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Abstract
Diverse mixtures of pasture species have greater potential for exploiting niches within a paddock compared 
to monocultures resulting in less variability in pasture growth within the paddock.  It is unknown if the 
variability occurs at a scale that is relevant in intensively managed dairy systems.  This study assessed the 
variability in pasture biomass within 6 split paddocks sown to either perennial ryegrass monocultures (PRG) 
or perennial ryegrass, white clover and plantain mixtures (RCPM) on a dairy farm in north-west Tasmania.  
The biomass present in each area was mapped immediately prior to grazing in the spring of 2014 and autumn 
2015 using a C-Dax pasture meter with a GPS console.  Data was interpreted through the Manifold GIS 
software before being analysed in the R statistical package. There were no significant difference in pasture 
biomass between the PRG and RCPM treatments, with mean pasture biomass of 2997 and 3162 kg DM/ha 
respectively.  The variation in pasture biomass within each area (as assessed by the co-efficient of variation) 
was greater in the PRG areas (16.6%) than in the RCPM areas (13.4%). The overall difference between the 
within plot standard deviation and coefficient of variation for the treatments was small at 65 kg DM/ha and 
3.2% respectively.  Diverse pastures have increased opportunities to exploit niches existing within dairy 
paddocks relating to soil diversity. This and other studies suggest that exploitation of niches only has a small 
impact upon within paddock yield variability.   
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Introduction
Diverse pasture mixtures containing  grasses, legumes and forbs have been shown to out yield grass-legume 
binary pasture mixtures and grass monocultures by between 9 and 15% on dairy farms, in the temperate 
regions of New Zealand and Australia (Nobilly et al. 2013, Tharmaraj et al. 2008, 2014).  If the yield 
advantage of diverse pasture mixtures are to be fully and consistently exploited we must understand the 
mechanisms promoting increased yield.  It has been proposed that the exploitation of niches within the 
pasture is the primary driver of the increased yields (Pembleton et al. 2015).  This means diverse pasture 
mixtures should have less within paddock variation for yield than less species diverse pastures.  

Yield mapping allows for the effective and simple assessment of variability in yield within a field (Stafford 
et al. 1996).  It has been used extensively to evaluate the within field variability in many crop production 
systems from cereal crops (Stafford et al. 1996) to orchards (Schueller et al. 1999).  However, until recently 
these techniques have not been applied to intensively managed dairy pastures.  The development of non-
destructive, GPS enabled, rapid pasture biomass assessment tools (e.g. the C-Dax pasture meter) has made 
yield mapping of dairy pastures feasible (Dalley et al. 2014).   

This study aimed to use yield mapping to evaluate variability in yield within diverse pastures comprised 
of perennial ryegrass (Lolium perenne L.), white clover (Trifolium repens L.) and plantain (Plantago 
lanceolata L.) when compared to perennial ryegrass monocultures on a dairy farm in North West Tasmania.  
It was hypothesised that the diverse pasture mixture would have lower within paddock variability than the 
monoculture pasture.

Methods
This study was undertaken within the six fields comprising part of the area grazed by the milking herd at 
the Tasmanian dairy research facility (TDRF) at Elliott (41.08◦S, 145.77◦E) in northwest Tasmania.  This 
location has a winter dominant rainfall pattern and an annual rainfall of 1200mm.  Long term average 
maximum and minimum temperatures for January are 19.4 and 10.3oC respectively while for July they are 
10.4 and 4.3◦C respectively.  
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During April 2012, large plots (ranging between 0.40 and 0.72 ha in size) were sown in to fully prepared 
seedbeds with either 25 kg/ha of perennial ryegrass cv. Base (from here on referred to as PRG) or a mixture 
of 20kg/ha of perennial ryegrass cv. Base, 2kg/ha of white clover cv. Kopu 2 and 1kg/ha of plantain cv. Tonic 
(from here on referred to as RCPM).  The plots were first grazed during late August to early September 2012.  
Following this initial grazing event, the plots were managed as part of the rotational grazing program utilised 
at TDRF (grazed between the 2nd and 3rd ryegrass leaf stage to a residual biomass of 1400kg DM/ha).  Plots 
received an annual application of phosphorus, potassium and sulphur fertilizer (to replace nutrient removal) 
and 3 applications of nitrogen fertiliser per annum (40kg N/ha/application).  

A GPS map of each treatment plot was obtained using a Trimble® CFX 750 ™ GPS control unit mounted 
to a vehicle. RangePoint™ RTX™ correction was used to improve the accuracy of the GPS locations. 
Waypoints were obtained around the perimeter of the treatments in each of the paddocks using a two metre 
offset from the GPS antenna. These waypoints were downloaded from the Trimble® CFX 750 ™ console 
into the Manifold GIS software package (Manifold Software Limited, Wanchai, Hong Kong) to create the 
maps for each treatment plot and georeferenced using the Universal Transverse Mercator (UTM) coordinate 
system. 

During September 2014 and during March 2015, in the week prior to the planned grazing event, the pasture 
yield of each treatment plot was mapped using a C-Dax pasture meter integrated with a GPS console 
(C-Dax Ltd, Palmerston North, New Zealand).  Each plot was mapped using 2 m intervals.  Between 240 
and 725 measurements were taken per plot.  Data from the C-Dax pasture reader was downloaded into 
FarmKeeper software to produce an individual shape file (SHP) containing pasture yield data associated 
with corresponding GPS co-ordinates (point data) for each paddock. The mapping data was interpreted using 
Manifold GIS software before being analysed by the R statistical software package (R Core Team 2014).  
The mean biomass for each plot, along with the within plot standard deviation and coefficient of variation, 
was then subjected to an ANOVA as a randomised complete block design, using paddock as the blocks.  
To visually assess the variance in biomass between treatments the data was mapped using the ‘fields’ and 
‘RgoogleMaps’ packages for R (Nychka et al. 2014, Loecher and Ropkins 2015).   

Results
The total biomass of the PRG and RCPM treatment plots was similar in both the spring and autumn periods 
(Table 1).  The biomass of the pastures ranged between 1659 and 3392 kg DM/ha and averaged 3080 kg DM/
ha during spring (September –December) and 2305 kg DM/ha during autumn (March-May).  The within 
plot variability, as assessed by the standard deviation and coefficient of variation in biomass, was greater 
in the PRG (monoculture) compared to the RCPM (diverse species) during spring.  The overall difference 
between the within plot standard deviation and coefficient of variation for the treatments was small at 65 
kg DM/ha and 3.2% respectively.  In the autumn period there were no differences between the within plot 
standard deviation or coefficient of variation.   A visual inspection of the yield maps (Figure 1) confirmed 
less variation in pasture biomass for the RCPM during the spring assessment and increased variation for the 
autumn assessment. 
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Table 1.  The biomass as measured through yield mapping with a C-Dax pasture meter along with the standard 
deviation and coefficient of variation in biomass for each paddock in the study immediately prior to grazing in 
spring 2014 and Autumn 2015. 

Paddock 
ID

Average biomass  
(kgDM/ha)

Standard deviation  
(kgDM/ha)

Coefficient of  
variation

(%)
PRG RCPM PRG RCPM PRG RCPM

Spring 2014
11 3043 3175 474 441 15.6 13.9
18 2879 3139 570 460 19.8 14.7
54 2500 3081 587 478 23.5 15.5
56 2788 2842 482 483 17.3 17.0
13 3380 3343 391 327 11.6 9.8
16 3392 3390 398 324 11.7 9.6
Mean 2997 3162 484 419 16.6 13.4
P value NS P<0.05 P<0.05

Autumn 2015
11 2246 2176 280 615 12.4 28.3
18 2001 2086 459 438 22.9 21.0
54 1698 1659 241 264 14.2 15.9
56 1734 1687 225 186 13.0 11.0
13 3092 3139 494 529 16.0 16.9
16 3123 3009 586 476 18.8 15.8
Mean 2316 2293 381 418 16.2 18.1
P value NS NS NS
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Figure 1.  Yield maps of the perennial ryegrass monoculture (PRG) and perennial ryegrass, white clover and 
plantain mixture (RCPM) in paddock 18 (upper panels) and paddock 54 (lower panels) at the Tasmanian Dairy 
Research Facility prior to grazing in Spring 2014 (left panels) and Autumn 2015 (right panels).  
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Figure 1.  Yield maps of the perennial ryegrass monoculture (PRG) and perennial ryegrass, white clover and 
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Discussion
This study has highlighted that while diverse pasture mixtures can have less variability in pasture biomass 
compared to monoculture pastures; this variability is temporal in nature.  This evidence confirms the 
hypothesis proposed by Pembleton et al. (2015) that the scale and levels of inputs applied to temperate 
dairy pastures means the niche exploitation achieved within these pastures occurring from increased species 
diversity is likely to occur temporally than spatially.   

The decrease in variability in pasture biomass that occurred during spring was associated with fewer 
low yielding areas being present.  While it was not clear from this study, a longer term analysis of the 
pastures has shown mixtures of perennial ryegrass, white clover and plantain have superior levels of forage 
production during spring compared to perennial ryegrass monocultures (K. G. Pembleton unpublished data).  
Low soil temperatures and/or water logging are some of the possible constraints to pasture production during 
spring at this location.  Plantain has increased tolerance to water logging compared to perennial ryegrass 
(Banach et al. 2009). The cultivar of plantain used in this study, Tonic, is also noted for its high growth 
rates during the cooler months (Stewart 1996).  These traits would have enabled plantain to exploit spatial 
differences in temperature and drainage during spring helping reduce the within paddock biomass variability.  

Acknowledgements
This work was undertaken as part of the “More Milk From Forages” project with funding from Dairy 
Australia Ltd.   The authors gratefully acknowledge the technical assistance of Reuben Wells. 

References
Banach K Banach AM Lamers LPM De Kroon H Bennicelli RP Smits AJM Visser EJW (2009) Differences 

in flooding tolerance between species from two wetland habitats with contrasting hydrology: implications 
for vegetation development in future floodwater retention areas. Annals of Botany 103, 341-351

Dalley D Clark D Pairman D Dynes R Yule I King W Mata G (2014) Technologies for measuring grass/crops 
in ‘south island dairy event (side)’ pp. 134-151. (South Island Dairy Event (side): Lincoln University, 
New Zealand).

Loecher M Ropkins K (2015). RgoogleMaps and loa:  Unleashing R Graphics Power on Map Tiles. Journal 
of Statistical Software 63, 1-18

Nobilly F Bryant RH McKenzie BA Edwards GR (2013) Productivity of rotationally grazed simple and 
diverse pasture mixtures under irrigation in Canterbury. Proceedings of the New Zealand Grassland 
Association 75, 165-172

Nychka D, Furrer R Sain S (2014). Fields:  Tools for spatial data. R package version 7.1.  http://CRAN.R-
project.org/package=fields

Pembleton KG Tozer KN Edwards GR Jacobs JL Turner, LR (2015) Simple versus diverse pastures – 
opportunities and challenges in dairy systems. Animal Production Science Online Early, 10.1071/
AN14816.

R Core Team (2014). R: A language and environment for statistical  computing. R Foundation for Statistical 
Computing, Vienna, Austria.  URL http://www.R-project.org/

Schueller JK Whitney JD Wheaton TA Miller WM Turner AE (1999) Low-cost automatic yield mapping in 
hand-harvested citrus. Computers and Electronics in Agriculture 23, 145-153

Stafford JV Ambler B Lark RM Catt J (1996) Mapping and interpreting the yield variation in cereal crops. 
Computers and Electronics in Agriculture 14, 101-119

Stewart AV (1996) Plantain (Plantago lanceolata) – a potential pasture species. Proceedings of the New 
Zealand Grassland Association 58, 77-86

Tharmaraj J Chapman DF Hill J Jacobs JL Cullen BR (2014) Increasing home-grown forage consumption 
and profit in non-irrigated dairy systems. 2. Forage harvested. Animal Production Science 54, 234-246

Tharmaraj J Chapman DF Nie ZN Lane AP (2008) Herbage accumulation, botanical composition, and 
nutritive value of five pasture types for dairy production in southern Australia. Australian Journal of 
Agricultural Research 59, 127-138


