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Introduction 
 

The British Apples and Pears Sustainability Report captures so much more than 

simply a survey of current business practice. British Apples and Pears members are 

transitioning to more sustainable ways of fruit production that ensure excellent 

eating experience, growing and connecting with nature, optimising resource 

efficiency, energy conservation and generation, building in circularity to reduce 

environmental impact, and using smarter growing systems. This full report is 

supported by nine case studies with growers and packers highlighting what 

sustainability means to them and where they see innovation and new ideas emerging 

in the industry sector. Capturing examples of best practice, this report draws 

together a holistic story of how the British top fruit industry is meeting the needs of 

their multiple stakeholders now, and in the years to come. 

 

The report provides context gathered from academic and industry sources and data 

generated from a member survey completed by forty growers and store 

operators/packers across England in April 2021. The growers between them grow 

fruit across 4000 hectares representing 75% of the total in the UK. The respondents 

are a complete cross-section of the industry with all but two respondents 

representing orchard growing areas varying from ten to a thousand hectares. Two 

thirds of the growers grow both apples and pears whilst one third grow apples only.  

The growers are based across twelve counties with half of those responding based 

in Kent.   

 

The transition to sustainable top fruit production requires the integration of 

biological and technical systems within the business operation.  Biological systems 

include the regeneration of living systems, soil, trees and the wider environment, and 

developing circularity through nutrient and energy feedback loops such as mulching, 

composting or anaerobic digestion. Technical systems support how growers and 

packers can develop, implement, recover, reuse, restore and recycle equipment, 

components and materials at farm, processing and distribution stages. This report 

contains examples of best practice where biological and technical systems come 

together to support less extractive, and thus more sustainable, top food production 

systems. These real-life examples focus on using evidence and innovation to adopt 

new ways of delivering sustainable value.  This full report was commissioned by 

British Apples and Pears Ltd. The principal author is Louise Manning, Professor of 

Agri-food and Supply Chain Security at the Royal Agricultural University, Cirencester, 

UK.  

 

The summary report is available at: 

https://www.britishapplesandpears.co.uk/sustainability-report.  

  

https://www.britishapplesandpears.co.uk/sustainability-report
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Executive summary 
 

British Apples and Pears growers and the wider supply chain are at the forefront of 

addressing many of the contemporary issues of climate change, more efficient 

resource use and reducing carbon and water footprint whilst maintaining product 

excellence and eating experience, reducing waste and building healthier soils and 

enhancing biodiversity.  

 

The two key questions this report is seeking to address are: 

• What are the emergent innovations that will create a step-change in the British 

top fruit industry? 

• How can these innovations be adopted in a way that captures economic, 

environmental and social value? 

 

Forty growers and packers who between them grow fruit across 4000 hectares 

contributed to the report through a survey undertaken in May 2021. Capturing 

examples of best practice, through nine packer/grower case studies, this report 

draws together examples of how the British top fruit industry is transitioning to being 

more sustainable.  

 

Five sustainability themes run through the report and are reflected across the nine 

case studies: 

1. Growing and connecting with nature.  

2. Smarter growing systems. 

3. Resource efficiency and circular systems to reduce environmental impact. 

4. Energy conservation and generation; and 

5. Meeting health, nature and climate commitments. 

 

This full report also includes background information from academic and trade 

sources to provide context to the report and wider information on activities to 

address what it is to be sustainable in the context of apple and pear growing in the 

UK and more widely. 

 

Growing and connecting with nature 
Insect pollinators, including bumblebees, butterflies, honeybees and moths play an 

essential role in biodiverse natural ecosystems and they have a crucial role in top fruit 

production. The causes of pollinator population decline are complex. Growers are 

working with local beekeepers, maintaining hives, placing bee hotels and refuges in 

orchards and applying alternative practices that minimise impact on ground nesting 

bees. Changing orchard practices can promote pollinating insects and increase 

biodiversity.  
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Examples include growing pollen and nectar and wildflower mixes on headlands and 

on alley strips in less travelled areas and beetle banks adjacent to orchards. Across 

the farms in the survey, 112 hectares of wildflowers are being grown in and around 

orchards, extending to 185 hectares across the whole farmed area. Nearly 500 bird 

boxes have been placed on twenty five farms alone. All growers plan to invest in 

further biodiversity measures in the future, including the planting of 1400 metres of 

hedges. Selecting the right hedge species when gapping up or replanting supports 

overwintering birds with an essential source of food. Rewilding and regenerative 

practices, reversing the trend towards mono-culture production, are being adopted 

by growers as part of their management practices. Promoting insect predators keeps 

the levels of other insect species in check, reducing the need for insecticide. Less 

sprayer passes have an impact too on the carbon footprint of the farm. 

 

Smarter growing systems 
Smarter growing systems deliver economic, social and environmental value as part 

of a holistic sustainability strategy increasing productivity, enhancing resilience and 

reducing emissions per kilo of fruit produced. Fruit growers are embracing the use 

of sensors and technology that can collect, assimilate and aggregate data to inform 

effective decision-making. Transforming to Agriculture 5.0 requires the use artificial 

intelligence, machine learning and the integration of decision support tools within 

digital orchard, packhouse and storage management. Many British Apples and Pears 

growers are leading the way with digital innovation and reaping the rewards. Using 

training data sets, algorithms, digital twins and robotics takes mechanisation and 

automation, already utilised in many orchards and packhouses, to the next level of 

innovation. Smarter growing systems requires investment in people, ideas and 

innovation and financial returns to growers and packers need to underpin their ability 

to invest. Innovations that will create a step change in the use of technology for 

disease prevention and pest monitoring, real-time crop monitoring include blossom 

analysis, yield prediction, assessing crop quality using visual imaging techniques, soil 

and tree management, traceability and identification systems. The use of drones, 

autonomous tractors, and lighter swarm-based equipment will support innovation 

through the associated technical capabilities they generate. This will require 

investment in people to build skills and optimise the use of technology. 

 

Resource efficiency and circular systems to reduce environmental impact 
The British top fruit industry is rising to the challenge of developing sustainable 

business models that build natural, social and economic capital through regenerating 

natural systems, utilising resources (products, materials and equipment) to optimise 

performance, circularity, and re-engineering and re-designing processes and systems 

to identify new ways of doing, to reduce waste and pollution and as a result delivering 

to the sustainable development goals (SDGs).  
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All growers are investing in a soil analysis programme for their orchards. Four out of 

ten growers (37%) are using compost at planting with 17% using compost at the 

second application. Other soil improvers include digestate, manure, straw and 

pulverised tree grubbings. Orchard investment to drive resource efficiency is an 

essential business strategy. Growers are investing to move away from standard 

orchards to post and wire growing systems. Around two thirds of the orchard area 

was reported as being irrigated in the survey.  

 

Traditional British varieties were chosen primarily for their outstanding eating 

experience. There are now many more factors that affect the decision-

making process on which varieties to plant in an orchard to deliver sustainable value. 

Combined with geographic challenges for growing some varieties, the competitive 

commercial marketplace in the UK has encouraged the transition on shelf toward 

more modern style varieties such as Jazz that traditionally have been bred overseas.  

Investing in new varieties that drive fruit yield is part of an innovative business 

strategy to capture economic, environmental and social value.   

 

Minimising waste and developing circularity drives reuse, recycling and nutrient 

reclaiming. Boxford (Suffolk) Farms Ltd provide an example of a circular model that 

drives resource efficiency and captures sustainable value at multiple levels. Waste 

reduction strategies especially packaging waste reduction strategies have been 

adopted by packers and there is an ambition to minimise, and then where possible 

recycle 100% of waste packaging. Practices are also in place to reduce fruit loss 

through diversion to juice and cider sectors, wholesale sales, animal feed, anaerobic 

digestion, processing the fruit and sending to Fairshare. 

 

Energy conservation and generation 
British Apples and Pears growers are focusing on improving energy efficiency as well 

as sequestering carbon and generating energy. There is a spectrum of activity from 

making more efficient use of nutrients, through to investing in more efficient and 

effective temperature control in storage.  Half of the growers (50%) are monitoring 

their carbon footprint. They use tools such as energy audits, calculating CO2 footprint 

from fossil fuel use through to full whole farm carbon footprint assessment. Growers 

reported they were planning to plant 1.14 million trees over the next five years. 

 

50% of growers have solar/photovoltaic arrays on their farms; 11% use air source 

systems, 4% generate wind power to generate electricity and 4% have invested in 

renewable heat/biomass. One in five growers (18%) have electric vehicle charging 

points. Half of the packers/fruit storage operators (52%) use electric vehicles for the 

packhouse, storage or associated logistics. 63% of packers/store operators have 

solar/photovoltaic arrays; 11% generate wind power and 4% had invested in 

renewable heat/biomass.  
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One third do not currently have renewable energy resources. 39% of respondents 

have reduced fossil fuel (diesel, oil, petrol) consumption in the packhouse in the last 

five years.  Energy conservation is being driven through more mechanisation and 

automation, investing in storage, palletisation in stores and packhouses as well as the 

use of bin trains in the orchards and picking platforms. Investing in such innovations 

was a key strategy across the growers interviewed and who completed the survey.  

 

Meeting health, nature and climate commitments 
The UK National Food Strategy: The Plan was published in July 2021.1 The strategic 

objectives include to improve diet quality and to reduce diet related inequality, to 

make the best use of land and to create a long-term shift in food culture especially 

increasing fruit and vegetable consumption by 30% to meet health, climate and 

nature commitments. This report has shown the need for innovation to be adopted 

by growers and packers to create the step change required for the industry. There 

are examples of farmer-led innovation under each of the themes in this report.  

 

The UK National Food Strategy calls for fruit and vegetable production to be a priority 

for the Defra Agricultural Transition Fund. The transition can only take place if there 

is a business environment with access to finance and appropriate productivity 

incentives, appropriate mechanisms in place to rapidly scale up the adoption of 

innovative technology, and there are opportunities for sharing knowledge and best 

practice. Meeting the seventeen Sustainable Development Goals (SDGs) has real 

resonance with top fruit growing, storage and packing and the key benefits the sector 

can deliver.  

 

This report has highlighted the emergent innovations that will create a step-change 

in the British top fruit industry and shown how they can be adopted in a way that 

captures economic, environmental and social value.  The next sections of the report 

explore these themes in more depth. 

 
1 https://www.nationalfoodstrategy.org 
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Background to the UK Sector 
 

UK Production Trends 
The total value of all fruit sales in the UK was £875 million in 2019, an increase of 

9.7% year on year against a drop in production volume that has continued as a trend 

since 2015 (Defra, 20162; 20203). In 2019, 683 thousand tonnes of fruit were 

produced, a drop of 6.5% year on year, in part due to a decrease in glasshouse fruit 

production of 12% to £53 million per annum (Defra, 2020). There was increased 

commercial value in desert apples (+12%), pears (+46%) and cherries (+57%) 

compared to 2018 mainly due to higher yields (Defra, 2020). In contrast the value of 

culinary apples (-13%), cider apples (-9%) and plums (-11%) all declined (Defra, 2020) 

year on year, and many cider apple orchards were grubbed.   

 
Table 1. British Apple Production 2015-20194  

Variety  

British Apple Production (Thousand tonnes) Percentage 

change 2015 

crop versus 

2020 crop (%) 
2015 2016 2017 2018 2019 2020   

Gala 58.0 60.0 56.6 66.7 74.6 73.2   26.2 

Braeburn 27.9 27.5 20.8 30.7 32.0 31.4   12.5 

Cox 26.3 22.0 16.0 19.0 13.5 13.1 - 50.2 

Early Windsor 2.1 2.1 2.1 2.5 2.0 1.7 - 19.1 

Spartan 1.8 1.3 1.1 1.3 1.1 1.0 - 44.4 

Discovery 1.2 1.0 0.6 0.9 0.9 0.7 - 41.7 

Worcester 1.6 1.0 0.9 0.8 0.8 0.4 - 75.0 

Other New Desserts 17.3 16.9 17 20.5 21.4 23.7   36.7 

Other Old Desserts 5.8 4.9 4.7 3.3 3.4 2.8 - 51.7 

Bramley 24.1 20.3 20.2 21.8 14.8 18.3 - 24.1 

Total 166.1 157 140 167.5 164.5 166.3      0.1 

 

Home produced apples increased their share of the market to 39% in 2019, 

compared to 37% in 2018 and pears share of the market increase to 20% from 18% 

(Defra, 2020). British Apples and Pears Ltd collated British apple production statistics 

from 2015-2020 (Table 1). This data shows a decline in British production of varieties 

such as Cox, Early Windsor, Bramley and Spartan. In 2020, the total production was 

comparable, but there was a continued trend towards growing new varieties of 

apples.  

 

 
2 https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/540165/hort-report-22jul16a.pdf 
3 https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/901689/hort-report-17jul20.pdf 
4 https://britishapplesandpears.co.uk/production/production-volumes-apples/ 
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Between 2015 and 2020, the crop yield for more traditional apple varieties fell 

significantly, Worcester down 75%, Cox down 50.2%, Spartan down 44.4% Discovery 

down 41.7% and Bramley down 24.1%. At the same time crop yields of Gala and 

Braeburn and other new dessert apples grew to deliver a consistent output across 

British orchards.  

 

Pear production was 17.6 thousand tonnes in 2020/21 with Conference pear 

representing 90.3% of the crop. This volume is down from 2016 when the crop was 

23.8 thousand tonnes. The total British Apple and Pears crop estimate for 2019 was 

185.8 thousand tonnes. In comparison, World Apple and Pears Association (WAPA) 

estimate the total apple production for the UK in 2019 was 210 thousand tonnes.5   

 

Global Production Trends 
 

At a global scale, using FAOSTAT data6, global apple production follows a shallow, but 

rising production level in millions of tonnes, with yield increases in hg/ha rising 

globally, the trend being more inconsistent in Europe (Table 2). The yield benefits, 

where seen, have accompanied a downward, then consistent area harvested globally 

between 2017-2019. This is a trend mirrored in Europe. 

 
Table 2. Apple Production (World and European Data) Source: FAOSTAT 

Region Characteristic 2015 2016 2017 2018 2019 

Year on year 

change  

2018-19 (%) 

World 

Production (million tonnes) 82.4 85 83.1 85.8 87.2   1.63 

Yield (thousand hg/ha) 159.2 174.7 179.9 184.8 184.9   0.05 

Area harvested (million ha) 5.18 4.87 4.62 4.65 4.72   1.50 

Europe 

Production (million tonnes) 17.2 17.3 14.3 19.7 17.1 -13.2 

Yield (thousand hg/ha) 170.6 174.4 149.9 194.3 171.7 -11.6 

Area harvested (million ha) 1.01 0.99 0.95 1.01 1 -0.99 

 

WAPA data for 21 European countries, of the EU28, shows a decline of 20% in apple 

production between 2018 and 2019.7 This includes a drop in production across 

Europe in the same time frame of Jonagold red (60%), Ida Red (53%), Cox Orange 

(30%) and Bramley (24%). WAPA data for pear production by the EU28 saw 

production of between 1.89 million tonnes and 2.65 million tonnes (2010-2018) with 

a fall of 14% in yield between 2018 and 2019. The fall in yield in the UK was 13%, but 

in the large pear producing countries (over 0.30 million tonnes per annum) there was 

a fall in production too in Italy (30%), Belgium (10%), and Netherlands (6%). 

 
5 http://www.wapa-association.org/docs/2019/European_summary_reduced.pdf 
6 http://www.fao.org/faostat/en/#home http://www.fao.org/faostat/en/#home 
7 http://www.wapa-association.org/docs/2019/European_summary_reduced.pdf 
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Data for the Southern Hemisphere shows an overall apple production of between 

4.98 and 5.50 million tonnes between 2011 and 2020 with Granny Smith and 

Braeburn varieties seeing the greatest reduction in production volume over that time. 

Chile, Brazil and South Africa were the biggest apple producers with 72% of the 

production volume between them. Total pear production for the region varied 

between 1.28 and 1.54 million tonnes with Argentina and South Africa being the 

largest producers with 78% of the volume produced8. US apple production volumes 

are reported to be between 4.21 million tonnes and 5.19 million tonnes in the years 

2010-2019, with pear production estimated as being between 0.55 and 0.72 million 

tonnes in that timeframe.9 

 

Global production trends – climate risk  
 

The countries reported as having the highest top fruit production in each region have 

been compared in terms of the Climate Risk Index in 201910 (see Table 3). The ranking 

highlights the relative climate risk vulnerability of countries including Australia, South 

Africa, Chile, Brazil, Spain Italy and France and the lesser risk vulnerability of countries 

such as the UK, Netherlands and Poland. The impact of more recent relative 

vulnerability is shown in the risk ranking for 201811 and 2019 compared to the 

aggregate risk for the last two decades. Relative vulnerability represents the sudden 

supply shocks that could affect the top fruit market associated with weather variability 

or climate events rather than the long-term economic market supply squeeze 

associated with the additional costs of mitigating and adapting to climate risk. 

Belgium, Netherlands and the UK are the only top fruit producers from the group 

analysed that are not in the top 50 countries for Climate Risk Index ranking in 2018, 

2019 or as an aggregate ranking over the last two decades. This is a positive outcome 

for these countries compared to others, but localised vulnerabilities do exist each 

year e.g., frost damage, hail damage etc. The Climate Risk Index is a metric of interest 

when considering future retail procurement strategies and orchard development 

strategies.   

 

Under the 2008 Climate Change Act, the UK Government is mandated to publish 

a Climate Change Risk Assessment (CCRA) every five years which is published on the 

Government website. The assessment highlights the risks and opportunities 

presenting in the UK from climate change.  

 

 

 
8 http://www.wapa-association.org/docs/2020/SH_Statistics_aggregate.pdf 
9 http://www.wapa-association.org/docs/2019/US_apple_and_pear_forecast_September.pdf 
10 https://germanwatch.org/sites/default/files/Global%20Climate%20Risk%20Index%202021_1.pdf 
11 https://germanwatch.org/sites/default/files/20-2-01e%20Global%20Climate%20Risk%20Index%202020_14.pdf 
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The Climate Change Committee’s independent advice report informs the 

Government’s CCRA – the current version being known as CCRA3. The UK 

Government and devolved administrations must then set out their response in 

national adaption programmes.12 

 

The CCRA3 Technical Report highlights: 

• The average annual UK temperature is around 1.2oC warmer than the pre-

industrial period. 

• The chance of hot summers has doubled in recent years and is now 10-25% 

per year; and 

• UK average sea level has risen by 16cm since 1900. 

The Agriculture and Food Sector Briefing summarises how agriculture and food 

production have been assessed in the CCRA3 Technical Report, and the climate 

change adaption strategies that would be beneficial in the next five years.13 These 

strategies are aimed at agriculture generically rather than top fruit, but key actions 

that are identified in CCRA3 that are also addressed in this report are: 

• Soil management including investment in comprehensive monitoring of soils 

and implementing sustainable soil strategies to improve soil health and 

natural capital benefits and adopting interventions to adapt or mitigate climate 

change. 

• Better storage and use of excess winter rainfall and other methods to 

maximise sustainable use of surface water resources. 

• Application of near time climate forecasts. 

• Better integration of Net Zero carbon targets and adaption pathways including 

the adaption of agronomy practices and the utilisation of bioenergy crops. 

• Recognising the risk of climate change impacts and implementing risk 

reduction strategies for disease and pest related problems including 

developing more resilient varieties and reducing monocultures. 

• Increased uptake of technology that supports smart approaches i.e., growing 

fruit with precision.  

• Identify new opportunities for tree production and intercropping to deliver to 

the Net Zero agenda. 

• Recognise and address the issues of fungal control to reduce aflatoxins. 

• Incentivising the role of private sector adaption to ensure higher levels of 

resilience in supply chains. 

• Greater focus on adaptive management, research and learning.   

 

  

 
12 https://www.ukclimaterisk.org 

13 https://www.ukclimaterisk.org/independent-assessment-ccra3/briefings/ 
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Table 3. Climate Risk Index ranking for major top fruit producing countries 2000-2019 (Source: 

Global Climate Risk Index) 

Country 

Climate 

Risk Index 

Ranking 

2000-2019 

Score 

Climate 

Risk Index 

Ranking 

2018 

Score 

Climate 

Risk Index 

Ranking 

2019 

Score 

Australia 31 47.67 43 49.50 19 28.00 

South Africa 78 76.00 47 53.33 24 32.50 

Chile 83 81.33 87 81.17 25 33.00 

Brazil 81 79.50 91 82.83 27 33.67 

Spain 29 46.50 38 47.67 32 42.83 

Italy 22 39.00 21 33.67 35 43.50 

France 27 41.67 34 46.17 40 52.50 

Argentina 80 77.00 40 48.33 55 60.00 

Germany 18 38.17 3 13.83 56 61.33 

Belgium 53 63.67 90 81.83 64 66.00 

New Zealand 90 85.00 46 53.17 66 66.33 

Poland 76 75.17 41 49.00 93 80.00 

UK 58 65.00 78 63.83 102 90.83 

Netherlands 69 72.50 62 67.17 109 97.17 

United States - -   - Not included 

  

In terms of future fruit procurement strategies being developed by retailers and 

others, climate risk indexes alongside other data can form a diagnostic toolbox of 

metrics for determining climate risk vulnerability [see Appendix 1. Measuring 

sustainable food production for a review of indicators being used by the food and 

farming sector].  It should be noted that data for the US is not included in the Climate 

Risk Index and so could not be compared with this dataset. A recent multi-hazard 

climate risk projection study for the US considered demographic groups most 

vulnerable to climate change risk rather than apple production regions specifically 

but identified that cold spells are predicted for the Pacific Northwest region with high 

climate risk vulnerabilities in other parts of the country including California.14 

 

Global production trends – public health  

 

Trade in fruit around the world has been disrupted by the COVID-19 pandemic 

2020/21. There is limited quantitative data available on the depth or breadth of the 

supply chain shock for top fruit.  

 

 

 
14 https://doi.org/10.1007/s11069-020-04385-y 

https://doi.org/10.1007/s11069-020-04385-y
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However, an Organisation for Economic Co-operation and Development (OEDC) 

report published in 202015 highlighted transport disruption and delay, disruption of 

trade channels, challenges for ensuring worker safety in grading, packing and 

processing, lack of agricultural labour across the world, especially in Central and 

South America, lack of supplies, packaging and inputs, pest and weather impacts in 

some locations and unstable prices and demand all having an impact.   

 

 
Figure 1. Total confirmed deaths over time from COVID-19 pandemic as of 12th July 2021. Source: 

https://ourworldindata.org  

 

In terms of the sustainability of global fruit supply in the short term, and as a measure 

of disruption from the impact of COVID-19, the cumulative confirmed COVID-19 

deaths per million people have been collated for the major top fruit producing 

countries up to 12th July 2021 (Figure 1).16  This figure shows the momentum of 

COVID-19 in Argentina, Brazil, Chile, South Africa, the UK and Brazil.  The rate of full 

vaccination of the population in these countries is also highly variable (Figure 2), 

highlighting the potential for ongoing short to medium term impact on populations 

in these countries and as a result ongoing shocks to food supply chains.  

 
15 https://www.oecd.org/agriculture/fruit-vegetables/oecd-covid-19-impact-on-fruit-and-vegetables-trade.pdf 
16 https://ourworldindata.org 

https://ourworldindata.org/
https://ourworldindata.org/
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The figures show the continuing steep rise in COVID-19 related deaths in Argentina, 

Brazil and South Africa (Figure 1) and compared to the UK, low full vaccination rates 

(Figure 2). The OECD Employment Outlook for 2021 suggests a slow response in 

rebounding to pre-pandemic employment rates in many countries, with the UK 

expected to return to full recovery of employment rates in Q4 2023 and Chile in Q3 

2024.17 The ‘ripple effect’ of the COVID-19 pandemic will continue for some time and 

will impact trade in fresh produce around the world. 

 

 
 
Figure 2. Share of people who are fully vaccinated by country as of 11th July 2021. Source: 

https://ourworldindata.org  

 

With a focus on the UK, the Office for National Statistics, “Vacancies and jobs in the 

UK: August 2021” report,18 states 

• “In May to July 2021, there were an estimated 953,000 job vacancies, a record 

high, having grown by 43.8% (290,000) compared with the previous quarter. 

• The number of job vacancies in May to July 2021 was 21.4% (168,000) above 

its pre-coronavirus (COVID-19) pandemic level (January to March 2020).  

 
17 https://read.oecd-ilibrary.org/view/?ref=1099_1099147-ko61faumjv&title=OECD-Employment-Outlook-2021-United-Kingdom-

EN&_ga=2.128205768.532726468.1626421621-299969068.1626421621 
18 
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/bulletins/jobsandvacanciesintheuk
/august2021 

https://ourworldindata.org/
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• In transport and storage, quarterly percentage growth in job vacancies was 

56.1% and compared to January to March 2020, 7.6%.  

 

The record number of vacancies will affect the sustainability of food supply chains 

and the degree to which COVID-19 recovery plans can be implemented and food 

security and nutrient security can be assured.  

 

Global production trends – summary 
 

The global top fruit sector faces medium term and long-term shocks associated with 

climate risk and public health risk. The British top fruit sector may be less vulnerable 

than other areas of the world producing top fruit in terms of climate risk, but there is 

still opportunity to reduce sector and individual business vulnerabilities to climate 

risk. The impacts of COVID-19 will also cause ripple effects in the supply chain for 

some time especially with regard to labour availability, transport and logistics.  

 

So, given this background context, elements of which is evolving as this report is being 

written, how do we define sustainable top fruit production? How do we measure the 

sustainability of British top fruit production in particular? What measures do we 

choose and how do we highlight best practice that the British industry can readily 

adopt? These are the questions the next section of the report will consider. 

  



SUSTAINABILITY: A GROWING FOCUS FOR BRITISH APPLES AND PEARS 

 9 

Sustainable top fruit production 
 

Many organisations in the top fruit supply chain have developed sustainability 

metrics, goals and targets. These include all the major multiple retailers who have 

developed targets associated with reducing greenhouse gas emissions (GHGE), 

rebalancing diets to include more fruit and vegetables, enabling food redistribution 

to reduce food loss and food waste,19,20 and developing packaging reduction and 

waste management strategies.21,22 Retailers and food service organisations have 

been collaborating with non-governmental organisations (NGOs) to drive affordable, 

healthy, sustainable food strategies that also protect global resources and address 

climate issues such as waste, resource loss and deforestation. Some UK retailers 

have set company targets for their climate change ambitions linked to the 

recommendations of the Paris Climate Accord with clear climate reduction targets for 

their own operations and their supply base. 

 

Part 2 of the National Food Strategy: The Plan states that to meet the UK’s health, 

climate and nature commitments, and to bring the national diet in line with the 400g 

per day Eatwell recommendation, the consumption of fruit and vegetables needs to 

rise by 30% by 2032 compared to 2019.23 This will be a challenge as highlighted by 

other reports.24 The United Nation’s Food and Agriculture Organisation (FAO) has 

termed 2021 as the ‘International Year of Fruit and Vegetables’ aiming to use the year 

as a vehicle for raising global awareness and focusing policy attention on the 

nutritional and health benefits of eating fruit and vegetables as well as promoting 

healthy diets, reducing loss and waste in fruit and vegetable supply chains and, a key 

aim of this report, ‘sharing best practices on promotion and consumption, improved 

sustainability, supply chains and capacity strengthening.25 This report clearly links 

fruit to the UN Sustainable Development Goals (SDGs)26 see Figure 3.  

 

The seventeen Sustainable Development Goals (SDGs) are also considered 

throughout the writing of this report (Figure 4). To meet sustainability targets, 

whether internationally agreed such as the Paris Climate Accord, the SDGs 

themselves, or specific organisational targets and goals, requires a step change 

across the top fruit sector.  

 

 
19 https://fareshare.org.uk 
20 https://www.tescoplc.com/news/2020/launch-of-tescoolio-partnership/ 
21 https://www.asda.com/creating-change-for-better/better-planet/waste 
22 https://www.waitrose.com/home/inspiration/about_waitrose/the_waitrose_way/packaging.html 
23 https://www.nationalfoodstrategy.org 
24 https://foodfoundation.org.uk/publication/the-broken-plate-2021/ 
25 h http://www.fao.org/3/cb2395en/cb2395en.pdf 
26 https://sdgs.un.org/goals 

https://sdgs.un.org/goals
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The transition can only take place if there is a business environment with access to 

finance and appropriate productivity incentives, there are mechanisms in place to 

rapidly scale up the adoption of best practice and/or the use of innovative technology, 

and there are opportunities for sharing knowledge and best practice. This report 

showcases nine case studies where such innovation and strategic thinking is taking 

place to drive that transition. When reflecting on the sustainability dimensions of 

orchard-based fruit production in this report, the five capitals (natural, physical, 

financial, human and social), that underpin sustainable livelihoods,27 and the SDGs 

are considered as a tool to highlight the impact of the best practices being 

showcased.   

 

This report shows that the British top fruit industry is rising to the challenge of 

developing sustainable business models that transition towards business models 

that build natural, social and economic capital through circularity,28 regenerating 

natural systems, utilising resources (products, materials and equipment) to optimise 

performance and re-engineering and designing new ways of doing, to reduce waste 

and pollution. 

 

Meeting health, climate and nature commitments 

 

The UK National Food Strategy: The Plan was published in July 2021.29 The four 

strategic objectives are: 

1. Escape the Junk Food Cycle to protect the NHS especially the consumption of 

ultra-processed foods. 

2. Reduce diet related inequality – currently there is a strong association 

between income, education level and fruit and vegetable consumption. 

3. Make the best use of our land – create a land use framework based on three 

compartments (high-yield farmland, low-yield farming and semi-natural land). 

4. Create a long-term shift in our food culture including to increase fruit and 

vegetable consumption by 30% to meet health, climate and nature 

commitments. 

 

The UK National Food Strategy calls for fruit and vegetable production to be a priority 

for the Defra Agricultural Transition Fund. Farmer-led innovation, as has been 

demonstrated in this report, should be a key focus.   

 

 

 

 
27 http://www.fao.org/3/ad682e/ad682e04.htm 
28 What is a circular economy? Available at: https://www.ellenmacarthurfoundation.org/circular-economy/concept 
29 https://www.nationalfoodstrategy.org 
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Meeting the SDGs (Figure 3) has real resonance with top fruit growing, storage and 

packing and the key benefits the sector can deliver include: 

• Health benefits of fruit to strengthen the immune system, reduce malnutrition 

and help prevent non-communicable diseases such as obesity. 

• Diversified diet and healthy lifestyle through adequate amounts of fruit as part 

of a diversified and healthy diet. 

• Food loss and food waste reduction through respecting food from orchard to 

eating experience and embedding innovation, improved technologies and 

infrastructure.  

• Sustainable and inclusive value chains to enhance availability, safety, 

affordability and equal access to fruit and vegetables through creating 

sustainable value. 

• Highlighting the role of family farmers and farming communities in improving 

food security.  

• Developing strong partnerships to enable sustainable fruit production. 

• Growing and connecting with nature through sustainable farming practice. 

• Smarter growing systems to increase productivity, enhance resilience and 

reduce emissions 

• Resource efficiency and circular systems to reduce environmental impact and 

energy conservation and generation. 

 

Figure 4 shows how British Apples and Pears members have embedded business 

strategies that are delivering to the SDGs. The transition to sustainable top fruit 

production requires the integration of biological and technical systems within a given 

business operation.  Biological cycles include the regeneration of living systems, soil, 

trees and the wider environment, and developing feedback loops through processes 

such as mulching, composting or anaerobic digestion (See Appendix 3. Section 2 

Sustainable orchard practices). The different ways in which top fruit is produced has 

a varied social, environmental and of course economic impact too. Technical systems 

support how growers and packers can develop, implement, recover, reuse, restore 

and recycle equipment, components and materials at farm, processing and 

distribution stages. This report contains examples of best practice where biological 

and technical systems come together to support less extractive, and thus more 

sustainable, top food production systems. These real-life examples focus on using 

evidence and innovation to adopt new ways of delivering sustainable value. 
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Figure 3. Sustainable Development Goals (Source: https://sdgs.un.org/goals) 

 

  

https://sdgs.un.org/goals
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Structure of the report 
 

The appendices support the main body of the report. Appendix 1 provides detail on 

how methodologies are being developed to measure sustainable food production 

and to chart the journey for individual businesses and the sector towards developing 

more sustainable business practices that address the SDGs, Paris Climate Agreement 

and national Net Zero agendas. Appendix 2 explores the terminology around smarter 

growing systems, examples of which are featured in the case studies. Appendix 3 

contains the results of the grower on-line survey in full. The survey results are also 

referred to in each section of the case studies to enrich the input from top fruit 

growers and packers into this report. Five sustainability themes run through the 

report and are reflected across the nine grower/packer case studies. The cases are 

included in this report to provide an insight into how British top fruit growers are 

taking a holistic, pragmatic approach to being more sustainable. The themes and case 

studies are as follows: 

 

Energy conservation and generation 

1. Capturing carbon through solar arrays. 

2. Investing to reduce carbon footprint and drive efficiency. 

Appendix 1 provides further details on carbon foot printing methodologies. 

 

Smarter growing systems 

1. Mechanisation and automation of orchard operations. 

2. Use data to drive decision-making. 

3. Intelligent thinking the human/technology interface. 

 

Growing and connecting with nature 

1. Farming with the cycles of nature. 

2. Promoting pollinators and beneficial predators. 

 

This section combines both academic research and grower voices on why connecting 

with nature is so vital for top fruit production. 

 

Resource efficiency and circular systems to reduce environmental impact 

1. Plant breeding and new varieties that drive yield. 

2. Waste not want not. 

 

These two case studies explore effective resource management and how the 

environmental impact of fruit loss/waste can be reduced through effective breeding 

programmes, post-harvest loss and waste reduction strategies. The terms that are 

used in this section of the report are explained in Appendix 1. These themes are now 

considered in the next section of the report. 
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Figure 4. British Apples and Pears members embedded business strategies and how they deliver to the SDGs. Adapted from 

http://www.fao.org/3/cb2395en/cb2395en.pdf 

 
Sustainable Development Goals 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
Sustainable and inclusive value chains to enhance availability, 

safety, affordability and equal access to fruit and vegetables.   
o o        o o o   o   

Health benefits of fruit to strengthen the immune system, 

reduce malnutrition and help prevent non-communicable 

diseases such as obesity. 

 o o       o o o      

Diversified diet and healthy lifestyle through adequate amounts 

of fruit as part of a diversified and healthy diet. 
 o o       o o o      

Food loss and food waste reduction    o          o o o o   

Growing and connecting with nature through sustainable 

farming practice. 
  o   o  o    o o o o   

Smarter growing systems to increase productivity, enhance 

resilience and reduce emissions 
 o o   o o o o   o o o o   

Resource efficiency and circular systems to reduce 

environmental impact and energy conservation and generation 
 o o   o o o o   o o o o   

Highlighting the role of family farmers and farming communities 

in improving food security 
o o o o o   o   o o   o   

Developing strong partnerships to enable sustainable fruit 

production. 
               o o 

 
SDG1 No poverty 

SDG2 Zero Hunger  

SDG3 Good Health and Wellbeing  

SDG4 Quality Education  

SDG5 Gender Equality  

SDG6 Clean water and sanitation 

SDG7 Affordable and Clean Energy  

SDG8 Decent Work and Economic Growth  

SDG9 Industry, Innovation and Infrastructure 

 

  

SDG10 Reduced Inequalities  

SDG11 Sustainable Cities and Communities  

SDG12 Responsible Consumption and Production 

SDG13 Climate Action  

SDG14 Life Below Water  

SDG15 Life on Earth  

SDG16 Peace, Justice and Strong Institutions  

SDG17 Partnerships for the Goals
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Case studies: Energy conservation and generation 
 

Half of the growers in the survey (50%) were monitoring their carbon footprint. 

Monitoring activities varied from energy audits, calculating CO2 footprint from fossil 

fuel use through to full whole farm carbon footprint assessment (see Appendix 1 for 

further details). When asked what sources of renewable energy were on the farm, 

46.4% had no renewable energy resources, but half (50%) had solar/photovoltaic 

arrays on their farms. Packhouse and/or fruit storage operators were asked to report 

the sources of renewable energy they use for their packhouse/fruit storage. One third 

(33.3%) reported that they did not use any renewable sources, 63% used 

solar/photovoltaic cells; 11% used wind as a source of power; 7.4% air source and 

3.7% (one respondent) renewable heat/biomass. 39% of packer/storage respondent 

had reduced fossil fuel (diesel, oil, petrol) consumption in the last five years. 

 

The packers were asked to indicate their total generating capacity in an average year 

in kilowatt hour (kWh). This varied for the four packers that responded from 1300 

kWh/year to 2.1 million kWh/year. For the twelve growers with stores that responded 

to the survey, the total generating capacity varied between 10 kWh/year and 2.1 

million kWh/year for the farm with the packhouse and stores complex. When asked 

what proportion of roof space is covered with solar/photovoltaic cells only two 

packhouses responded with 65% and 80%. In terms of the proportion of roof space 

for fruit storage there were eleven responses, and these varied from 5% to 80%, the 

average across this group being 39%.    

 

When asked if they had an ambition to be 100% self-sufficient in renewable energy 

for stores, 23% of fruit storage and packhouse respondents stated they had no 

ambition to be self-sufficient; one said they were already 100% self-sufficient; two 

said they would be within two years and three more within five years. Only one 

packhouse respondent said they are at 100% renewable capacity now, another 

packer felt they would have met this ambition in two years and four more packers 

within five years. Thirty percent of grower respondents in the survey have not 

invested in stores; 40% have invested in controlled atmosphere storage; 36.7% has 

invested in general cold storage and 30% in DCA stores. Others have refurbished 

existing stores. When asked “do you use electric vehicles for the packhouse or 

associated logistics,” twelve out of twenty-four respondents stated yes. 82.1% of 

growers did not have electric charging points. 

 

Energy conservation and generation is considered further in the next two case 

studies and is a theme across all the case studies in the report. Energy efficiency can 

range from reducing the embedded carbon in fruit through making more efficient 
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use of nutrients, reducing electricity usage per tonne of fruit, using more efficient 

temperature control in storage and the use of electric vehicles. 

 

Capturing carbon through solar arrays 
AC Goatham & Son 

 

Sustainability goal: capturing carbon embedding into farming practice 

  

AC Goatham & Son grows over 350 million apples and 55 million pears 

each year, this amounts to one in every four British apples and pears sold 

each year in the UK. AC Goatham & Son began trading in 1947 as 

agricultural contractors and fresh produce merchants. In 1980, it 

established a farming operation growing apples and pears. It is now run by 

father and son Clive and Ross Goatham along with their business 

operations team and in 2017, it celebrated its 70th anniversary.  

 

Together with BeBa Energy, AC Goatham & Son have completed the 

installation of one of the UK’s largest roof-mounted solar panel arrays. 

Using the existing roof space on the buildings at two of Goatham’s 25 farms 

- Flanders Farm in Hoo and Howt Green Farm near Bobbing, the new solar 

array will provide all the power for the packing and cold storage operations.  

 

This solar array will generate enough power to run the equivalent of 317 4-

bedroom homes for a year, reducing Goatham’s carbon emissions by 

293,121kg’s per annum or the same as planting 7,328 trees each year. Ross 

Goatham said: “This project began in the summer of 2020 and sees solar 

panels installed on all of our available roof space both at Flanders Farm 

and also Howt Green Farm. This is an important step for our business, as 

it is helping us to further reduce the carbon footprint of our growing and 

distribution operations.”  

 

“Renewable energy is a crucial component in the UK’s plans to be a carbon 

neutral economy by 2050 and farming and the top fruit industry has an 

important role to play in helping the Government to achieve this.” Shaun 

Beattie, Director at BeBa Energy comments: “Working in partnership with 

the team at Goatham’s to develop this project was a pleasure. If the UK is 

to achieve its ambitions of net zero by 2050 then business must play their 

part; this investment from Goatham’s shows just how seriously they take 

their responsibilities.”  

 

 
 

KEY STATISTICS 

Location: Kent 

 

Number of panels 

4443 

 

System size     

1510.62 kW 

 

Anticipated output 

(pa) 1.33 kWh 

 

Carbon reduction (pa) 

293,121 kgs 

 

Solar utilisation on 

site 87.17% 

 

Overall contribution of 

solar to their power 

mix 19.04% 

 

 

Source: 

https://www.beba-

energy.co.uk/solar-

panels/goatham/ 
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Investing to reduce carbon footprint and drive efficiency 
Chris Browning, Director, Cottage Farms 

 

Sustainability goal: reducing carbon footprint through sustainable investment  

 

With a view to reducing their carbon footprint Cottage Farms teamed up with solar 

provider, Harvest Green Developments and a company called Wattstor to look at the 

management of the energy they could create from a solar array on the farm. Investing 

in technology and automation means that farmers need to focus on their carbon 

footprint. 

 

Chris said: “At Cottage Farms we are continually looking for better ways of doing 

things, whether that is buildings, equipment or processes. We moved into our new 

site at August Pitts 6 years ago but haven’t stood still since. We have undergone 

several significant projects including a new high bay mobile racked cold store.” The 

facility enables the business to store 1400 pallets in a space that would normally hold 

380 pallets aiding efficiency and resource use. Within production, automated end of 

line packing and palletising has been introduced. Chris explained “we have had a 

robotic loose case packer installed by Maf, the first one in the world from this 

manufacturer. At the same time, we have changed our MHE [material handling 

equipment] fleet across to BYD, all electrically powered by lithium-ion batteries.30 As 

a business we are a significant user of power and have installed 218kW of solar on 

the original building. This was in 2014 and it made total sense to continue this when 

we built the new high bay cold store in 2019, this added a further 180kW.”  

 

These two arrays are capable of providing the business with around 23% of the power 

they need to run the site. Being economically sustainable was also a key driver. “With 

the way the energy pricing was going we needed to look at additional self-generation 

to address this spiralling cost. Planning is submitted to add a further 500kw of 

renewable power from a ground mounted array. This additional array could put us in 

the position of having excess energy and we therefore needed to ensure that we use 

the available power on tap.” He outlined as he explained his future strategy. Being 

able to apply intelligent systems to manage energy efficiency was also a crucial 

strategic requirement. Wattstor have reviewed Cottage Farms’ energy consumption 

data and matched this to the available production and have introduced IMP or 

Intelligent Management of Power, a proprietary energy management system for 

controlling distributed energy resources behind-the-metre) to control and balance 

consumption and demand.  

 

 
30 http://bydforklift.com/uk/ 
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Chris said: “I have been looking into the use of batteries to store excess generation, 

but this is almost cost prohibitive. The concept that has been put forward is to use 

the 3400 pallet spaces of cold storage on site as the ‘battery’ forcing the refrigeration 

to cool at its maximum whilst the energy is available and then allowing it to ‘coast’ 

when it is not, using the agreed temperature range requirement as the key factor in 

controlling power management on site. Furthermore, the IMP will manage my night 

energy usage. We have been monitoring the movement in site temperatures 

overnight and whether we can put the stores in ‘coast’ mode for significant periods. 

By ensuring the IMP puts the stores in a position of 1 degree temp at the end of the 

day, the night-time stores can coast for up to 7 hours without any significant effect 

on the fruit pulp temperatures, therefore no effect at all on the quality of the produce 

stored.” 

 

What has been the outcome for the business? The prediction of an additional 500KW 

array requirement on site is to provide 46% of the power needs, by adding the IMP 

system it takes this to 57%. Chris confirmed “Additionally, the true effect of the IMP 

and the 24-hour monitoring and control is unknown, but our trials are very positive.”   

 

Chris highlighted the benefits of partnerships to deliver sustainability outcomes and 

good business practice. He said “Try to look for joint initiatives and invest accordingly. 

The cost of changing equipment is immense, it’s always great to be leading through 

innovation, but you also are continually sense checking and ensuring that you are 

investing in what truly adds value for the business. 

 

 
 

 

Energy efficiency

Examples of reducing the embedded carbon in fruit included making more efficient use of nutrients, 
reducing electricity usage per tonne of fruit through more efficient stores, automation and 
efficiencies in packing, using more efficient temperature control in storage and the use of electric 
vehicles.

Monitoring energy use through to developing full life cycle analysis (LCA) models for fruit production 
and packing provided opportunities to drive climate smart options to reduce embedded carbon.

Options for certification through PAS 2050 and PAS 2060
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Case studies: Smarter growing systems 
 

Smart farming is a management approach to agricultural production that combines 

agronomic knowledge, techniques and technologies at multiple scales and levels of 

complexity to address modern challenges in food production.31,32,33 Smart farming 

includes the use of communication networks and a range of internet of things (IoT) 

technology such as digital sensors to measure, temperature, light etc. and the 

integration of this data with data from technologies such as global positioning 

systems (GPS), camera systems and traceability technologies can then be curated, 

stored and analysed by management information systems and specially designed 

decision support tools.34 Digitising agricultural production is predicted to improve 

productivity, and better use of resources and as a result underpins sustainable food 

production. Wireless sensor networks can be combined with a range of identification 

technologies such as barcodes (1D, 2D etc.) and radio-frequency identification (RFID) 

to provide field to retail shelf traceability.35,36 

 

 
 

Growers are utilising mechanisation and automation to develop more efficient and 

effective orchard practices (Table 5). Two or three row sprayers reduce the amount 

of travelling in the orchard having a direct impact on carbon footprint. The use of 

pulverisers allows carbon to be naturally returned to the soil. 

 
31 Walter, A., Finger, R., Huber, R., & Buchmann, N. (2017). Opinion: Smart farming is key to developing sustainable 

agriculture. Proceedings of the National Academy of Sciences, 114(24), 6148-6150. 
32 Wolfert, S., Ge, L., Verdouw, C., & Bogaardt, M. J. (2017). Big data in smart farming–a review. Agricultural systems, 153, 69-80. 
33 Navarro, E., Costa, N., & Pereira, A. (2020). A systematic review of IoT solutions for smart farming. Sensors, 20(15), 4231. 
34 Pivoto, D., Waquil, P. D., Talamini, E., Finocchio, C. P. S., Dalla Corte, V. F., & de Vargas Mores, G. (2018). Scientific 

development of smart farming technologies and their application in Brazil. Information processing in agriculture, 5(1), 21-32. 
35 Islam, S., Cullen, J. M., & Manning, L. (2021). Visualising food traceability systems: A novel system architecture for mapping 

material and information flow. Trends in Food Science & Technology. 
36 Islam, S., Manning, L., & Cullen, J. M. (2021). A Hybrid Traceability Technology Selection Approach for Sustainable Food 

Supply Chains. Sustainability, 13(16), 9385. 

Smart growing: Internet of Things (IoT) 
technology within a whole farm 
management plan
Control of crop protection products and nutrients in an integrated 
programme; 

Crop monitoring (blossom analysis, yield prediction, crop quality);

Disease prevention and pest monitoring (integrated pest management 
plan);

Environmental monitoring in orchard and stores;

Equipment and vehicle management to optimise efficiency;

Irrigation systems management and water use optimisation;

Soil management to maximise soil quality and health;  

Tree management to reduce stress on the tree; and

Traceability and identification systems. 
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Table 5. Equipment used in orchard practices. 

 
 Equipment Percentage of growers in the survey (%) 

Pulverisers 93 

Bin trains 60 

Root pruners 58 

Picking rigs/platforms 40 

Mechanical tree pruning 30 

Shakerators 25 

Two/three row sprayers 10 

 

 

Technology and smarter growing systems and smart supply chains 
 

Packers were asked “what kinds of packhouse technology they had invested in over 

the last 5 years?”  Fifteen packers responded and nearly half had not invested. Of 

those that had responded, three packers had invested in auto-tray fillers and only 

one packer in pallet stacking/wrapping. Three packers had invested in new graders 

and grading equipment, one in an automatic water bin dumper and one other in 

more efficient packing machinery. Mechanisation and then automation of activities 

were invested in by some growers and packers and is a theme explored in all three 

case studies in this section. 

 

The Internet of Things (IoT) refers to 

the use of sensors and technology 

that can collect, assimilate and 

aggregate data to inform effective 

decision-making e.g., combining 

sensing, mapping and information 

systems to improve orchard 

management. (Agriculture 4.0).  

 Agriculture 5.0 uses artificial intelligence, 

machine learning and the integration of 

decision support tools within digital 

orchard, packhouse and storage 

management. The use of training data sets, 

algorithms, creation of digital twins and use 

of robotics takes mechanisation, 

automation and integration to the next level 

of innovation. 
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Some of the technologies used in smart growing systems and smart supply chains37 

 
• 1D barcode 

• 2D barcode 

• Radio frequency ID (RFID) Passive Low Frequency 

(LF) Read-Only 

• RFID Passive LF Read-Write 

• RFID Passive High Frequency (HF) Read-Only 

• RFID Passive HF Read-Write 

• RFID Passive HF with Sensor 

• Semi-Passive RFID 

 • RFID Passive Ultra-High Frequency (UHF) Read-Only 

• RFID Passive UHF Read-Write 

• RFID Passive UHF with Sensor 

• Active RFID 

• Near Field Communication or NFC 

• Wireless Sensor Network 

• Smart Packaging Indicators 

• Telephone apps 

 

What criteria should be used to select technology in smart growing systems? Islam et al. 

(2021) identified seventeen characteristics that can be used to determine which 

criteria to use in a smart farming system and smart supply chain.  They are: 

 
• Cost 

• Vulnerability to water 

• Flexibility of data carrier 

• Durability of data carrier 

• World-wide Standard 

• Accuracy of information 

• Reading range 

• Data transfer speed 

• Multiple tags readability 

 • Identification capacity 

• Tag writing cycle 

• Memory capacity 

• Environmental parameters recording 

• Real-time location recording 

• Real-time alert 

• Data security 

• Manual data readability 

 

 

Appropriate selection of technology is essential at both the design and ongoing 

redesign phases as the specification for the smart system evolves. See the publication 

for more information https://doi.org/10.3390/su13169385  

 

Smarter growing systems – summary 
 

Smarter growing systems deliver economic, social and environmental value as part 

of a holistic sustainability strategy increasing productivity, enhancing resilience and 

reducing emissions per kilo of fruit produced. Fruit growers are embracing the use 

of sensors and technology that can collect, assimilate and aggregate data to inform 

effective decision-making. Transforming to Agriculture 5.0 requires the use of artificial 

intelligence, machine learning and the integration of decision support tools within 

digital orchard, packhouse and storage management.  

 

 

 

 
37 Islam, S., Manning, L., & Cullen, J. M. (2021). A Hybrid Traceability Technology Selection Approach for Sustainable Food 

Supply Chains. Sustainability, 13(16), 9385. 

https://doi.org/10.3390/su13169385
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Many British Apples and Pears members are leading the way with digital innovation 

and reaping the rewards. Using training data sets, algorithms, digital twins and 

robotics takes mechanisation and automation, already utilised in many orchards and 

packhouses to the next level of innovation.  

 

Smarter growing systems requires investment in people, ideas and innovation and 

financial returns to growers and packers need to underpin their ability to invest. 

Innovations that will create a step change in the use of technology provide 

opportunities for disease prevention and pest monitoring, real-time crop monitoring 

such as blossom analysis, yield prediction, crop quality assessment using visual 

imaging techniques, soil and tree management, traceability and identification 

systems. The use of drones, autonomous tractors, and lighter swarm-based 

equipment will support innovation through the associated technical capabilities. This 

will require investment in people to build skills and optimise the use of technology. 

 

 

Mechanisation and automation of orchard operations 
Robert Hinge, A Hinge & Sons 

Sustainability goal: Automating farming practice 

 

Robert Hinge farms near Sittingbourne, Kent. The farm is 1,100 hectares of which 860 

hectares is combinable crops and 160 hectares is fruit orchards. Robert embraces 

the three elements of climate smart agriculture: increasing productivity, enhancing 

resilience and reducing emissions per kilo of apples produced. Such has been the 

impact of automation and modernisation on Robert’s farm that his only regret is not 

making larger scale changes sooner.  

 

Sustainability touches every aspect of farm operations. While wildflower meadows 

and pollinator projects have a real focus, it is his investment in particular machinery 

that has helped the farm to be climate smart. In 2020, Robert invested in picking 

trains that not only make life easier for pickers, but they also have climate benefits 

too with a touch of circularity as the bins can be reused over many seasons! The real 

question growers have to ask is, are they going to selectively pick in the orchards or 

strip pick, because this will impact their orchard practices and their investment 

profile.38 While the use of picker trains may not reduce the overall labour cost, it does 

change the nature of the picking job for staff, although an eye for detail in fruit pickers 

is still an essential characteristic.  

 

 

 
38 https://apples.ahdb.org.uk/post-harvest-section5/ 
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On Robert’s farm the apple bins on the picking train are made from plastic which can 

be recycled. This is essential because the picking platforms are self-loading and the 

bins need to be uniform in size, lightweight and durable. Furthermore, with six 

workers able to pick from various heights on the picking train, Robert is able to allow 

the apple trees to grow taller than before, which in turn facilitates higher yields in a 

given area. The picking trains are not only used at harvest time. They also allow easy 

access to the trees for pruning and thinning.  

 

Robert also uses a three-row crop sprayer when needed during the growing cycle. 

The application of crop protection products is under expert guidance and essential 

to provide apples that are the eating experience demanded by consumers, producing 

the optimum amount of nutrition per apple, and reducing fruit loss to disease, which 

has a beneficial impact on the environment too. The three-row sprayer can provide 

more precise application and there are less passes in the orchard reducing the 

potential for soil compaction in the rows that are not travelled. Less passes also 

reduces the carbon footprint of the orchard practice as the fuel requirement 

reduces. The use of smarter spray equipment in orchards means that application 

rates can be optimised, and non-target orchard-floor deposition is reduced.39   

Spraying at the right time, enables the most conservative use of treatments and much 

less wastage, which benefits the trees and the local flora and fauna.  

 

Robert highlighted that “Growers are constantly required to look further afield for 

best practice and where possible travel to where the innovation is happening so that 

they can research different options.” He warns that different production systems 

around the world can affect how viable the innovations you see can be applied at 

home. Robert predicts that mechanical and technology developments in orchard 

practice are going to be dynamic in the future and that growers need to plant 

orchards today that can integrate with the automation and technologies of 

tomorrow.    

 

 
 

 

 

 

 
39 Giles, D., Klassen, P., Niederholzer, F., & Downey, D. (2011). “Smart” sprayer technology provides environmental and economic  
benefits in California orchards. California Agriculture, 65(2), 85-89. 
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Using data to drive decision-making 
Georgia Bardsley, Chief Marketing Officer,  

Bardsley England 

Sustainability goal: using data to drive resource efficiency 

 

Bardsley England is a fifth generation farming business that operates over 840 

hectares producing 90 million apples a year as well as plums, apricots, cherries and 

strawberries. Their packing facility also provides a central hub for other growers. The 

farms are geographically spread over twenty-seven sites so that the business can 

take advantage of different topography, air movement and risk of frost, hail and other 

natural threats that need to be addressed in their business resilience plans. The high 

cost where there is protective covering of fruit when it is growing as well as 

investment in efficient irrigation systems means that it is crucial to drive a return on 

the capital invested.  Georgia Bardsley, Chief Marketing Officer, outlined that 

“Business resilience requires evidence-based informed decision making and the 

collection and use of data lies at the heart of the business.”  

 

Bardsley England have also developed a technology arm within their business; Bx. a 

technology team that is seeking to embed expertise and experience of growing fruit 

together with the latest technological innovations to provide Agriculture 5.0 solutions. 

The aim is to fuse real-time intelligence from technology with digital decision-support 

tools to produce nutritious fruit, working with nature.  

 

Adam Slate, Orchard Innovation Manager, explained “Essentially we will be 

developing digital twins of the orchards so that we can use technology to develop 

predictive and diagnostic tools to optimise yield, fruit quality and to manage 

resources efficiently.” This all lies at the heart of driving sustainable fruit production. 

He continued, “The technology, and the sensors that are now being developed allows 

us to monitor tree health, including tracking photosynthesis efficiency and other 

parameters related to tree stress, in real time.” This information lies at the heart of 

reducing the water footprint and carbon footprint of the fruit produced, something 

that is a focus of the business itself, but also their retail customers and consumers.  

 

Collecting data and developing the artificial intelligence (AI) and algorithms required 

to develop models requires a whole new set of talent to enter the sector and finding 

the right people lies at the heart of this business strategy. This means the industry 

will be looking to data analyst and data processing, computer science, and wider agri-

technology expertise to drive smart farming and smart food supply chains. Georgia 

said “Agriculture is one of the last remaining industries to be truly transformed by 

technology. We have sought out and are still seeking talent from a vast range of 

sectors. Applying their knowledge to agriculture will transform how we grow.”  
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There are some areas that have been difficult to measure to provide transparency in 

supply chains on carbon footprint and biodiversity outcomes. Adam highlighted that 

there are emergent technologies that can provide greater insight into the process of 

carbon sequestration in the orchards, and in the future, opportunities to gain greater 

understanding of pollinator numbers and the benefits of specific biodiversity 

practices in and around the orchards. Rob Wickham, Farm Manager, stated that 

another key aspect of data driven decision-making is that there can be focused 

decision-making at the orchard level that can focus on quality, whether to undertake 

a spray round or not, and utilising all this technology can feed into an understanding 

of gross margins and lead to the development of metrics and aggregate data-based 

profitability dashboards for the business. Embedding data driven activity in a leading 

fruit business requires an agile and inclusive culture, bringing together multiple 

skillsets which have not traditionally been involved in agricultural business strategy 

and developing innovative ways of problem solving and working better together. 

 

 
 

Intelligent thinking: the human/technology interface 
James Simpson, Adrian Scripps Ltd 

Sustainability goal: deepening business practice to deliver sustainability 

 

Many businesses faced with the need to drive sustainability, resilience and at the 

same time grow, need to strategically invest to drive innovation and excellence. One 

of the most important aspects of optimising fruit production is the people who work 

in the business. Their embedded knowledge and skills are essential to delivering fruit 

to the required specification, consistently, but they are also one of the largest costs 

in the business and also a potential vulnerability, especially where specific aspects of 

skills and knowledge are scarce.  

 

James explains “automation can replace many basic skills and take out mundane 

tasks both in the field and in the packhouse. In replacing people, the direct cost of 

labour is replaced by a capital cost for automation equipment. Consideration of the 

potential return on capital within the economic structures of the sector is essential 

for business to remain sustainable.” He continued, “In areas of the UK, such as Kent, 

where unemployment levels are generally low, and with a view to reducing the carbon 

footprint associated with labour e.g., groups being transported to the site each day 

for work or travelling large distances from one country to another to work seasonally, 

investing in automation makes business sense. Creating sustainable value by 
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replacing the roles of people who would be otherwise be stacking pallets, filling trays 

or picking makes business sense.” 

 

Introducing automation, artificial intelligence and machine learning means that there 

is a requirement to upskill existing staff as their role changes. Introducing equipment 

to reduce plastic use and drive lower carbon packaging options means that 

production lines have to be designed for adaptability, and the people working in 

those areas need to be adaptable too. This is also true in the orchards where there 

will be an acceleration of automation. The integration of new forms of mechanisation 

and automation will drive a change in orchard design as seen in other crops, such as 

hops or blackcurrants. “The advent of drones, autonomous tractors, lighter swarm-

based equipment, visual imaging equipment, picker platforms and robotic picking 

with the associated capabilities will change the dynamics of top fruit production.”  

 

James said, continuing, “the benefits of lighter equipment and less travelling in the 

orchards on soil compaction; new methods of weed control, the ability to sow cover 

crops in rows that contain native species that are important for pollinators, all provide 

sustainable value.” The deepening of understanding of the natural cycles, technology 

adoption and the financial performance derived, is key in this approach.  

 

Data management provides details on product quality and yield optimisation, 

traceability to a much higher degree, and the potential, if they have the appropriate 

phone apps, for transparency through to the end consumer. There are issues to 

address with integration of data from multiple systems, but this will be overcome in 

time. Sometimes businesses need to broaden and sometimes to deepen to remain 

resilient in an ever-changing market and policy environment. It is at the 

human/technology interface on farms where so much of the sustainable innovation 

is and will continue to occur. James summarised that it is attention to detail that will 

drive sustainable businesses in the future. Businesses cannot stand still, they need 

to reinvest, refine and re-engineer their systems where necessary, to drive 

sustainable success. 
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Case studies: Growing and connecting with nature 
 

 

Farming with nature combines horticulture with ecology with the aim of enhancing 

farmland biodiversity, improving water quality, enhancing landscape functionality and 

delivering economically, environmentally and socially sustainable farming businesses. 

These case studies show how growers are working with nature and promoting 

pollinators and beneficial predators. The case studies also highlight how sustainable 

fruit production can connect the latest academic research with innovative farming 

practice. 

 

The Sustainable Management of Orchard Pollination Services (SMOOPS) study 

identified which pollinating insects visited the flower strips, inter-row strips and other 

orchard habitats over the season, across all orchards. They identified 117 species, 

including 46 bee species (bumblebees, mining bees, leafcutter bees and honeybees).  

Good pollination practices drive higher quality fruit (increase fruit size by 5-19% and 

up to 25% more fruit in Class 1 – with the associated economic value).40 

 

  

 
40 Garratt et al. (2014) Avoiding a bad apple: insect pollination enhances fruit quality and economic value. Agriculture, 

Ecosystems and Environment 184: 34-40  

The 40 growers in the survey reported that twenty-five of them had placed 493 bird 

boxes on their farms; 40% of the bird boxes were in orchards; 15% on buildings and 

the rest around the farm. 

 

Growers reported they were planting hedges as an active way to improve biodiversity 

and were aiming to plant 1400 metres of hedging in the next five years. The areas 

dedicated to wildflowers in and around orchards were 112 hectares; and on the farm 

as a whole was around 185 hectares.  

 

Rewilding in and around orchards was in place on around 40 hectares and on the farm 

was around 100 hectares. Regenerative mixed cropping in and around orchards was 

reported on 30 hectares and on the farm as a whole around 60 hectares.  
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Solitary bees are important pollinators with apples with  

honeybees and bumblebees. 
 

Ground and cavity nesting bees play an important role in  

pollination in apple orchards.41,42 

 

Fruit set is positively associated with wild bee visitation so a focus on early flowering 

plants in wildflower strips that support spring-active solitary bees could maximise 

the benefit for orchard pollination.43  

 

The same study identified that mowing practice and reducing herbicide usage in 

alleyways ought to be reviewed to maximise the habitat for these ground nesting 

bees. 

 

For further information on the SMOOPS project44 see 

http://www.reading.ac.uk/caer/SMOOPS/SMOOPS_project2.html  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
41 Blitzer, E. J., Gibbs, J., Park, M. G., & Danforth, B. N. (2016). Pollination services for apple are dependent on diverse wild bee 

communities. Agriculture, Ecosystems & Environment, 221, 1-7. 
42 Sheffield, C. S., Kevan, P. G., Westby, S. M., & Smith, R. F. (2008). Diversity of cavity-nesting bees (Hymenoptera: Apoidea) 

within apple orchards and wild habitats in the Annapolis Valley, Nova Scotia, Canada. The Canadian Entomologist, 140(2), 235-

249. 
43 Campbell, A. J., Wilby, A., Sutton, P., & Wäckers, F. L. (2017). Do sown flower strips boost wild pollinator abundance and 

pollination services in a spring-flowering crop? A case study from UK cider apple orchards. Agriculture, Ecosystems & 

Environment, 239, 20-29. 
44 http://www.reading.ac.uk/caer/SMOOPS/SMOOPS_index.html 

The Insect Pollinators Initiative is a fund of up to £10 million that supports projects aimed at 

researching the causes and consequences of threats to insect pollinators so that appropriate 

mitigation strategies can be implemented to reduce their vulnerability. 

 

Insect pollinators include bumblebees, butterflies, honeybees and moths. They play a crucial 

role in the lifecycle of many plants, are essential to biodiverse natural ecosystems and 

underpin plant based agricultural production especially horticulture.  

 

The causes of pollinator population decline are complex, and many factors influence the 

challenge that is faced; however, farmers can play an active role in turning population decline 

around. 

 

This is a joint initiative between the Biotechnology and Biological Sciences Research Council 

(BBSRC), the Department for Environment, Food and Rural Affairs, the Natural Environment 

Research Council, the Scottish Government and the Wellcome Trust. and is funded under the 

Living with Environmental Change Programme. 
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Farming with the cycles of nature 
James Smith, Loddington Farm 

 

Sustainability goal: biological and cultural controls and  

embedding regenerative agriculture into farming practice 

 

James has a background in being a fully conventional grower, using what had become 

accepted practices of fruit growing, but which relied heavily at times on chemical 

interventions as part of an integrated pest management programme. Despite 

responsible practices ensuring that the fruit he produced met all standards, he was 

still uncomfortable with this approach and the associated high-cost inputs and the 

priority for efficiency which took a personal toll on his engagement with producing 

fruit in this way.  

 

James decided to undertake a Nuffield Scholarship so that he could invest in himself, 

grow his knowledge, and have the space to reflect on his existing business model. He 

attributes an agronomy seminar by a self-taught microbiologist as the catalyst for 

change, opening his eyes to more regenerative ways of farming. The talk left him 

energised and ready to make a positive difference. This involved developing a 

strategy and then applying that strategy in practice. 

 

James set himself the goal of making the farm chemical free within 5 years. He started 

with a pear orchard that was due to be grubbed, and it became a ‘trial chemical-free 

plot.’  The result was a higher fruit yield for that orchard than ever before, but with a 

significantly lower spend and a reduced environmental impact. This success fueled 

James’s ambition to change his business philosophy and drive for higher outputs of 

a nutrient dense crop with as little chemical intervention as possible. This required a 

holistic management approach across the whole farm and embracing the principles 

of Integrated Farm Management (IFM).45  The highest priorities for an IFM approach 

on the farm is to improve soil health and conservation and also the further eight 

principles: 

• Crop health and protection 

• Pollution control  

• By-product management 

• Animal husbandry 

• Energy efficiency 

• Water management 

• Landscape and nature conservation  

• Community engagement 

 

 
45 https://leaf.eco/farming/integrated-farm-management 
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One of the main principles of adopting regenerative agriculture is to stop 

monocultural production and to reintegrate farming systems to imitate nature in the 

farming environment. Whereas many larger scale commercial farms have taken a 

mono-culture approach, Loddington Farm has evolved from growing apples and 

pears, and also growing asparagus, cherries, apricots, and introducing livestock again 

(sheep and pigs).  These decisions mean that James has had to realign his marketing 

strategy which previously focused almost exclusively on retail supply. This 

reengineering of the business model means that second-class fruit is going to Owlet 

Fruit Juice,46 a provenance added value-based business operating from the farm. 

 

The changes at Loddington Farm have been hugely successful. The transition from 

an apple grower to a dynamic, diversified farm business in tune with nature, means 

the team has grown and is busier than ever. However, as James acknowledges, this 

has all been achieved with much lower stress levels than before.  

 

“It's not conventional farming, it's not organic farming,” explains James. “it's farming 

with nature instead of chemicals to produce nutrient-dense, more environmentally-

friendly fruit.” 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
46 https://www.owletfruitjuice.co.uk 

Linking Environment and 

Farming (LEAF)45 says: 

 

“IFM is a site-specific farm 

business approach that 

uses the best of modern 

technology and traditional 

methods. Attention to detail 

is key; appropriate and effi-

cient use of inputs, smarter 

approaches to business 

planning and the adoption 

of innovations and new 

technologies, all contribute 

to   increasing productivity 

whilst protecting valuable 

resources.”  

 

In the survey:  

 

• 93% of growers who responded said they were 

implementing biodiversity measures in or adjacent to 

their orchards. 

 

• 89% of growers had grass orchard margins to promote 

biodiversity that were not cut or travelled 

 

• 62% of growers had wildflower leys on headlands. 

 

• 24% of growers had wildflower leys in alley strip 

 

• 24% of growers had beetle banks close to orchards. 

 

• 16% had pollen and nectar mixed in their alley strips. 

 

• All growers said they would invest in biodiversity 

measures in the future. 
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Promoting pollinators and beneficial predators 
Nick Overy, Mascalls Court Farm 

Sustainability goal: promoting insect pollinators in farming practice  
 

 

Nick Overy is a sixth-generation farmer in the Weald of Kent growing arable crops, 

blackcurrants and Gala apples. Dedicated to practices that protect wildlife, he is a 

member of the Insect Pollinator Initiative;47 a project designed to promote innovative 

research into the biological and environmental factors that can have an adverse 

effect on the number of pollinating insects in the farmed environment.  

 

From 2016 onwards, Overy farms have planted extensive wildflower meadows and 

bird boxes around their blackcurrant fields. This is a key part of their business that 

contract grows blackcurrants for Ribena. This means that before the project, 

pollinator and predator numbers were already increasing on the farm. Spiders and 

some species of mites are natural predators for insects such as aphids which are a 

great concern for a farming enterprise, for example, the green apple aphid which can 

attack both apple and pear crops. 

 

In 2018, Nick decided to expand these initial pollinator promotion practices with 

blackcurrants to his apple orchards. He started a five-year trial of wildflower plots. 

The primary goal of the new wildflower meadows was to attract ground nesting and 

other varieties of wild bees to create their own hives in the surrounding woodland. 

Really efficient pollination, from wild bees and other insects is hugely important to 

apple growing.  Nick has taken this project further and created wildflower meadows 

on one to two hectares of unproductive land. In total, an area equivalent to two and 

a half football pitches has now been planted. 

 

With high numbers of pollinating insects travelling from flower to flower, entire 

orchards can be pollinated on the same day, and this enables the fruit to ripen at the 

same rate. Fruit then ripens for picking at the same time enabling a more efficient 

and cost-effective harvest. These areas have also created a perfect habitat for a 

strong population of insect predators who keep the levels of other insect species that 

might damage the apples in check. This is not only good for the local wildlife, it also 

helps produce a valuable apple crop that is unmarked by pest damage and reduces 

the potential for orchard fruit loss and waste.  This approach means that there is less 

reliance on the use of insecticides to eliminate unwanted species and less sprayer 

passes in the orchard lowers the farm’s carbon footprint as less fuel is used.  

Together with investing in biofilters that can be used when filling sprayers these 

practices also support developing catchment sensitive farming.  

 
47 https://nerc.ukri.org/research/funded/programmes/pollinators/ipi-summary/ 
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Alleyways across the entire farming operation are now predominantly left to grass 

with one quarter containing wildflowers and just a small herbicide strip directly under 

the trees to encourage root growth. Furthermore, hedge cutting on Nick’s farm has 

been moved from a winter task to later in the season and is now only undertaken 

every other year. Changing farming practice in this way has led to an increase in the 

numbers and diversity of wildlife around the orchards. As well as providing valuable 

habitat for overwintering insect species, hedges and windbreaks also create valuable 

nesting space for farm birds. By carefully selecting the right hedge species when 

gapping up or replanting, birds overwintering in the orchards are benefitting from 

large quantities of wild berries throughout the farm. 

 

Larger margins are also being left at the bases of the hedgerows than in previous 

years to allow wildlife to flourish. The longer grass and diverse flowering species 

provide food and refuge for insects and small mammals throughout the season 

ensuring that beneficial populations thrive, expand and remain where they are 

needed.  Nick maintains a social media blog on his farming, informing the local 

community of important tasks through the year about what is going on at the farm, 

explains practices the local community may not be familiar with and to share ‘good 

news stories’ about the biodiversity and sustainability’s measures that are being put 

in place. This two-way communication gives the local community the opportunity to 

engage with him about the natural capital that they value on his farm so they can 

work together to protect it.  

 

He said: “It’s really important that consumers are aware of how much farmers care 

about what they do, they care where their food comes from, and I want them to 

understand that we all farm in a very environmentally conscious way.  Standing in an 

orchard, listening to the birds and the orchards humming with insects is the highlight 

of my day.” 

 
 

 

 

 

 

 

 

 

Nick highlighted that these farm practices may become more of the norm as the new 

Environmental Land Management Schemes (ELMS) are rolled out.  

 

The three new schemes that will reward environmental land management are 

intended to support the rural economy deliver the goals of the 25 Year Environment 

Plan and the commitment to net zero emissions by 2050 see:  

https://www.gov.uk/government/publications/environmental-land-management-

schemes-overview/environmental-land-management-scheme-overview. 
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Case studies: Resource efficiencies and circular systems to 

reduce environmental impact 
 

The two case studies in this section explore effective resource management and how 

the environmental impact of fruit loss and other waste can be reduced through 

effective breeding programmes and waste reduction strategies. The terms that are 

used in this section of the report are explained in Appendix 1 and data from the on-

line survey is in Appendix 3.  

 

Resources at farm level that need to be considered in a resource efficiency plan 

include energy, water and soil. Energy efficiency and reducing carbon footprint has 

been addressed throughout the case studies. The growers were asked about their 

practices around soil analysis. All growers stated they were investing in a soil analysis 

programme for their orchards. Three quarters (75%) of growers were following a 

three-year sampling plan across their orchards, 5% (two growers) were sampling soil 

in all areas every year and 18% were undertaking annual sampling of some areas on 

their farm. The growers were also asked what actions they had taken in the last five 

years to improve soil health and the most commonly reported activities were lime 

application, the addition of organic matter, use of cover crops and the use of a 

shakerator (a machine used for soil conditioning) 

 

Mulching practices were reported in the survey in response to the question, “when 

do you mulch?” Eight out of ten respondents (83%) do not use green waste at the 

planting stage nor use in a second application. None of the respondents said they 

used municipal waste. Whilst four out of ten growers (37%) said they use compost at 

planting this fell to 17% at second application. Only one respondent used digestate 

at the planting stage and second stage application. Other organic material used by 

growers included farmyard manure/manure (n=3), straw (n=3), and recycled coconut 

coir (n=2). Sixty five percent of growers stated they were within an NVZ. Responses 

about tree grubbing highlighted that 42.5% of the growers in the survey pulverised a 

proportion of their tree grubbings, but 85% of growers reported they pulverised their 

tree prunings; 7.5% of growers chipped a proportion of their grubbings. The 

pulveriser was also the most frequently reported equipment used in the orchards 

(Table 5). 

 

Orchard investment to drive resource efficiency in relation to yield was considered in 

the grower survey. Three quarters of growers (not three quarters of the land area) 

stated that they had no orchards where they had standard growing systems. Half of 

growers stated that over half of their orchards were post and wire. When asked 

where their orchards would be in five years time in terms of growing system, three 

quarters said they would have post and wire systems and no standard orchards.  
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The growers were then asked about water management in the survey. The first 

question was “what percentage of your orchards are irrigated?” Around a third of 

growers (32.5%) were not currently irrigating any area in their orchards with at the 

other end of the scale one in four growers who responded to the survey were 

irrigating over 80% of their orchards. Around two thirds of the orchard area was 

reported as being irrigated on the farms that responded to the survey. The growers 

were then asked what water sources they use for irrigation water and whether they 

intended to use these sources more, or less. in the future. Instead of using mains 

water, one third of those irrigating are using rainwater harvesting, 44% are using 

surface water (rivers and ditches) and 63% are using ground water. Furthermore, one 

third of the packers and storage operators said they had a closed water system48. 

 

 

Plant breeding and new varieties that drive yields 
Tony Harding, Worldwide Fruit 

Sustainability goal: promoting resource efficiency via plant breeding and new varieties 

 

 

 

 

 

 

 

 

 

 

 

While historically in the UK, traditional British varieties such as Cox were chosen 

primarily for their outstanding eating experience, there are now many more factors 

that affect the decision-making process on which varieties to plant in an orchard to 

deliver sustainable value. With the UK being at the northern margin of apple 

production, a shorter growing period of early season varieties combined with the 

climatic disadvantage makes larger crops of traditional varieties a challenge to 

achieve. Combined with this geographic challenge, the competitive commercial 

marketplace in the UK has encouraged the transition on shelf toward more modern 

style varieties such as Jazz that traditionally have been bred overseas. 

 

 
48 A closed water system involves cleaning and reusing water over and over again to avoid any 

waste. Filtration systems with a sand filter remove particles and material from the water such as 

fruit stalks, dust and dirt, activated carbon removes any residues from crop protection products, 

and ultra-violet light destroys bacterial and viral material in the water. A closed water system uses 

only 35% of the volume of water than would otherwise be needed. 

Originating from New Zealand, the JazzTM 

apple is the result of natural breeding 

techniques between the Royal Gala and 

Braeburn varieties. It is a versatile apple 

that is grown around the world because 

of its eating experience, and reliability 

during storage. 

Source: https://jazzapple.com/uk/ 

 

Worldwide Fruit are one of only two 

companies in the UK licensed to grow and sell 

the Pink Lady variety, which is now the fastest 

growing variety in the UK and is already an 

established brand across Europe. The variety 

ticks all the boxes from a producer and 

consumer point of view as it is highly 

productive in terms of yield and packout and 

meets the consumers’ expectation of eating 

quality. 
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Modern varieties mainly differ from more traditional varieties in their ability to crop 

at larger volumes and grade better. Tony Harding, who is at the forefront of breeding 

trials carried out his own planting programme with Jazz 18 years ago and since then 

the variety has gone from strength to strength. It is the fifth most popular apple 

variety with a retail value in the UK of £48.8 million per year.49 When it comes to 

choosing varieties for new orchards, Tony advises that you need to spread risk across 

the harvest season.  The aim is to extend the UK season, with better storage 

characteristics too and still have an outstanding eating experience for consumers 

whenever they eat a British apple. Consumers would be able to access quality fruit 

for longer by moving from a 6 - 7 month to 9 – 10 month campaign.   Packhouses in 

the UK are no longer seasonal, working to keep up with the retailers' desire to 

champion British produce throughout the year and to keep the top fruit category 

exciting when up against emerging competition from berry, grape and citrus fruits. 

 

 

There is also an increase in consumer demand for fewer chemicals to be used in 

growing apples, so current and new varieties need to have better disease resistance 

and growers need to work closely with nature. “Varietal choice is critical,” said Tony, 

“The average fruit tree will be in production for 10 to 15 years so the varieties chosen 

today will also need to be tolerant to climate extremes of drought and increases in 

temperature that are starting to feature more in our weather system going forward.” 

This means that planting decisions need to be climate smart. Worldwide Fruit are also 

involved in a hot climate breeding programme in Spain, where climate resistant 

varieties are being bred to cope with heat and drought. These varieties are likely to 

be brought to the UK in the next 10 years to allow British climate resistant fruit to be 

available to British consumers.  He continued, “whereas established orchards of 

today were planted with eating quality being the most important attribute that 

informed decision-making, variety viability and guaranteed high quality product that 

delivers to the consumer is now key.” 

 

 
 

 

  

 
49 http://www.fruitnet.com/fpj/article/183437/jazz-popularity-rising-in-uk 
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Waste not want not 
Carmella Meyer and Robert Rendall, Boxford Suffolk Farms 

Sustainability goal: circularity to drive effective resource use and  

minimal footprint and embedding into farming practice 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Boxford (Suffolk) Farms is a third-generation family-owned business. For over 80 

years it has farmed land on the Essex/Suffolk border. Long term advocates for 

sustainability, the farm was one of the founder members of the Soil Association in 

the 1950s. Boxford Farms’ focus is on maximum production with minimum waste and 

environmental impact, and they’ve gone to extraordinary lengths to achieve it. Apples 

that do not meet supermarket requirements go for juicing at the on-site press and 

are turned into Copella apple juice, a brand so successful that it is now owned by 

Pepsico. The apple pomace – dry matter left after juicing – together with any apples 

not suitable for juicing are sent to the on-farm anaerobic digester (AD) plant, to 

produce renewable green energy. 

 

Methane biogas generated by the AD plant is used in two Combined Heat and Power 

(CHP) units to supply electricity and heat to the farm as well as electricity to power 

the Copella juicing operation. The Stoke by Nayland Hotel, Golf and Spa is also owned 

by the family and now has its electricity and heat provided by the AD unit. Any 

electricity not used by the onsite businesses is then sold to the National Grid through 

the feed-in tariff scheme.  The AD-generated heat and electricity powers the 

controlled atmosphere stores that keep the apples fresh, along with other farm 

buildings. It even helps to dry apple wood which can then be sold as logs, used in the 

hotel or one of six biomass boilers on site.  

Robert Rendall – MD Boxford (Suffolk) Farms: 

  

“As a family, we really feel our responsibilities, whether to my Grandparents’ legacy, our 

employees, or the beautiful part of the country that we farm and live in. This extends to 

our impact on the wider environment, the local community and most importantly, our 

customers health! We also hate waste, which definitely comes from my Grandparents, and 

was typical of their generation and probably of farming families in general, who 

understand the value of what it takes to produce food, and know how to make the best 

use of resources available.” 

  

“We get quite excited by projects that deliver on environmental improvements to our 

farms and businesses, whilst at the same time becoming more sustainable for future 

generations. The great thing is that, as our history shows, this often results in improved 

bottom line and opportunity for the business, as well as reducing any adverse impacts. As 

a business we already produce more green energy and recover more water than we use 

as a whole, and it is our goal to be a carbon sink by 2027.” 

 

. 
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The digestate, a by-product of the 1.35 MW AD unit, is not wasted either. Solid 

digestate becomes fertiliser or mulch for the fruit crops, maize fields and the golf 

courses. Liquid digestate is applied as fertiliser to the golf course, and wastewater is 

used to irrigate crops via an intelligent irrigation system. Replacing inorganic 

fertilisers with the organic digestate produced on site has led to a significant 

reduction in synthetic inputs and improved biodiversity and natural habitats on the 

farm. 

 

Not wanting to waste what nature provides either, Boxford Farms collect rainwater 

from the roofs of glass houses, cold store buildings and soft fruit polytunnels and 

stores it in a reservoir ready for use when it is needed. Solar panels have been fitted 

to the roof of the hotel, packhouse, and on the apple stores to further compliment 

this fully circular, beneficial, economy.   

 

Aside from the significant cost savings in energy bills, producing green energy onsite 

has significantly reduced the carbon footprint of the farm. There is much less 

movement of materials on, off and around the farm as everything is used on-site. At 

one time the pomace had to be taken off the farm for use as animal feed but keeping 

everything on site is saving on fuel and helping the environment too.  

 

The local community has benefitted from the reduction in vehicle movements, lower 

levels of local pollution and the many employment opportunities on site in the 

multiple businesses.   While a huge amount of coordination and planning is involved, 

Boxford Farms has seen the significant benefits of carefully considering every single 

aspect of the apple growing process and making the most of what others might see 

as a by-product to benefit the whole operation. 

 

 

Boxford (Suffolk) 

Farms employs 

250 staff and 

produces over 

6200 tonnes of 

apples, cherries, 

soft fruit and 

maize from 200 

hectares in the 

Stour Valley 

AONB 
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Appendix 1. Measuring sustainable food production  

 

There are multiple supply chain tools that are being used to measure the 

sustainability of food production. This appendix provides an overview of the 

terminology, methods and processes that are currently being used to determine the 

environmental and social impact of food production. These include lifecycle analysis, 

carbon foot printing, the use of certification to standards such as PAS 2050 and PAS 

2060, water foot printing and waste reduction methodologies. Whilst most 

environmental assessment tools focus on greenhouse gas emissions (GHGEs), other 

assessment tools have considered land use, water footprint, and to a lesser extent, 

aspects such acidification, eutrophication, ecotoxicity, biodiversity loss and resource 

use.50  

 

The environmental aspects associated with certain types of production e.g., apple 

production, or comparing apples to other fruit, across multiple geographic locations 

are not binary i.e., any analysis or calculations cannot be reduced to a simple 

statement that “this food is good, or this food is bad.” In looking at GHGEs alone, 

agriculture would be described as the biggest contributor to GHGEs in the food 

system.51 The real picture of what sustainable food production looks and feels like is 

much more nuanced and as has been shown in many of the case studies much more 

holistic. However, a business aiming to monitor and then improve performance 

needs a set of tools that can quantitatively measure their status and then these 

numbers can inform how businesses consider the options for change in their own 

biological (geography, fruit variety, topography, soil quality etc.) and technological 

(product specifications, equipment, level of automation, fuel source etc.) situation. 

Adopting the use of carbon and water foot printing and resource use and waste 

reduction tools can identify a baseline and then chart a business journey to reducing 

the environmental impact of the current production system and therein lies the true 

value of using such tools for a business. There are some key questions a business 

has to ask: 

 

 
50 Grigoriadis, V., Nugent, A., & Brereton, P. (2021). Working towards a combined measure for describing environmental impact 

and nutritive value of foods: A review. Trends in Food Science & Technology. https://doi.org/10.1016/j.tifs.2021.03.047  
51 https://www.nationalfoodstrategy.org 
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• What is the cost of collecting and analysing the data compared to the benefit 

derived (economic, social and environmental)? If the cost of collection is higher 

than the potential benefit derived for the business, then this will need serious 

reflection. For example, a group of similar businesses can come together to pool 

their resources to consider one farm or packhouse in its totality and then apply 

the lessons learned to all farms deriving greater benefit from the costs associated 

with the analysis. 

• Will the collection of this data become, or already is, a pre-requisite to supply for 

some customers? For many businesses the collection of data is already a pre-

requisite to supply and for businesses wishing to enter a specific market the lack 

of data, knowledge, or resources to collect and analyse data can be a barrier to 

entry. 

• Will there be legal requirements for businesses to collect such data in the future? 

As governments and organisations consider business approaches to addressing 

the challenges identified in the Paris Climate Agreement, reduce waste, and 

reduce the use of single use plastics, some of the drivers to collect data will be the 

need to comply with legal requirements. 

 

Life cycle assessment (LCA) is a tool that is widely used to determine the 

environmental impact of food production over the life cycle of the product, but it is 

specific to a given process and cannot be easily translated to other farms where 

practices, yield, or “terroir” [environmental factors that affect agricultural production 

in a specific location] differ. Most of the models that come from wider industry are 

based on processes where carbon sequestration does not naturally occur as part of 

the product cycle, which means that carbon sequestration is often ignored, or 

assumed as being neutral over the lifetime of the crop. Whilst this can be acceptable 

for a short-life crop, this methodological approach can be questioned for perennial 

crops such as tree-produced fruit. Where is the impact that is identified in the LCA? 

 

The British Standards Institute (BSI) has two standards associated with lifecycle 

analysis: PAS 2050:2011 Specification for the assessment of the life cycle greenhouse 

gas emissions of goods and services and PAS 2060:2014 Specification for the 

demonstration of carbon neutrality. There are a number of BS EN ISO standards that 

are related to these two standards and cover aspects such as verification and 

validation of GHGEs related statements, quantification and reporting of GHGEs 

among others. Using PAS 2050 as a tool, organisations can assess the carbon 

footprint of their goods and services and opportunities for emissions reduction in a 

LCA approach.52 Other internationally recognised carbon foot printing standards are 

the Greenhouse Gas Protocol Product Life Cycle Accounting and Reporting 

Standard53 and ISO 14067:2018 Greenhouse gases – carbon footprint of products – 

 
52 https://aggie-horticulture.tamu.edu/faculty/hall/publications/PAS2050_Guide.pdf 
53 https://ghgprotocol.org/sites/default/files/standards/Product-Life-Cycle-Accounting-Reporting-Standard_041613.pdf 
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Requirements and guidelines for quantification.54 Some studies have noted a 

difference in carbon footprint derived from each of the methodologies.55 The Carbon 

Trust are one example of a third party organisation that will consider such standards 

when certifying a food product’s carbon footprint.56  

Certifying a food product as “carbon neutral” means that for a given product it has 

been certified as complying with both PAS 2050 and PAS 2060. Organisations or 

activities can be certified in their own right. This means that the organisation has 

measures in place to neutralise their carbon foot printing e.g., by utilising offsetting 

measures. In this regard PAS 2060 builds on PAS 2050.57 The Greenhouse Gas 

Protocol Corporate Value Chain (Scope 3) Accounting and Reporting Standard 

operates at the supply chain level.58 Sustainable Development Goals (SDGs) SDG7, 

affordable and clean energy, SDG9, industry, innovation and infrastructure, SDG12, 

sustainable consumption and production, SDG13 climate action, and SDG15 life on 

land all align with reducing carbon footprint and moving towards or achieving carbon 

neutrality. 

 

Food production systems can impact locally and globally.  Studies have shown that in 

the event of a policy decision to transition from conventional to organic production 

in the UK, this could lead to the GHGEs that would have been produced in the UK 

being simply off shored to other parts of the world. In addition, the beneficial carbon 

sequestration achieved in the UK is not offset by the derived higher global emissions, 

caused, for example, by lower yields or weaker use of resources.59 However, as the 

authors highlight, use of technology and skills to improve on-farm yields from the 

same level of resources are constantly influencing this finding and indeed the LCA 

calculation itself. This means that a LCA is only valid for a distinct food product and 

supply chain and only for a period in time. If the product yield changes from year to 

year so will the LCA. If the product process and/or packaging specification changes, 

so will the LCA. The focus for reducing the environmental impact of a given 

production process is to identify key performance indicators of value, and carbon 

footprint can be one such metric, and to then develop an associated monitoring and 

redesign and reengineering programme. This suggests that an industry strategy to 

enhance top fruit productivity from existing resources and reducing crop loss pre-

farmgate, and to improve circularity in the reuse of all types of resources is a viable, 

realistic option to minimise net GHGEs.  

 

With regard to top fruit growing specifically, caution has to be exercised in terms of 

comparing the findings when considering food supply chains and food products 

 
54 https://www.iso.org/obp/ui/#iso:std:iso:14067:ed-1:v1:en 
55 https://doi.org/10.3390/ijerph15102060 
56 https://www.carbontrust.com/what-we-do/assurance-and-certification/product-carbon-footprint-label 
57 https://www.carbontrust.com/what-we-do/assurance-and-certification/carbon-neutral-certification 
58 https://ghgprotocol.org/sites/default/files/standards/Corporate-Value-Chain-Accounting-Reporing-Standard_041613_2.pdf 
59 Smith, L. G., Kirk, G. J., Jones, P. J., & Williams, A. G. (2019). The greenhouse gas impacts of converting food production in 

England and Wales to organic methods. Nature communications, 10(1), 1-10. 

https://doi.org/10.3390/ijerph15102060
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because not all studies have included from orchard through to kitchen stages and as 

a result drawing meaningful information for the sector using different methodologies, 

or where different assumptions have been made is like “comparing apples and 

pears.” It is also important to note that technological improvements or changes in 

orchard practices in recent years may make historic data less valid as yields increase 

per given unit of resource. As technological innovations accelerate, this will be a 

continuous problem for all LCA activities.  

The calculation of carbon sequestration is not part of many of the LCA models 

developed to date, as there is a baseline assumption that carbon will remain constant 

in the soil. The models often include retail emissions, and an assumption for the level 

of post-harvest fruit loss, i.e., an estimation of the fruit that has been grown that does 

not reach retail shelf, for example it is too large or too small, bruised, blemished etc. 

Industry initiatives, such as whole crop strategies at retail level to use all sizes of fruit 

(premium and economy retail packs, processed foods, frozen product offering etc.), 

to reduce post-harvest loss will also have a direct beneficial impact on the 

environmental footprint calculated at orchard level for any particular output from 

that orchard. However, it can be difficult to determine at a granular level, the 

environmental impact of a particular output from an orchard, or row.  Granularity of 

such foot printing techniques (national, regional, county, orchard, row, or tree) is 

important because it reflects the level of accuracy of the calculation and how much 

trust can be placed in the results for a given analysis.  

 

Product carbon footprint expressed as CO2 equivalents or CO2e/kg apple will vary 

according to the production system in which the fruit has been produced, the yield 

achieved from given resources, and post-harvest losses that might be attributed to 

poor storage characteristics, damage during picking, storage or transportation or 

producing product that does not align with customer specifications.  A summary of 

research highlights: 

 

• Studies have suggested the GHGEs associated with Chilean Royal Gala apples are 

equivalent to 0.54 kg CO2e/kg apple with the farm contributing 11.8% and ocean 

freight contributing 39.2% to that amount (Iriarte et al., 2021).60    

• A study on Spanish apples, sold and consumed in Spain, gave a footprint 

expressed as 0.30 kg CO2e/kg apple where 39% of the emissions were in retail; 

and 36% at the farm level.5  

• Research on Gala apple production with two different cultivation systems (central 

axis versus fruiting wall) suggested an on-farm footprint of 0.207 kg CO2e/kg apple 

for the central axis system and 0.195 kg CO2e/kg apple for the fruiting wall within 

 
60 Iriarte, A., Yáñez, P., Villalobos, P., Huenchuleo, C., & Rebolledo-Leiva, R. (2021). Carbon footprint of southern hemisphere 

fruit exported to Europe: The case of Chilean apple to the UK. Journal of Cleaner Production, 293, 126118. 
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the agricultural production stage.61 This concurs with a similar study in Italy (0.20 

kg CO2e/kg apple).62  

• Some studies have looked to assess the annual carbon sequestration in fruit trees 

but found there was variation according to age of tree, rootstock and cultivars 

being used.63  

  

Water footprint can be determined through desktop calculation or quantification at 

the orchard level. Water footprint at farm level can be quantified through considering 

the different elements of water use, both actual and nominal in terms of the water 

required to offset the application of plant nutrients e.g., nitrogen. The overall 

footprint can be calculated as a combination of WFblue (surface and groundwater) 

WFgreen (rainfall) and WFgrey (water associated with application rates of nitrogen and 

the need to assimilate back into the environment to meet existing water standards).64 

This differentiation between sources of water shows firstly, the local impact of apple 

and pear production e.g., in terms of the level of rainwater harvesting, use of river or 

groundwater and its environmental impact. Business strategies to improve yield and 

to reduce post-harvest fruit loss through more of the fruit in the orchard being 

purchased by the consumer will also reduce the overall water footprint. Secondly, 

these calculations also allow for some high-level analysis of the water footprint of 

crops grown in different regions, and globally. This can help to compare water the 

environmental impact of growing crops in different locations.  

 

Orchard-scale water footprint calculations have been undertaken in various 

countries that consider the contribution of all water uses.  

 

• In a South African study in the Western Cape, using a fruit yield of 61.5 

tonnes/hectare, the calculated water footprint was 212.1 m
3
/tonne. This was 

comprised of 62.7% WFblue (62.7%), WFgreen (14.9%) and WFgrey (22.5%).62 In 

this example, irrigation with blue water contributed to the majority of the water 

footprint in the apple production chain. Water use associated with orchard and 

farm management (spraying, packhouse use, evaporation from water reservoirs 

etc.) was calculated to be approximately 380 m3/hectare.  

 
61 Vinyes, E., Asin, L., Alegre, S., Gasol, C. M., & Muñoz, P. (2018). Carbon footprint and profitability of two apple cultivation 

training systems: Central axis and Fruiting wall. Scientia Horticulturae, 229, 233-239. 
62 Sessa, F., Marino, M., Montanaro, G., Dal Piaz, A., Zanotelli, D., Mazzetto, F., & Tagliavini, M. (2014, October). Life Cycle 

Assessment of apples at a country level: the case study of Italy. In Proceedings of the 9th International Conference on Life 

Cycle Assessment in the Agri-Food Sector (LCA Food 2014), San Francisco, CA, USA (pp. 8-10). 
63 Tozzini, L., Lakso, A. N., & Flore, J. A. (2011, June). Estimating the carbon footprint of Michigan apple and cherry trees-lifetime 

dry matter accumulation. In IX International Symposium on Modelling in Fruit Research and Orchard Management 1068 (pp. 

85-90). 
64 Green, S. R., Deurer, M., & Clothier, B. E. (2012). A consumptive water footprint analysis for apple fruit production. Acta 

Horticulturae, (951), 197-204. 
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• In another study the whole water footprint for apples was reported at 822 

m3/tonne in South Africa.65  

 

 

Further research-based data is scarce, however other studies have suggested that 

canopy covers strongly influences evapotranspiration rate.66 [These are not used for 

top fruit in the UK]. When evapotranspiration is taken into consideration in this 

metric, it makes the footprint calculation difficult to determine at the business level 

or between businesses. However, considering water footprint alone at farm level, 

without the use of other water use indicators, is a blunt instrument on which to 

develop procurement policies. Although the water cycle by nature has inbuilt 

circularity, if one business is using water at a given time (rainwater, surface water or 

groundwater) they are ultimately denying its use for other businesses, the natural 

ecosystem or communities. The United Nations SDG6 (clean water and sanitation), 

SDG13 (climate action), SDG14 (life below water) and SDG15 (life on land) all align 

with this metric. In order to meet these SDGs, the British top fruit sector needs to 

demonstrate they are using water judiciously and also actively implementing 

strategies to reduce post-harvest fruit loss with the inherent embedded water 

footprint. 

 

Waste reduction strategies are a key element of improved resource management 

within the top fruit supply chain. The UN have recognised the challenge of waste 

management and reduction strategies in SDG12 ‘Ensure sustainable consumption 

and production patterns’. This goal includes a specific target (12.3): by 2030, halve 

per capita global food waste at the retail and consumer levels and reduce food losses 

along production and supply chains, including post-harvest losses.67  Waste 

reduction strategies also extend more widely to encompass all materials used in the 

activities of the business. Creating sustainable value through waste mitigation 

strategies may involve: 

• Re-engineering and driving business models or food supply chain change through 

activities taken specifically to reduce/minimise waste and/or introduce re- 

processing activities within the business model.  

• Relating and creating awareness internally and externally to the business of the 

issue of food waste and its environmental and social impact.  

 
65 Gush, M., Dzikiti, S., van Der Laan, M., Steyn, M., Manamathela, S., & Pienaar, H. (2019). Field quantification of the water 

footprint of an apple orchard, and extrapolation to watershed scale within a winter rainfall Mediterranean climate 

zone. Agricultural and Forest Meteorology, 271, 135-147. 
66 Mobe, N. T., Dzikiti, S., Dube, T., Mazvimavi, D., & Ntshidi, Z. (2021). Modelling water utilization patterns in apple orchards 

with varying canopy sizes and different growth stages in semi-arid environments. Scientia Horticulturae, 283, 110051. 
67 United Nations, 2015. Transforming our world: the 2030 agenda for sustainable development Resolution adopted by the 

General Assembly on 25 September 2015. Available at: 

https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%

20web.pdf 



 

 

 

44 

• Repositioning the product/product range and creating value through utilising 

more of the crop. 

• Reallocating surplus or out of specification product into lower value market 

channels, donation based supply chains and social enterprises; and 

• Reacting to waste once it has been created and recycling e.g., through animal 

feed, composting or recovering energy through utilising as a feed into anaerobic 

digestors or incineration.68 

 

Reducing food loss in food supply chains also indirectly supports SDG11 Sustainable 

cities and communities. This waste terminology is used throughout the report.   

 

Nutrient density Assessing the intrinsic nutritive value of foods has been a well-

established process over many years, but nutrient profiling has historically centred 

on protein rather than essential micronutrients. Nutrient density profiling and 

nutritional-based indexes have focused on the positive nutritional aspects of food, 

but not always on adverse effects of food components, and in recent years, research 

is emerging where these profiles are being linked with environmental LCAs to 

propose new metrics that provide information on nutritive-environmental value. 

These metrics are not yet available to the top fruit sector but could prove of value in 

communicating to consumers in the future.  

 

The United Nations SDG No.3 focuses on good health and wellbeing and access to 

nutrient dense foods such as top fruit are essential for communities to meet this 

goal. Physiochemical quality attributes such as firmness, total soluble solids (brix), 

acidity, vitamin C content are now being supplemented with metabolomic studies 

that consider fruit quality at the molecular level.69  The use of metabolomics analysis 

is providing insight into apple quality and eating experience and can inform new 

breeding programmes. Flavonoids and isoflavonoids were associated with sensory 

quality,70 and reasons for browning.71 This is emergent research that will support 

improvements in fruit quality in the future and also more closely linking nutrient 

profile to environment impact. 

 

 
68 Huang, I. Y., Manning, L., James, K. L., Grigoriadis, V., Millington, A., Wood, V., & Ward, S. (2021). Food waste management: a 

review of retailers’ business practices and their implications for sustainable value. Journal of Cleaner Production, 285, 125484. 

https://doi.org/10.1016/j.jclepro.2020.125484 
69 Xu, L., Wang, L., Xu, Z., Zhang, X., Zhang, Z., & Qian, Y. (2021). Physicochemical quality and metabolomics comparison of the 

green food apple and conventional apple in China. Food Research International, 139, 109804. 

https://doi.org/10.1016/j.foodres.2020.109804 
70 Xie, X., Tang, T., Wang, W., Tang, X., Zhang, J., & Wang, Z. (2021). Metabolomics clarify the compounds contributing to the 

quality of apples among different regions in China. Journal of Food Processing and Preservation, 45(1), e15054. 
71 Tang, T., Xie, X., Ren, X., Wang, W., Tang, X., Zhang, J., & Wang, Z. (2020). A difference of enzymatic browning unrelated to PPO 

from physiology, targeted metabolomics and gene expression analysis in Fuji apples. Postharvest Biology and 

Technology, 170, 111323. 

https://doi.org/10.1016/j.jclepro.2020.125484
https://doi.org/10.1016/j.foodres.2020.109804
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The National Food Strategy – Part 2 considers the Nutrient Profile Model and the 

price per calorie highlighting the obesogenic challenge that healthy fruit such as 

apples and pears tends to cost more per calorie.72 SDG10 considers reducing 

inequalities, SDG4 quality education, SDG1 zero hunger and the influence of poverty 

on diet (SDG2) and the National Food Strategy seeks to address this SDG with a 

number of recommended actions around increasing access to fruit and vegetables. 

The strategy is an example of how such nutrient profiling informs policy and by 

inference supply chain standards and norms. 

 

Worker welfare assessment and metrics also form an element of measuring 

sustainable food production and delivery to the SDGs. SDG1 - No poverty, SDG5 - 

gender equality, SDG8 - decent work and economic growth, and SDG16 - peace, 

justice and strong institutions all fall into this area of analysis. Examples of metrics in 

this area can be global such as the Global Slavery Index.73 In the 2018 Index, South 

Africa was 110th in the list of 167 countries in terms of prevalence of slavery with the 

population, UK 132nd, Brazil (142nd); Argentina (157th); and Chile (162nd). Labour 

availability is an issue in the UK, especially in recent months. In terms of compliance 

with labour standards, British apple and pear growers need to comply with, among 

others, the requirements of the Gangmaster and Labour Abuse Authority;74 the 

Ethical Trading Initiative75; and the Sedex SMETA (Sedex Members Ethical Trade 

Audit).76 

 

  

 
72 https://www.nationalfoodstrategy.org 
73 https://www.globalslaveryindex.org 
74 https://www.gla.gov.uk 
75 https://www.ethicaltrade.org 
76 https://www.sedex.com/our-services/smeta-audit/ 
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Appendix 2. Smarter food systems 

 

Smart farming is a management approach to agricultural production that combines 

agronomic knowledge, techniques and technologies at multiple scales and levels of 

complexity to address modern challenges in food production.77,78,79 Smart farming 

includes the use of communication networks and a range of internet of things (IoT) 

technology such as digital sensors to measure, temperature, light etc. The integration 

of this data with data from technologies such as global positioning systems (GPS), 

sensors, camera systems and traceability technologies means data can then be 

curated, stored and analysed by management information systems and specially 

designed decision support tools.80 Digitising agricultural production is predicted to 

improve productivity, and better use of resources and as a result underpins 

sustainable food production. Wireless sensor networks can be combined with a 

range of identification technologies such as barcodes (1D, 2D etc.) and radio-

frequency identification (RFID) to provide field to retail shelf traceability.81 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
77 Walter, A., Finger, R., Huber, R., & Buchmann, N. (2017). Opinion: Smart farming is key to developing sustainable 

agriculture. Proceedings of the National Academy of Sciences, 114(24), 6148-6150. 
78 Wolfert, S., Ge, L., Verdouw, C., & Bogaardt, M. J. (2017). Big data in smart farming–a review. Agricultural systems, 153, 69-80. 
79 Navarro, E., Costa, N., & Pereira, A. (2020). A systematic review of IoT solutions for smart farming. Sensors, 20(15), 4231. 
80 Pivoto, D., Waquil, P. D., Talamini, E., Finocchio, C. P. S., Dalla Corte, V. F., & de Vargas Mores, G. (2018). Scientific 

development of smart farming technologies and their application in Brazil. Information processing in agriculture, 5(1), 21-32. 
81 Islam, S., Cullen, J. M., & Manning, L. (2021). Visualising food traceability systems: A novel system architecture for mapping 

material and information flow. Trends in Food Science & Technology. 

Smart farming application of IoT solutions29 includes: 

• Control of crop protection products and nutrients as part of an integrated 

programme.  

• Crop monitoring (blossom analysis, yield prediction, crop quality). 

• Disease prevention and pest monitoring as part of an integrated pest 

management plan. 

• Environmental monitoring (in orchard and stores). 

• Equipment and vehicle management. 

• Irrigation systems management and optimisation. 

• Soil management.   

• Tree management; and 

• Traceability and identification systems.  

 

These IoT solutions can be integrated into a whole farm management system. 
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A digital twin is “the digital equivalent of a real-life object” and it mimics the status and 

behaviour of the real-life object for the management cycle on the farm.82 Digital twins 

allow farm managers and their advisors to remotely monitor, control and integrate 

specific farm operations and take smart farming to the next level as they can also 

simulate certain situations and as a result optimise farm management practices.82  

 

The use of big data in smart farming requires appropriate governance measures and 

clear protocols on data ownership, privacy agreements and security.78 Data trusts are 

one possible way forward to sharing data across businesses and supply chains, 

although consideration of their structure and operational function is still at its infancy 

in food supply chains.83,84 In summary, smarter food systems were described in a 

2015 Rabobank report as being: “more productive, more (globally) integrated, less 

wasteful and more profitable…. [They are] more efficient in using resources to 

produce and deliver the food consumers need, where and when they need and want 

it, making it more sustainable.”  It is this approach that lies at the heart of the work 

being undertaken by British apple and pear growers, now and as they plan and invest 

for the future.85 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
82 Verdouw, C., Tekinerdogan, B., Beulens, A., & Wolfert, S. (2021). Digital twins in smart farming. Agricultural Systems, 189, 

103046. 
83 Durrant, A., Markovic, M., Matthews, D., May, D., Leontidis, G., & Enright, J. (2021). How might technology rise to the 

challenge of data sharing in agri-food? Global Food Security, 28, 100493. 
84 Food Data Trust: A framework for information sharing. Available at: https://www.food.gov.uk/research/research -

projects/food-data-trust-a-framework-for-information-sharing 
85 Food & Agribusiness Research and advisory (2015) Building a smarter food system. Rabobank Available at: 

http://agfundernews.com/wp-content/uploads/2015/10/Rabobank-Building-Smarter-Food-Systems-report.pdf 

Characteristics of digital twins82 include:  

 

• Integration of data from different applications into a consistent format.  

• Intelligence as digital twins can include algorithms, and artificial intelligence 

applications to not only define current performance, but also provide scenario 

testing and predictive capabilities. 

• Handling complexity as digital twins can include interdependent objects, high 

level systems and sub-systems collecting data at different levels of granularity. 

• Require strong security aspects to minimise the risk of cybersecurity issues or a 

loss of reliability.   

http://agfundernews.com/wp-content/uploads/2015/10/Rabobank-Building-Smarter-Food-Systems-report.pdf
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Climate smart agriculture is “an approach for transforming and reorienting 

agricultural systems to support food security under the new realities of climate 

change.”86 Alternatively climate smart agriculture has been described as “agriculture 

and food systems that sustainably increase food production, improve resilience (or 

adaptive capacity) of farming systems, and mitigate climate change when possible.”87 

The term resilience is also used in this report when considering the case studies and 

how different businesses have sought to reduce their vulnerability to climate change. 

Climate smart agriculture is described by the World Bank88 as: an integrated 

approach to managing landscapes that addresses the interlinked challenges of food 

security and climate change.  Climate smart agriculture should achieve three 

outcomes: 

 

• Increased productivity to produce more and nutritionally better food supporting 

local incomes and economies 

• Enhanced resilience to pests, diseases, weather patterns, droughts and climate 

related shocks. 

• Reduced emissions – lower emissions per calorie or kilo produced with a focus 

on carbon absorption and sequestration.  

Source: https://www.worldbank.org/en/topic/climate-smart-agriculture 

 

Internet of Things (IoT) refers to the use of sensors and technology that can collect, 

assimilate and aggregate data to inform effective decision-making e.g., combining 

sensing, mapping and information systems to improve orchard management. 

(Agriculture 4.0).  

 

Agriculture 5.0 uses artificial intelligence, machine learning and the integration of 

decision support tools within digital orchard, packhouse and storage management. 

The use of training data sets, algorithms, creation of digital twins and use of robotics 

takes mechanisation, automation and integration takes food production to the next 

level of innovation.  

 

 

  

 
86 Lipper, L., Thornton, P., Campbell, B.M., Baedeker, T., Braimoh, A., Bwalya, M., Caron, P., Cattaneo, A., Garrity, D., Henry, K. & 

Hottle, R., (2014). Climate-smart agriculture for food security. Nature climate change, 4(12), pp.1068-1072. 
87 Rosenstock, T.S., Lamanna, C., Chesterman, S., Bell, P., Arslan, A., Richards, M.B., Rioux, J., Akinleye, A.O., Champalle, C. , 

Cheng, Z. and Corner-Dolloff, C., 2016. The scientific basis of climate-smart agriculture: A systematic review protocol. CCAFS 

Working Paper no. 138. Copenhagen, Denmark: CGIAR Research Program on Climate Change, Agriculture and Food Security 

(CCAFS).  https://hdl.handle.net/10568/70967 
88 https://www.worldbank.org/en/topic/climate-smart-agriculture 

Smarter growing systems require 
investment in people, ideas and 

innovation 

https://www.worldbank.org/en/topic/climate-smart-agriculture
https://hdl.handle.net/10568/70967
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Appendix 3. Survey Results 

 

The grower and packer/stores survey asked a series of questions relating to 

sustainability on farm. It was answered by forty grower businesses, some of which 

also were storing fruit and packing. A simple narrative is provided here with the data 

and the results are also embedded in the relevant sections in the report. The 

presentation of the survey results is split into the following sections: 

 

Section i. Grower respondents’ and farms profile. 

Section ii. Sustainable orchard practices. 

Section iii. Carbon, energy conservation and generation. 

Section iv. Growing and connecting with nature. 

Section v. Packhouse responses. 

 

Section i. Grower respondents’ and farms profile 
 

The forty growers who responded are growing fruit across approximately 4000 

hectares of orchards. Twenty-five of the growers grew both apples and pears whilst 

fifteen only grew apples only. One grower grew organic fruit, the rest of the survey 

respondents were conventional top fruit producers. The growers came from twelve 

counties with half of the growers coming from Kent and six growers coming from the 

West Midlands (Table A1). 

 
Table A1. Demographics of survey respondents. 

County Frequency Percentage of response 

Cambridgeshire 4 10.0 

Dorset 1 2.5 

Essex 1 2.5 

Hampshire 1 2.5 

Herefordshire 4 10.0 

Kent 20 50.0 

Norfolk 1 2.5 

Nottinghamshire 1 2.5 

Suffolk 3 7.5 

Sussex 1 2.5 

Warwickshire 1 2.5 

Worcestershire 2 5.0 

Total 40 100 
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Seven out of the ten respondents were farm owners, with a further one in six being 

farm managers. The other respondents included a Director, Managing Partner, 

Managing Director, Technical Manager and a CEO. The growers were asked to 

differentiate between the percentage of the orchard that was post and wire, non-

post and wire and standard (Table A2) to give an insight into overall composition of 

the current orchard growing system. They were also asked to predict the composition 

of their orchards in five years’ time. 75% of respondents predict they will have 

between 51% and 100% of the orchards as post and wire in five years’ time compared 

to 50% currently (Table A3).   

 

Table A2. Composition of the current orchard growing system 

Percentage of orchard 
Post and Wire Non-post and wire Standard 

Frequency (%) Frequency (%) Frequency (%) 

0 5 12.5 6 15.0 27 67.5 

1-25% 9 22.5 16 40.0 9 22.5 

26-50% 6 15.0 7 17.5 1 2.5 

51-75% 9 22.5 4 10.0 1 2.5 

76-100% 11 27.5 7 17.5 2 5.0 

 

 

Table A3. Projected orchard growing system in five years’ time 

Percentage of orchard Post and Wire Non-post and wire Standard 

Frequency (%) Frequency (%) Frequency (%) 

0 5 12.5 16 40 30 75.0 

1-25% 0 0 13 32.5 7 17.5 

26-50% 5 12.5 6 15.0 2 5.0 

51-75% 9 22.5 2 5.0 0 0 

76-100% 21 52.5 3 7.5 1 2.5 

 

 

Section ii. Sustainable orchard practices 

 

 Table A4. Respondents reported mulching practices 

Green waste 
Planting stage Second application 

Frequency (%) Frequency (%) 

Do not use 24 82.3 16 80 

1-25% 2 6.7 2 10 

26-50% 0 0 0 0 

51-75% 1 3.3 0 0 

76-100% 2 6.7 2 10 

Total 29 100 20 100 
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Municipal waste 
Planting stage Second application 

Frequency (%) Frequency (%) 

Do not use 26 100 17 100 

1-25% 0 0 0 0 

26-50% 0 0 0 0 

51-75% 0 0 0 0 

76-100% 0 0 0 0 

Total 26 100 17 100 

 

Compost Planting stage Second application 

Frequency (%) Frequency (%) 

Do not use 22 62.8 19 82.6 

1-25% 3 8.6 0 0 

26-50% 2 5.7 2 8.7 

51-75% 1 2.9 0 0 

76-100% 7 20.0 2 8.7 

Total 35 100 23 100 

 

Digestate 
Planting stage Second application 

Frequency (%) Frequency (%) 

Do not use 26 96.3 17 94.4 

1-25% 0 0 0 0 

26-50% 0 0 0 0 

51-75% 1 3.7 1 5.6 

76-100% 0 0 0 0 

Total 27 100 18 100 

 

Other Planting stage Second application 

Frequency (%) Frequency (%) 

Do not use 23 82.1 16 76.2 

1-25% 0 0 3 14.3 

26-50% 3 11.1 0 0 

51-75% 1 3.7 0 0 

76-100% 1 3.7 2 9.5 

Total 28 100 21 100 
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The growers were asked the question: “What proportion of prunings are pulverised, burnt, 

chipped, or other, please state.” The responses are in Table A5. Activities when grubbing an 

orchard are summarised in Table A6. 

 

Table A5. Proportion of prunings, pulverised, burnt, chipped, or for other usage. 

  

Pulverised Burned Chipped 

Feed for 

Renewable 

energy system 

Frequency (%) Frequency (%) Frequency (%) Frequency (%) 

Do not 

do – 0 

2 5.0 34 85.0 39 97.5 38 95.0 

1-25% 1 2.5 2 5.0 0 0 1 2.5 

26-50% 1 2.5 2 5.0 0 0 0 0 

51-75% 2 5.0 1 2.5 1 2.5 1 2.5 

76-100% 34 84.6 1 2.5 0 0 0 0 

Total 40 100 40 100 40 100 40 100 

 

 

The survey asked: “Do you use any of the following equipment in your orchard 

practice?” (Table A7). The survey then asked: “What strategies do you use to monitor 

problem pests, weeds and diseases?” The responses highlighted self-inspection, the 

use of qualified agronomists, weather, crop and pest monitoring as key strategies 

that were employed (Table A8).   

 

 

Table A6. Activities when grubbing an orchard 

  Pulverise Burn Chip Feed for 

Renewable energy 

system 

Frequency (%) Frequency (%) Frequency (%) Frequency (%) 

Do not 

do - 0 

23 57.5 1 2.5 37 92.5 35 87.5 

1-25% 8 20.0 3 7.5 2 5.0 4 10.0 

26-50% 6 15.0 7 17.5 0 0 0 0 

51-75% 3 7.5 5 12.5 0 0 0 0 

76-100% 0 0 24 60 1 2.5 1 2.5 

Total 40 100 40 100 40 100 40 100 
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Table A7. Use of equipment in orchard practices. 

 Equipment 
Frequency Percentage of 

respondents 

Pulverisers 37 92.5 

Bin trains 24 60.0 

Root pruners 23 57.5 

Picking rigs/platforms 16 40.0 

Mechanical tree pruning 12 30.0 

Shakerators 10 25.0 

Two/three row sprayers 4 10.0 

Sprayer that automatically recirculate captured drift 0 0 

Other including mechanical weeding (n=2), sub soiler, general 

cultivator, power harrow, tower sprayer, fertiliser spreader; 

rollhak/rut leveller 

6 15.0 

 

Table A8. Strategies used to monitor problem pests, weeds and diseases in orchards. 

 Practices Frequency Percentage of 

respondents 

Self-inspection 40 100 

Use of qualified agronomists 39 97.5 

Pest trap monitoring 37 92.5 

Weather and crop monitoring e.g., codling activity 36 90.0 

Local information from other farmers and growers 20 50.0 

Pheromone disruption systems 18 45.0 

Other (monitoring, rehoming, encouraging earwig populations. 

Use of all available methodologies (e.g., organic matter, pan 

breaking, deep rooting cover crops) to encourage better soil 

structures; Rimpro 

2 5.0 

  

The growers were asked about their practices around soil analysis and all growers 

were investing in a soil analysis programme for their orchards. Three quarters of 

growers were following a three-year sampling plan across their orchards, 5% (two 

growers) were sampling soil in all areas every year and 18% were undertaking annual 

sampling of some areas on their farm. The growers were also asked what actions they 

had taken in the last five years to improve soil health (Table A9). The most commonly 

reported activities were lime application, the addition of organic matter, use of cover 

crops and the use of a shakerator. 
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Table A9. Strategies used to improve soil health in the last five years 

 Strategies Frequency Percentage of 

respondents 

Lime application 24 60.0 

Addition of organic matter 21 52.5 

Use of cover crops 12 30.0 

Use of shakerator 10 25.0 

Beneficial fungi 7 17.5 

Other: includes rotavated and aerated soil, root pruning, subsoiling 

(n=2); working ground in some orchards; and self-sown clover 
6 15.0 

 

The farmers were then asked about water management in the survey. The first 

question was “what percentage of your orchards are irrigated?” Around a third of 

growers were not currently irrigating any area in their orchards (Table A10). The 

growers were then asked what water sources they use irrigation water and whether 

they intended to use these sources more or less in the future (Table A11).   

 
Table A10. Percentage of orchards that are irrigated on respondents’ farm. 

Percentage of orchard Frequency Percentage of respondents 

0 13 32.5 

1-10 4 10.0 

11-20 2 5.0 

21-30 4 10.0 

31-40 1 2.5 

41-50 0 0 

51-60 3 7.5 

61-70 2 5.0 

71-80 1 2.5 

81-90 3 7.5 

91-100 7 17.5 

Total 40 100 
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Table A11. Sources of irrigation water on respondents’ farm. 

 Do not 

store water 

Rainwater 

harvesting 

Surface water 

(river and ditches) 

Ground 

water 
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Use now 11 91.7 9 60 12 80 17 81 

Intend to use in the future 1 8.3 5 33.3 1 6.7 3 14.3 

Intend to use less in the 

future 

0 0 1 6.7 2 13.3 1 4.8 

Total 12 100 15 100 14 100 21 100 

 

  

Section iii. Carbon, energy conservation and generation 

 

Growers reported sources of renewable energy they used on farm (Table A12). When 

asked what sources of renewable energy were on the farm 46.4% of those who 

responded had no renewable energy resources, but half had solar/photovoltaic 

arrays. Other sources of renewable energy were minimally reported. Four fifths of 

growers (82.1%) did not have electric vehicle charging points. The growers in the 

survey reported they were planning to plant 1.14 million new fruit trees in the next 

two years and over the next five years this number grew to 2.71 million fruit trees. 

Growers were asked to identify what kinds of storage they had invested in over the 

last five years (Table A13), and they could provide multiple answers. Thirty percent of 

those who responded have not invested; 40% have invested in controlled 

atmosphere storage; 36.7% in general storage and three out of ten in DCA stores. 

Others have refurbished existing stores. 

 
Table A12. Sources of renewable energy on farm reported by growers in the survey. 

  Frequency Percentage of respondents 

No renewable energy sources 13 46.4 

Solar/PV 14 50.0 

Air source 3 10.7 

Renewable heat/biomass 1 3.6 

Wind 1 3.6 

Anaerobic digestion linked to energy creation 0 0 

Biodiesel/ethanol 0 0 

Geothermal/Heat source 0 0 

Hydro-electric 0 0 
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A13. Types of storage growers reported they had invested in over the last five years 

  Frequency  Percentage of 

respondents  

Have not invested 9 30.0 

Controlled Atmosphere Stores 12 40.0 

Cold storage (stock holding) 11 36.7 

DCA stores 9 30.0 

Other: New Packhouse, Modular Controlled Atmosphere 

Storage Units; Major Refurbishment of existing CA stores; 

Improvements to existing cold and CA stores 

4 13.3 

 

  

Section iv. Growing and connecting with nature 

 

Pollinators 

The growers were asked: How long have you used bees as part of your farming 

system? 

 

62.5% said they has always used hives in their farming system, one grower estimated 

between ten and twenty years; three growers between six and ten years and just over 

a quarter (27.5%) has been using hives within the last five years. The growers were 

not asked how long they had been growing top fruit. The growers were then asked: 

How many beehives do you have in your orchards in an average year? 

 

The growers provided an individual number for the number of hives they had which 

have been grouped according to response (Table A14). Seven growers said they did 

not have hives. The growers were then asked about hives, importing bees, whether 

honey is produced from their orchards and if they have bee hotels/refuges in their 

orchards (Box A1). 

 
Table A14. Number of hives in the orchards as reported by growers in the survey 

grouped according to subgroupings seen 

Number of hives 0 1-10 11-25 26-35 50-60 75 150 200 250 Total 

Number of growers in 

this group  

7 11 6 5 5 2 1 2 1 40 
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The growers where then asked if they had bee hotels/refuges in their orchards, how 

many did they have (Table A15). 42.5% of those surveyed said they did not intend to 

increase the number of bee hotels/refuges in the next five years; 30% said the 

number would double, 10% between twice and four times more and 17.5% greater 

than four times the number.  

 
Table A15. Number of bee hotels/refuges in the orchards as reported by growers in the survey 

Grouped according to subgroupings seen 

Number of 

bee hotels/ 

refuges 

1-5 6-15 19-25 50-70 100-

175 

2000 Bee 

friendly 

area 

Total 

Number of 

growers in this 

group  

6 5 4 3 3 1 1 23 

  

Biodiversity measures - general 

92.5% percent of growers in the survey stated they were currently implementing 

biodiversity measures in or adjacent to the orchards. The growers were then asked 

the question “Which of the following do you have in your orchards? Please click all 

those statements that apply.” The responses are collated in Table A16. Nine out of 

ten growers (89.2%) were promoting biodiversity but not cutting or travelling on grass 

orchard margins and six out of ten (62.2%) were planting wildflower leys on 

headlands and just over one third (35.1%) close to water storage reservoirs. One 

quarter of the growers (24.3%) were planting wildflower leys in alley strips and a 

quarter (24.3%) stated they had beetle banks close to orchards. Others reported that 

they were planting hedges as an active way to improve biodiversity. The areas 

dedicated to wildflowers in and around orchards were 112 hectares; and on the farm 

as a whole was around 185 hectares. Rewilding in and around orchards was in place 

on around 40 hectares and on the farm was around 100 hectares.  

Box A1 

 

Do you maintain your own hives?    Yes 15.0% No 85.0%   

 

Do you work with local beekeepers?    Yes 82.5% No 17.5%   

 

Do you import bees?     Yes 27.5% No 72.5%   

 

Is honey produced from your orchards?             Yes 70.0% No 30.0%   

 

Do you have bee hotels/refuges in your orchards? Yes 57.5% No 42.5%   
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Regenerative mixed cropping in and around orchards was reported on 30 hectares 

and the farm as a whole around 60 hectares. Growers reported they were aiming to 

plant 1400 metres of hedging in the next five years. 

 
Table A16. Biodiversity practices reported by growers in the survey 

Percentage of orchard Frequency Percentage of respondents 

Grass orchard margins to promote biodiversity that 

are not cut and are not travelled 

33 89.2 

Wildflower leys on headlands 23 62.2 

Wildflower leys/pollen and nectar mixes close to 

water storage reservoirs 

13 35.1 

Wildflower leys in alley strip 9 24.3 

Beetle banks close to orchards 9 24.3 

Pollen and nectar mixes in alley strips 6 16.2 

Other 5 13.5 

 

Growers were asked how many bird boxes they had placed in different areas on 

their farms (Box A2). 

 

 

 

 

 

 

 

 

 

 

Section v. Packhouse/storage responses 

 

Energy 

Packhouse and/or fruit storage operators were asked to report the sources of 

renewable energy they use for their packhouse/fruit storage (Table A17). One third 

reported that they did not use any renewable sources (33.3%), sixty three percent 

said they used solar/photovoltaic cells; 11% used wind as a source of power; 7.4% air 

source and 3.7% (one respondent) renewable heat/biomass.  The packers were 

asked to indicate their total generating capacity in an average year in kilowatt hour 

(kWh). This varied for the four packers that responded from 1300 kWh to 2.1 million 

kWh. For the twelve growers with stores that responded the total generating capacity 

varied between 10 kWh and 2.1 million kWh for the farm with the packhouse and 

stores complex. When asked what proportion of total energy usage that represented 

for the packhouse the respondents stated between 20-35%.  

 

Box A2 

 

How many bird boxes in orchard margins?     197 

 

How many bird boxes in associated buildings?   75 

 

How many bird boxes on the wider farm?    221 

 

Total         493 
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When asked what proportion of your roof space is covered with solar/photovoltaic 

cells only two packhouses responded with 65% and 80%. In terms of the proportion 

of roof space for fruit storage there were eleven responses, and these varied from 

5% to 80%, the average across this group being 39%. 

 

39.1% confirmed that in the last five years they had reduced their consumption of 

fossil fuels associated with the packhouse. When asked when do you expect to have 

100% renewable energy for fruit storage and/or packhouse activities, for fruit 

storage, 23.3% stated they had no ambition, 10% stated within five years; 6.7% 

within two years; one respondent stated they were already 100% self-sufficient and 

the majority (56.7%) stated they did not know (Table A18). There were similar results 

for the packhouse, 22.7% stated they had no ambition, 18.2% stated within five 

years; 4.5% within two years; one respondent stated they were already 100% self-

sufficient and half (50%) stated they did not know. 

 
Table A17. Sources of renewable energy for packhouse/fruit storage   

  Frequency Percentage of respondents 

No renewable energy sources 8 33.3 

Solar/photovoltaic cells 17 63.0 

Wind 3 11.1 

Air source 2 7.4 

Renewable heat/biomass 1 3.7 

Anaerobic digestion linked to energy creation 0 0 

Biodiesel/ethanol 0 0 

Geothermal/Heat source 0 0 

Hydro-electric 0 0 

Other 0 0 

 

43.3%% of respondents stated they are using tools to monitor the carbon footprint 

for fruit storage and/or the packhouse. However, carbon monitoring was reported 

using electric meter readings, kWh data from invoices, using internal spreadsheets. 

Calculators that were mentioned included the Farm carbon calculator, Cool Farm 

Tool and working with a specific company. 

 

Table A18. Ambition to have 100% renewable energy for fruit storage and/or packhouse activities 

 Fruit storage Packhouse 

Frequency Percentage of 

respondents 

Frequency Percentage of 

respondents 

Have no such ambition 7 23.3 5 22.7 

Within 5 years 3 10 4 18.2 

Within 2 years 2 6.7 1 4.5 

We are at 100% now 1 3.3 1 4.5 

Don’t know 17 56.7 11 50 

Total 30 100 23 100 
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Packhouse efficiency 

Packers were asked what kinds of packhouse technology they had invested in over 

the last 5 years?  Sixteen packers responded and nearly half (46.7%) had not invested. 

Of those that had responded, three packers had invested in auto-tray fillers and only 

one packer in pallet stacking/wrapping. Three packers had invested in new graders 

and grading equipment, one in an automatic water bin dumper and one other in 

more efficient packing machinery.  

 

Packaging/water/fruit waste reduction 

When asked about whether a packaging waste reduction programme was in place 

eight packers (53.3%) stated they did have such a programme in place; seven stated 

they did not. The programmes ranged from recycling agreements with suppliers, to 

reusing and recycling where possible to more formal agreements working with 

customers to have a collective response. When asked how the waste packaging 

materials were treated, thirteen packers responded. Three were recycling 100% of 

waste packaging; two more between 90-99%; four packhouses at 80%; one at 70% 

with two more between 25 and 50%. One packer stated all packaging went to landfill. 

One thirds of the fifteen packers who responded to the question stated they had a 

closed water system. When asked how they reduce fruit waste/loss in the packhouse 

all fifteen respondents replied (Table A19). The most common practice was sending 

fruit for juice or cider; then wholesale product, animal feed, as a feedstock for 

anaerobic digestion, with three packers stating they would process the fruit 

themselves. One packer stated they would send the product to Fairshare for 

redistribution. 

 
Table A19. Practices to reduce fruit waste/loss in the packhouse.  

 Frequency Percentage of respondents 

Juice/cider 12 80.0 

Wholesale 10 66.7 

Animal feed 6 40.0 

Anaerobic digestion 5 33.3 

Process the fruit ourselves 3 20.0 

Fairshare 1 6.7 

 

 

 

E N D 
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