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1-------------------------------------- _SGSJ!lu1rlent Theme£inal Report 

Highlights 
The Harvest Year enabled the following: 

o Soil coring undertaken at the end of the National Experiment in spring 2001 allowed the use of soil 
profile mineral N as a surrogate for N leaching measurements 

• A rule of thumb was developed, which indicates that to replace the N removed by product only 
between 10 and 20% legume is necessary. Higher legume percentages than this lead to a build-up 
of N in the soil, and an increased risk of N leaching. 

o Cross-site analysis of runoff water quality data showed that across central and southern Sites 
(Carcoar, Maindample, Ruffy, and Vasey) higher soil fertility was associated with higher P 
concentrations in runoff water 

o At the northern Sites (Barraba, Manilla and Nundle), there was no relationship between soil fertility 
and the P concentration in surface runoff. There was, however, a strong relationship between total P 
and suspended sediment concentration. Both these parameters were strongly related to quantity of 
runoff and the proportion of bare ground. Heavily stocked continuously grazed treatments were 
associated with a high proportion of bare ground, high surface runoff, and high P load. 

o High spatial variation in the generation of surface runoff was demonstrated at all Eastern States Sites 
except Maindample. This means that there is an opportunity to minimise water quality problems 
associated with grazing management by identifying those areas that produce the most runoff, and 
managing them as low-phosphorus systems. 

Highlights from the Theme prior to the Harvest Year were: 

o A minimum protocol was developed which obtained a useful and common set of data across sites 
and was not too demanding on Site resources 

o Results from the National Sites highlighted how the more intensive grazing systems based on pasture 
improvement, higher fertility and higher stocking rates have few environmental problems on some 
parts of the landscape, but not on others. In many cases the most finanCially rewarding pasture 
system also had similar or fewer environmental problems (recharge to groundwater, acidification, 
erosion risk, loss of nutrients to waterways). There were, however, notable exceptions such as on 
gradational soils and steep hills. 

o Quantities of P and N in runoff waters from sheep pastures were much lower than anticipated at the 
start of the SGS program, and amount to less than $0.50/ha.year of P fertiliser equivalent 

• In some environments a high proportion of surface runoff exceeded the healthy stream standard of 
0.05 mg P/litre; how much of this reaches the stream is unclear. 

o New research leads have been found for how to capture the benefit of fertiliser application while 
minimiSing P loss in waterways, i.e. by intensifying production on areas less likely to contribute to 
surface runoff. 

o N losses on high, medium and low intensity systems were similar, and thus high input systems are no 
less environmentally acceptable than lower input ones. 

o Very little N is lost in surface runoff but substantial amounts can be lost in subsurface flow and deep 
drainage; the concentration of N in surface runoff can exceed the World Health Organisation drinking 
water level of 10 mg N/litre, and well-exceed the stream health figure of 0.5 mg N/litre}. Whether this 
ends up in waterways is unclear but it raises serious political issues about current agricultural 
systems, particularly those based on annual pastures. 

o Nitrogen application has been found to increase the growth and improve the quality of a kikuyu
subclover pasture when applied prior to out-of-season summer rainfall. 

o Nitrogen application to a phalaris-subclover pasture during winter produced no extra pasture growth 
during the target period, and caused reduced gross margins. There is therefore limited scope to 
increase pasture production on phalaris-sublclover pastures where there have been high legume 
percentages over a sustained period. 
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Background to the Theme and key questions 

The Theme was initially set up to develop a minimum protocol for nutrient sampling and analysis. As 
SGS developed, the Theme's plans addressed the following objective: 

For a range of the major climatic regions of the High Rainfall Zone where temperate perennial 
pastures are an important land use, to quantify the positive and negative effects of N and applied 
P both on and off site on 

• pasture and animal productivity; 
• soil acidification; and 
• P and N concentrations in runoff waters 

Overview of progress against the contract objectives 

SGS (to June 2001): The Theme provided leadership and co-ordination of: 

• Research into the dynam ics of nutrients in intensive pasture systems 

• forage mineral nutrient analyses 

• soil analyses for a standard fertility description of two treatments at each Site (low and high fertility 

• soil analyses for pH buffering capacity. 

In addition, the Theme has provided a focus for issues concerning intensive vs extensive pastures. The 
Theme leader is also involved in the Triple P research program, funded by Wool Innovations Limited and 
the NRE Wool Program, and a Dairy Nitrogen project funded by DRDC, ARC and the NRE Dairy 
Program. His co-involvement has enabled substantial synergies that have allowed the SGS program 
rapid access to the latest findings from these other programs. 

Harvest Year: The Theme provided leadership and co-ordination of: 

• soil coring, conducted at all National Experiment Sites to determine mineral N store, exchangeable AI, 
and total P 

• Cross-site relationships between soil fertility and P concentrations in surface runoff 

• Long-term simulations of contrasting HRZ grazing management and pasture scenarios using the SGS 
Model, which showed large reductions in N leaching through kikuyu 

• Preparation of the Theme paper for the special edition of the AJEA. 

Tools, Rules of Thumb, and Guidelines 
1. N export in product for a ewe-Iamb enterprise is approximately 1 kg of N per DSE 
2. N fixation is approximately 28 kg N per tonne of legume growth 
3. Combining these rules of thumb, the long-term safe legume percentage can be calculated from 

stocking rate (8, DSE/ha) and pasture growth (G, tonneslha.year) as 100 81(28 G), and ranges 
between 10 and 20%. Higher legume percentages than this are likely to lead to N build-up in the soil, 
and an increased soil acidification risk. Lower percentages would lead to a run-down in grass vigour 
through N deficiency. 

Findings Hunches and Uncertainties 

Findings 

Environmental aspects 
1. The concentration of P in surface runoff was related to soil fertility at the southern Sites (Carcoar, 

Maindample, Ruffy and Vasey), indicating that greater use of P fertiliser would increase P movement 
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into waterways. At northern Sites (Barraba, Manilla and Nundle) runoff P concentration was not 
related to fertility, but instead related to suspended sediment concentration. (Multi-site analysis) 

2. There was no relationship between runoff N concentration and fertility. (Multi-site analysis) 

3. Across all Sites, both P and N concentrations in surface and sub-surface runoff were well above 
guidelines for healthy streams. The guidelines refer to periods of low flow, whereas surface runoff 
events contribute to high streamflow. (Multi-site analysis) 

4. Across most Sites, there was considerable spatial variation in surface runoff generation. 
Furthermore, only a small proportion of streamflow was generated from the portion of the landscape 
represented by the National Experiment. The SGS Sites represented the portion of the landscape 
most likely to be improved under commercial conditions. Areas contributing disproportionately to 
runoff generation are likely to be riparian zones and areas of convergent topography. It is 
recommended overall production be increased by focussing intensification on the suitable land units 
and retiring from production the parts of the landscape that produce the greatest proportion of surface 
flow, such as riparian zones. (Multi-site analysis) 

5. Low-P native pastures generate greater quantities of runoff and more consistently than high-P 
phalaris-subclover pastures, and the water has lower P and N concentrations (Wagga). 

6. At a site producing large quantities of runoff (>1 OOmm/year), only 20% of samples exceeded the 
healthy stream standard of 0.05 mg P/litre, and there was little relationship between P application rate 
and P concentration in runoff (Maindample). 

7. At a Site producing lower quantities of runoff (20 mm/year), nearly all samples exceeded the healthy 
stream standard even where low rates of P had been applied (Vasey). Since both Maindample and 
Vasey have similar soil P values (Table 2), P in waterways appears to be more of a problem where 
runoff rates are lower and streamflow more erratic. 

8. P losses in runoff from sheep-grazed pasture represent only a small financial cost to production 
(about $0.50/ha.year of fertilizer equivalent) (Main damp Ie, Vasey) 

9. N losses of up to 10 kg Nlha.year have been recorded from the NE Vic Sites. Whether this is 
acceptable depends on whether the N ends up in streams. There may be processes that utilise the N 
prior to its discharge into streams, such as plant uptake by riparian vegetation (Rutty and 
Maindample). 

Production aspects 

10. Carrying capacity increases of between 90% and 193% were achieved by a combination of pasture 
improvement and fertiliser application. (Multi-site analysis) 

11. The response of ph alar is to additional N was erratic and not economic. N applied in winter caused no 
. additional growth in winter, but caused extra growth in November if soil water was sufficient (Vasey). 

12. A phalaris-subclover pasture responded to either N or K. Of these, K is the more economic to apply 
because of its better residual value. The main implication from this finding is that if a pasture has 
symptoms of being N-responsive (enhanced growth on urine patches), it is worthwhile to test for K 
being a limiting nutrient (Vasey). 

6 

[,---' --~-----------



____ S.GSJY.utde.ot Theme Final ~Qart 

13. In a Mediterranean environment where kikuyu grass is active in summer/autumn, the application of 
nitrogenous fertilisers to kikuyu pastures in later spring or preceding summer rain, can provide feed of 
sufficient quality and quantity to grow livestock outside the growing season (Esperance). 

Hunches 

Low-P systems on wet spots 
Findings that a high proportion of surface runoff is generated from a small proportion of the area led to a 
recommendation that they should be managed as low phosphorus systems to improve stream quality. 
(The source areas for surface runoff generation are typically less than 10% of the catchment - personal 
communication from Guy Geeves, DLWC, Wagga Wagga) . 

. R&D opportunity: Guidelines are needed for how to identify these areas in different geomorphological 
environments, and the concept needs to be proven at a small catchment scale. 

Uncertainties 

P and N in runoff water 
1 . There are as yet no guidelines for P and N concentration in stream water for periods of high flow, 

which is when surface runoff occurred from the National Experiment Sites. Furthermore, P and N 
stream quality guidelines are very conservative and may be unrealistic. They are based on pristine 
streams. There is evidence that disturbed streams (which all 'real' streams now are) can tolerate 
higher concentrations. 

2. There is also no quantification of how much P and N is removed from flowing water between paddock 
and stream, through processes such as sedimentation and adsorption in farm dams. This is an R&D 
opportunity. 

3. Intensive systems don1 necessarily increase P in runoff water: While there was a relationship 
between soil test P and the P concentration in runoff water for Carcoar, Maindample, Ruffy and 
Vasey, there was no relationship for the North-West Slopes Sites. It was hypothesised in the Theme 
paper that this was because with higher fertility, more pasture grew and that this improved the surface 
cover. Another explanation is that relatively little P was added relative to the high total P in these 
soils (this making a relationship difficult to prove), and that most of the fertiliser response was 
because of S rather than P. It would be worthwhile to research this further and develop guidelines by 
which producers can identify the situations where fertiliser application has no net detrimental effect on 
waterways. This is an R&D opportunity. 

Acidification processes 
4. Acidification through nitrate leaching was only examined at the NE Victorian Sites, and surrogates 

(soil mineral N and legume percentage) were used for other Sites. There was poor correspondence 
between N leaching measurements and these surrogates. Further field measurement of N leaching 
is recommended for future experimental programs where legume percentages exceed that required 
for product export (between 10-20%). 

Database and model 
The Nutrient Theme has been unique in that samples rather than data have been sent from Site teams to 
the coordinator. Data were usually sent direct from the laboratory to the Theme Coordinator and were 
thus available for immediate statistical analysis and interpretation. The Co-ordinator did not need to wait 
for data to become available from Site databases before analysis could commence. All data were, 
however, forwarded to Site teams to be entered into their Site database. 
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