.3 mg/kg in Year 3) in 
response to superphosphate (SP), chicken litter + SP, chicken litter and cow manure + SP 
(increase of 6.7, 3.9, 3.4 and 3.4 mg/kg respectively).  Superphosphate applied annually at 320 
kg/ha without lime increased Olsen P to 17.0 mg/kg and was the only treatment to increase soil P 
into the ideal range. Increases for soil S in relation to untreated controls (5.5 mg/kg in Year 3) 
were significant for superphosphate and Makim’s compost + SP (increase of 9.5 and 6.8 mg/kg 
respectively). Soil pH was significantly increased above the untreated control (5.3 in Year 3) in 
response to chicken litter and cow manure (increase of 0.2 and 0.15 units respectively) which 
supplied 517 and 117 kg calcium/ha respectively.  No other effects on soil chemistry were 
apparent for soil treatments. 

Lime application significantly increased pH by 0.7 units to be 5.7 in Year 3.  The change in Olsen 
P was significantly less on plots that received lime application (increase of 0.9 and 2.4 mg/kg 
respectively) with the largest difference associated with superphosphate. Final sampling for 
microbial biomass and microbial enzyme activity has not been completed. 

Over the 2.5 years of the trial, total pasture production (measured throughout the entire year) 
was significantly increased over the untreated control (6.9 t DM/ha) by a number of soil 
treatments including chicken litter (increase of 2.7 t DM/ha), superphosphate (2.6 t DM/ha), 
chicken litter + SP, cow manure + SP and Makim’s compost + SP. White clover mass (kg DM/ha) 
and content (% of DM) were significantly increased by all soil treatments with the exception of 
Wright’s compost and Makim’s compost.  The largest increase over the untreated control (1802 
kg DM/ha and 6.1% of DM) was recorded for superphosphate (increase of 3874 kg DM/ha; 
10.7% of DM). Final sampling for pasture quality has not been completed. 

The cost of producing extra pasture from soil treatments ranged from $91 – $285/ tonne with the 
lowest cost being for chicken litter.  Pasture production from Wright’s and Makim’s compost was 
less than for the untreated control and a costing was highly negative.  

1.3.4 Tenterfield 

The Tenterfield site has yet to provide a Final Report on the consequence for soil fertility and 
pasture production from the application of a wide range of soil treatments.  Soil fertility of 
untreated control plots was Colwell P = 23-35 mg/kg, KCl40-S = 5-8.4 mg/kg, organic carbon = 
3.2-3.9%, pHCaCl2 = 4.9-5.3, aluminium saturation = 1-2%. Preliminary data for pasture production 
(composition not yet reported) suggests that soil treatments have not increased pasture 
production (at least) in the following year.  Indeed 13 of 18 soil treatments at one of the three 
sites produced less pasture than the untreated control.  The large variation in pasture production 
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within soil treatments prevented a significant contrast between the untreated control with all other 
treatments.  

1.3.5 Binalong 

The three Binalong sites were chosen for low soil fertility and at the start of the trial had Colwell P 
= 7-10 mg/kg, KCl40-S = 2.5-5 mg/kg, pHCaCl2 = 4.0-4.2, aluminium saturation = 15-33%.  These 
results indicate the pasture would be responsive to phosphorus (P) applications but less 
responsive to soil pH and aluminium saturation because of the aluminium tolerant native pasture 
species.  Pastures were composed of weeping grass (Microlaena stipoides), wallaby grass 
(formerly Austrodanthonia spp.), common wheatgrass (Elymus scaber) and red grass 
(Bothriochloa macra) with sub clover (Trifolium subterraneum) periodically abundant during 
favourable seasons.  

The rules used in the following section for reporting and calculating responses in soil chemistry 
and pasture production were: 

1. Only those treatments with significant effects in at least two out of three (2/3) years at any 

site are presented. 

2. Means for these sites were then calculated from the three years of data.    

Colwell P levels were significantly increased above the untreated control (across-site mean 8.7 
mg/kg) at all sites in response to Agriash (mean increase of 5.9 mg/kg) and SEP pig manure 
(mean increase of 9.5 mg/kg) and at one site in 2/3 years with superphosphate (mean increase 
3.3 mg/kg).  Significant increases in soil S in relation to untreated controls (across-site mean 3.1 
mg/kg) were intermittently observed and restricted to Agriash (1 site 3/3 years mean increase 2 
mg/kg) and superphosphate (1 site 3/3 years mean increase 1.3 mg/kg; 1 site 2/3 years mean 
increase 3.7 mg/kg). Soil pH was significantly increased above the untreated control (across-site 
mean 4.2) by Agriash (2 sites 2/3 years mean increase 0.7 units; 1 site 2/3 years mean increase 
0.5 units), YLAD compost mineral blend (3 sites 2/3 years mean increase 0.3 units) and BioAg 
blend (1 site 2/3 years mean increase 0.3 units). In response to changes in soil pH, aluminium 
saturation (across-site mean 25.3% for untreated control) was reduced by Agriash (decrease of 
19.4%), YLAD compost mineral blend (decrease of 19.3%) and BioAg blend (decrease of 8.7%). 
Soil total and labile carbon were unaffected by soil treatment. No other measures of soil 
chemistry were affected by soil treatments.  Effects of treatments on microbial biomass did not 
meet the requirement for a minimum of 2/3 years at any site and are not reported. Microbial 
enzyme activity was increased by superphosphate (1 site) and SEP pig manure (1 site) in all 
three years.  

Spring pasture production (August-November) from untreated control plots on the three sites 
ranged from 801–3516 kg DM/ha and a range of soil treatments significantly increased pasture 
production.  Superphosphate (3/3 years at 2 sites and 2/3 years at 1 site) and Agriash (2/3 years 
at 2 sites and 1/3 years at 1 site) had the most consistent effects on pasture production with both 
providing an approximate mean increase (across sites and years) of 50%. SEP pig manure 
provided a mean increase to pasture production of 72% at 2/3 sites.  Response to pig manure 
(applied at 4.9 t/ha in Year 1) was more variable across years and sites than for other treatments 
presumably reflecting the period of time since application. For example, pasture production at 
one site was increased by 150-160% in Year 1 but only by 15-20% in Year 3. YLAD compost 
mineral blend significantly increased pasture production in 2/3 years at two sites with a mean 
increase of 29% across all three years. BioAg blend significantly increased pasture production in 
2/3 years at one site with a mean increase of 40% across all three years.  Lime addition provided 
by a number of treatments was considered to have been of minor importance for increasing 
pasture production. 

Pasture quality (across-site untreated control mean crude protein = 9.4% and metabolisable 
energy = 8.6 MJ/kg DM) was affected by soil treatment with superphosphate and Agriash 
significantly increasing both crude protein and metabolisable energy content on at least one site 
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each.  BioAg blend led to a significant increase in metabolisable energy content at one site but 
did not have significant effects on crude protein content. The relative cost of producing extra 
spring pasture from soil treatments ranged from $24 – $478/ tonne with the lowest cost being for 
superphosphate and Agriash.    

1.3.6 Across-site summary of results 

The projects included in this review provide a test of soil treatments in P limiting and non-limiting 
environments. A total of 43 soil treatments were tested alone or in combination with 
superphosphate and these represented microbial and plant growth or microbial foods, animal 
wastes, major or trace nutrients other than P, other forms of P and biologically activated rock 
phosphate.  In total, the projects include ten sites in two environments (i.e. winter/spring and 
summer dominant rainfall regions), each site having a minimum of three replicates of each 
treatment, and included untreated controls and superphosphate. 

The factor that best predicted pasture production in a P limiting environment was P application 
(Figure 1). At the Holbrook site, where starting soil P levels were non-limiting for pasture 
production, there was no relationship between P application and pasture production.  The three 
data points from Figure 1 that sit prominently above the trend line include chicken litter at 
Armidale (extra response due to nitrogen supply), superphosphate at Binalong and 
superphosphate at 260 kg/ha at Wongwibinda.  The goodness of fit of this relationship (excluding 
Holbrook data) is perhaps surprising given that P was supplied in forms of varying plant 
availability. 

 

Figure 1: Relationship between phosphorus application and mean pasture production (relative to 
untreated control) in projects at Armidale, Binalong, Holbrook and Wongwibinda. The regression 
does not include Holbrook data points. 

The correlation between P and S application (r=0.959) was strongly positive across soil 
treatments, with the exception of Agriash and SEP pig manure used at the Binalong site which 
had low levels of S in relation to P content.  There was a significant and positive linear 
relationship between S application and pasture production but stepwise analysis indicated that 
including the level of S application did not improve the prediction of pasture production.  Changes 
to pasture quality appeared to reflect changes in pasture production, presumably because of 
effects of soil treatments on increasing clover content.  Aggregating pasture production 
responses by category of soil treatment (Figure 2) indicated lowest effectiveness for microbial 
and plant or microbial food treatments and highest for those providing plant limiting nutrients. 
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Figure 2: Pasture production (relative to untreated control within site) by category of soil and 
pasture treatment.  Note the number of means in each category (from left to right) is 7, 2, 2, 2, 2, 
3, 5, 1. SP = single superphosphate; P = phosphorus. There were multiple products within some 
categories and data in this figure provides a category mean and does not provide a value for 
contributing products. 

1.4 Recommendations 

Pasture production responses to a range of soil biological and major and trace element 
treatments were investigated in five projects with a total of ten replicated plot sites in 
winter/spring and summer dominant rainfall regions of southern and northern NSW.  Where the 
level of P and S in soils was limiting for pasture production, application of P was best predictive 
of pasture responses. As few other soil chemical or biological measures were regularly 
associated with changes in pasture production, the conclusions from the data collected in these 
projects were that: 

 With P limiting soils, soil treatments to provide P (which also generally provide S) are 

most effective (i.e. first limiting) for increasing pasture production.  Under these 

conditions, microbial products, plant growth or microbial foods or less limiting major or 

trace elements did not increase pasture production. 

 With P and S non-limiting soils with low exchangeable aluminium, application of microbial 

products, plant growth or microbial foods, or P were ineffective at increasing pasture 

production. 

 Pasture production was insensitive to the form of P and therefore animal wastes or other 

products capable of providing P were effective soil treatments in P limiting soils.  
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 Measurements of microbial biomass and microbial activity were not associated with 

changes in pasture production and were highly variable over time.  Where increases in 

microbial biomass and activity were detected, it was typically in response to soil 

treatments that provided plant limiting nutrients and not to microbial and plant growth or 

microbial foods. 

 The soil treatments with the lowest cost of producing extra pasture were those that 

addressed first limiting nutrients and in these projects, the most cost effective treatments 

were those that provided adequate amounts of P.  
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2 Section 2: Fertilisers and soil treatments for beef and 
sheep meat production systems: review of benefit for 
pasture growth and quality 

 

2.1 Introduction 

The purpose of this review was to (i) assess the evidence on the benefit of alternative soil and 
pasture treatments (also referred to as alternative fertilisers) for pasture growth and quality; and 
(ii) draw a set of principals from the review process that guide decision making about the need 
for, and selection of, soil and pasture treatments.  It was not the intention to address legislative 
aspects surrounding the definition or use of a fertiliser.  Nevertheless a very brief summary of the 
legislation concerning fertilisers is provided as background to the broad descriptions of soil and 
pasture treatments used in the review. 

Definition of the term “fertiliser” is not prescribed in all states but in NSW is included in the 
Fertilisers Act 1985 No. 5 (Section 3A; current version 10 May 2011).  Other states provide 
legislation that deals with labelling and warnings about maximum levels of heavy metals (e.g. 
Victorian Agricultural and Veterinary Chemicals (Control of Use) (Fertilisers) Regulations 2005 
S.R. No. 122/2005) or maximum concentrations of phosphorus and phosphorus to nitrogen ratios 
for domestic use fertilisers (e.g. Western Australian Environmental Protection (Packaged 
Fertiliser) Regulations 2010). 

The National Code of Practice for Fertilizer Description and Labelling (2011) is administered 
through the Australian Government Department of Agriculture and provides a broader national 
definition of fertiliser as; any substance that is manufactured, represented, supplied or used as a 
means of directly or indirectly:  

(a)  fertilising the soil; or  

(b)  supplying nutrients to plants; or  

(c)  conditioning the soil by altering the chemical, physical or biological condition of the soil.  

The national code of practice is applied to products that relate to (a) and (b) of the definition while 
a code of practice is being developed for soil conditioners (c). The code of practice defines 
issues such as: labelling, naming, basis of analysis, minimum levels for inclusion of nutrients, 
nutrient form, product tolerances, maximum concentrations of impurities and many other areas.  
It is the area concerning minimum levels for inclusion of nutrients that has most relevance for this 
review.  Section 4.2 of the Code of Practice states, Nutrients may only be included on the label if 
they meet or exceed the concentrations listed in the table (Figure 3) below. A nutrient may be 
present above these concentrations but not claimed by the manufacturer/supplier in which case 
they will not appear on the label. 
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Figure 3: Minimum nutrient concentrations in solid and liquid fertilisers for inclusion of nutrients 
on a fertiliser label. Source: National Code of Practice for Fertilizer Description and Labelling 
(2011). 

 

For the purpose of this review, alternative soil and pasture treatments are solid or liquid products 
that are categorised as having claims as being either: 

1. Microbial or plant growth or microbial foods 

2. Animal wastes 

3. Major or trace nutrients other than phosphorus 

4. Less soluble forms of phosphorus (than superphosphate) and biologically activated rock 

phosphate 

These treatments are described as alternatives, in relation to superphosphate or higher analysis 
inorganic fertilisers, rather than in the sense of denoting a particular farming style. There may be 
occasion where the need for products from one or more categories of alternative treatments is 
indicated from soil chemical testing.  For example, potassium or sulphur deficiency would warrant 
products from category 3 while maintenance phosphorus application in acidic soils may warrant a 
product from category 4. As such, it is not the intention in this review to deal with all alternative 
soil and pasture treatments as a single group.  While products from categories 2 and 3 and part 
of 4 directly address soil and plant nutrient requirements (perhaps relying on existing microbial 
processes), products from category 1 and the biologically-activated products from category 4 rely 
on directly providing or altering microbial processes within the soil. In this manner, the four 
categories of alternative soil and pasture treatments can be considered as a subset of two 
groupings (Table 4). 
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Table 4: Groupings of alternative soil and pasture treatments based on claims for primary effects 
on soil biology and/or plant nutrients. 

  Source of nutrients 

  Yes No 

S
ti

m
u

la
te

 s
o

il
 

b
io

lo
g

y
 

Yes 
Biologically activated rock 
phosphate 

Microbial or plant growth or 
microbial foods 

No 

Animal wastes 

Major or trace nutrients other than 
phosphorus 

Less soluble forms of phosphorus 
(than superphosphate) 

N/A 

N/A = treatments without claims for primary effects on soil biology or plant nutrients do not exist.  

 
As has already been stated, the purpose of this review was to assess the evidence for the benefit 
of alternative soil and pasture treatments for pasture growth and quality.  It was not the purpose 
to provide a review of soil biological processes or soil chemistry, although these provide an 
important background for understanding efficacy of treatment.  Nevertheless, a brief summary of 
soil biology and chemistry is provided by means of providing context for the body of this review. 

 

2.2 Soil biology 

Interest in soil biology is principally in the role that soil organisms play in nutrient cycling and in 
plant health.  Nutrient cycling is the process whereby nutrients cycle (interchange) between 
organic (unavailable for plant growth) and inorganic (plant available) forms and the process is 
mediated by the soil, climate and soil organisms. 

Organic matter is composed of dead plants, animals and excreta. Soil organisms (principally soil 
microbes) decompose the organic compounds to the inorganic form.  For example, proteins in 
organic matter derived from plants or animals, contain organic forms of nitrogen, phosphorus and 
sulphur. Soil microbes decompose the proteins to release nutrients in their inorganic forms. They 
incorporate a fraction of the inorganic nutrients into their own biomass and release the remainder 
to the soil where they are available for plant growth.  This mineralisation process converts 
organic nitrogen to ammonium and nitrate ions, organic phosphorus to orthophosphate ions and 
organic sulphur to sulphate ions. Nutrients that are used by the microbial biomass are deemed to 
be immobilised and do not become potentially available for plants until the organisms die and 
decompose. This process is a component of the food web that exists within the soil.  In this 
manner, nutrients in the soil cycle between three compartments namely, organic matter, 
inorganic nutrients and the soil biomass.  

Soil contains an array of different organisms including microbes (e.g. bacteria, fungi, protozoa), 
mesofauna up to 1 cm in size (e.g. ants, mites, nematodes, smaller beetles, spiders, springtails) 
and macrofauna larger than 1 cm (e.g. beetles, centipedes, earthworms, spiders, larger insects). 
In addition to the invertebrates, soil is used and impacted by vertebrates that dig, burrow and 
tread the soil profile.  When discussing the role of biological soil treatments, attention is 
principally directed towards the microbes because of their dominant role in organic 
decomposition.  

The mineralisation process plays an important role in providing nutrients to plants. For example, 
50 – 80% of nitrogen and sulphur used by plants is provided through microbial mineralisation.  In 
addition to effects achieved through mineralisation, soil fungi (Mycorrhiza) form symbiotic 
associations with plants allowing access to a greater volume of soil and increased root 
absorption of phosphorus, particularly when it is in low supply. Nitrogen is also fixed from the 
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atmosphere from the symbiotic association between plant roots and nitrogen-fixing bacteria, 
perhaps best known from the relationship between legumes and Rhizobium bacteria. 

Clearly, soil biological processes are of critical importance to plants and nutrient availability and 
this has been a well-accepted principal of soil science for a long time.  The interest in this review 
is the claim that biological treatments have benefit for pasture production.  This claim relies on 
these treatments affecting at least one of the following processes: organic decomposition, soil 
mineralisation, increased access to nutrients; or having effects through better plant health.   

Tests that are available for soil microbiology (excluding those for plant pathogens) can be 

classified as informative of (i) microbial mass (i.e. bacteria and fungi bulked or determined 

separately); (ii) microbial activity (i.e. bacteria and fungi bulked or determined separately); (iii) 

other community organisms (i.e. including some or all of protozoa, nematodes, arbuscular 

mycorrhizal fungi, etc); or (iv) community diversity.  These tests for soil microbiology have not 

been demonstrated to be causally linked with pasture production.   

 

2.3 Soil chemistry 

Pasture plants require at least 18 elements for normal growth and these are divided into 
macronutrients (9) and micronutrients (9) on the basis of their concentration in plants. 
Macronutrients include carbon, hydrogen and oxygen which are supplied to plants from the 
atmosphere as carbon dioxide and water.  Remaining macronutrients are nitrogen, phosphorus, 
sulphur, potassium, calcium and magnesium and are typically found at levels above 1000 mg/kg 
(0.1%). Micronutrients include iron, manganese, zinc, copper, boron, molybdenum, cobalt, 
selenium and chlorine and are typically found at levels less than 100 mg/kg (0.01%) in plants. 
Other nutrients may be absorbed but are not essential for plant growth.  Aside from C, H, O and 
N, the remaining nutrients are largely obtained from soil and derived from weathering.  

Inorganic nutrients exist in soils as simple positively (e.g. calcium, magnesium, potassium, 
sodium and aluminium) or negatively (e.g. orthophosphate, sulphate and nitrate) charged ions or 
are combined with other elements which reduce availability for plants.  Simple ions are found in 
the soil solution or adsorbed to soil particles (especially clay) or humus (derived from organic 
matter).  Positively charged ions adsorb in a major process described as the cation exchange 
capacity of the soil and negatively charged ions adsorb in a minor process described as the 
anion exchange capacity. The exchange capacity of the soil is an important component of soil 
fertility because it reduces the leaching of nutrients from the soil. 

Other factors influence the availability of nutrients to plant roots of which the pH (a measure of 
soil acidity) of the soil solution is most important. The availability of most nutrients for plant use is 
greatest in the pHCaCl2 range of 5.5 – 6.5 with macronutrients declining in availability with 
decreasing pH. Conversely, many micronutrients increase in availability with decreasing pH. The 
most serious consequence of low pH is the plant toxicity of aluminium which may greatly 
increase its proportion of the cation exchange capacity.  

Root hairs absorb simple ions from the soil solution and are also able to release simple cations 
from the cation exchange capacity through the release of hydrogen ions (from root hairs). Plant 
roots and especially root hairs play the major role in absorption of inorganic nutrients.  Root hairs 
of grasses are well developed and provide access to a great volume of soil. For example, 
Kentucky bluegrass (Poa pratensis) is an introduced creeping perennial grass and in a soil core 
(7 x 15 cm) has been reported to possess 51 million root hairs with an average diameter of 9 µm 
which provided a total length of 51 kilometres and a total surface area of 1.6 m2.  

In summary, nutrients exist in a number of forms and pools within the soil and it is the 
concentration in the soil solution and the details of pH and the cation exchange capacity that are 
considered most useful for diagnosing nutrient constraints for pastures. A number of soil 
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chemical tests have been developed and verified over time to provide critical ranges for 
macronutrients and micronutrients which are causally linked with pasture production and are the 
basis for making fertiliser recommendations.     

 

2.4 Benefit of alternative soil and pasture treatments for pasture growth and 
quality 

A review was undertaken to assess published reports of the benefits of alternative soil and 
pasture treatments (i.e. microbial or plant growth or microbial foods and animal wastes) for 
pasture growth and quality that existed as peer-reviewed publications, industry reports and 
company trials.  The minimum requirement for inclusion in the literature search was that the 
report had to include replication in the experimental design regardless of whether the work had 
been conducted as a pot or field trial.  The search for literature was for pasture and forage crop 
responses to application rates used in the grazing industry and did not include horticultural uses 
where treatments may be applied at rates of up to 100-fold greater.  Interest was in the efficacy 
of application of treatments on pasture growth and if such effects were related to changes in soil 
biology or chemistry. 

In brief, there were limited recorded beneficial effects of biological treatments on pasture or 
cereal performance when application rates provided only low levels of nutrients: as occurs with 
typical application rates in the grazing industry.  Benefits have been reported at application rates 
much higher than typically used in the grazing industry: when these treatments could then be 
considered as a source of nutrients. Among the alternative treatments, literature reporting 
responses to animal wastes and composted animal wastes was most common on a range of 
search databases.  Other reports and articles were found on common search engines, typically 
for microbial products with claims for providing either bacterial N fixation or increased P root 
uptake from fungal colonisation which reduce, rather than replace, nutrient additions.  These 
reports and articles seldom provided measures of variation (i.e. standard errors) or statistical 
analysis or probability values describing the significance of differences.  

Where composts (which had a large range in chemical composition) provided significant levels of 
growth-limiting plant nutrients, pasture responses to their application were generally observed.  
In contrast, compost application rates which provided only low levels of plant nutrients (as occurs 
at typical application rates in the grazing industry) did not enhance pasture growth or quality. 
When composts were observed to have beneficial effects on soil biology the calculated 
application rates were above 100 t/ha and of little commercial relevance for the grazing industry.  

Where composts have been demonstrated to increase plant growth and the concentration of 
plant available P and microbial biomass and activity in soil, it appears effects operate primarily 
through provision of nutrients rather than through provision of microorganisms.  For example, 
high rates of compost application have not generally been reported to lead to an increase in 
earthworm numbers or species and comparison of soils from biodynamic and conventional farms 
have not shown differences in the soil processes used to enhance plant nutrient uptake. On a 
quantitative scale, addition of compost or other microbial products, supplies a mass of microbes 
(i.e. bacteria and fungi) which amount to only a tiny fraction (i.e. much less than one in a million) 
of that contained in soil.  Of the microbes that are applied, it has been suggested (MLA 
workshop, Section 11.0) that they disappear at a very fast rate such that few added microbes 
would remain after 3–4 days.   

When examining the literature which evaluates the effect of compost application for pasture 
performance, a major theme for investigation by researchers is waste disposal and management 
of off-site impacts.  The composts under examination typically include high rates of animal 
wastes, such as poultry litter.  It is difficult to determine the amount of plant available nutrients in 
compost.  That is, not all of the nutrients in compost are always immediately available for uptake 
by the plant.  This occurs because of the range of materials that are used in the composting 



A guide to fertilisers and soil treatments 

 

 

 Page 21 of 29 

 

process and the form in which they exist within the compost.  That is, mineralisation of organic 
nutrients to inorganic forms is dependent upon a number of other factors such as ambient 
temperature.  In general, the compositing process lowers the rates of mineralisation of nitrogen 
from 30-40% in the first year (after application) to 5-15% but has little effect on the availability of 
P or other trace elements. 

Animal wastes are recognised as a means for increasing pasture performance. Animal wastes 
have a variable nutrient composition and dry matter content because of changes in bedding 
materials (e.g. poultry litter) or diet (e.g. feedlots).  Typically nutrient content is higher in poultry 
wastes than from feedlot manures (Table 5) and this is most notable for calcium.  Most nutrients 
in animal wastes are only partly available for immediate plant use and 5-35% of the N can be lost 
to the atmosphere. Higher losses occur where wastes are not incorporated into the soil and the 
time between application and subsequent rainfall increases. The release rate of macronutrients, 
in the year after application appears to be in the order of 50% and 25% for N and P with 
continuing mineralisation occurring over time. 

 
Table 5: Typical nutrient concentration (% dry matter) for poultry litters and feedlot manures 

 Poultry litters Feedlot manures 

Nitrogen 4 2 
Phosphorus 1.5 1 
Potassium 2.5 2 
CalciumA 11 3 
Carbon 35 20 

Note: There is a range in nutrient content within both litters and manures and single indicative values (rather than 
ranges) are provided for comparison purposes. 

A
 Calcium content is highly variable between broiler, turkey and layer 

sources. Source: Single indicative nutrient values have been chosen as typical from a range of published test results. 

 
At the same level of nutrient application, poultry litter has been reported to increase pasture 
growth and support similar levels of pasture production compared to inorganic fertilisers.  For 
example, an annual application of chicken litter at the rate of 15m3/ha (approx. 7 t/ha) has been 
demonstrated to increase annual production from kikuyu/ryegrass pastures by 4.5 t/ha (approx. 
40%) and this level was little different from the use of inorganic fertilisers including urea. Similarly 
Warn (2013) reported that pasture growth and quality was increased from an application of 
poultry litter but the relative performance was lower than for inorganic fertiliser at low rates of 
application (1.5 t/ha) but equivalent as rates of litter were increased from 1.5 to 5 t/ha. 

Users of composts and animal wastes should be aware of the possibility that these products 
contain heavy metals, salt and weed seeds.  They should be reminded to take the necessary 
precautions to protect human and animal health from pathogens that may exist in the products. 

The key messages from this review are: 

 The mineralisation process undertaken by soil organisms, principally microbes, plays an 

important role in providing available nutrients to plants. 

 Testing for soil biology provides an indication of microbial biomass and activity but these 

tests have not been demonstrated to be causally linked with pasture production. 

 A number of soil chemical tests have been developed and verified over time to provide 

critical ranges for macronutrients and micronutrients which are causally linked with 

pasture production and are the basis for making fertiliser recommendations. 

 There are limited recorded beneficial effects of biological treatments on pasture or cereal 

performance when application rates provided only low levels of nutrients: as occurs with 

typical application rates in the grazing industry. 
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 Not all of the nutrients in composts and animal wastes are always immediately available 

for uptake by the plant. In general, the compositing process lowers the rates at which 

added nutrients become available to plants. 

 Users of composts and animal wastes should be aware of the possibility that these 

products contain heavy metals, salt and weed seeds.   

 
2.5 Principles for choosing soil and pasture treatments 

The principles underlying decisions about soil and pasture treatments can be summarised as: 

 A range of nutrients are required by plants for growth. 

 Agricultural production involves nutrient removal through the sale of livestock and/or 

forage and nutrient transfer to stock camps and these nutrients need to be replaced. 

 Plant available nutrients are provided through (i) the application of nutrients in fertilisers 

and products; (ii) mineralisation of organic forms of nutrients to inorganic forms; and (iii) 

capture of N from the atmosphere by symbiotic bacteria associated with plant roots. 

 The level of plant nutrients can be determined by soil chemical testing and deficiencies or 

toxicities can be determined by comparing results against established critical values. 

 Where nutrient levels are low and limiting for plant growth, the evidence from this review 

is that adding fertilisers and products to the soil is the key to increasing required nutrients 

o Mineralisation alone cannot be relied upon to address nutrient deficiencies and  

o Testing for soil biology provides an indication of microbial biomass and activity 

but these tests have not been demonstrated to be causally linked with pasture 

production.  

A logical approach to choosing soil and pasture treatments is: 

1. Decide your objective for pasture growth and soil fertility. 

2. Determine what are the deficiencies and toxicities that need to be addressed. 

a. Conduct a soil chemical test which uses analyses which are predictive of plant 

growth. 

3. Identify fertilisers and soil treatments that address any nutrient deficiencies and toxicities 

(from soil test). 

4. Obtain a nutrient analysis of the possible products and check for contaminants and 

livestock and human health risks. 

5. Ask (suppliers) for evidence of nutrient availability and product performance. 

a. If the evidence is unavailable then test the product/s on your farm using test strips 

(seek advice on how to establish test strips). 

b. Seek advice to determine the rate and frequency of application. 

6. Calculate the cost of the available nutrients in the possible products. 

7. Choose the product on the basis of all information collected in Steps 1-6. 

8. Monitor the pasture’s response to the product by conducting a soil chemical test every 2 

years. 
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2.6 Common questions about fertilisers and soil fertility 

1. Do conventional fertilisers damage the soil? 

 No. Where fertilisers increase pasture growth this is often found to increase root 

growth and soil biology. 

 Conventional fertilisers do not harm soil biology and few directly cause 

acidification (i.e. a souring of the soil). 

2. Can soil biology provide all the nutrients required for good pasture growth? 

 Soil microbes are critical for nutrient cycling but there are very few examples of 

where added microbes increase pasture growth. One notable exception is 

Rhizobium bacteria which are commonly coated on the surface of legume seeds 

prior to sowing and form symbiotic relationships with the roots of legumes.  These 

bacteria can fix large amounts of nitrogen from the atmosphere making it available 

for plants in the soil. 

 Most soils already contain a significant number of microbes.  Most microbial 

products available for sale supply a mass of microbes (i.e. bacteria and fungi) 

which amounts to only a tiny fraction (i.e. much less than one in a million) of that 

contained in soil.  Of the microbes that are applied, it is has been suggested that 

they disappear at a very fast rate such that few added microbes would remain 

after 3–4 days. 

3. Why don’t fertilisers seem to work anymore? 

 This might be a sign that the nutrients in the fertiliser are already at high levels in 

your soil and putting more on won’t give you further responses in pasture growth. 

Conduct a soil chemical test. 

 It might also be that other nutrients (not included in the fertiliser you have been 

using) or toxicities are limiting pasture growth such as potassium, sulphur or soil 

acidity. Conduct a soil chemical test and/or do a test strip to compare alternatives. 

 It might also be the pasture composition that is limiting the response.  For 

example, large pasture growth responses to phosphorus rely on the presence of 

legumes (germinating from seed or as existing plants).  

4. Don’t most of the nutrients in conventional fertilisers lockup in the soil? 

 Lock-up of nutrients is a natural process and is most obvious for phosphorus 

which can become bound to clays and other chemicals such as iron and 

aluminium. 

 The binding of phosphorus to clays is an important part of long-term soil fertility. 

 Lock-up of phosphorus applies to all phosphorus products (i.e. conventional and 

alternatives) but can be reduced with products which release plant-available 

phosphorus at a slower rate (see Section 1, Table 3). 

 Microbes added to the soil have not been reliably used in the field to increase 

phosphorus availability to plants.  Naturally-occurring soil fungi (Mycorrhiza) form 

symbiotic associations with plant roots allowing access to a greater volume of soil 

and increased root absorption of phosphorus, particularly when it is in low supply. 

5. Does the content and availability of nutrients in soil treatments change?  

 The nutrient content of products such as composts and animal wastes (e.g. 

poultry litter, pig manure, feedlot manure) can be highly variable and a nutrient 

analysis is required to evaluate their cost-effectiveness. 
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 Equally important is that the water content in composts and animal wastes can 

also be highly variable and a nutrient analysis provides this information.  For this 

reason, these products should be purchased and spread on a volumetric (i.e. 

cubic metre) rate.  

 Not all nutrients in composts and animal wastes will be available for plants.  

Nitrogen in animal wastes can be lost to the atmosphere with higher losses (up to 

35%) occurring where they are not incorporated into the soil and the gap between 

application and rain increases. The availability of most nutrients is in the range 

25–50% in the first year with continuing mineralisation occurring over time.  

 Composts and animal wastes generally have a lower nutrient content than 

synthetic fertilisers. When comparing nutrient costs make sure to include the cost 

of spreading.  For example, 1 tonne of superphosphate contains 88 kg of 

phosphorus but 1 tonne of poultry litter or feedlot manure contains in the order of 

10–15 kg.  With this example, you will need to spread the litter/manure at seven 

times the rate of superphosphate to provide the same amount of phosphorus.  

Remember that the different products have different rates of plant availability and 

seek advice in this area. 

6. Should I use a product where reliable field performance has not been 

demonstrated?  

 It is advisable to be cautious about using products that do not have reliable 

information about their effect on pasture growth. 

 Verify the claims by seeking evidence of nutrient availability and product 

performance. 

 If the evidence is unavailable then test the product/s on your farm using test strips 

(seek advice on how to establish test strips). 

7. Can foliar sprays provide nutrients and increase pasture growth? 

 Foliar sprays are more commonly used in crops (not pastures) for the application 

of micronutrients. 

 Generally, leaves act as a barrier to keep things out rather than to take them in. 

 Seek evidence of nutrient content and product performance and advice about the 

role of grazing after foliar sprays in eating (i.e. removing) the sprayed vegetation.  

8. Are there any risks with using composts and animal wastes?  

 Possible risks include the presence of antibiotics, heavy metals, salt, microbial 

pathogens and weed seeds.  Seek this information from the supplier. 

 Attention should also be given to considering if nutrients which are not required 

are being added because this has the possibility of nutrient leaching. 

9. Will composts and animal wastes increase soil carbon? 

 Increasing pasture growth will have a gradual benefit for increasing soil carbon.  

Therefore, anything that helps to increase pasture growth is likely to increase soil 

carbon. 

 The level of soil carbon is difficult to change and requires many tonnes of carbon 

to increase.  For example, a soil with 2% carbon may contain 24 tonnes of carbon 

in the top 10 cm.  Addition of products with (say) 20% carbon content at the rate of 

5 t/ha would add 1 tonne carbon (increase soil carbon to 2.08%) but much of this 

carbon may be lost to the atmosphere through microbial degradation.  
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 The upper level of soil carbon is limited by soil type and rainfall with higher soil 

carbon possible with greater clay content. 

 Soil carbon is an indicator of organic matter in the soil.  Organic matter also 

contains other plant nutrients and plays an important role in the physical structure 

and water holding capacity of the soil. 

 Most productive and stable pasture systems are those with the highest soil 

carbon. 

10. Is the balance of nutrients more important than the actual level? 

 The balance of nutrients in the soil is important but it should be remembered that 

roots are not straws, they selectively uptake nutrients. 

 The ratio of calcium : magnesium is a frequently discussed ratio because of 

concern that high levels of magnesium reduce calcium availability and may also 

lead to dispersion in the soil (i.e. unstable soil structure). There are little 

experimental data to support the importance of this ratio. 

 Calcium deficiencies are not common in Australian soils used for pastures. 

 It is desirable to have calcium as the dominant cation in the cation exchange 

capacity. 

 Addition of calcium may have an indirect benefit for pastures in acid (low pH) soils 

as it can assist in decreasing acidity and aluminium and manganese toxicities.  
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