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INTRODUCTION 

The intensification of grazing land has 
increased the amount of nitrogen (N) entering 
waterways, reducing their quality and clarity. 
Between 60 and 90% of the N ingested by grazing 
cattle is excreted in urine and dung (Haynes & 
Williams, 1993), providing the major source of 
nitrate leached from grazed pasture. Reducing the N 
content of urine can therefore have a major impact 
on nitrate leaching, which can be achieved by 
reducing dietary N or improving N partitioning in 
the animal. Some techniques that improve N 
partitioning have been evaluated. These include 
dietary manipulation and the use of metabolism 
modifiers (Di & Cameron, 2000). 

Maximising the protein output in milk would 
also reduce the proportion of dietary N that is 
excreted (Tomlinson, 1992; Van Horn et al. 1994). 
An increase in protein output in milk can be 
achieved by increasing milk protein concentration 
and/or total milk production. Dairy cow breed and 
strain variability in milk protein concentration 
(Gibson, 1989) offers an opportunity for genetic 
selection and suggests that breeding animals with 
higher N concentrations in milk, and thus better N 
partitioning, could help reduce nitrate leaching. 

This paper describes modelling of the impacts 
averaged over 50 years, of dairy herds with milk 
true protein concentrations of 3.0% of milk volume 
(LowMilkN), 3.5% of milk volume 
(MediumMilkN) and 4.0% of milk volume 
(HighMilkN) under the same feeding conditions, on 
N leaching and pasture production, in a pasture-
based dairy farm in the Taupo region. 

MATERIALS AND METHODS 

The modelling described used EcoMod 
(version 4.8.0), a biophysical pastoral simulation 
model (Johnson et al., 2008), with nutrient 
dynamics in the urine patches simulated 
independently from the rest of the paddock (Snow et 
al., 2009). 

The soil simulated was Oruanui Sand, with 
most soil properties derived from the National Soils 
Database (Wilde, 2003). Fifty years of climate data 

 including daily rainfall, temperature, humidity and 
solar radiation, were derived from the Virtual 
Climate Station database (Cichota et al., 2008) for a 
site on the west side of Lake Taupo. The paddock 
was grazed 14 times per year, with 20 to 80 day 
grazing intervals. The farm had no supplementary 
feeding, no synthetic N inputs, and a stocking rate 
of 2.5 cows per hectare, with cows wintered on the 
farm and calving in August. 

In EcoMod, the amount of N excreted in urine 
and faeces for a mature dairy cow is defined as the 
amount of N ingested minus that which is 
partitioned to milk or changes in body mass. 
Partitioning of N between dung and urine was 
calculated in EcoMod according to the model 
outputs of Kebreab (2004) and CSIRO (2007) 
equations. 

RESULTS AND DISCUSSION 

Changing the milk protein concentration had 
little effect on annual pasture production which 
averaged 11.1 t DM/ha (Table 1). The proportion of 
white clover in the pasture, N fixation, pasture 
intake and N intake (Table 1) were also similar 
across treatments. The percentage of N intake 
partitioned to excreta decreased from 87% for 
LowMilkN cows to 83% for HighMilkN cows 
(coefficient of variation (CV) 0.6%) (Table 1), with 
the greatest differences in early lactation. The mean 
annual N excretion in urine and dung was 344 kg 
N/ha/year for the LowMilkN simulation; 21 kg 
N/ha/year higher than for the HighMilkN simulation 
(Table 1). 

The annual N leaching was highly variable 
within treatments (CV of 48% over the 50 years), 
but was comparable to that measured by Ledgard et 
al. (1999). The mean nitrogen losses were 50, 56 
and 63 kg N/ha/year for HighMilkN, MediumMilkN 
and LowMilkN simulations, respectively (Table 1). 
This was equivalent to an 11% decrease in N 
leaching when the milk protein concentration was 
increased from 3.0 to 3.5%, and a 21% decrease 
when it was altered from 3.0 to 4.0%. The mean 
annual rainfall was 1,178 mm, with an average of 
30% of this draining through the profile every year.
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TABLE 1: Simulated effects of milk protein concentration on pasture growth, cow intake, nitrogen (N) 
excretion, and N leaching in the Lake Taupo region. Data are annual averages over 50 years, followed by the 
coefficient of variation in brackets. 

Measurement 

Milk protein concentration group 

LowMilkN 
(3.0%) 

MediumMilkN 
(3.5%) 

HighMilkN 
(4.0%) 

Pasture growth (t DM/ha/yr) 11.2 (35%) 11.1 (34%) 11.0 (33%) 
N fixation (kg N/ha/yr) 168 (22%) 167 (22%) 167 (22%) 
Pasture intake (t DM/ha/yr) 9.6 (8.2%) 9.5 (8.4%) 9.5 (8.5%) 
N intake (kg N/ha/yr) 395 (8.6%) 393 (8.7%) 390 (8.9%) 
N excreted (kg N/ha/yr) 344 (8.4%) 333 (8.5%) 323 (8.6%) 
Proportion of N intake excreted (%) 87.1 (0.5%) 84.9 (0.6%) 82.8 (0.7%) 
N leached (kg/ha/yr) 63.1 (48%) 56.2 (48%) 49.8 (49%) 
Proportion of excreted N leached (%) 18.3 (48%) 16.8 (49%) 15.4 (49%) 

 
 

 In high drainage years of greater than 500 
mm/year, annual N losses averaged; 78, 88 and 100 
kg N/ha/year in HighMilkN, MediumMilkN and 
LowMilkN simulations, respectively. 

This study demonstrates that genetic selection 
of cows that partition a higher proportion of 
ingested N into milk has some potential for reducing 
nitrate leaching with little effect on pasture 
production or composition. The reductions in N 
leaching are smaller than that expected from some 
other mitigation strategies, such as the use of stand-
off pads (Ledgard et al., 2000) and nitrification 
inhibitors (Di & Cameron, 2002), which may reduce 
leaching by 30 to 80%. However, genetic selection 
of cows with improved N retention characteristics 
has the benefits of no changes in labour, 
management, costs or pasture production and the 
likelihood of increased milk income from increased 
milk protein concentrations. 

ACKNOWLEDGEMENTS 

This work was funded by the Foundation for 
Research, Science and Technology, contract number 
C10X0809. 

REFERENCES 

Cichota, R.; Tait, A.B.; Snow, V.O. 2008: A functional 
evaluation of virtual climate station rainfall data. New 
Zealand Journal of Agricultural Research 51: 317-329. 

CSIRO. 2007: Nutrient requirements of domesticated 
ruminants. Revision of Feeding Standards for Australian 
Livestock. Ruminants, 1990. CSIRO Publishing, 
Collingwood, Victoria, Australia.  

Del Prado, A.; Scholefield, D. 2008: Use of SIMSdairy modelling 
framework system to compare the scope on the 
sustainability of a dairy farm of animal and plant 
genetic-based improvements with management-based 
changes. Journal of Agricultural Science 146: 195-211. 

Di, H.J.; Cameron, K.C. 2000: Nitrate leaching in temperate 
agroecosystems: sources, factors and mitigating strategies. 
Nutrient Cycling in Agroecosystems 46: 237-256. 

Di, H.J.; Cameron, K.C. 2002: The use of a nitrification 
inhibitor, dicyandiamide (DCD), to decrease nitrate 
leaching and nitrous oxide emissions in a simulated 
grazed and irrigated grassland. Soil Use and 
Management 18: 395-403. 

Gibson, J.P. 1989: Altering milk composition through genetic 
selection. Journal of Dairy Science 72: 2815-2825. 

Haynes, R.J.; Williams, P.H. 1993: Nutrient cycling and soil 
fertility in the grazed pasture ecosystem. Advances in 
Agronomy 49: 119-199. 

Johnson, I.R.; Chapman, D.F.; Snow, V.O.; Eckard, R.J.; 
Parsons, A.J.; Lambert, M.G.; Cullen, B.R. 2008: 
DairyMod and EcoMod: biophysical pasture-simulation 
models for Australia and New Zealand Australian 
Journal of Experimental Agriculture 48: 621-631. 

Kebreab, E.; Mills, J.A.N.; Crompton, L.A.; Bannink, A.; 
Dijkstra, J.; Gerrits, W.J.J.; France, J. 2004: An 
integrated mathematical model to evaluate nutrient 
partition in dairy cattle between the animal and its 
environment. Animal Feed Science and Technology 112: 
131-154. 

Ledgard, S.F.; Penno, J.W.; Sprosen, M.S. 1999: Nitrogen 
inputs and losses from clover/grass pastures grazed 
by dairy cows, as affected by nitrogen fertilizer 
application. Journal of Agricultural Science, 
Cambridge 132: 215-225. 

Ledgard, S.F.; de Klein, C.A.M.; Crush, J.R.; Thorrold, B.S. 
2000: Dairy farming, nitrogen losses and nitrate-
sensitive areas. Proceedings of the New Zealand Society 
of Animal Production 60: 256-260. 

Snow, V.O.; Johnson, I.R.; Parsons, A.J. 2009: The single 
heterogeneous paddock approach to modelling the 
effects of urine patches on production and leaching in 
grazed pastures. Crop and Pasture Science 60: 691-696. 

Tomlinson, A.P. 1992: Effects of increasing undegradable 
intake protein, with and without supplemental fat, on 
milk production and composition and physiological 
responses of the lactating dairy cow. M.S. Thesis, 
University of Florida, Gainesville, USA. 

Van Horn, H.H.; Wilkie, A.C.; Powers, W.J.; Nordstedt, R.A. 
1994: Components of dairy manure management 
systems. Journal of Dairy Science 77: 2008-2030. 

Wilde, R.H. 2003: Manual for National Soils Database. 
Landcare Research, Palmerston North, New Zealand. 51 pp. 

 


