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Executive Summary 

Drivers for change - closing the ‘performance gap’ 

Increasing water and energy efficiency have become major drivers for change in agriculture. Among 
the measures considered by UK growers and farming businesses to improve resource efficiency and 
reduce production costs is benchmarking (BM). This is defined as a systematic process for securing 
continual improvement through comparison with relevant and achievable internal or external norms 
and standards. Internationally, benchmarking has been widely used for many years, in both livestock 
and food crop sectors including dairying, vineyards, orchards and horticulture, and is well established 
in Australia and Spain. However, in the UK benchmarking has only really been developed for 
livestock, notably the dairying and pig sectors; it has not been applied or tested within field-scale 
irrigated agriculture or horticulture. 

The rationale of this project was to develop a prototype benchmarking system and evaluate its 
potential for improving water efficiency in key commodity sectors. The key objectives were: 

1. To define a suite of key performance indicators (KPIs) of relevance to UK irrigated 
production and develop a suitable benchmarking framework to test the concept; 

2. To develop an online benchmarking tool that could be used by growers and the industry for 
data collection and analysis, and; 

3. To evaluate the wider economic and environmental benefits of benchmarking in the 
context of stimulating farmer collaboration. 

The project outputs were intended to help growers benchmark their performance against peers and 
industry ‘best practice’ and provide a basis for selecting appropriate measures (individual and 
collaborative) to close the ‘performance gap’. The project focussed on two high-value commodity 
crops (potatoes and strawberries) where irrigation is an essential component of production used to 
maximise both yield and quality. The project commenced in November 2010 and was completed in 
January 2013. The key findings are summarised below. 

Benchmarking key commodity sectors 

Potatoes 

Seventeen KPIs were initially defined relating to system operation (6), agricultural productivity (3), 
financial performance (3) and environmental performance (5). Their utility was assessed by collecting 
relevant data and calculating KPIs for a limited (c30) number of fields belonging to an existing grower 
group in Shropshire, West Midlands. A workshop was held to gauge grower sentiment on the value 
of benchmarking outputs to individual businesses. Feedback was then to refine and reduce the KPI 
list (11) and define how best to present the outputs to growers and stakeholders. 

Historical data on crop production and irrigation practices were collected from growers for 2009-11 
using one to one interviews, an online data collection webtool and through a series of meetings. In 
all, data for c360 fields representing c80 growers and 3000 ha were collected, for early and maincrop 
varieties, for both processing and fresh markets. KPI analyses were conducted at individual field level 
with feedback provided to participating growers at farm level. KPI analysis was also used to assess 
spatial and temporal trends nationally to identify where scope for improvements might exist. 

The BM exercise within the potato sector highlighted significant and important variation between 
growers in terms of irrigation need (depths of water applied), irrigation use efficiency (IUE) and 
output per unit volume of water applied (£/m3) after accounting for varietal, agroclimatic and soil 
differences. KPIs such as Relative Water Supply (RWS) and Relative Irrigation Supply (RIS) highlighted 
differences in water use most likely linked to contrasting scheduling approaches and equipment 
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choice. Combining data on yield and water use was used to demonstrate how selected growers could 
be identified and used as ‘champions’ to promote better water management. The use of a sub-set of 
KPIs in combination with other statistics (quartiles and means) and was found to be useful in support 
of those engaged in extension services (agronomy support) to target specific aspects of irrigated crop 
production for improvement. 

Given the importance of quality assurance in potato production and the increasing need for 
traceability and auditing, benchmarking has major potential to help identify where best management 
practices exist, and how these can be disseminated to other growers. Conversely, it can also help to 
identify the impacts of low levels of water management and how this can negatively influence 
productivity and hence business sustainability. Finally, the study confirmed that there is a high level 
of interest in benchmarking within the potato industry, in both processing and fresh sectors, driven 
by concerns regarding the future water abstraction and the need to improve resource efficiency and 
demonstrate reasonable need. 

Strawberries 

Strawberries represent a very high value crop entirely dependent on irrigation to maximise yield and 
quality. Data were collated and analysed from a grower group comprising of small, medium and large 
soft fruit businesses in SE England. KPIs were used to quantify their relative performance with regard 
to irrigation water use efficiency (IWUE) and water productivity (WP). 

The study showed that there were significant differences in IWUE, WP and revenue generated from 
irrigation (£/m3) between individual growers. The IWUE and WP values achieved by growers across 
three cropping types (60 day, maincrop, and everbearer) were found to represent current industry 
‘best practice’. Each of these scheduled irrigation very effectively and used a combination of soil 
moisture content measurement with intuition, experience and direct soil sampling. These provide 
excellent case studies of ‘best management practices’ for the wider industry. The approaches used 
and decisions made by these growers could be used as a benchmark to help other growers move 
towards ‘better practice’. Measures to improve IWUE can be integrated into commercial production 
without compromising yield and quality. The best management of irrigation water is derived from 
frequent and regular manual sampling and observation in addition to the use of soil moisture sensor 
technology. This is a key message because better irrigation control coupled with reducing waste is a 
route to mitigate N and P diffuse pollution risks. A simple irrigation decision support tool would help 
reduce water and fertiliser inputs for growers wishing to improve resource use efficiency. Such a 
system has been developed (HortLINK 0187) and is currently being commercialised. 

Further grower uptake of the methodologies and investment in technologies identified in this study 
is required to improve the effective use of irrigation water. This work showed that design and 
management of existing irrigation infrastructure must be optimised first before water inputs and 
losses can be reduced. Water is a valuable resource for soft fruit production and limited future 
availability will inevitably encourage growers to monitor more closely their patterns of water use and 
indirectly reduce potential releases of nitrate and phosphorus. Research continues in this area and 
major savings in water and fertilisers should emerge. The development of more water efficient 
varieties in breeding programmes will also help improve IWUE and WP in the soft fruit industry. 
Benchmarking for IWUE in the strawberry sector may not lead to industry-wide improvements since 
the exercise excludes those who do not currently record their water usage. 

For strawberry production, this study has shown that benchmarking with a focus on improving 
fertiliser use efficiency rather than water is the preferred way forward. All growers know their annual 
expenditure on fertilisers; since all growers apply fertiliser via irrigation, benchmarking for fertiliser 
use efficiency may engage the majority of growers and hence lead indirectly to improved water use 
efficiency, environmental sustainability and profitability in the soft fruit sector. 
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Using benchmarking to promote farmer and industry collaboration 

Schache and Adams (2009) reported that it is usually peer performance rather than an ‘industry 
standard’ that growers compare themselves against, as there is little more powerful an agent of 
change than peer pressure. Although the underlying objective of benchmarking is to improve 
performance for an individual business, evidence from this project and existing research suggests 
that benchmarking can have an important secondary role – encouraging farmer collaboration. Most 
growers want to know what is going on in their industry, but are reluctant to divulge their own 
personal information. The ‘grower scorecards’ developed and circulated to participants in this study 
showed how data for an individual farm could be compared anonymously to ‘statistical neighbours’. 
A potato grower workshop also confirmed that farmers were keen to share their scorecard results 
openly and compare performance informally, stimulating discussion on opportunities to improve 
water management. The scorecard metrics (KPIs) were also useful in encouraging more detailed 
discussions that focused on how to improve specific soil and water management practices. 

Promoting benchmarking was also influenced by the ways in which farmers currently share 
knowledge; for example, grower groups, producer organisations or water abstractor groups are all 
useful in fostering collaboration because these gatherings already bring farmers together albeit for 
different reasons (e.g. discuss contracts, variety performance, changes in environmental regulation, 
crop husbandry). Using existing forums also helps to build trust - benchmarking relies on accurate 
data and if then used regularly over a number of years, can provide the necessary metrics by which 
grower groups can anonymously compare their performance over time. It can also provide evidence 
for demonstrating environmentally sustainable farming practices for retailers and processors. 

These findings are supported by Australian research which showed that benchmarking is more 
productive when it is part of a broader strategy to assist productivity, rather than solely a focus on 
benchmarking per se. The provision of software tools, hands-on training workshops with on-farm 
support and other forms of knowledge transfer to support this process have also been identified as 
key components for success (Schache and Adams, 2009). In the UK, initiatives such as the AgriFood 
Advanced Training Partnership (AATP) working in conjunction with levy boards (PCL, HDC) could 
therefore provide a suitable mechanism through which BM uptake and collaboration could be 
fostered. The AATP programme aims to deliver new skills and training over a timeline which is 
consistent with BM where a change agent needs to be undertaken for minimum of 3-5 years to allow 
participants time to evaluate the benefit (or otherwise) of change (Schache and Adams, 2009). 
Caution does, however, need to be exercised in how best to promote and engage benchmarking 
across the UK grower base as previous experiences with financial benchmarking have not been 
widely supported. 

Using benchmarking to support sustainable intensification 

Finally, producing more food without expanding the area under cultivation and causing adverse 
environmental impact will inevitably require new approaches to crop production and uptake of new 
technologies (Elliot and Firbank, 2013). In this context, benchmarking could be applied at a larger 
(catchment, river basin) scale to assess the impacts of sustainable intensification on resource 
efficiency and productivity by incorporating additional metrics or indicators relating to, for example, 
nitrate leaching potential, yield potential and resource burdens from irrigated and rainfed croplands. 
This would support recent research by the Land Use Policy Group (Elliott et al., 2012) that 
demonstrated it is possible to assess sustainable intensification using a range of simplified indicators 
derived from datasets that farmers typically hold. Such an approach would also contribute new 
information and data within the Demonstration Test Catchments and provide valuable support for 
the Catchment Sensitive Farming (CSF) programme. The project has thus demonstrated the potential 
for benchmarking to drive efficiency gains in irrigated production at the field level, but also its 
potential as a mechanism for promoting closer farmer collaboration. 



Cranfield University 

WU0122 Technical Report 9 

1 Introduction 
Increasing water use efficiency has become a major priority in agriculture, as pressures on land, 
water and energy start to constrain food production. Opportunities to improve resource efficiency 
and reduce production costs are understandably key drivers for growers to ensure long-term 
sustainability. Among the various measures being considered by agribusinesses and the agri-food 
sector is benchmarking. This is defined as “a systematic process for securing continual improvement 
through comparison with relevant and achievable internal or external norms and standards” (Malano 
and Burton, 2001). Benchmarking originated in the 1980s in the corporate business sector (Bogan 
and English, 1994) but is now used in various agricultural commodity sectors (e.g. CRDC, 2010) to 
allow farmers to compare their business against others, in terms of a number of performance 
measures, including costs, profitability, energy use and environmental impact. Benchmarking helps 
to highlight the relative strengths and weaknesses of a business and consequently, areas for 
improvement. It also helps to promote new technology, new thinking and knowledge transfer 
between organisations and individuals. Although benchmarking has been used in some agricultural 
sectors in the UK, including dairying and the arable (combinable) crops sectors, it has not been used 
in the irrigated agriculture and horticulture sectors. 

The rationale of this project was to develop and implement a prototype benchmarking approach to 
improve business and water use efficiency in irrigated agriculture in England and Wales. Using a 
range of performance indicators, the system would enable growers to benchmark their performance 
against others and against industry ‘best practice’ and help them identify appropriate measures to 
‘close the performance gap’. 

The concept of benchmarking was tested within two commodity sectors (potatoes and soft fruit), but 
the approaches are transferable to a broader range of field-scale crop types. In England and Wales, 
potatoes account for over half the total irrigated area (57%) and volume of water abstracted (60%) 
nationally (Weatherhead, 2006) and for many growers are the economic driving force for investment 
in irrigation. In contrast, the soft fruit sector represents one of the smallest in terms of irrigated area 
(7%) but is significant in terms of added-value. Both commodity sectors are also concentrated in 
parts of England where water resources are under increasing pressure. Geographically, potato 
production is concentrated in Eastern England (Norfolk, Cambridgeshire, Lincolnshire and Suffolk), 
and soft fruit in the South East (Kent) and Norfolk. 

The project commenced in November 2009 and was completed in March 2013. This report provides a 
brief summary of the objectives and methodological approaches, the key findings and implications of 
the research for improving crop and water use productivity. 

1.1 Project aim and objectives 

The following objectives were set for the project: 

1. To define a set of benchmarking indicators for assessing the performance of irrigated agriculture 
and horticulture in England and Wales. 

2. To derive a set of irrigation benchmarking datasets for key commodity sectors by collecting, 
analysing and integrating relevant data from a range of sources. 

3. To develop and test an online irrigation benchmarking system. 

4. To develop and implement an appropriate communication plan for knowledge transfer to 
promote the economic and environmental benefits of irrigation benchmarking. 
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1.2 Outline benchmarking methodology 

Data collection lies at the heart of benchmarking as it provides the basis for calculating the key 
performance indicators (KPIs) and then identifying appropriate actions to close the ‘performance 
gap’. In this project, the following stages were completed: 

 Technical meetings were held to decide on the most suitable approach for conducting an 
irrigation benchmarking exercise within each crop sector. A list of potential KPIs and their 
data needs were defined; 

 A benchmarking grower questionnaire was drafted which would provide the basis for data 
collection from participating farmers; 

 A plan for data collection was developed involving farm visits and semi-structured interviews 
within a constrained geographical area; 

 A database was developed to collate, process and analyse the raw data. Additional spatial 
datasets were integrated including national inventories on land use, soils, agroclimate and 
hydrology (catchment boundaries, water resources availability, irrigation abstractions); 

 Discussions with key informants and farmers were held to discuss preliminary benchmarking 
outputs; 

 The KPIs and data collection needs were refined; 

 The geographical extent was extended to include other production areas beyond the initial 
study area; 

 An on-line prototype irrigation benchmarking webtool based on the initial data collection 
process was developed and tested with selected growers; 

 The webtool functionality was modified and the concept of ‘grower scorecards’ integrated; 

 Meetings with grower groups were organized to present the benchmarking webtool and 
discuss ‘grower scorecards’; 

 

2 Background 

2.1 Understanding the theory and rationale for benchmarking 

Benchmarking is defined as a systematic process for securing continual improvement through 
comparison with relevant and achievable internal or external norms and standards (Malano and 
Burton, 2001). It is a method for measuring an individual or organisation’s processes against those of 
recognised industry leaders, in order to establish priorities and targets that will lead to process 
improvement (Camp, 1989). Others have described it simply as “borrowing the good ideas of others” 
(Brown, 1995). In agricultural production, it focuses on identifying and assessing on-farm processes 
and quantifying their consequent impacts on productivity and profitability (Ronan and Cleary, 2000). 

The concept originated in the corporate sector as a means for companies to gauge and subsequently 
improve their performance relative to key competitors (Bogan and English, 1994). Despite the fact 
that benchmarking is a relatively recent practice in both the private and public sectors, it has been 
applied to many areas of the UK economy including healthcare, power generation, sanitation, 
education and water supply. 

The overall objective is to improve the performance of an organisation through comparison against 
other leading organisations that conduct similar activities.  Benchmarking is about moving from one 
level of performance to another (Figure 1) by changing the way in which systems are managed and 
about raising the expectations of all parties as to the level of achievable performance. It is a change 
management process that requires identification of shortcomings, and then acceptance by key 
stakeholders of the need, and pathways for achieving the identified goals. 



Cranfield University 

WU0122 Technical Report 11 

Figure 1 Benchmarking - comparative performance against best practice. 

 

It is thus a process of learning from current and past experience using identified reference points to 
compare performance against competitors (Wild, 1999). At the heart of benchmarking is data 
collection, which provides the necessary information to derive a set of key performance indicators. 
The type of benchmarking study dictates the number of indicators needed, what types of data are 
required, and their frequency of collection. Burton (2006) defined six main steps in benchmarking, 
which form part of a cyclical process of monitoring, assessment and improvement (Figure 2). 

Figure 2 Schematic of the benchmarking process being developed in this study. 

 

Benchmarking first involves defining the unit of assessment and scale of enquiry, for example, 
whether at a field, farm, irrigation district, or catchment level. A set of key performance indicators 
are developed and data then collected. The data are analysed and the results compared against 
equivalent ‘best practice’ figures to determine the ‘performance gap’. Increasingly, comparison with 
a peer group average, peer ranking etc. is also being used as well as or instead of a static Best 
Practice set of KPIs. An appropriate action plan is then developed and integrated into the current 
processes and procedures such that the identified ‘performance gap’ is gradually reduced.  The 
process is continuously monitored and evaluated at key stages to assess, guide and measure the 
progress made. 
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A key part of the process is identifying the objectives and the boundaries of the benchmarking 
exercise, followed by the identification of the key processes and associated performance indicators 
(Figure 3).  In identifying these key processes the following questions need to be asked: 

 What are the objectives of the enterprise? 

 How is success measured? What are the outputs and desired outcomes? 

 What are the processes that contribute to the attainment of these outputs and outcomes?  

 How can these processes be measured? 

It is also important to consider the impact of the key processes; the consequences of water 
abstraction from rivers and pollution from agricultural drainage water are key considerations in this 
respect. 

Possible key processes and indicators include: 

 Irrigation water abstraction, conveyance and application 
o Volume of water abstracted for irrigation 
o Irrigation water abstraction per unit area 
o Relative irrigation water supply (abstraction/demand) 

 Crop production 
o Irrigated area 
o Cropping intensity 
o Crop yield 
o Value of crop production per unit area 
o Value of crop production per unit water abstracted 

 Business processes 
o Cash flow (investment versus returns) 
o Total annual income 
o Annual profit  

 Environmental impact 
o Waste water quality (biological/chemical content) 
o Minimum flow levels in river 

Figure 3 Identification of key processes that need to be considered in irrigation benchmarking. 
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Analysis of the data identifies the performance gap(s) identified in the key processes (Figure 4). The 
analysis also identifies the cause of the performance gap, and the action(s) required to close the gap. 
Recommendations are formulated and costed from the options available, and then reviewed, and 
refined. Further data collection may be required for diagnostic analysis where additional information 
and understanding are required to identify root causes of the performance gap. This can be either to 
identify the beneficial causes of the better performing system(s) or the constraints facing the less 
well performing systems. 

Following this work an informed decision can be made whether to proceed with the implementation 
of the proposed actions. 

Figure 4 Identification and costing of measures to ‘close’ the performance gap. 

 

2.2 Benchmarking in agriculture – a brief review 

2.2.1 UK 

In 2002, a survey of 1200 farmers in England and Wales reported that the number using 
benchmarking had almost tripled in 2 years. Nationally, 24% of farmers from different sectors 
including arable, beef, sheep, dairy, poultry, pigs and horticulture were using benchmarking 
compared to 9% in 2002 (FCC, 2010). The three most important reasons identified by farmers for 
using benchmarking were (i) 60% said it helped them understand their costs better, (ii) 45% said it 
helped reduce their costs and (iii) a third (33%) said it improved their returns (FCC, 2010). Probably 
the most widespread and developed application of farm benchmarking is in the dairy sector, 
followed by breeding performance in the pig herd. In the milk sector, commercial  and public 
organisations employ benchmarking covering both physical (calving rate, litres per cow etc.) and 
financial (cost per litre, gross and net margin etc) performance. The Milkbench initiative operated by 
DairyCo, for example, covers some 650 farms and has been running for nearly 10 years, the key 
features being: 

 The monthly production systems in the milk sector means that data are readily to hand. 

 When milk production is the only enterprise, which is most often the case, there are no problems 
in allocating fixed costs accurately. 

 The service is currently free and DairyCo field staff spend around half a day per farm per annum 
extracting the data. 
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2.2.2 CAFRE dairy benchmarking in Northern Ireland 

The College of Food Agriculture and Food Enterprise (CAFRE), part of the Department of Agriculture 
in Northern Ireland, have been operating a benchmark service since 2001. Out of 3000 dairy farms in 
Northern Ireland, some 500 are participating in benchmarking . The service is free of charge and the 
government farm extension service provides the resources to collect, validate and report the service.  
Though producers can logon and enter the data themselves, in practice only about 30 farmers do so. 
Despite the support from the extension service it has been a slow process growing the numbers to 
500 participating farms. Nevertheless, Northern Ireland is highly committed to the provision of farm 
benchmark services and are in the final stages of testing a brand-new benchmark platform that 
should give far easier reporting, be interactive and be available to users online 24/7.  The updated 
system will cover dairy, beef, sheep, pigs, crops and horticulture and will enable farmers to calculate 
their net margins for their produce.  The service is also contemplating what the next developments 
might encompass. This may well involve some assessment of Farm Management Quality and 
Capability (which could then be used to correlate capability with financial and physical improvement 
rates). 

2.2.3 Defra Farm Business Survey 

The Defra Farm Business Survey (FBS) does have the facility for participating producers to compare 
their results with their peers in the system. However, this facility is ancillary to the survey's main 
purpose - to track the financial performance of British agriculture as required by the EU CAP and also 
to inform government agricultural policy. In various forms, this financial recording of farm enterprise 
performance has been going on, mainly via the agricultural university and college sector, since the 
1950s. It should be noted that the full onus is on the eight or nine participating agriculture 
departments to find appropriate participating farms, go out and collect data, enter data, collate 
results and produce the electronic and paper publications at national and regional level. The farmer's 
involvement at the minimum is to find the time to locate and provide the requisite data - but they 
could be more involved, especially in relation to comparative results. 

2.2.4 Industry forums 

A decade ago, Defra and the DTI set up a grant scheme known as Industry Forums. The aim was to 
enhance British competitiveness through the provision of services to improve management skills, 
particularly those involving lean manufacturing concepts and involving the whole supply chain. One 
technique used at farm level and along the supply chain, was benchmarking. These were substantial 
programs lasting some five years and involving grant interventions in the agrifood sector exceeding 
£10 million. The two largest programs were the Red Meat Industry Forum (RMIF) and the Cereals 
Industry Forum (CIF). RMIF set up online, interactive benchmarking services in the beef, sheep and 
pigs sectors down to net margin level, and involved a team of regional field staff to deliver the 
service and run benchmark clubs. The CIF worked in a similar way in the combinable crops sector. 
Since their introduction, well over 10,000 datasets were collected and thousands of livestock and 
grain farmers participated. However, now that the funding has ceased, only the Agriculture and 
Horticulture Development Board (AHDB) Home Grown Cereals Authority (HGCA) has continued its 
support for benchmarking. BPEX (pigs) was the first to withdraw its field staff and financial support 
for the core service, followed a couple of years later by EBLEX (beef and sheep). The HGCA still 
operates CropBench (Figure 5) but there has been no significant growth in the number of farms 
participating since the completion of the CIF program. It is therefore not surprising that they are 
seriously reviewing their benchmark strategy. It is understood that they are likely to concentrate on a 
"light touch" approach that does not require full reconciliation down to net margin but rather just 
benchmarks individual key performance indicators. 
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2.2.5 Pig sector 

The situation in the pig sector provides further valuable insights into "enablers" of farm 
benchmarking. Around the world, pig management software concentrates primarily on physical 
management factors at the breeding herd level - indeed with the notable exception of FinBin, farm 
management software that combines traditional accounting with physical performance 
measurement and enterprise level financial reporting, is almost non-existent. However, 
benchmarking pig breeding herd performance is widely practised. Agrosoft (with headquarters in 
Denmark) is the market leader in the UK and provides all its European customers with comparative 
performance data on a routine basis - as an automatic consequence of the sow management record 
keeping, provided the customer opts to export the data to the central server. A key feature here is 
that benchmarking is an automatic process and involves no extra input from the producer. 

2.2.6 FinBin 

FinBin (Figure 5), based at the University of Minnesota in the United States, is perhaps the most 
comprehensive and most widely used farm benchmarking service in the world. It is online based and 
covers both physical and financial inputs and outputs at farm enterprise level. In 2011, it covered 3.1 
million acres, 133,500 dairy cows, 40,000 sows and 41,000 beef cows. It has data that goes back to 
1996. It has a number of key attributes: 

 Agricultural Extension Services - FinBin is used almost exclusively via the agricultural extension 
services of the US Land Grant universities. Their extension staff assist substantially in the 
collection of the data alongside the provision of agricultural advice. 

 The service is free to participating farmers. 

 Farm lending organisations such as the banks regularly mandate their customers to participate in 
FinBin as a means of facilitating the provision of new loans and of monitoring the viability of 
existing ones. 

It is clear that the provision of farm extension services and regular mandating of participation by 
banks and other lenders both materially contribute to the overall success of FinBin. 

 

2.2.7 Agribenchmark 

In the 1990s, the Agriculture Economics Institute at Braunschweig in Germany started to research 
ways of comparing crop and stock net cost of production in key producing countries. They soon 
recognised that the economic models (if they existed at all) differed from country to country such 
that there was no existing data that would allow objective comparison. Furthermore, there was the 
problem of scale and of varying production systems (especially beef with both extensive and 
intensive systems in operation globally). Leading agricultural economists, with substantial field 
experience, were recruited to provide annual estimates of production costs. Agribenchmark 
produced a very detailed spreadsheet costing model for each enterprise - far more detailed than any 
costing used by individual farmers for benchmarking and of similar complexity and detail to the Farm 
Business Survey in the UK. Each participating economist produced a detailed net cost of production 
for their country - often at two or three scales of enterprise and, where appropriate, with different 
production systems; essentially a typical farm by size and system. The first model to be extensively 
deployed internationally was dairy. The current coverage includes cash crops  (all major grain and 
oilseed crops in 22 countries), beef (across 24 countries and 71% of beef output), and dairy (across 
18 countries). This has grown into a significant international network of farm economists and is now 
used extensively for policy analysis and research at global, regional and country level. Until recently, 
it has not aimed at individual farm improvement. However, in 2009, the dairy network included 400 
individual dairy farms. Other enterprises may follow. However, it can be seen that the key is to be 
able to compare production costs, in a rigorous manner, across the globe. 



Cranfield University 

WU0122 Technical Report 16 

Figure 5 Selected online benchmarking services in global agriculture. 

  

 
 

  

 

2.2.8 Other international farm benchmark approaches 

A number of other benchmarking schemes are known to be in operation, including: 

 Holmes-Sackett (Australia). This is an agricultural consultancy and accounting practice. Their 
system has been operating for nearly 15 years with farmers filling out paper-based returns. The 
farmer then receives a benchmark report comparing their performance with their peers and a 
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copy of Aginsights, a publicly available report of all benchmarked enterprises. The annual cost is 
around £300 with telephone assistance available for form completion. 

 Red Sky Agri (Australia and New Zealand). This is a privately owned business which enables 
online input of production costs and physical performance data to benchmark farm performance 
(Figure 5). The data series dates back to 2001/2. The primary focus is dairy, beef and sheep, and 
there are currently 900 dairy clients and more than 400 beef/sheep members. Red Sky Agri is 
perhaps unique in that it has achieved a sustainable level without using field based staff to 
collect the data; neither is it an accounting or farm consultancy business onto which a 
benchmarking service has been added. 

 Industry sector bodies (New Zealand). Rather like EBLEX, DairyCo and BPEX,  the Beef and Lamb 
New Zealand and Dairy New Zealand determine the costs for representative farms on an annual 
basis to show the net cost of production with quintile segments. There is no option for a farm to 
fill out their own data for comparison though of course they can "mentally" compare their own 
farm with published results. 

2.2.9 Benchmarking in the irrigation sector 

In irrigated agriculture the practice of benchmarking has mainly been applied to irrigation schemes 
and districts (groups of farmers) in an attempt to improve water use efficiency and thus the value 
(benefits) of water abstracted for production at a catchment scale. Benchmarking has also been used 
as a farm management tool for identifying areas where individual producers could increase their net 
profits by adopting methods of their peers. This allows farmers to assess how their business 
compares in relation to others, in terms of costs and profitability, and from an environmental 
perspective, by highlighting the strengths and weaknesses and areas for improvement. The results 
from these benchmarking programmes have demonstrated how businesses can improve their 
competitiveness, efficiency and sustainability. 

In Australia, more than 66 benchmarking programs have been implemented across a range of 
agricultural industries, including horticulture, viticulture and dairying (RIRDC, 2000). In 2004, over 
950,000 ha of irrigated land in Australia, 385,000 ha in China and 330, 000 ha in Mexico were 
benchmarked for their environmental, operational, financial, and marketing credentials (Cornish, 
2005). Cakmak et al. (2004) benchmarked the performance of 5 irrigation districts in Turkey using the 
indicators proposed by the IPTRID/World Bank (Malano and Burton, 2001). In Spain, benchmarking 
and multivariate data analysis techniques have been widely used to improve the efficiency of water 
use and productivity in irrigation districts (Rodriguez-Diaz et al., 2008). 

Goyne and McIntyre (2002) used benchmarking to assess irrigation efficiency in the cotton and grain 
industries in Queensland, Australia. Here, benchmarking led to an increase in water efficiency of 10% 
and 70%, respectively, through growers adopting best management practices. Greaves et al. (2008) 
benchmarked the performance of sugarcane farming in terms of yield and seasonal irrigation water 
use in South Africa. They found substantial variations in yield and water use between individual 
farms operating within the same irrigation scheme. The differences in productivity were attributed to 
different irrigation schedules used by the individual growers with yields negatively impacted by those 
that were under-irrigating.  

In Sri Lanka the maturity period of rice and the length of the water delivery period in 95 inter-
provincial major irrigation schemes were benchmarked by Jayatillake (2004). The resulting 
interventions were able to reduce the total length of the irrigation season during the Maha season by 
about two to three weeks in most of the schemes and by about one to two weeks during the Yala 
season in all schemes leading to water savings. In Malaysia, through the National Agricultural policy 
(1998-2010), the government has set a target of 65% self-sufficiency for rice production by 2010. 
Benchmarking has been defined as one of the main strategies to achieve this objective by identifying 
measures to improve productivity and efficiency of the irrigated paddy commands (Ghazali, 2004). In 
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Australia, Aitken et al. (1999) reported on a benchmarking study of the French fry potato industry in 
the state of Victoria based on data collected between 1997 and 1998. This study revealed that the 
top five performing farms had similar characteristics that separated them from the group average, 
including a larger area, higher yields, lower costs, less capital invested in equipment and more 
efficient use of labour. 

2.3 Defining key performance indicators for irrigated agriculture 

By their very nature all farms are unique, and there are many variables that influence business 
performance and efficiency in terms of crop production and water use. Consistency in the definition 
of performance indicators is thus of critical importance to ensure that all the data collected from 
different farms are comparable. The performance assessments must be undertaken through well 
defined, simple and objective-oriented indicators. In this context, the major performance indicators 
reported in the international literature and described in the “IPTRID guidelines for benchmarking 
performance in the irrigation and drainage sector” (Malano, and Burton, 2001) were used as a basis 
for this project, but modified to account for UK conditions. A critical discussion of the relevance and 
usefulness of each potential indicator was completed during a project meeting held in January 2010. 
From this the performance indicators were categorised into four domains, relating to (i) system 
operation, (ii) agricultural productivity, (iii) financial performance and (iv) environmental 
performance. In order to recognise the potential benefits of benchmarking, it is useful to briefly 
consider why such a process might be useful within each of these domains, from a farmer, regulatory 
and governmental point of view. Selected reasons are given below. 

Why benchmark system operation? 

 To improve knowledge of the links between water abstraction for food production and water 
resource stress. This will inform initiatives such as water foot-printing (governmental) 

 To improve knowledge of the impacts of water regulation (abstraction licensing) on irrigated 
production (regulatory) 

 To improve understanding of the on-farm costs (capital and operating) for irrigated production 
(farmer); 

 To improve knowledge of patterns of energy consumption and opportunities for improving 
energy efficiency to reduce energy requirements for pumping (farmer); 

 To help quantify water and environmental risks to the sustainability of irrigated agribusiness 
(governmental). 

Why benchmark agricultural productivity? 

 To quantify the variability within key agricultural production sectors and their potential 
environmental impacts (water, fertiliser and energy use) (governmental, regulatory, farmer); 

 To identify best management practices in order to encourage the ‘average’ farmer to move 
nearer to the ‘best’ (farmer); 

 To highlight opportunities for increasing productivity (yield quantity and quality) under similar 
soil, agroclimatic and economic conditions (farmer); 

 To quantify the importance of water for agribusiness production and ‘added value’ of water 
(governmental, regulatory, farmer). 

Why benchmark financial performance? 

 To identify opportunities for improving profitability and reducing on-farm production costs 
associated with irrigation water, fertiliser and energy use (farmer, regulatory); 
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 To quantify the value (benefit) of water associated with the production of key commodity crops, 
and its links with rural sustainability and local employment (regulatory, governmental); 

 To highlight links between improving water efficiency and business sustainability (farmer, 
regulatory). 

Why benchmark environmental performance? 

 To evaluate current fertiliser management practices within key commodity sectors to identify 
opportunities for reducing nitrogen application rates without compromising productivity (farmer, 
regulatory); 

 To inform water regulation (irrigation abstraction licensing) by improving understanding of the 
importance of abstraction control on irrigation water demand and business sustainability 
(regulatory, farmer); 

 To assess links between water resources and water stress, and its impacts on the sustainability of 
rural agribusinesses (regulatory, governmental). 

For each of the above four domains, a set of key performance indicators have been defined, and 
their data specifications and relevance to each user group (farmers, regulatory authority, food supply 
chain) described. For some key performance indicators, the same farm datasets will need to be 
obtained and/or derived. A matrix of farm data collection requirements relative to each of the key 
performance indicators is given in the Appendix A1. 

2.4 System descriptors 

In addition to key performance indicators, a series of system descriptors were defined in order to 
categorise and group farmers’ fields so that like-with-like comparisons can be made. These 
descriptors relate to the individual farming systems, and consider a range of factors including the 
crops (type, variety, yields), soils (type, texture), climate, farm (size, employment), geographic 
location, and irrigation method/s etc. 

2.5 Online irrigation benchmarking tool 

Following the initial programme of data collection via a questionnaire and meetings with farmers an 
online benchmarking tool was developed. The benchmarking tool has been embedded within the UK 
Irrigation Association (UKIA) website (www.ukia.org). This site was considered to be the most 
appropriate as it is independent, well-recognised within the irrigation fraternity and has represented 
the interests of individual irrigators in all sectors including agriculture and horticulture since 1980. 
The UKIA already provides on-line support (email) to a growing network of farmers and 
agribusinesses and is regarded as the primary source for information on irrigation in England and 
Wales. It is therefore the logical ‘home’ for the benchmarking tool which in time can be extended 
and developed to service other agricultural and horticultural sectors beyond those studied in this 
project. 

An important aspect of the benchmarking webtool is data protection and confidentiality. A protocol 
in relation to on-line security and confidentiality of data has been established between the project 
and UKIA regarding web-hosting the benchmarking system and access to the benchmarking 
database. 

The webtool has been designed to provide a clear and simple interface for growers to upload their 
field data. A downloadable information booklet has also been produced to help growers understand 
how to register, log on and use the benchmarking webtool and guide them through the process 
(Figure 6). 

http://www.ukia.org/
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Figure 6 Sample from irrigation benchmarking booklet that guides growers in the use of the 
benchmarking webtool. 

 

 

The webtool also provides growers with feedback based on their farm data to help them assess their 
performance relative to other growers. This data is summarised in a Grower Scorecard (Figure 7). 

Figure 7 Screen shot from online benchmarking webtool showing the ‘Grower Scorecard’ for an 
individual field. Data are presented using a colour coded ‘traffic light’ system. 
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3 Benchmarking potato production 

3.1 Background to the potato sector 

3.1.1 Overview 

The UK potato (Solanum tuberosum L.) industry has changed dramatically in recent decades, from a 
sector comprised of many small individual farms to one with far fewer but much larger 
agribusinesses, driven by the need to provide high quality product to the major processors and 
supermarkets (Knox et al., 2010). Nationally, potatoes represent the most important irrigated crop, 
accounting for half the total irrigated area and over half the total volume of water abstracted (Knox 
et al., 2012). For many growers, the crop is the driving force for long-term investment in irrigation 
infrastructure. A humid climate means irrigation is supplemental to rainfall but nevertheless 
important for attaining crop quality, particularly in the drier eastern regions, where fertile soils and 
flat topography provide ideal conditions for large-scale intensive production. However, there are 
concerns regarding the future availability and reliability of water supplies for agriculture. Longer term 
impacts of climate change on crop productivity and land suitability (Daccache et al., 2011; 2012) 
coupled with steady rises in labour and energy costs, therefore justify a detailed examination of the 
changing economics of irrigation and analysis of factors likely to influence the sustainability of 
rainfed and irrigated potato production. 

The UK is the eleventh largest producer of potatoes globally, with an annual average production of 
around 6 million tons. The value to the British potato industry is estimated to be around £0.7 billion, 
making it a significant element of the agricultural sector (Defra, 2009). But the industry is undergoing 
major change and restructuring; potato farming has shifted from being centred around small 
traditional family farms typically growing less than 5 ha of potatoes per grower to much larger 
agribusinesses typically growing >50 ha per site (Figure 8). Over the last 50 years, the total 
production of potatoes in the UK has remained roughly similar but the area cultivated has almost 
halved. In 2009, it was reported that 94 000 ha of potatoes were cropped in England and Wales with 
an average yield of 48 t ha-1 (PCL, 2010). Improved varieties, better management and uptake of new 
technology has underpinned productivity increases, with yields increasing from 22 to 47 t/ha (Figure 
8); not surprisingly, the UK is now considered to be one of the highest potato yielding areas globally. 

Figure 8 Reported potato cropped area (ha), average cropped area per grower and average yield  
(t/ha) in the UK between 1960 and 2009 (Source: PCL, 2009). 
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In most years, national potato consumption exceeds total production, with a small (c10%) proportion 
being exported. Despite increasing productivity, the UK is still a net importer, equating to 
approximately a quarter (25%) of total national production. UK produce is destined for either the 
processing (e.g. crisps, frozen chips) or fresh (supermarket) markets. Nearly half (47%) of total 
production is sold for fresh consumption with 39% for processing, 10% for seed production and the 
remainder for storage. However, in recent years there has been a slight shift in market share, with a 
gradual increase in the areas grown for processing rather than for the fresh market. 

There are currently in excess of 160 potato varieties grown commercially in the UK. These can be 
grouped into two categories depending on their planting and harvest dates. “Earlies” are usually 
planted between mid-March and early April and then lifted 10 to 13 weeks later. “Maincrop” 
potatoes are generally planted between late march and early April and then harvested 15 to 20 
weeks later. However, these dates vary from year to year depending on weather conditions. “Earlies” 
are generally grown as a rainfed crop and concentrated in the wetter regions (Scotland, west Wales 
and SW England); “maincrop” are concentrated in the drier central and eastern regions (Figure 9). 

Figure 9 Spatial distribution of irrigated and rain fed potato farms across the UK in 2009 and long 
term average (1961-1990) spatial variation in agroclimate (using potential soil moisture deficit 
(PSMD) as an aridity index). 

 

3.2 Benchmarking data collection methodology 

Data collection lies at the heart of benchmarking as it provides the basis for calculating the key 
performance indicators (KPIs) and then identifying appropriate actions to close the ‘performance 
gap’. A summary of the data collected and how they were then used to benchmark performance 
using the KPIs in the potato sector is provided in the sections below. 

In 2010, farm benchmarking data for the potato sector was initially collected from 9 growers based in 
Shropshire. These were complemented by a number of on-farm one-to-one interviews and a grower 
workshop to gather feedback on the benchmarking process and outline potential business benefits. 
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The data collection methodology was then refined and rolled out nationally to other potato groups in 
2011 and 2012, covering large areas of eastern and central England. The online benchmarking 
webtool was later used to simplify and speed up the data collection process. Between 2011 and 2012 
this service was used by 78 growers, who provided their field level data for in excess of 350 fields. An 
extensive number of farm visits were also conducted in 2012 by Isobel Wright of the University of 
Lincoln. Collectively, these approaches were used to generate the first comprehensive benchmarking 
database on irrigation practices and water productivity for potatoes in England. A summary of the 
number of fields, by variety and year, is shown in Figure 10. 

Figure 10 Number of individual fields, by variety contained within the benchmarking database. 

 

3.3 Key performance indicators used in the potato sector 

A sub-set of the indicators presented in Appendix A1 were used in the analysis of the performance in 
the potato sector. The main indicators used included: 

Domain Key performance indicator 

System operation Irrigation water applied (mm) 
 Relative Water Supply (RWS) 
 Relative Irrigation Supply (RIS) 

Agricultural productivity Total productivity (t/ha) 
 Irrigation water use efficiency (t/m3) 

Financial performance Output per unit volume of water applied (£/m3) 

Environmental performance Energy consumption per unit irrigated area (KWh/ha) 
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3.4 Benchmarking results 

Note that for some of the indicators the analysis in the sections below is based on a sample taken 
from the overall database in order to demonstrate the utility of the benchmarking process. These 
outputs are intended to demonstrate the types of KPIs that might be useful for future development 
and their observed range in performance that has been identified across the grower base. 

3.4.1 Irrigation performance 

Irrigation water applied (mm) 

The seasonal depth of irrigation water applied to a potato crops depends on a number of important 
factors including the local agroclimate, textural soil characteristics and the cultivar being grown. The 
target market (processing or fresh) and whether the crop is an early or maincrop variety also impact 
on irrigation demand. The demand for irrigation also varies significantly both spatially 
(geographically) and temporally (from year to year), so it is important to take into account these 
factors when benchmarking the irrigation water applied. 

Of course, poor irrigation management and inefficient irrigation systems are other factors that will 
influence the total depth of water applied. Figure 11 shows for example, the ranked distribution of 
irrigation water applied (mm depth) on maincrop potatoes, for all varieties and all soils and 
agoclimate conditions, for processing and fresh markets. As can be seen there are significant 
differences in the amount of water applied, which then prompts investigation (diagnostic analysis) of 
the potential causes, and the possible solutions if/where these causes can be addressed. 

The irrigation water applied is obviously one of the central variables to be benchmarked, and has 
important implications for other variables, such as the energy consumed in pumping the water. 

Figure 11 Ranked annual irrigation water applied (mm) for maincrop potatoes in 2011 for all varieties 
and all soils and agoclimate conditions, for processing and fresh markets, based on sample data for 
c350 fields. 

 

Figure 12 shows the irrigation water applied data but presented in the form of a ‘box and whisker’ 
plot for all observations in 2010 and 2011 held within the benchmarking database, but split according 
to whether the crop was destined for a fresh or processing market. The ‘box’ defines the upper (25%) 
and lower (75%) quartiles; the line shown in the middle of the box represents the median and the 
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‘whiskers’ indicate the 10th (lower) and 90th (upper) deciles. Any outliers in the dataset are shown as 
individual points. These highlight the inter-annual variability about the median and the differences in 
irrigation water applied between the two sectors. Further analyses could be made to identify spatial 
differences at regional or catchment scale. 

Figure 12 Box and whisker plots showing the observed variability in irrigation water applied (mm) 
between individual fields growing maincrop potatoes for the fresh and processing markets, and the 
inter annual variability, based on field data for 2010 and 2011. 

  

Relative Water Supply (RWS) 

This indicator relates the total water made available to the crop from rainfall and irrigation to 
theoretical crop water demand. It provides an approximate indication of the relative abundance or 
shortage of water made available to the crop. Crop water demand is defined here as crop 
evapotranspiration (ETcrop) under optimal growth conditions. A RWS value less than 1.0 implies an 
insufficient water supply to satisfy crop needs with negative impacts on yield and quality, conversely, 
a value greater than 1.0 implies an oversupply of water. In both cases the timing of supply is 
important and must be considered in the analysis. For each field, the RWS was calculated using 
WaSiM (Hess and Counsell, 2000), an irrigation water balance model driven by climate data from the 
nearest weather station to each grower. 

Based on data for a sample of 25 fields in 2009, the total amount of water supplied via rainfall and 
irrigation during the growing season was found to be greater than the amount expected to meet 
crop water demand (Figure 13). The situation was more pronounced for earlies than on maincrop. 
For four fields, the RWS was 2-3 to 3.0 times the expected theoretical requirement. 

Figure 13 Estimated Relative Water Supply (RWS) for each of the potato fields in 2009. 
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The RWS is potentially a very useful indicator that can be used to highlight where significant savings 
in irrigation water supplied and pumping energy can be saved. However it is important to note that 
this is a relatively crude indicator in that it ignores the fact that some rainfall (especially during a wet 
summer such as in 2009) is likely to be lost to drainage and runoff, and therefore not all rainfall is 
‘effective’. However, the figures do highlight that there was scope for reducing water use nearer to 
optimal levels on most of the fields studied. 

Relative Irrigation Supply (RIS) 

Relative irrigation supply (RIS) relates irrigation supply to irrigation demand. It is a more refined 
indicator than the Relative Water Supply (RWS) indicator and measures how well irrigation supply 
and crop demand are matched. A value greater than 1.0 implies over-irrigation, possibly causing 
water logging, nutrient leaching, wastage of energy and water losses. Conversely, a value less than 
1.0 indicates that the crop is not receiving sufficient irrigation, with resulting consequences on yield 
and quality. 

Using a sample of the benchmarking dataset, the theoretical irrigation needs for each early and 
maincrop potato crop were calculated using the WaSim water balance model (Graves et al., 2002), 
with the irrigation schedule designed to reflect local practices (typically applying 15 or 25mm per 
application). An irrigation system with 80% application efficiency was assumed to account for any 
losses via leakage and wind drift as well as any non-uniformity. This indicator shows that the majority 
of the early potato fields were over-irrigated, and some by a significant amount. In contrast, for the 
maincrop potato fields, approximately two-thirds were under-irrigated (Figure 14). 

Figure 14 Estimated relative irrigation supply (RIS) for selected potato fields (2009 data). 

 

It should be noted that the RIS figures (as with RWS) are calculated on a seasonal basis (i.e. growing 
season) and do not take into account the precise timing of each water application. Thus a value of 1.0 
does not necessarily mean that all the irrigation applications were perfectly scheduled (correct 
amount and timing) but rather that the total seasonal amount was accurate. It is nevertheless a very 
useful indicator for assessing, at a glance, whether the irrigation applied in a given year was 
‘reasonable’ compared to what would have been expected under ‘theoretical’ optimal conditions. 

The RIS figures bear out the indication of over-irrigation for the earlies given with the RWS and 
indicate the need for more detailed diagnostic study, particularly of the timing of irrigation relative to 
demand. In the subsequent (diagnostic) analysis the RWS and RIS can be calculated for shorter time 
periods of 7-10 days, giving a more comprehensive picture of the inter-relationship of the two key 
variables of quantity and timing. 
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3.4.2 Agricultural productivity 

Total productivity (t/ha) 

Potato production per unit area can vary significantly between individual fields even those growing 
the same cultivar (Figure 15). For earlies the highest yield (62 t/ha) was nearly twice that of the 
lowest yield (35 t/ha). For maincrop potatoes, the differences were less, in this case 66 t/ha 
compared to the lowest value of 40 t/ha. 

Figure 15 Ranked potato yield (t/ha) for the 25 fields studied in 2009. 

 

Yield is affected not only by the management skills of the farmer but also by, inter alia, variety, seed 
quality, soil fertility, water logging, pests and weeds infestations. However, yield is still considered a 
powerful indicator for identifying best practices. Based on the 25 benchmarked fields, Morene and 
Premiere were reported to provide the highest yields among the early and maincrop varieties, 
respectively. However, even the range in reported yield within the same variety is noticeable (e.g. 
Maris Piper) which could be related directly to differences in irrigation management, particularly 
irrigation scheduling. The yields for the benchmarked fields (by variety) were compared against the 
mean and range nationally for England (Figure 16). 

Figure 16 Comparison of reported yields for benchmarked fields against national yields, by variety. 
Error bars show standard variation of average national yield (Source PCL, 2010). 
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The benchmarked fields growing Innovator, Amora, Accord and Markies all reported slightly lower 
yields than the national average, whilst two fields growing Morene performed much better. For some 
varieties, such as Maris Piper and Premiere the data show a wide range in yield variation for the 
benchmarked fields, suggesting major potential for yield improvement. 

The yield data were also analysed using the complete benchmarking dataset, to highlight variations 
between target sectors and years (Figure 17). 

Figure 17 Box and whisker plots showing observed variability in irrigation need (mm) for fields 
growing maincrop potatoes for fresh (supermarket) and processing, and inter-annual variability, 
between 2009 to 2011. 

  

Irrigation water use efficiency (kg/m3) 

Irrigation use efficiency (IUE) is the quantity of yield produced for every unit of water applied. Higher 
values of IUE imply higher levels of production with a low input of water. High efficiency is likely to be 
the product of sound irrigation management including an appropriate irrigation schedule (timing and 
volume applied), an efficient irrigation system (high uniformity with low leakage losses) and a good 
final yield. Irrigation scheduling which maximises the use of the crop’s use of rainfall will also be an 
important factor in minimising the irrigation water applied and thereby maximising the IUE.  As 
shown in Figure 18, there is a wide range in the yield per unit of water applied, ranging from 15 
Kg/m3 up to 750 Kg/m3 for earlies, and from less than 20 kg/m3 up to 160 kg/m3 for maincrop, based 
on the entire benchmarking database for maincrop potatoes in 2011. 

Figure 18 Irrigation use efficiency (kg/m3) for all maincrop potato fields benchmarked in 2011. 
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The IUE data were further analysed using the complete benchmarking dataset, to highlight variations 
between different target markets and cropping years (Figure 19). These data highlight the variability 
in either irrigation water use or yield only, but in isolation. Of course from a grower perspective these 
need to be integrated to assess how much yield was produced per unit of water applied. Ideally a 
grower would want to minimise the amount of irrigation applied (mm) and maximise crop yield 
(t/ha). The IUE is one of the most important KPIs included in the benchmarking webtool and Grower 
Scorecards used for providing feedback to growers. 

Figure 19 Box and whisker plots showing observed variability in irrigation use efficiency (IUE) 
between fields growing maincrop potatoes for fresh and processing sectors, 2009-11. 

  

Figure 20 shows an example of how irrigation water use and potato yield data for 2011 have been 
integrated. The point at which the axes cross (intersection) represents average water use and 
average yield  for the sample of growers involved in this study. The figure shows the ‘spread’ in IUE 
across the growers, in each year. Some have obtained low yields with a high level of irrigation use 
and conversely some growers have obtained high yields but with low water use. The shaded lower 
right quadrant (high yield, low water applied) is where the growers will want to be. Within the 
benchmarking programme growers with results in this quadrant can be studied in order to identify 
the management practices that have led to this optimum IUE situation. These management practices 
can then be shared with other growers to help them move their performance towards this quadrant. 

The potential for improvement is shown in Table 1 where the numbers of growers in each quadrant 
in Figure 20 are presented. Of the 89 fields benchmarked in 2010 the results show that only 25 (or 
28%) were in the optimal bottom right quadrant, whilst in 2011 the results showed that only 50 fields 
out of 215 (or 23%) were located in the ‘optimal’ quadrant. Equally important, in 2011, over a fifth 
(22%) of fields were in the worst or least optimal quadrant. 

Table 1 Number of growers in each quadrant. 

Quadrant Number of growers in quadrant 

2010 2011 

Processing Fresh Processing  Fresh 

High water application, low 
yield (least optimal quadrant) 

17 6 9 39 

High water application, high 
yield 

19 2 12 47 

Low water application, low 
yield 

17 3 11 47 

Low water application, high 
yield (optimal quadrant) 

17 8 11 39 
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A high IUE should have a positive impact on both production costs, farm income and environmental 
impact (minimising water, energy use and fertiliser losses). High yields with high water volumes (top 
right hand quadrant) might not be economically justified or might have the biggest adverse impact 
on the environment. These relationships are interesting as there is an implication that the farmers 
with the better yields are those who are more careful with their irrigation applications, and possibly 
with other inputs as well. It may reflect general management capability, which might be more 
difficult to “upgrade”. 

Figure 20 Combining irrigation use with yield data to identify range in irrigation use efficiency within 
the sample for 2010 and 2011. Growers using the least amount of water and obtaining the highest 
yield are within the grey shaded quadrant. 

 

 



Cranfield University 

WU0122 Technical Report 31 

3.4.3 Financial performance 

Output per unit volume of water applied (£/m3) 

The ratio between gross revenue (£/ha) and volume of irrigation water applied (m3/ha) reflects the 
economic value obtained from applying a single unit of water to the crop (Figure 21). Maximizing this 
indicator requires production to generate a high yield (and quality), a high contract price with a 
‘reasonable’ amount of water. Based on the sample fields studied in 2009, Field 2 shows a very high 
output per unit volume of water applied (>£18/m3) on earlies compared to an average value for the 
group of £7/m3. This is mainly attributable to the fact that 64t/ha were produced in this field using 
only 40 mm of water and then sold at an elevated price. This would be a good target for both farmers 
and the Environment Agency, since it maximises water value on-farm and minimises the impacts of 
water abstraction off-farm. Conversely, in Field 6 the yield was much lower (41 t/ha), sold at £138/t 
and used 150 mm water resulting in the lowest output per unit of volume of water applied. However, 
attention does need to be given to the different agroclimatic conditions under which production 
occurs, since this will affect the total amount of water applied and hence the values derived using 
this indicator. 

Figure 21 Output per unit volume of water applied (£/m3) for each of the fields studied in 2009. 

 

3.4.4 Environmental performance 

E1:  Energy consumption per unit irrigated area (kWh/ha) 

The recent rapid increase in energy costs is having a major impact on irrigation with pumping now 
becoming one of the most significant elements in the running costs of UK irrigation systems. The 
majority of growers rely on hose reels fitted with rainguns or booms, which require high operating 
pressures (7-10 bar). In this study, energy consumption per unit area irrigated (kWh/ha) was 
estimated based on the water cost per unit area irrigated. This depends on the amount of water 
applied, the irrigation system and water source. For simplification, pump efficiency, irrigation system 
design and land topography were assumed to be identical for all fields. Electric pumps were assumed 
and the water source was assumed to be near the field thus eliminating any friction losses that might 
occur in the water supply network. The estimated energy costs are given in Figure 22. 
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Figure 22 Energy consumption per unit area irrigated (kWh/ha) for each field studied in 2009. 

 

The estimated energy consumption ranges from <200 kWh/ha up to 800 kWh/ha, with an average of 
around 300-400 kWh/ha. However these figures are likely to be much higher when related to farm 
specific conditions including pump and system efficiency, land topography, system layout and design. 
They do, however, provide a useful starting point for considering the energy related costs in 
irrigation. 

3.5 Methodological limitations 

The level of detail with which irrigation performance should be assessed and the list of indicators to 
be used depends on the purpose of the assessment. However, the cost of collection and handling the 
datasets required for some indicators may not be justified. Only a subset of KPIs form the 17 
originally defined is therefore recommended. 

Some data can be easily obtained as they are usually recorded by farmers such as the amount of 
water applied (mm depth or m3/ha), productivity (t/ha) and crop value (£/t). Other data, such as 
energy consumption and water costs are much more complex especially when the irrigation system 
supplies multiple fields with different cropping mixes. Data for selected KPIs (e.g. energy and water 
costs) therefore need to be estimated based on the water volumes applied and the design 
characteristics of the system (pipe size, pumps and system layout). 

Relative Irrigation Supply (RIS) is an example of a complex indicator that compares actual water use 
against theoretical need. The latter needs to be calculated and requires very specific data for each 
field (e.g. planting and harvesting dates, timing of crop development, accurate weather and soil 
data). Therefore, farmers would need to register and supply additional data beyond that already 
collected if RIS values were to be calculated on a regular basis. However, it is possible to estimate 
crop development characteristics and model the crop’s theoretical irrigation demand at a regional 
level. 

Other challenges identified during the potato benchmarking exercise include: 

 Potato varieties: In UK there are more than 180 varieties being commercially grown. Each has its 
own characteristics such as drought and water stress tolerance, productivity, vigour, 
temperature and disease resistance that affects yield productivity and water needs. 

 Climate variability: When potato fields are compared against each other at a national scale, this 
variability needs to be taken into account. Under similar management skills, abiotic conditions 
(temperature, drought, flood) in a given area can act as a limiting or enhancing factor for potato 
productivity and crop water needs. It is also important to consider rainfall variability when 
analysing the data as this has a major impact on the KPIs and subsequent ‘traffic light’ analysis. 
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 Soil characteristics: texture, structure and fertility vary greatly between individual fields and 
even within the same field. 

 Market: The potato market consists mainly of two sectors: fresh pack and processing. Regardless 
the target, growers aim to maximize yield but more emphasis on tuber quality is given to pre-
pack samples. To avoid market rejection, over-irrigation with pre-pack growers is generally 
adopted as scab control measure. Scab is not a major issue for the processing growers. 

 Yield definition: Some confusion was observed with certain growers when registering potato 
productivity (t/ha). Clarification is needed as to where harvested yield or marketed yield data are 
requested to avoid confusion and data bias. 
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4 Benchmarking strawberry production 

4.1 Background to the strawberry sector 

UK soft fruit production comprises mainly strawberry, raspberry and blackcurrant with other soft 
fruit contributing only 8% of the estimated £441 million value of home production in 2011 (Defra, 
2012). Most soft fruit produced commercially is now grown under cover (Figure 23) so irrigation is 
essential to ensure that quality at market date matches the specifications demanded by retailers and 
consumers (Thompson et al., 2007). The majority of production is field-grown (75%) although some 
growers are switching to soil-less (substrate) production due to concerns regarding effective soil 
sterilisation and the drive to reduce labour costs associated with picking. Soft fruit cropped areas 
have increased by +22% in the last decade leading to a sustained increase in the demand for 
irrigation. Soft fruit growers abstracted 7 million m3 water in 2005 (Weatherhead, 2006) which is 
relatively small compared to other horticultural sectors such as field vegetables and hardy nursery 
stock. However, the underlying growth in the volume of water applied is rising at 2.6% per annum 
(Knox et al., 2009) and the increase in cropped area since 2005 means that annual water abstraction 
by the soft fruit sector is probably nearer to 10 million m3. The focus of this section is on soil-grown 
strawberry production since this currently represents the major part of the UK industry. 

Figure 23 Field-grown strawberries in raised beds covered in plastic mulch. Most commercial crops 
are now grown under polytunnels to optimise fruit yield and quality. 

       

The area planted to strawberries has increased by c31% to 4972 ha over the last decade and now 
represents half of the total UK soft fruit area. Marketable yields have also risen sharply; in 2011, 
106,900 tonnes of fruit were marketed with an estimated value of £279 million. The major soft fruit 
growing areas in England are in the southeast, east and west midlands where public, industrial and 
agricultural water demands are already high (Figure 24). There is also significant production in 
southeast Scotland but freshwater resources are not generally constrained in these areas. However, 
less water is available per capita in southeast England than in parts of the Mediterranean (EA, 2009) 
and the predicted rise in summer temperatures and extended growing seasons will exacerbate the 
situation. Currently, 84% of soft fruit grower sites lie within regions where competition for water is 
increasing (Figure 24) with 48% in areas classified by the EA as being either ‘over abstracted’ and/or 
‘over-licensed’ (Knox et al., 2010). Abstraction rates in these areas are considered to be 
unsustainable and projected to rise by +30% by the 2050s (King et al., 2006). Projected increases in 
agricultural water demand by the 2050s in England and Wales range from +40% to +167% from the 
current 2010 baseline (Knox et al., 2013). 
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Figure 24 Regional location of strawberry production and assessment of water resource availability 
(direct abstraction) for soft fruit in 2008 (re-drawn from Knox et al., 2009). 
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4.1.1 Strawberry growing systems 

Strawberry plants are typically planted in raised beds in fumigated soil covered by plastic mulch, 
primarily to reduce weed growth and fruit contamination by soil particles.  Crops are irrigated using 
trickle irrigation lines with emitters to provide sufficient amounts of water and nutrients. The 
majority of soft fruit growers in the UK use ‘Spanish style’ or ‘French style’ poly tunnel structures 
(Figure 25) to provide optimum conditions for fruit growth and ripening and to extend the cropping 
season. 

Figure 25 Spanish (A) and French (B) polytunnels used for UK soil-grown strawberry production. 

 

The tunnel structures (hoops) are erected soon after planting and remain in situ until the end of the 
plantations’ life, which will vary according to cropping type and individual grower practice. At some 
stage before cropping, the plastic ‘skin’ is put in place but the timing of covering is influenced by 
many factors including cropping type and whether the cropping season is being manipulated to 
provide ‘early’ or ‘late’ crops. This means in practice that a crop can be covered for as a little as 6-8 
weeks or up to 8-9 months, so there will be periods of the year when the crop is exposed to rainfall. 
Despite the plastic mulch cover, rainfall reaches the soil through the individual planting holes. Most 
growers crop two rows of plants per raised bed, others crop three rows of 60-day plants and remove 
the middle row for the main season crop.  Depending on the everbearer cultivar, some growers will 
also crop three rows. Planting density will strongly influence the volume of water growers choose to 
apply to the cropped area. 
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4.1.2 Strawberry cropping types 

Field-grown strawberries can be grouped into three categories (i) 60-day, (ii) main season and (iii) 
everbearer crops. The cultivars (cvs) ‘Elsanta’ and ‘Sonata’ are the most commonly planted 60-day 
and main season crops. Sixty-day plants are often planted in spring and begin cropping 
approximately 60 days after planting, with typical yields of Class 1 fruit being 250 – 300 g per plant. 
After cropping, flower initiation occurs in late summer and autumn and the plants are left to over-
winter. The main season crop is then harvested in the second year of production with yields of up to 
800 g Class 1 berries per plant. Some growers ‘force’ the plants to induce an earlier crop by covering 
the plants with fleece to hasten plant and fruit development. Cropping usually ends by the end of 
July and plants are then lifted and destroyed; new plants may be planted for the following season. 

Everbearer cultivars include ‘Evie 3’, ‘Eve’s Delight’, ‘Evie 2’, ‘English Rose’, ‘Sweet Eve’, ‘Everest’, 
‘Camarillo’, ‘Jubilee’ and ‘Finesse’.  Everbearers are mostly planted in spring and are traditionally only 
cropped for a single year but flower initiation occurs continuously so yields of over 1kg of Class 1 fruit 
can be achieved. Cropping usually begins in early June and can continue until the end of October if 
temperatures and light intensities remain favourable. With the introduction of new cultivars such as 
‘Finesse’, some growers are now cropping everbearers over two or even three years. 

4.1.3 Fruit yields and quality 

In all three categories, Class 1 fruit comprise berries greater than 25 mm in diameter and only Class 1 
fruit are marketable (Figure 26). Within the Class 1 category, fruit are sometimes classed as extra-
large (<45 mm), large (45-35 mm) and medium (35-25 mm).  In terms of fruit hierarchy, primary fruit 
are the largest and berry size gradually decreases through secondary and tertiary fruit.  In a survey 
carried out in 2008 as part of EMR’s strawberry water use efficiency Horticulture LINK project 
(HL0187), the average commercial yields were 19, 24 and 29 tonnes of Class 1 fruit per hectare for 
60-day, main season and everbearer crops, respectively. A minimum soluble solids content 
(SSC[(%BRIX]) of 8 is required by the major retailers and all fruit must be clean and free from 
blemishes with a good shelf-life potential. However, fruit flavour, firmness, and susceptibility to 
bruising can be limited by excessive irrigation water and nutrient inputs during changeable summer 
weather. Problems of fruit softening and poor shelf-life have been particularly prevalent during the 
difficult 2012 growing season and new economically and environmentally sustainable ways of 
growing soft fruit are needed. 

Figure 26 Class 1 strawberries must be greater than 25 mm diameter at the widest point. 

 

4.1.4 Irrigation systems 

All strawberry growers in the UK use drip (trickle) irrigation so that water (and nutrients) are 
delivered directly to the rooting zone. Therefore, in contrast to overhead irrigation where up to 18% 
of the volume of water applied can be lost by evaporation (Stalham et al., 1999), the efficiency with 
which irrigation water can be applied to strawberry crops is intrinsically high. Pressure compensated 
drip tape delivers a uniform volume from each emitter, irrespective of topography, provided that the 
pressure in the system is within the design range. However, not all growers use pressure-
compensated drip tape and the output of each emitter is then directly proportional to the pressure 
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in the drip line. On sloping sites, this often means that water will continue to drain out of some 
emitters once the irrigation valve has closed, which can lead to uneven and erratic watering on sites 
with sloping topography. 

Evaporative losses from the soil/substrate surface are low due to plastic mulches, substrate bags or 
covering foliage from basal stems. On many farms, fertiliser dosing rigs  automatically record the 
amount of water applied to each irrigation valve / block. This provides a valuable water and fertiliser 
total for growers to manage and improve upon. Most irrigation valves can be controlled 
automatically by the rig although on some farms, irrigation valves are still turned on and off 
manually. Although all strawberry growers use drip tape, there is no industry standard system and 
the number of tapes used per strawberry bed, the emitter spacing and output and the target soil 
moisture deficit vary between growers. If growers farm in ‘hard water’ areas and re-use drip tape for 
several years, emitters can become blocked with calcium carbonate deposits which reduces the 
efficiency of application. Debris within the drip tape (e.g. algae, fertiliser residue, soil) will also 
reduce dripper performance and correct maintenance is needed to optimise drip line longevity. 

4.1.5 Sources of irrigation water 

Most strawberry growers obtain water from several sources including surface water and direct 
abstraction from boreholes or wells. Although some growers have storage reservoirs, the majority of 
strawberry growers do not. A significant number of growers use mains water, either as the main 
source of water or to supplement or improve the quality of the water abstracted from boreholes. 
However, the use of mains water to irrigate soft fruit will become increasingly expensive and 
environmentally undesirable as water companies strive to maintain supplies during the summer 
months. Strawberries are grown on a range of soils from free-draining sandy loams to soils with 
relatively high clay content; available soil water varies with soil type and this must be taken into 
account when comparing the apparent water use efficiencies of different growers. 

4.1.6 Irrigation scheduling 

There are few guidelines for growers on how best to schedule strawberry irrigation, and matching 
demand with supply can be difficult in changeable summer weather. Due to the high value of soft 
fruit, some growers tend to over-water as an insurance policy. However, this can lead to excessive 
vegetative growth, increased disease, and fruit with a reduced shelf-life and associated increases in 
waste fruit. Berry eating quality is also reduced because key flavour compounds are diluted by the 
high water content. 

Recent droughts, particularly in the southeast and east, have highlighted the need for growers to use 
water (and fertilisers) more efficiently. However, despite this, there are still large variations in the 
efficiency of water use (Else and Atkinson, 2010). Although the majority of growers use consultants, 
much of the advice received concerns pest, disease and fertigation issues and decisions regarding the 
frequency and duration of irrigation are often made by the growers. Current recommendations for 
field-grown strawberry are to apply up to 300 mm per growing season (ADAS, 2003). However the 
results from the HL0187 grower survey in 2008 showed that although most growers manage their 
irrigation water, over one third did not know how much irrigation water they used in 2008. The 
average volume of water used by growers to produce 1 tonne of Class 1 fruit from either 60-day, 
main season or everbearers was 78 m3. The minimum and maximum volumes were 30 m3 and 161 
m3, respectively. A quarter of growers used 57 m3 or less while 75% used less than 94 m3. The lower 
values suggest that these growers were more ‘water-conscious’ and scheduled their irrigation more 
effectively than the majority of growers, although other factors may also be involved. 

Strawberry growers use a variety of methods (objective and subjective) to schedule their irrigation. 
Some use in-situ soil moisture sensors (e.g. tensiometer, Delta-T WET sensor, Sentek EnviroScan, 
neutron probe) to provide information on changes in soil water availability or content in the rooting 
zone. However, many growers rely on crop inspection, experience and ‘dibbing’ (sampling a core of 
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soil and assessing its moisture content either visually or by touch) to inform their decisions on 
irrigation scheduling. 

4.1.7 Fertigation 

Growers apply different fertiliser regimes during vegetative and reproductive growth using soluble 
fertilisers applied via the irrigation lines. Fertigation is often scheduled regardless of soil moisture 
content to ensure that fruit yields and organoleptic quality are optimised. Often, growers add 
fertiliser at each irrigation event but this can lead to excessive canopy growth and problems with 
disease, light penetration, and fruit quality if more nutrients are supplied than are required. The 
leaching of nitrates and other nutrients can also increase diffuse pollution, which is particularly 
important in environmentally sensitive areas (e.g. Nitrate Vulnerable Zones). Recently, the EA 
commissioned ADAS to carry out a review of the effects of intensive soft fruit production on water 
quality in the south east and to promote industry ‘best practice’ through a series of grower 
workshops. The report ‘Diffuse Pollution: Best Practice Advisory Programme for Soft Fruit in the 
South East Region’ will shortly be available on the Environment Agency website. 

4.2 Key performance indicators used in the strawberry sector 

The key performance indicators developed for the equivalent potato benchmarking were not all 
appropriate for use with strawberry. For example, relative water supply (RWS) is less relevant 
because most of the commercial crop is covered by polytunnels during flower and fruit development 
so rainfall is excluded. Other performance indicators could not be calculated due to the lack of 
baseline data, for example the irrigation demand by a typical strawberry crop is not known so 
relative irrigation supply (RIS) could not be calculated. 

The main quality performance indicator for strawberry is the yield of Class 1 fruit which is typically 
over 90% of the harvested fruit. A minimum berry soluble solids content (% BRIX) is also required by 
the major retailers but this is seldom not met. The main KPIs used to benchmark the soil-grown 
strawberry sector were: 

Irrigation applied per unit cropped area  (m3 ha-1) 
Crop productivity     (tonnes Class 1 ha-1) 
Irrigation water use efficiency   (kg Class 1 m-3) 
Water productivity     (m3 kg-1 Class 1) 
Product value      (£ tonne-1 Class 1) 
Total gross crop value    (£) 
Output per irrigated area    (£ ha-1) 
Output per unit of water applied   (£ m-3) 

4.3 Benchmarking data collection methodology 

The benchmarking data collection for strawberries was undertaken via postal questionnaire and 
grower interviews during 2010 and 2011. 

(i) 2010. The grower questionnaire used previously in HL0187 was modified and extended and then 
sent to nine of the major strawberry growers located in the UK. The questionnaire was also sent to 
two strawberry marketing desks, BerryWorld Ltd and Berry Gardens Ltd, who between them 
represent approximately 75% of UK soft fruit growers. Further correspondence with individual 
growers and with the two marketing desks was carried out over several months to encourage 
participation and to check individual data sets. Completed questionnaires were received from six 
growers by the end of March 2011. The total benchmarked irrigated area in 2010 was 211 hectares. 

(ii) 2011. To try to increase the number of completed forms in 2010, the questionnaire was sent to 
the four major strawberry marketing desks; Berry Gardens Ltd, BerryWorld Ltd, Total Berry Ltd and 
Angus Soft Fruit Ltd in November 2011. Email and telephone correspondence was then conducted 
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over several months with representatives from each marketing desk to encourage grower 
participation. Questionnaires were also circulated at the Berry Gardens Annual Technical Conference 
and the HDC Soft Fruit Conference in November 2011. Following a muted response after several 
months, Berry Gardens Ltd contacted 26 strawberry growers who had produced soil-grown crops in 
2011 and requested that completed forms be returned to the Project Leader at EMR by the end of 
March 2012. The project team at EMR then followed up with telephone calls to help growers fill out 
the forms and to resolve unclear responses. The questionnaire was also passed to grower members 
of the HDC Soft Fruit Panel and Scott Raffle, Communications Manager for Soft Fruit, followed up 
with telephone calls to encourage participation. In total, 21 completed grower questionnaires were 
returned. Of these, 13 were included in the benchmarking exercise; the remaining eight 
correspondents did not, or could not, provide information on volumes of water applied to their crops 
and so could not be benchmarked for water use efficiency. The total benchmarked irrigated area in 
2011 was 462 hectares. 

4.3.1 Data summary and presentation 

A grower questionnaire was developed and used to collect the benchmarking data. The 
questionnaire was sent out to growers; follow up interviews were then held with growers to collect 
and verify the data. Grower responses were collated and the results for each cropping type (60-day, 
main season and everbearer) analysed separately. To compare the three different cropping types, 
the five-number summary was used to describe the data sets and presented using boxplots. These 
display differences between populations without making assumptions of the underlying statistical 
distribution: they are non-parametric. The spacings between the different parts of the box help 
indicate the degree of dispersion (spread) and skewness in the data, and identify outliers. The first, 
second (median) and third quartiles are presented; the first quartile represents the value below 
which 25% of the grower responses fall, the second quartile the value below which 50% fall and the 
third quartile the value below which 75% fall. The interquartile range gives information on the 
distribution of the data and, together with the overall range and the median, indicates the skewness 
of the data. The 5th and 95th percentiles are shown, along with any outliers and the average value is 
also presented. 

The performance of individual growers relative to the first, second and third quartiles is presented 
for each cropping type in a series of histograms. These comparisons were used to score individual 
growers and assess their relative performance. The number of benchmarked respondents for 60-day, 
main season and everbearer crops was 11, 12 and 8, respectively. Seven growers grew all three crops 
in 2011. 

4.4 Benchmarking results 

4.4.1 Assessing irrigation, horticultural, environmental and financial performance 

The relative performance of each grower for the eight KPIs was summarised for each crop using a 
variation of the ‘traffic light’ system. Five different scores were awarded, two above the median, two 
below the median and one for respondents who weren’t able to provide water use figures. Using 
crop productivity as an example KPI, growers falling below the first quartile were scored ‘amber/red’; 
those falling between the first and second quartile ‘amber’, those falling below the third quartile 
‘green/amber’ and those above the third quartile ‘green’. Growers who did not know, or did not 
provide, water use figures were scored red. Although this system provides a useful visual indicator of 
relative grower performance, the results should be viewed with caution since the benchmarking 
exercise is inevitably skewed because growers who did not know how much water was applied to 
their crops in 2011 were excluded. Consequently, only the more ‘water conscious’ growers have 
been benchmarked and therefore, the values may not be representative of the industry as a whole. 
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4.4.2 Irrigation performance 

The variation in the reported volumes of water applied (m3 ha) to each cropping type is shown in 
Figure 27. Half of all growers (6) applied between 389 and 938 m3 per ha-1 to 60-day strawberry crops 
(interquartile range); the lowest volume was 280 and the highest 1800 (overall range) with a mean of 
784 m3 ha-1. The data is skewed to the left and shows that 75% of growers used less than 1000 m3 ha-

1 and 50% used less than 800 m3 ha-1. The interquartile range and overall range is similar for both 60-
day and main season crops which suggests that the data are distributed in a similar way, but overall, 
the greater median value indicates that more water was applied per hectare to main season than to 
60-day crops. The interquartile and overall ranges for everbearers are greater than those for the 
other two cropping types which indicate greater sample variability. The median is also greater which 
suggests that more water was applied per hectare of everbearers; this presumably reflects the longer 
cropping season of everbearers but other factors may also be involved. 

Figure 27 Box-and-whisker plot of the irrigation volumes applied per hectare of 60-day, main season 
and everbearers crops in 2011. 
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Growers 6, 8 and 21 applied less than 389 m3 ha-1 (the 25% quartile) to their 60-day crops (Figure 28) 
and are considered to represent industry ‘best practice’. Growers 10 and 13 represent industry 
‘better practice’ and growers 3, 7 and 9 applied the average volume of water to their 60-day crops. 
Volumes of water applied by growers 17, 19 and 20 were above the third quartile (938 m3 ha-1) which 
suggests that improvements in on-farm water use efficiency may be possible. Growers 7 and 8 
applied the least volume of water per cropped area to main season crops (231 m3 ha-1) whilst grower 
20 applied ten times this volume (2000 m3 ha-1). Growers 13 and 17 represent ‘best practice’ for 
everbearer crops while growers 18 and 20 applied more water per cropped area than the third 
quartile (2133 m3 ha-1). Current irrigation guidelines for strawberry field crops are fairly vague and 
suggest applications of up to 300 mm (3000 m3 ha-1) per season (ADAS, 2003). 

There were interesting differences in the volumes of water applied per cropped area to each 
cropping type by individual growers. For example, grower 17 applied considerably less water per 
hectare to everbearer crops than to 60-day and main season crops.  Planting density and crop load 
will influence the volumes of water applied per cropped area and the different volumes applied by 
grower 17 may reflect these aspects of production. In contrast, volumes of water applied per hectare 
by grower 8 were at, or below, the 25% quartile for each cropping type which suggests a consistently 
efficient use of irrigation water. This very ‘water conscious’ grower uses mains water exclusively for 
irrigation and farms on soil with high available water content (Table 2) and so manages water inputs 
very carefully to optimise soil water availability. However, this grower relies mainly on intuition, 
experience and visual examination of soil moisture content (Table 2) and this level of expertise has 
been attained over several decades. So, although this grower probably represents industry ‘best 
practice’, as was also the case in 2010, his approach is not readily transferable or easily acquired by 
other growers wishing to improve their water productivity. It may also be difficult for this grower to 
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demonstrate an efficient use of water since there may not be supporting measurements of soil water 
content or availability. 

Figure 28 Irrigation volumes applied (m3 ha-1) by growers on60-day (a), main season (b) and 
everbearers (c) crops in 2011. The first, second and third quartiles (solid lines) and average value 
(dashed line) are shown. 
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Table 2 Crop, irrigation and water source/availability details of the strawberry grower group. 

ID Crop1 
Irrig 
area 
(ha) 

Water source (%) Soil water content (%) 

Reservoir River 
Borehol

e Mains High Med Low 

1 60, M, E 34   100   100  
2 No data - - - - - - - - 
3 60, M, E 35 n/s - - - - - 100 
4 60, M, E 4  Loch    100  
5 M, E 5   100   100  
6 60, M 21  100    100  
7 60, M 18  100    100  
8 60, M, E 14    100 100   
9 60, M, E 40   100   40 60 
10 60, M 60   100   80 20 
11 M 1 100     100  
12 60, M, E 44  50    100  
13 60, M, E 28  100    100  
14 60, M, E 19 100     100  
15 60, M, E 12   100   100  
16 60, M 5  100    65 35 
17 60, M, E 32  100    100  
18 M, E 45   100   100  
19 60, M, E 25 42  58   72 28 
20 60, M, E 100 70   30  90 10 
21 60, M 38  50 50   100  

Notes:  160 = 60-day; MS = main season; E = ever bearer. All fields were drip irrigated. 

4.4.3 Crop productivity 

Although yields of Class 1 fruit can vary between cultivars and are dependent on many climatic and 
non-climatic factors, data collected in 2010 from a relatively small number of growers showed that 
the average Class 1 yield from a 60-day crop was 20 t ha-1, and from a main season crop, 24 t ha-1. A 
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wider range of everbearer cultivars are cropped and so differences in average yield between growers 
will be influenced to a greater extent by the cropping potential of each cultivar but the industry 
average Class 1 yield for all everbearer cultivars was 29 t ha-1 in 2010. 

Class 1 yields harvested from 60-day crops in 2011 varied widely, indicated by the relatively large 
interquartile and overall ranges (Figure 29). Yields from 60-day crops were skewed to the left and 
75% of growers achieved yields of less than 21 t ha-1; the median value was 18 t ha-1. As expected, 
the median value for main season crops (23 t ha-1) was greater than for 60-day crops, although the 
overall range was similar. The median yield from main season crops was greater than the third 
quartile of yields harvested from 60-day crops, or put another way, three quarters of growers of 60-
day crops achieved lower yields than the median value from main season crops. The median value 
for everbearer crop yields (23 t ha-1) was the same as that for main season plants but the overall 
range was smaller, indicating that total yields were more consistent from everbearer than from main 
season crops (Figure 29). 

Figure 29 Box-and-whisker plot of crop productivity (t ha-1) achieved by growers of 60-day, main 
season and everbearers crops in 2011. 
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The average 60-day Class 1 yield from this grower group was 18.1 t ha-1 (Figure 30). Grower 7 
achieved very high Class 1 yields from a 60-day crop but cropped only a very small area (Table 2). 
Growers 13, 17 and 19 achieved relatively low Class 1 yields (at or below the 25% quartile). Yields 
from grower 17’s 60-day crop were reduced by 30-40% due to storm damage.  The average Class 1 
yield from main season crops in 2011 was 22.5 t ha-1, growers 7 and 19 achieved relatively low yields 
while growers 8, 9, 21 and 22 produced yields higher than the third quartile (Figure 30). The average 
yield from everbearers in 2011 was 24.8 t ha-1; grower 9 produced high yields from everbearer crops 
while yields from growers 13 and 17 were relatively low (Figure 30). 

Average Class 1 yields from each of the three cropping types achieved in 2011 were lower than those 
recorded in 2010 and in 2008. The reasons for this general depression of yield are not known but it is 
likely due to local conditions since at least one grower benchmarked in both 2010 and 2011 (grower 
9) achieved very similar yields in all three cropping types over the two seasons. The most consistent 
yields from all three cropping types in 2011 were achieved by grower 3. Grower 9 achieved very good 
yields from main season and everbearer crops but relatively low yields from the 60-day crop. The 
greatest variation in Class 1 yields was between 60-day and main season crops from grower 7 who 
harvested exceptionally high yields from the 60-day crop and very low yields from the main season 
crop due to late frosts, problems with powdery mildew and ‘weak’ plants. As noted above, grower 17 
applied less water per hectare to everbearer crops and whether this was a cause of, or a response to, 
the relatively low yield is not known. However, experienced growers adjust the volumes of irrigation 
water applied to match the changing crop load over the season and so it is unlikely that Class 1 yields 
would have been limited by soil water availability. 
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Figure 30 Crop productivity (t ha-1) achieved by growers of 60-day (a), main season (b) and 
everbearer (c) crops in 2011. First, second and third quartiles (solid) and average (dashed) shown. 
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4.4.4 Irrigation water use efficiency 

The volume of irrigation water used to produce the Class 1 yield is a measure of the efficiency with 
which the grower uses water. The most relevant expression of irrigation water use efficiency (IWUE) 
is the weight of Class 1 fruit produced per unit volume of irrigation water applied and a higher IWUE 
value suggests an efficient use of irrigation water. There was a wide range of IWUE in the 60-day 
crops, as can be seen from the very large interquartile range (Figure 31). 

Figure 31 Irrigation water use efficiency (kg Class 1 per m3) achieved by growers of 60-day (a), main 
season (b) and everbearer (c) crops in 2011. First, second and third quartiles (solid) and average 
(dashed) shown. 
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There was a 10-fold difference between the minimum and maximum values, showing considerable 
opportunity for improvement. Fifty per cent of growers achieved an IWUE of less than 27 kg per m3 
while the average was 34 kg per m3. In main season crops, IWUE values were skewed to the right and 
although the interquartile range was smaller than for 60-day crops, indicating less sample variability, 
the overall range was similar with an 8-fold difference between minimum and maximum IWUE values 
(Figure 32). IWUE values were lower from everbearers which resulted from yields in 2011 being the 
same as from a main season crop, despite the longer cropping season which necessitated more 
irrigation events. 
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Figure 32 Box-and-whisker plot of irrigation water use efficiency (IWUE) (kg Class 1 per m3) achieved 
by growers of 60-day, main season and everbearers crops in 2011. 
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Grower 21 achieved the highest IWUE in 50-day crops, grower 8 in main season crops and grower 13 
in everbearer crops. Consistently high IWUE were achieved by growers 7, 8 and 21, irrespective of 
crop type. High IWUE are can be achieved by good irrigation management (correct operating 
pressures and reducing leaks), accurate scheduling (matching irrigation demand with supply to 
minimise run-through of water past the rooting zone), growing on soil with a high water holding 
capacity and producing high marketable yields. Grower 6 achieved a very high IWUE with 60-day 
crops but a relatively poor IWUE with main season crops due to low Class 1 yields. 

Consistently low IWUE were achieved by growers 19 and 20 which suggests that their approach to 
irrigation scheduling could be improved, although both growers farm on soils with a medium to low 
water holding capacity. Interestingly, Grower 8 uses a single, non-pressure compensated drip tape 
per bed, an approach that needs careful management to ensure that the lateral spread of water is 
sufficient to reach both sides of the strawberry bed. 

4.4.5 Water productivity 

Strawberry growers often express their water use in terms of water productivity, that is the volume 
of water needed to produce 1 tonne of Class 1 fruit. The average industry WP value calculated from 
field data collected in the 2008 survey was 78 m3. The minimum and maximum volumes were 30 m3 
and 161 m3, respectively.  A quarter of growers used 57 m3 or less while 75% used less than 94 m3. 
These figures included irrigation volumes applied to 60-day, main season and everbearer crops and 
also include the water used during crop establishment. Several of the more ‘water concious’ growers 
were able to provide details of irrigation volumes applied to the diffferent crop types and average 
WP values were 56, 50 and 51 for 60-day, main season and everbearer crops, respectively. 

In this project, the interquartile and overall ranges of WP values achieved for 60 day crops were quite 
large (Figure 33), suggsting a large sample variability. However, 50% of growers achieved a WP value 
of less than 37, which suggests that these growers are already ‘water concious’ and using their 
irrigation water efficiently. The minimum WP value was 14, which is similar to that achieved in 
scientific trials at EMR, while the maximum value was 133. The range of WP values achieved for main 
season crops was much lower, with 75% of growers achieving a WP value less than 57. Since the 
amount of irrigation applied to main season crops was higher than 60-day crops (Figure 33), this 
lower WP presumably results from the consistently higher Class 1 yields from main season crops. The 
range of WP values achieved for everbearer crops was intermediate with 50% and 75% of growers 
achieving WP values of less than 55 and 77, respectively. 

In this project, the WP values achieved by growers 7, 8 and 21 across the three cropping types were 
very low and represent industry ‘best practice’ (Figure 34). Growers 18, 19 and 20 returned high WP 
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values. In the case of grower 19, this resulted, in part, from relatively low yielding 60-day and main 
season crops, compared to the industry average. Growers 18 and 20 achieved average and relatively 
good yields, respectively, but applied more irrigation water than was, perhaps, necessary. 

Figure 33 Box-and-whisker plot of water productivity (m3 tonne Class 1 fruit) achieved by growers of 
60-day, main season and everbearers crops in 2011. 

Water productivity (m
3
 tonne Class 1 fruit

-1
)

0 20 40 60 80 100 120

S
tr

a
w

b
e
rr

y
 c

ro
p
p
in

g
 t
y
p
e

60-day

Main season

Everbearer

60-day 

Main season 

Everbearer 

 

Figure 34 Water productivity values achieved by growers of 60-day (a), main season (b) and 
everbearer (c) crops in 2011. The first, second and third quartiles (solid lines) and average value 
(dashed line) are shown. 
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4.4.6 Environmental performance 

Growers 7, 8, 13 and 21 achieved the highest IWUE and lowest WP. Such an efficient use of irrigation 
would enable continued production with limited supplies of fresh water. Improvements in these two 
KPIs could be made by better irrigation management, scheduling irrigation more effectively to match 
demand with supply and improving soil water retention by incorporating organic matter (e.g. green 
waste) during bed preparation. Three out of four growers relied heavily on intuition, experience and 
visual scoring to inform irrigation scheduling, although in all cases, this approach was supplemented 
by a scientific measure of soil water content. Scheduling irrigation to match demand with supply not 
only optimises irrigation water inputs, but also reduces leaching of water and fertilisers past the 
rooting zone, thus limiting the potentially negative impacts of nutrient leaching from intensive 
horticultural production on ground water quality. The majority of large polytunnel developments for 
soft fruit production now require planning permission and environmental impact assessments. These 
identify any potential issues associated with a new development in terms of causing environmental 
problems, and either suggest improvements to the plan or not approve development. 
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4.4.7 Economic performance 

Product value (£ per tonne) 

The value of Class 1 fruit in 2011 for 60-day crops ranged from £2200 to £4340 per tonne, although 
the interquartile range was only £130 (Figure 35); the average was £3082 per tonne. Higher prices 
were obtained for main season crops and the overall range of values was relatively narrow, between 
£3000-£3600 per tonne Class 1, with an average of £3247 per tonne (Figure 35). 

Figure 35 Box-and-whisker plot of the gross price per tonne of Class 1 fruit achieved by growers of 
60-day, main season and everbearers crops in 2011. 
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The interquartile range for everbearer crops was £500 per tonne Class 1 fruit and the minimum and 
maximum values were £2800 and £4000 per tonne respectively. Overall, a tonne of Class 1 fruit from 
everbearers was worth more than that from 60-day and main season crops, perhaps because this 
fruit was harvested over a longer season and growers were able to avoid some periods of oversupply 
and the attendant lower prices. Grower 7 received a very good price for his 60-day crop. In contrast, 
the price obtained by grower 6 was far lower than that achieved by other growers (Figure 36); this 
was due to oversupply at the time of harvest.  In contrast, grower 6 received one of the highest 
prices for his main season crop due to undersupply and associated high prices at the time of harvest. 
The higher prices received by growers 8 and 9 from their everbearer crops may have been partly due 
to the longer harvest season, or they may have grown premium cultivars that attract a higher price 
(Figure 36). 

Figure 36 Product value (£/t) of Class 1 fruit achieved by growers of 60 day (a), main season (b) 
everbearer (c) crops in 2011. The first, second and third quartiles (solid lines) and average value 
(dashed line) are shown. 
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Total gross product value (£) 

The total gross crop value is a combination of the value of the crop and number of tonnes of Class 1 
fruit harvested. Although planting density, choice of cultivar and other aspects of production already 
discussed influence this KPI, the major determinant is the cropped area. The very high overall range 
for everbearers (Figure 37) is due to the fact that one grower cropped 50 hectares of everbearers in 
2011 and consequently, generated a maximum gross total crop value of £4,800,000 (Figure 38). This 
KPI is not necessarily a good indicator of resource use efficiency or industry ‘best practice’. 

Figure 37 Box-and-whisker plot of the total gross crop values achieved by growers of 60-day, main 
season and everbearers crops in 2011. 
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Figure 38 Total gross crop values achieved by growers of A) 60-day, B) main season and C) 
everbearers crops in 2011. First, second and third quartiles (solid lines) and average (dashed line) are 
shown. 
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Output per irrigated area (£ per hectare) 

Differences in cropped area can be accounted for by calculating the output (£) per irrigated area 
(Figure 39) although planting density will still influence this KPI. The overall range for 60-day crops 
was £28-148K while the average value was £58K per ha. Main season and everbearer crops were 
generally more profitable in terms of cropped area which can be expected due to their higher yields 
and, in the case of everbearers, their protracted cropping season which may help to avoid periods of 
oversupply. 

For 60-day crops, grower 7 generated the most income per irrigated area of crop with a value nearly 
3 times higher than the mean value (Figure 40A). Outputs per cropped area were more uniform for 
main season crops, despite growers 7 and 19 generating incomes below the 25% quartile (Figure 
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40B); in both cases, this was due to unexpectedly low yields from the main season crop, due in part 
to late frosts and problems with powdery mildew. A very high output per cropped area was achieved 
by grower 9 for everbearer crops (Figure 40C) and this was due to a combination of high average 
yields and good prices in 2011. 

Figure 39 Box-and-whisker plot of the output per irrigated area (£K ha-1) achieved by growers of 60-
day, main season and everbearers crops in 2011. 
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Figure 40 Output per irrigated area achieved by growers of (a) 60 day, (b) main season and (c) 
everbearer crops in 2011. The first, second and third quartiles (solid lines) and average value (dashed 
line) are shown. 
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Output per unit of water applied 

The value per unit of water applied in the field-grown strawberry production differed between the 
three cropping types (Figure 41). The interquartile range was greatest for 60-day crops which implies 
a larger sample variance; the minimum and maximum values were 23 and 214, respectively; 50% of 
growers generated more than £81 per m3 applied. In main season crops, the interquartile range was 
smaller than the corresponding 60-day value but the median and mean values were similar (Figure 
41). The range of outputs per unit irrigation applied to everbearer crops was the lowest for all three 
cropping types, reflecting the prolonged need for irrigation during the extended everbearer season. 

For 60-day and for main season crops, growers 7, 8 and 21 achieved the highest output per unit of 
irrigation applied (Figure 42); this was a consequence of the very low WP values, good yields and 
good market price. Grower 8, 13 and 17 achieved the highest outputs for everbearers (Figure 42). 
Growers 19 and 20 achieved relatively low outputs per cubic metre of irrigation applied across all 
three cropping types; this was due mainly to high volumes of irrigation applied per crop area and 
correspondingly low WP values. 
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Figure 41 Box-and-whisker plot of the output per unit of irrigation water applied (£ m3) achieved by 
growers of 60-day, main season and everbearers crops in 2011. 
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Figure 42 Output per unit of irrigation water applied (£ m3) achieved by growers of 60-day (a), main 
season (b) and everbearer (c) crops in 2011. The first, second and third quartiles (solid lines) and 
average value (dashed line) are shown. 
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4.5 Synthesis and grower summary 

The growers involved in the strawberry benchmarking included both small and large businesses 
farming on a range of different soil types, using several different sources of water, in different 
regions of England and in areas classified by the EA as being either ‘over licensed’ or ‘over 
abstracted’. An absolute requirement for benchmarking water use is a record of the volumes of 
irrigation water abstracted and applied. Over a third (38%) of all respondents did not, or could not, 
provide information on volumes of water used to irrigate their crops in 2011. In the survey carried 
out in 2008 as part of HL0187, 33% of growers surveyed were unable to provide this data. In some 
cases, the volumes of water were not known but in other cases where growers were producing 
several horticultural crops, the total volume of irrigation used on-farm was known but the allocation 
to field-grown strawberries was not. These difficulties may limit the uptake of benchmarking water 
use efficiency by the industry since those growers who are not able to provide information on 
volumes of irrigation water used would not be able to participate in the exercise. Consequently, the 
results may be skewed towards the more ‘water conscious’ growers and may not, therefore, be 
representative of the industry as a whole. 

One alternative way to engage the industry more proactively and widely may be to benchmark 
fertiliser use efficiency. However, impending changes in legislation mean that all drip irrigators must 
be able to demonstrate an efficient use of water in the future. Furthermore, produce quality 
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assurance schemes such as the ‘Red Tractor’ and ‘Leaf’ marque chemes and those run by individual 
retailers are becoming more stringent in their assessment of whether produce is being produced 
efficiently and sustainably and now are requesting supporting data. This will encourage more 
growers to record the volumes of water applied to irrigate horticultural crops which will increase the 
potential of benchmarking water use efficiency to help improve and importantly demonstrate 
industry ‘best practice’. 

The volumes of water applied per hectare of crop differed between growers but also between the 
three crop types produced by the same grower. Most growers who produced all three cropping types 
applied more water to main season than 60-day plants and more water to everbearers than to main 
season crops. Consequently, even though Class 1 yields were highest from everbearer crops, the 
output per unit volume of water applied was the lowest. If fresh water availability for irrigation 
becomes limiting in future, it may be economically and environmentally more sustainable to grow 
only 60-day and main season crops. 

The IWUE and WP values achieved by growers 7, 8 and 21 across the three cropping types represent 
current industry ‘best practice’. Each of these growers scheduled irrigation very effectively and used 
a combination of soil moisture content measurements combined with intuition, experience and 
direct soil sampling.  Grower 8 uses mains water exclusively and so careful irrigation management 
and effective irrigation scheduling translate in to tangible cost savings. Potential strategies to 
improve these two KPIs have been suggested. Although higher marketable yields would also help to 
improve IWUE and WP, many growers have already developed production systems that optimise 
Class 1 yields, although occasional adverse weather or disease issues can severely limit yields. 

The value of unit of irrigation water applied in field-grown strawberry production differed by more 
than 10-fold in 2011 amongst the respondents. Growers 21, 8 and 13 achieved the greatest total 
revenue of fruit sales per cubic metre of irrigation water used on 60-day, main season and 
everbearer crops, respectively, a consequence of the very low WP values, good yields and good 
market price. The relative performance of each grower in the key performance indicators for each 
crop is summarised using the ‘traffic light’ system (Tables 3, 4 and 5). Although this provides a useful 
visual indicator of relative grower performance within the sample group, the outcome may be very 
different with a larger sample of growers. This analysis is also restricted to a fairly small grower group 
producing crops in a single year and different rankings could be expected if several years data were 
collated and then analysed. 

Although this benchmarking exercise focussed primarily on improving IWUE, in crops like strawberry 
which are fertigated regularly, there is significant potential to improve nutrient use efficiency (NUE) 
too. Reduced annual spend on fertilisers is likely to be a strong financial driver for change (see 
below), perhaps more so than reducing water inputs as many growers do not see the price or 
availability of water as being a significant constraint to their farming practices. Targeting fertiliser 
applications more effectively and reducing run-through past the rooting zone would also improve the 
environmental sustainability of the sector. 
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Table 3 Summary of KPIs for strawberry growers of main season crops in 2011. CNC = could not 
calculate because essential data not provided; NS = not supplied. 

 

Table 4 Summary of KPIs for strawberry growers of 60-day crops in 2011. CNC = could not calculate 
because essential data not provided; NS = not supplied. 
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Table 5 Summary of KPIs for strawberry growers of everbearer crops in 2011. CNC = could not 
calculate because essential data not provided; NS = not supplied. 

 

 

4.6 Summary 

 Data were collated and analysed from a strawberry grower group comprising of small, medium 
and large soft fruit businesses. Key performance indicators were used to quantify their relative 
performance with regard to IWUE and WP; 

 The benchmarking process identified significant differences in several of the key performance 
indicators, especially in relation to the amount of water applied, implying that significant 
improvements in performance could be made by the less well-performing growers moving 
towards the industry ‘best practice’;  

 There were significant differences in IWUE, WP and the revenue generated per cubic metre of 
irrigation water between growers. The IWUE and WP values achieved by growers 7, 8 and 21 
across the three cropping types represent current industry ‘best practice’. Each of these growers 
scheduled irrigation very effectively and used a combination of soil moisture content 
measurements combined with intuition, experience and direct soil sampling; 

 The approaches used and the decisions made by growers 7, 8 and 21 could be used as the 
benchmark to help other growers move towards ‘better practice’. Clearly, measures to improve 
IWUE can be integrated in to commercial production without compromising yields and quality; 

 The best management of irrigation water is derived from frequent and regular manual sampling 
and observation in addition to the use of soil moisture sensor technology. This is a key message 
because better control of irrigation and reducing waste is a route to mitigate N and P diffuse 
pollution risk; 

 A straightforward irrigation decision support tool would help to reduce water (and fertiliser) 
inputs of those growers wishing to improve their resource use efficiency. Such a system has been 
developed and tested in HortLINK project 0187 and is currently being rolled out commercially; 

 Uptake of the methodologies and investment in the technologies identified in this work is 
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required by growers to further improve the effective use of irrigation water; 

 The design and management of the irrigation system must also be optimised before water inputs 
and losses can be reduced. 

 Water is a valuable commodity for soft fruit production and limited future availability will 
encourage growers to more closely monitor water use and in the process reduce potential 
releases of nitrates and phosphorus.  Research is continuing in this area and major savings in 
water and fertilisers are achievable. The development of more water efficient varieties in 
breeding programmes will also help to improve IWUE and WP in the soft fruit industry, and; 

 Benchmarking for water use efficiency in the strawberry sector may not lead to industry-wide 
improvements since the exercise excludes those growers who do not currently record their water 
usage. All growers know their annual spend on fertilisers and because all strawberry growers 
apply fertiliser via irrigation, benchmarking for fertiliser use efficiency may engage the majority 
of growers and lead indirectly to improved water use efficiency, environmental sustainability and 
profitability of the soft fruit sector. 

 

4.7 Practical ways to improve water use efficiency 

This short review aims to identify the key barriers and enablers in relation to farm benchmarking for 
the strawberry sector. 

4.7.1 Irrigation scheduling tools and guidelines 

One of the key factors determining the relative scores of the different growers is their ability to 
schedule irrigation effectively to match demand with supply. Although this is not always achievable, 
for example when fertigation events are needed to optimise fruit yields and quality, improved 
irrigation scheduling tools would help growers to use water more efficiently. Despite the availability 
of soil moisture probes and access to real-time data via the internet, many growers base their 
irrigation decisions on visual or physical inspection of soil samples taken using a corer (dibbing). 
While this approach can be very effective, significant water savings can be achieved when some form 
of scientific irrigation scheduling tool is used. Of the 21 growers who responded to the questionnaire, 
76% used a scientific form of soil moisture monitoring to inform their irrigation scheduling. However, 
93% of those growers who were able to provide water use data used soil moisture sensing probes, 
which suggests that this approach was an integral part of a more general programme to ensure that 
irrigation was scheduled effectively by the more ‘water conscious’ growers. 

A straightforward irrigation decision support system has been developed at EMR in Horticulture LINK 
project HL0187 (‘Improving the water use efficiency and fruit quality of field-grown strawberry 
production’). In a grower trial in 2010, water (and fertiliser) savings of 36% were achieved using the 
Grower Test Regime (GTR), compared to the grower’s standard irrigation regime (Commercial 
Control) (Else and Atkinson, 2010). Yields of Class 1 fruit were increased by 18% and aspects of fruit 
quality such as berry firmness, taste, flavour and shelf-life were also improved under the new 
irrigation scheduling regime. Further grower trials were carried out in 2011, some on farms involved 
in the current benchmarking exercise (growers 9 and 18). In three out of four trials, yields of Class 1 
fruit were increased by between 6-15% and total water savings of between 20 and 30% were 
achieved. Water savings of only 3% were achieved at one grower’s site (grower 18) since a ‘dry’ 
regime was imposed on the commercial crop to delay fruit ripening; however, yields of Class 1 fruit 
were reduced by 5% with this strategy, compared to the GTR.  Fertiliser reductions of 23% and 3% 
were also achieved at two grower sites.  However, a small loss in Class 1 yield (5%) under the GTR in 
one trial was caused by having to implement the water-saving strategy on a crop with a very shallow 
root system (resulting from the little-and-often approach to irrigation practised by this grower). 

Berry SSC and firmness values were generally similar at each trial site, irrespective of irrigation 
regime. However, grower taste tests carried out at two trial sites indicated that fruit from the GTR 
was sweeter and more flavoursome than that from the commercial regimes. Scores from two taste 
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tests carried out by the M&S QC panel indicated that fruit from the GTR were generally more 
flavoursome than those from the CC regimes. There were no consistent effects of irrigation regimes 
on shelf-life, although the percentage of bruised/rotting fruit at the end of the shelf-life tests was 
generally lower in fruit from the GTRs. Chemical analyses of samples from trials revealed no 
significant treatment differences on sugar and organic acid profiles, and on berry total antioxidant 
capacity. 

Over two years of grower trials, on-farm water savings of up to 36% were particularly encouraging 
since the grower partners in the HortLINK consortium were already ‘water conscious’ and use 
considerably less water than the industry average. Values of WP (m3 water used to produce 1 tonne 
Class 1 fruit) in our grower trials ranged from 30 to 37 under the CC irrigation regimes and from 25 to 
28 under the GTRs. The approach developed in HL0187 is currently being rolled-out commercially by 
Berry Garden Growers Ltd in collaboration with Earthcare Environmental and EMR. Trials at seven 
grower sites have been carried out during 2012 and preliminary results are encouraging in that 
significant water savings have been achieved without reductions in marketable yield or berry quality. 

4.7.2 Irrigation system design and performance 

The efficient and consistent delivery of irrigation water is essential if IWUE and WP across the soft 
fruit sector is to be improved. Many factors can influence the efficiency of water delivery, including 
incorrect operating pressures, poor drip line maintenance, incorrect location of header pipes in 
relation to bed lengths, inappropriate system design for challenging topographies and leaks 
remaining unfixed. The number of drip lines, rate of emitters and emitter spacing should also be 
selected carefully to ensure the best lateral spread of irrigation water on soil types with different 
porosities. An irrigation system audit carried out by a consultant will help to identify areas that could 
be improved to deliver a greater IWUE. Similarly, when new plantings are being planned, advice on 
the design of the irrigation system would help to ensure that the delivery of irrigation water was 
optimised, especially on sites with challenging topography. Only 57% of respondents currently used 
pressure-compensated drip lines, presumably due to the expense, but the cost may be more easily 
justified in future with declining water availability and rising costs for abstraction and use. 

4.7.3 Rain-fed crops, harvesting rain water and water storage 

While crops remain uncovered, any rainfall can help to maintain the soil at or near to field capacity.  
IWUE could be improved considerably if covering could be delayed until flowering and removed 
shortly after cropping.  However, this may be impractical in some situations since the timing of 
cropping is controlled very carefully to try to avoid periods of oversupply and this is often achieved 
by ‘forcing’ crops by covering early in the year to advance fruit development and ripening. 

Where two tunnels meet, a leg row is half shared with the adjoining tunnel and when the tunnels are 
covered, this forms a gap in the roof structure and rain water can drain off the tunnel structure into 
this gap. One hundred mm of rain on the plastic roof is equivalent to 0.1 m3 or 100 L of water per m2 
so when the roof is in place, this would drain into 1.4 m of leg row from the 8.5 m roof. This would 
total 850 litres per m2 down the leg row when the roof was in place after 100 mm of rain fall (ADAS 
2012).  However, very few growers harvest rain water, despite the fact that new polytunnel designs 
include guttering in the leg rows to collect rain water from the plastic covering. Harvesting and 
mixing rainwater with poor quality irrigation water (high background EC) would also help to dilute 
potentially damaging ballast ions such as sodium and chloride. 

Of the 21 respondents, only 4 growers possessed water storage facilities ranging from large water 
tanks to unlined reservoirs to lined reservoirs, but these were not the growers with high IWUE or low 
WP. However, the grower with the largest cropped area (100 ha) sourced 70% of irrigation water 
from four reservoirs. Although reservoirs often provide a safety margin in times of limited water 
availability, the very dry winter in 2011 meant that some growers were unable to fill their newly built 
reservoirs due to exceptionally low flows. 
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4.7.4 Improving soil water retention 

An improved soil water holding capacity would also help to reduce irrigation inputs, especially on 
light, free-draining soils. WRAP-funded trials at EMR showed that incorporating quality composts 
(‘green waste’ or ‘in-vessel’) during bed preparation at rates that complied with NVZ regulations 
improved water retention in the sandy loam soil at EMR (Else et al., 2009). Perhaps more 
importantly, the need for supplemental nutrition (via fertigation) was eliminated by incorporating 
quality composts and fruit yields, quality and shelf-life were maintained. A partial budget analysis 
indicated that a total saving of £12k on fertiliser and labour costs over two years was possible for a 
20 hectare strawberry crop. 

4.7.5 Breeding for improved water use efficiency 

Pre-breeding to improve resource use efficiency is a key component of the government strategy to 
deliver sustainable intensification of UK agriculture and horticulture. The selection of new strawberry 
cultivars with an improved tolerance to moderate soil drying would provide a longer term 
opportunity to improve the economic and environmental sustainability of soft fruit production. 
Several strawberry breeding programmes continue to release new cultivars with good fruit size, 
excellent flavour and shelf-life, good disease resistance and other desirable attributes. However, 
performance under low input regimes is generally not assessed during the selection process, and so 
cultivars that crop consistently under water and fertiliser-saving regimes are not always identified 
and selected. 

Work from a recent Defra project at EMR (WU0107) has demonstrated that WUE have a clear and 
heritable genetic basis arising from the beach strawberry Fragaria chiloensis and that markers linked 
to these traits are rare in the F. x ananassa  germplasm. F. chiloensis displayed the highest and most 
consistent measures of WUE out of all studied strawberry cultivars and there is thus great potential 
to harness the natural variation present in F. chiloensis. However, developing new commercial 
cultivars that possess these beneficial traits is a significant challenge. Understanding other traits, 
such as drought tolerance and salinity tolerance are key to the successful development of cultivars 
designed for low-input systems. Strategic research needs to be undertaken to understand the genetic 
and environmental interactions between the low-input traits and other agronomically important 
traits such as the percentage of Class I yield, flavour and phytonutrient content. 

4.8 Partial cost / benefit analysis 

The Rural Business Research (RBR) 2008/2009 Farm Business Survey for Horticulture Production in 
England reported average annual water costs (across all specialist glass businesses including soft 
fruit) of £530-£630. The cost of irrigation scheduling using a neutron probe service was estimated to 
be £150 per ha per year. This confirms that, on average, the savings in expenditure on water do not 
justify expenditure on irrigation scheduling tools to help inform irrigation strategies. Growers using 
public mains water would be expected to pay significantly more for water and there may then be a 
significant financial benefit to using less water. 

However, the RBR 2008/2009 survey reported average annual fertiliser costs (across all specialist 
glass businesses including soft fruit) of between £3250-£4500 per ha. On this basis, a 20% reduction 
in fertiliser used could, on average, save between £650-£900 per ha and would represent a 
significant financial driver to improve fertiliser use efficiency; since fertigation is the main method of 
application, this would mean a more efficient scheduling of irrigation water. In HortLINK 0187, 
increases in Class 1 yield when irrigation was scheduled effectively were between 5 and 18%. This 
was often due to reduced wastage due to less skin crazing or cracking which can occur under 
excessive irrigation. Assuming increases in Class 1 yield of 5%, 10% or 15%, the net gain in gross 
income profit from adopting water-saving irrigation regimes would be £1750, £3,500 or £5250 per ha 
per year, respectively. 
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4.9 Benchmarking WUE in the soft fruit sector 

There is an absolute requirement for irrigation to provide the yields and quality of soft fruit 
demanded by retailers and consumers.  Seventy per cent of the 21 respondents reported that the 
availability or cost of water was a threat to their business. Records of volumes of water applied were 
kept by 74% of growers, and the same percentage received advice from consultants on how best to 
schedule their irrigation.  The soft fruit industry recognises the need to improve the efficiency with 
which it uses irrigation water and the HDC Soft Fruit Panel has funded much research over the last 
decade to try to improve the environmental and economic sustainability of soft fruit production.  
Funding has also been provided by the Government, individual Producer Organisations such as Berry 
Gardens Ltd and BerryWorld Ltd and other industry representatives and there is an on-going 
commitment to implement research outputs in to commercial production systems. 

Nevertheless, it has been challenging to collate the data needed for this benchmarking exercise.  
Reasons for this have been alluded to and probably include the current exemption for drip irrigators 
from legislation, the relatively cheap and unlimited supply of irrigation water (excluding mains water 
users) and the often unappreciated link between excessive irrigation and problems with fruit quality 
including bland flavour, poor texture and susceptibility to bruising. In addition, strawberry growers 
face a multitude of production issues during a typical season and prioritise these in relation to the 
risk to their business; despite recent droughts in the major soft fruit growing regions, some growers 
don’t yet perceive limited water availability or rising costs of water to be a significant risk. However, 
many other soft fruit growers are keen to embrace new technologies and growing systems that can 
improve environmental and economic sustainability, provided that risks are managed appropriately. 
Guidance on how to improve IWUE can be obtained from soft fruit irrigation consultants and the 
development of a new irrigation scheduling system by Earthcare Environmental Ltd (the ‘echoh 
service’) is also helping to deliver water savings to the soft fruit industry. Efforts to promote the 
uptake of this research by growers, consultants, POs and multiple retailers will continue and targeted 
translational activity is now needed to encourage the soft fruit industry to adopt benchmarking and 
efficient irrigation scheduling to help Government deliver the WFD and ND environmental objectives. 

5 Barriers and enablers to benchmarking 
This short review identifies the key barriers and enablers in relation to farm benchmarking. As 
discussed elsewhere in this report, the willingness of farmers to log into the pilot benchmark webtool 
has been limited - even though the amount of data required is low and most of the information 
would be readily to hand. As a result, much effort has been expended in physically visiting growers 
and collecting the necessary data. By understanding the situation in other crops or stock, and in 
different countries, perhaps some patterns can be discerned which might then be used to maximise 
uptake of irrigation benchmarking in England and Wales. 

Below we outline a number of global farm benchmark services in existence to provide insights into 
the development of future UK irrigation benchmarking services. 

5.1 Further insights 

Finally, in assessing options to maximise benchmarking uptake, it is worth briefly considering other 
areas where data is provided for comparative or aggregate purposes and how this might usefully 
relate to benchmarking. 

Opinion polls 

Attitudinal surveys and opinion polls are undertaken regularly by the public and it would seem that 
the pollsters have little difficulty in achieving their desired level of participation. Some of the reasons 
for this perhaps include (i) little or no effort is required -- no data has to be sought out; just give your 
opinion at the time of asking, (ii) there is no fear of being wrong or being found out. You are entitled 
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to whatever view you profess and indeed the pollsters are expecting diversity (iii) there may be an 
element of flattery as the incentive "my opinion counts" and finally it is almost always just a one-off. 
So perhaps the willingness to participate in such surveys is not so surprising. 

Trade associations 

It is quite usual for trade associations to produce regular, aggregated surveys on topics of special 
relevance to their members. Common themes include salary surveys, economic outlooks, and 
performance Indicators, especially among professional service organisations such as accountants and 
solicitors (% chargeable time). 

These appear to succeed because (i) the subject is of critical importance to the member. As such they 
are likely to have the data to hand as part of normal business operations, (ii) because the subject is 
crucial, it follows that a high payoff from the results is perceived, (iii) because the service is in-house, 
there is a measure of trust that results will be kept confidential and any data released into the public 
domain will be tightly managed to protect confidentiality. Finally it is also likely that a degree of 
loyalty to the trade association is involved. 

This short resume of various farm benchmarking systems from around the world and of other forms 
of survey data demonstrates that many developed agricultural economies operate fairly 
sophisticated farm benchmarking services. However, the number of online, self-administered 
systems is low. So what are the main enabling factors that help maximise participation and what 
might this mean for irrigation benchmarking in the UK. 

5.2 Barriers and enablers for participation 

From this review, can we propose a set of drivers that, for the most part, determine the likely level of 
participation in farm benchmarking. Four drivers include (i) make the process mandatory, (ii) make it 
automatic, (ii) make it painless, and (iv) demonstrate extreme payoff. 

Mandatory 

It is evident from the FinBin service that lenders such as banks require farmers to use the system in 
order to obtain credit. In other spheres, it is normal that government grants are accompanied by the 
requirement to complete an annual return that, when aggregated, provides an overview of the 
outputs from a particular grant program. A good example is the financial, audience and education 
data which organisations funded by the Arts Council England have to complete annually. Such 
funding is crucial to survival (Arts Council funding often exceeds 50% of total income) and failure to 
submit a return could seriously prejudice future funding. 

Automation 

Many of the farm management software packages include the option to export data to a central 
server. In return the producer receives a report on how his enterprise compares to the range of 
performance among his peers. The pig and dairy sectors are perhaps leaders here -- even so this 
approach normally concentrates on physical performance. So in a sense benchmarking is automatic 
and the producer can opt in or out of the system. 

Effortless 

Benchmarking production systems, including farming, require the extraction of data. Furthermore 
there is an obvious pressure to ensure that the data is as accurate as possible. As soon as partial data 
is involved (by variety, by field, by enterprise), someone has to allocate the gross data between the 
parts. This immediately causes concern as to accuracy and affects the propensity to participate. 
Therefore, if all this work and the burden of accuracy can be offloaded to an "expert", then many 
producers might be more happy to participate. The review has identified examples where the farmer, 
often for free, is visited by expert field staff who then extract and validate the data: 

 The Farm Business Survey in England; 
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 The CAFRE farm benchmarking service in Northern Ireland operated by the government 
extension service is free; 

 Milkbench in England still involves a half day visit from DairyCo field staff, and; 

 Various accountants and consultants in the UK provide comparative data as part of their client 
services. A similar situation operates in New Zealand and Australia. 

Wherever government extension services exist (France, for example) then various performance, 
production and financial benchmarks or costings are almost universally offered. Usually these are 
free and accompanied by farm visits to discuss results and provide advice on improvement. So 
although the farmer has to provide input and time, the process is relatively painless. 

Extreme payoff 

Where a participant receives a very high payoff from participation then this naturally affects the 
likelihood of involvement. At farm level, the first iteration of net cost of production may constitute 
such a scenario - and may well affect the probability of participating in subsequent iterations. In 
other areas, it may only involve one-off participation in any case. The Red Meat Industry Forum 
conducted an extensive programme, based on the London Business School model, aimed at assessing 
how world class a company is, with priorities for improvement. There is no doubt that participation 
was affected by the anticipation of a high payoff. The approach was also piloted at farm level with a 
similar propensity to get involved. In summary, the important points are (i) make it easy (automate 
or do it for them), (ii) make it worth it, and (iii) make it mandatory. 
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Appendix: KPI specification and definition 
Table 6 Summary of primary performance indicators for system operation, and their relevance to farmers, regulatory authority and food supply chain. 

Key performance 
indicator 

Definition Data specifications 

Priority to user groups 

Farmers and 
growers 

Water 
regulatory 
authority 

Food supply 
chain 

Volume licensed 
per unit irrigated 
area (m3/ha) 

Total licensed volume 
Total irrigated area 

Total licensed volume is the EA annual licensed 
volume for abstraction. For multiple cropping, the 
total volume licensed is allocated according to the 
area of each crop irrigated. Total irrigated area  is the 
area over which the water was applied. 

   

Proportion 
abstracted 

Total volume abstracted 
Total licensed volume 

Total volume abstracted is the annual volume 
abstracted and reported to the Environment Agency. 
In the case of multiple uses or multiple licenses, the 
total volume abstracted is estimated for the irrigated 
area 

   

Irrigation water 
applied (mm) 

Irrigation volume applied 
Total irrigated area 

Irrigation volume applied is the recorded total volume 
of water applied to the crop. 

   

Relative irrigation 
supply (RIS) 

Irrigation applied 
Irrigation demand 

Irrigation demand is ETcrop less effective rainfall. RIS 
is estimated using a crop water balance model 

   

Relative Water 
Supply (RWS) 

Total water supply 
Crop demand 

Total water supply is defined as rainfall and irrigation; 
Crop demand is defined as ETcrop. RWS provides 
information on the relative excess or scarcity of water 
supplied 

   

Agro climatic 
indicator 

Irrigation applied 
PSMDmax 

PSMDmax is an agroclimatic indicator used to assess 
the impact of rainfall and ET variability on irrigation 
demand 
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Table 7 Summary of primary indicators for agricultural productivity and their relevance to farmers, regulatory authority and food supply chain. 

Key performance 
indicator 

Definition Data specifications 

Priority to user groups 

Farmers and 
grower 

Water 
regulatory 
authority 

Food supply 
chain 

Total productivity 
(t/ha) 

Total yield 
Irrigated area 

Total yield measured from the field at harvest (all 
quality grades). Irrigated area is the area over 
which water was applied 

   

Irrigation water use 
efficiency (t/m3) 

Class 1 yield 
Irrigation applied 

Class 1 yield measured from field at harvest 
(premium grade). Irrigation applied is the total 
volume of water applied to the crop 

   

Product value (£/t) 
Price grades for crop 
quality 

Data from processors regarding the pricing bands 
for produce of different quality (potatoes and 
strawberries) and criteria for assessment 

   

Table 8 Summary of primary performance indicators for financial performance and their relevance to farmers, regulatory authority and food supply chain. 

Key performance 
indicator 

Definition Data specifications 

Priority to user groups 

Farmers and 
grower 

Water 
regulatory 
authority 

Food supply 
chain 

Output per unit 
irrigated area 
(£/ha) 

Gross revenue 
Irrigated area 

Gross revenue is defined as the gross farm 
revenue (total yield multiplied by crop price) 

   

Output per unit 
volume of water 
applied (£/m3) 

Gross revenue 
Irrigation applied 

As above , but relating revenue in relation to 
water use rather than irrigated area 

   

Water cost per unit 
of irrigated land 
(£/ha) 

Irrigation water cost 
Irrigated area 

Irrigation water cost is the annualised cost for 
supplying water to the field 
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Table 9 Summary of performance indicators for environmental performance and relevance to farmers, regulatory authority and food supply chain. 

Key performance 
indicator 

Definition Data specifications 

Priority to user groups 

Farmers and 
grower 

Water 
regulatory 
authority 

Food supply 
chain 

Fertiliser indicator 
Total N applied 
(Kg/ha) 

Total N applied 
Irrigated area 

Total N applied is defined as the amount of pure 
nitrogen applied during the growing season 

   

Total N applied per 
unit of water (Kg/m3) 

Total N applied 
Irrigation applied 

Nitrogen use per unit of water applied    

Irrigation water 
scarcity index 

Irrigation volume 
abstracted relative to 
local EA water stress 

Volume of water abstracted for irrigation relative 
to EA CAMS defined level of water resource 
stress 

   

Energy used per 
volume of water 
pumped (kWh/m3) 

Energy use for irrigation 
Irrigation applied 

Energy use for irrigation is the amount of energy 
used to pump the irrigation water     

Water abstraction 
timing index 

Timing of irrigation water 
abstraction 

Measures when the irrigation water is abstracted 
(with summer abstraction being more critical 
than winter)  
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Table 10 Linking performance indicators to data collection. 

Performance indicator 

Irrigate
d

 
area  

Licen
sed

 

V
o
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e 
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o
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Irrigatio
n

 

su
p

p
ly 

M
o

n
th

ly 
rain

fall 
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o
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ly 

 ETo
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ro

p
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 yield
 

C
ro
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N
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A
p

p
lied
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sed
 

ha m3 m3 mm mm mm t % £/kg £/m3 kg/ha KW 

Volume licensed per unit irrigated area             

Proportion abstracted             

Annual irrigation applied per unit area            

Relative irrigation supply             

Relative water supply             

Agro climatic indicator            

Total productivity            

Irrigation use efficiency            

Product value            

Output per unit irrigated area            

Output per unit volume applied            

Water cost per unit of irrigated land            

Fertiliser indicator (total N applied)            

Total N applied per unit of water            

Water scarcity indicator            

Energy used per volume of water pumped            
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