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S UM M A RY  
This body of work aims to optimise state of the art grass measurement technologies through 
field experimentation and numerical simulation. The first objective was to determine the 
variation in herbage mass (HM) within grazed swards and evaluate the precision of the rising 
plate meter (RPM) for measuring HM. The variation of HM within swards was found to vary on 
average by 36%. Measurement system error for the RPM (standard deviation of measurement 
repeatability), was calculated to be 4.34 mm. The second objective was to optimise the HM 
prediction accuracy of the RPM by investigating the utilisation of additional grassland 
management and meteorological data using multiple linear regression in combination with 
backward sequential variable selection, all subsets regression and k-fold validation. The 
optimum model utilised variables compressed sward height (CSH), N fertilisation rate and 
grazing rotation number. The third objective was to develop a near infrared spectroscopy (NIRS) 
calibration to more rapidly predict the quality of fresh grass. The ratio of percentage deviation 
(RPD) was used to rank the developed NIRS calibrations, which were sufficiently precise to 
replace laboratory oven drying methods for dry matter (RPD =2.63) and were capable of 
categorising the quality of pasture in terms of crude protein (RPD = 2.37). The fourth objective 
was to develop a grass measurement optimisation tool to accurately and efficiently measure 
grazed pastures. Actual error was estimated to 28.1% (relative prediction error) for the RPM 
and the optimum measurement rate that minimised both cost and error was 8 measurements 
ha-1. Outputs from this work will benefit grassland farmers by increasing the precision and 
efficiency of both pasture quantity and quality measurement, which will subsequently increase 
grass utilisation and reduce whole farm feed and fertilisation inputs. This work will further 
facilitate the development of future precision agricultural technologies for pasture-based 
livestock production. 
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Section 1 - Research Approach & Results 

Start Date 

        01 February 2016 

 

End Date 

        30 September 2019 

 

Research Programme 

Research Stimulus Fund 

TRL Scale  

         TRL 5: Technology validated in relevant environment 

 

NRPE Priority area 

Sustainable Food Production and Processing 

Total DAFM Award 

        €242,683.00 

 

Total Project Expenditure 

        €178,184.79 

 

Rationale for undertaking the Research  

Increasing the utilisation of high quality fresh pasture through optimum grassland management practices is paramount in securing the future of Irish pasture-

based livestock production industries. This is not possible without accurate measurement of pasture quantity and quality. Furthermore, quantifying the spatial 

and temporal variations in these parameters within grazed swards is necessary to enable the application of targeted management solutions, which will increase 

feed and pasture input controllability in line with the principles of precision agriculture. At present there is no definitive protocol for grass measurement on Irish 

pastures. In Ireland, the most established non-destructive, objective tool for estimating available pasture for grazing (in terms of HM) is the RPM. However, 

research has outlined discrepancies regarding the precision of the RPM. The development of a robust RPM measurement protocol and the optimisation of HM 

predication calibrations for use on Irish grassland swards have not been extensively studied. Moreover, there is no established method of determining the quality 

of fresh pasture in real-time. To this end, grassland research and industry is still reliant on labour intensive and expensive laboratory procedures. The 

development of real-time pasture quality analysis methods would not only benefit daily feeding efficiency, but would further aid the onset of targeted 

fertilisation applications, thereby, increasing both farm economic and environmental efficiencies. There is an extensive range of new sensing technologies 

currently under development with the potential for targeted analysis of pasture quality and quantity. However, there is no established grass measurement 

method to benchmark these technologies against. 

Methodology 

In determining the variation in HM within grazed swards and evaluating the precision of the RPM for measuring HM, intensive CSH measurements and HM 

reference cuts were carried out on trial plots and grazed paddocks at Moorepark, over two grazing seasons. Retrospective analysis simulations were performed 

in order to calculate the effect of various reduced measurement resolutions on estimated mean CSH error. A repeated measurement analysis was performed 

on grass samples to determine RPM system error. In the attempt to optimise the HM prediction accuracy of the RPM by investigating the utilisation of additional 

grassland management and meteorological data, monthly regression models were created from a selection of 17 variables with data collected over two grazing 

seasons. Reductions in HM prediction error of 20 – 33% (root mean squared error) were achieved in comparison to state of the art models used on Irish 

pastures. The inclusion of meteorological variables slightly improved HM prediction performance, however, this improvement was not sufficient to warrant 

the investment in on-farm meteorological sensors. In developing the near infrared spectroscopy (NIRS) calibration, perennial ryegrass samples (n = 1,812) were 

collected over three grazing seasons and scanned using a FOSS 6500 spectrometer to develop NIRS calibration and validation datasets. Reference wet chemistry 

analysis was carried out for DM and CP and the resultant data were calibrated against spectral data by means of modified partial least squares regression. 

Finally, in developing the grass measurement optimisation tool, the developed prototype was a Visual Basic Application for MS Excel decision support tool that 

generated interactive paddock measurement guide maps. Measurement routes were optimised using a genetic algorithm based on a traveling salesman 

problem. Actual survey error was estimated using Monte Carlo simulations that combined measurement and calibration error distributions generated from 

data collected as part of objectives 2 and 3. 

Project Results 

The main results with regard to evaluating the precision of the RPM for measuring CSH on heterogeneous grassland swards were; (i) Average within pasture 

heterogeneity on grazed paddocks, in terms of HM, varied by 36% across the growing season (ii) The factors affecting sward variation were defined as animal 

grazing, fertilisation, sward composition and seasonality; (iii) The RPM can estimate CSH to within 5% error, once measurements are taken in a random stratified 

manner at a rate of 24 measurements ha−1; (iv) RPM precision in terms of the standard deviation of measurement repeatability was calculated to be 4.34 mm. 

The main findings with regard to utilising grassland management and climate data for more accurate prediction of HM using the RPM were; (i) The optimum 

model proposed for current on-farm use included monthly coefficients for variables CSH, nitrogen fertilisation and grazing rotation; (ii) The addition of 



meteorological factors resulted in a minimal increase (0.9%) in model accuracy; (iii) Soil temperature and evaporation represented the variables with the largest 

prediction power. The main findings with regard to deriving NIRS calibrations to predict fresh grass quality were; (i) NIRS could predict fresh grass DM content 

with a high degree of accuracy (R2 = 0.86 SEP [standard error of prediction] = 9.46 g kg-1, RPD [ration of percent deviation] = 2.60). Alternatively, NIRS could 

predict CP content to within moderate levels of accuracy (R2 = 0.84 SEP = 20.38 g kg-1, RPD = 2.37). The main results on developing a grass measurement 

optimisation tool were; (i) A prototype was developed to promote more accurate and efficient grass measurement; (ii) outputs include optimised measurement 

route maps along with estimated measurement survey financial value, cost, error and time; (iii) Monte Carlo analysis of outputs found that the main source of 

error for the RPM was calibration error; (iv) Cost benefit analysis showed a diminishing rate of returns when performing more than 8 measurements ha-1. 

- The corresponding overall conclusions are as follows: (A) Average within sward HM heterogeneity on Irish pasture varies by 36% (540 kg DM ha-1) throughout 

the grazing season; (B) The relationship between RPM measurement rate and mean CSH estimation error is in accordance with the law of diminishing returns; 

(C) RPM HM calibration accuracy can be improved by 20-30% using data from management variables for N fertilisation rate and grazing rotation; (D) NIR 

spectroscopy is a viable method for determining fresh grass quality, with the potential to replace laboratory analysis and improve the precision of herbage 

allocation; (E) A Grass measurement optimisation tool has been developed to generate objective, specially balanced protocols to accurately and efficiently 

measure the spatial heterogeneity of Irish pasture in a manner that accounts for measurement error. 

Section 2 - Research Outputs 

Summary of Project Findings 

These findings can be used to design an optimum RPM grass measurement protocol for use on Irish farms, to increase grass measurement and herbage 

allocation accuracy. The optimum model presented in this study is ready for integration with conventional RPMs and online decision support tool technologies 

for use on Irish grasslands. The calibrations developed enable more timely pasture quality analysis, more precise pasture allocation and utilisation, and the 

further development of precision grassland agricultural concepts. It is envisaged that the calibrations developed from this study will be used by researchers, 

advisors, and farmers to assist with regular grassland and feed management decision making. Top performing NIRS calibrations for CP were capable of 

categorising the quality of pasture, whereas DM calibrations were sufficiently precise to replace laboratory analysis methods. The developed calibrations will 

reduce laboratory costs and streamline quality analysis of herbage. These calibrations could be used for benchmarking and developing portable NIRS in the 

future, which could lead to on-farm pasture quality analysis. 

The geostatistical design principles of the grass measurement optimisation tool are dynamic and can be applied to a range of pasture measurement 

technologies. The geo-tagged measurement location outputs from this tool can be used to generate heat maps that show variations in pasture quantity and 

quality within paddocks. Such maps will be of benefit for future research into seasonal pasture heterogeneity and precision herbage allocation. Furthermore, 

heat maps of pasture yield and quality would aid the dissemination of measurement information to farmers and underline requirements for targeted grassland 

management. The potential financial benefits of this tool were estimated as €11,131 for an average Irish dairy farm. This benefit was estimated to be as a 

result of reductions in grass measurement labour costs and greater precision with regard to herbage allocation, thus increasing grass utilisation. 

Summary of Staff Outputs 

Research Output Male Female Total Number 

PhD student 1 0 1 

 

 
 
Summary of Academic Outputs 

Research Output Total Number Details 

Publications in 

Peer Reviewed 

Scientific Journals 

7 

1. Murphy, D.J., O’ Brien, B., Hennessy, D. et al. (2021). Evaluation of the precision of the rising plate meter for 

measuring compressed sward height on heterogeneous grassland swards. Precision Agriculture 22, 922–946.  

2. Murphy DJ, Shine P, O'Brien B, O'Donovan M, Murphy MD. (2021). Utilising grassland management and climate data 

for more accurate prediction of herbage mass using the rising plate meter. Precision Agriculture 2021; doi 

http://dx.doi.org/10.1007/s11119-020-09778-4 . 

3. Murphy DJ, O' Brien B, O' Donovan M, Condon T, Murphy MD. (2021). A near infrared spectroscopy calibration for 

the prediction of fresh grass quality on Irish pastures. Information Processing in Agriculture 2021; doi 

https://doi.org/10.1016/j.inpa.2021.04.012 . 

4. Murphy, D.J., O’ Brien, B. and Murphy, M.D. (2020). Development of a grass measurement optimisation tool to 

efficiently measure herbage mass on grazed pastures. Computers and Electronics in Agriculture, 

https://doi.org/10.1016/j.compag.2020.105799 

5. Murphy, D.J.; Murphy, M.D.; O’Brien, B.; O’Donovan, M. A. (2021). Review of Precision Technologies for Optimising 

Pasture Measurement on Irish Grassland. Agriculture 2021,11, 600. https://doi.org/10.3390/agriculture11070600 

6. Askari, M.S., T McCarthy, T., Magee, A., and Murphy, D.J.(2019). Evaluation of Grass Quality under Different Soil 

Management Scenarios Using Remote Sensing Techniques. Remote Sensing 11, no. 15: 1835. 

https://doi.org/10.3390/rs11151835 Published: 6 August 2019 (23 pages). 



7. Viljanen, N., Honkavaara,E., Näsi,R., Hakala, T.,Niemeläinen, O. and Kaivosoja, J. (2018). A Novel Machine Learning 

Method for Estimating Biomass of Grass Swards Using a Photogrammetric Canopy Height Model, Images and 

Vegetation Indices Captured by a Drone. Agriculture 8, no. 5:70. https://doi.org/10.3390/agriculture8050070 

Published:17 May 2018 (28 pages). 

Peer Reviewed 

Conference Papers 
7 

1. Murphy D., O’ Brien B. and Murphy M. (2017). Development of a Grass Quality Measurement System for Grassland 

Management Optimisation. Paper presented at the International Manufacturing Conferance 34, Sligo IT,Ireland 

2. Murphy D.J., O' Brien B. and Murphy M.D. (2018). Development of a Labour Utilisation Decision Support Tool to 

Efficiently Measure Grass Herbage Mass Using a Rising Plate Meter. Paper presented at the 2018 ASABE Annual 

International Meeting, Detroit, MI, pp. 2-8. 

3. Murphy D.J., O'Brien B. and Murphy M.D. (2018). Development of an optimum grass measurement strategy for 

precision grassland management. Paper presented at the 27th General Meeting of the European Grassland Federation, 

Cork, Ireland, pp. 883-885. 

4. Murphy D.J, B O.B. and M.D. M. (2019). GrassQ - A holistic precision grass measurement and analysis system to 

optimize pasture based livestock production. Paper presented at the ASABE Annual International Meeting, Boston, Ma, 

5. Murphy D.J., O' Brien B., O’ Donovan M., Condon T., Claffey A. and Murphy M.D. (2019). A preliminary near infrared 

spectroscopy calibration for the prediction of un-dried fresh grass quality. Paper presented at the 9th European 

Conference on Precision Livestock Farming, University College Cork, Ireland. (Ed.s B. O’Brien, D. Hennessy, L. Shalloo). 

Pp 199-203. 

6. Kaivosoja J., Niemeläinen O., Näsi R., Burke R., McCarthy T., O’Brien B., Murphy, D., Murphy, M., Oudshoorn, F., Hart, 

L., Umstätter C., and Honkavaara E. (2019). Evaluation of remote sensing technologies and cloud services to support 

grassland management. Paper presented at the European 

Conferance on Precsission Livestock Farming University College Cork, Ireland. (Ed.s B. O’Brien, D. Hennessy, L. Shalloo). 

Pp. 204-209. 

7. O' Brien B., Murphy D.J., Askari M.S., Burke R., Magee, A., Umstätter C., Hart, L., Oudshoorn, F., Murphy, M., 

Kaivosoja, J., Nasi, R., Honkavaara, E. and McCarthy T. (2019). Modelling precision grass measurements for a web-based 

decision platform to aid grassland management. Paper presented at the 9th European Conference on Precision 

Livestock Farming, University College Cork, Ireland. (Ed.s B. O’Brien, D. Hennessy, L. Shalloo). Pp 858-863. 

PhD Theses 1 Optimisation of grass measurement technologies through field experimentation and numerical simulation methods 

 

Intellectual Property 

N/A 

  

Summary of other Project Outputs 

N/A 

 

Potential Impact related to Policy, Practice and Other Impacts  

Impact Details 

Environmental 

Sustainability 

Rapid pasture quality analysis in conjunction with a robust geo-referenced sampling protocol, (e.g. grass measurement optimisation 

tool), will enable targeted management of pastures in the future; by methods such as targeted N fertilisation through variable rate 

fertilisation technologies. Consequently, this should lead to reduced environmental impacts through N leaching and further 

reductions in N input costs. 

Socio-Economic The developed calibrations will reduce laboratory costs and streamline quality analysis of herbage. 

Socio-Economic 

The potential financial benefits of the grass measurement optimisation tool were estimated to represent an increase in income of 

€11,131 for an average Irish dairy farm. This benefit was estimated to be as a result of reductions in grass measurement labour 

costs and greater precision with regard to herbage allocation, thus increasing grass utilisation. 

 

 

 

 

 

 

 



 

Dissemination Activities 

Activity Details 

Media Events A Grass Measurement Optimisation Tool (GMOT) developed for accurate and efficient measurement of herbage mass on 

grazed pastures. Article for Farming Independent Newspaper, November 2020. 

 

 

 

 
Knowledge Transfer Activities  

 

 

 

Identify knowledge outputs 

generated during this 

project. 

• Average within sward herbage mass heterogeneity on Irish perennial rye grass dominant dairy pasture varies by 36% (540 

kg DM ha-1) throughout the grazing season 

• The relationship between rising plate meter (RPM) measurement rate and mean compressed sward height estimation 

error is in accordance with the law of diminishing returns 

• RPM herbage mass (HM) calibration accuracy can be improved by 20-30% using data from management variables for N 

fertilisation rate and grazing rotation within monthly multiple linear regression models 

• Near infrared spectroscopy is a viable method for determining fresh grass quality, with potential to replace laboratory 

analysis and improve the precision of herbage allocation 

• Actual HM measurement error for the RPM is 28.1% (relative prediction error), with calibration error being the largest 

source of overall measurement error. Consequently, the optimum measurement rate for the RPM for precision and labour 

efficiency is 8 measures ha-1. This measurement rate is dependent upon the accuracy of the measurement system and the 

adherence of a random stratified sampling measurement protocol 

• A grass measurement optimisation tool has been developed to accurately and efficiently measure the spatial 

heterogeneity of Irish pasture in a manner that accounts for measurement error 

Identify any knowledge 

transfer activities executed 

within the project. 

• Grass measurement techniques — understanding the platemeter by Bernadette O’Brien and Darren Murphy - (i) 

Presentation at Teagasc Moorepark Open day attended by approximately 10,000 farmers and (ii) Paper in open day 

proceedings “Irish Dairying – Delivering Sustainably”, Tuesday 14th – Thursday 16th September, 2021. Pp 72-73. 

• Precision grass measurement for the future by Darren Murphy and Bernadette O’Brien - (i) Presentation at Teagasc 

Moorepark Open day attended by approximately 10,000 farmers and (ii) Paper in open day proceedings “Irish Dairying – 

Growing sustainably”, Wednesday 3rd July, 2019. Pp 66-67. 

• ICT technologies to increase precision and efficiency in grassland systems by Bernadette O’Brien, Jessica Werner, 

Diarmuid McSweeney, Darren Murphy and Laurence Shalloo - (i) Presentation at Teagasc Moorepark Open day attended by 

approximately 10,000 farmers and (ii) Paper in open day proceedings “Irish Dairying – Resilient Technologies”, Tuesday 4th 

July, 2017. Pp 66-67. 

List any impacts resulting 

from the knowledge 

transferred during the 

project. 

• Optimising the measurement of grass quantity and quality is integral to increasing the efficiency of pasture utilisation. 

• A precision grass measurement protocol has been developed for the rising plate meter (RPM) that involves sampling fields 

in a random stratified manner at a rate of 25–50 samples/ha. 

• New sensor technologies are being developed along with an online decision support system to aid the onset of real-time 

precision grass measurement. 

 

 

Section 3 - Leveraging, Future Strategies & Reference 

Leveraging Metrics 

Type of Funding 

Resource 

Funding € Summary 

Exchequer National 

Funding 

 

€o.oo 
There is a continued focus on the NIRS work to enhance the quality measures and some 

funding from Dairy Levy Trust may be considered to continue the work. 

EU R&I 

programmes 

 

€30,485.67 

 

ESA PhD funding 

 



 

Future Strategies 

Firstly, a more long term study could be conducted to gain a better understanding of the temporal variation of HM within pasture. Data collected during the 

drought period during this study may be useful to investigate the effects that drought conditions may have on grass measurement; such conditions may 

become more prevalent in the future due to climate change. A study on combining real-time measurement data with HM growth models, which account for 

the delayed effect of meteorological variables on grass growth, may result in more optimal HM prediction. Furthermore, state of the art machine learning 

techniques could be used to exploit more information from the relationship between RPM, grass management and meteorological data and HM, to increase 

HM prediction accuracy. The expansion of the near infrared spectroscopy (NIRS) calibrations for additional parameters such as organic matter digestibility, dry 

matter digestibility and metabolisable energy would increase the potential for quality based herbage allocation. These calibrations could be used to benchmark 

and develop portable NIRS technologies for on-farm grass quality analysis. Finally, the further development of the grass measurement optimisation tool could 

serve as the foundation for a range of future grass measurement technologies for pasture-based livestock production systems. 
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