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RESILIENT ORCHARDS 

Climate change 
Climate change is the complex mixture of changes we are experiencing, including global warming. Check online 

for the latest data.1 In terms of food growing the main impacts of climate change in the UK are: 

Increase in average temperatures, which can extend growing seasons. Scientific research shows that the 

average temperature of the planet's surface has risen by 1.2°C since 1901. This has led to heat stress for certain 

crops and has disrupted plant dormancy due to warmer winters, resulting in mismatched growth cycles. This is 

particularly true for fruit which requires a certain number of chilling hours.  

Altered rainfall patterns present another challenge, as changes in precipitation can lead to periods of drought 

that affect crop irrigation and yield. The UK's summer rainfall is decreasing on average, while winter rainfall is 

increasing. There is also evidence that heavy rainfall events have become more intensive. Warmer, wetter 

winters may cause soil erosion and waterlogging, further damaging crops. Additionally, warmer temperatures 

can allow pests and diseases to thrive, leading to higher infestation rates and introducing new threats that were 

previously absent in the UK. 

Sea level rises Since 1900, sea levels have risen by about 10 cm around the UK and about 19 cm globally, on 

average. The rate of sea-level rise has increased in recent decades. 

Soil health is also at risk, as increased rainfall and flooding can degrade soil and deplete nutrients. The changing 

climate may impact soil microbial communities, affecting fertility and structure.  

Water availability is another concern, as shifting weather patterns can alter irrigation resources, impacting crop 

growth. Increased evaporation rates during dry spells may exacerbate water scarcity. There will be more food 

supply uncertainty and a high chance that food prices will increase. 

Finally, climate change can alter biodiversity and ecosystem dynamics, impacting pollinator populations 

essential for crop pollination. Changes in the seasons (such as the UK spring starting earlier, autumn starting 

later) are bringing changes in the behaviour of species, for example, butterflies appearing earlier in the year and 

birds shifting their migration patterns. 

 

 

 

 

 

 

 

 

 

 

 
1 https://www.metoffice.gov.uk/weather/climate-change/effects-of-climate-change 

Honey_bee_on_apple_blossom,_Sandy,_Bedfordshire

_(6957165968) via Wikimedia Commons. 

Soil runoff, by Lynn Betts, photographer, 1999 [Public 

domain], via Wikimedia Commons. 



Resilient Orchards 
 
 

66       © The Orchard Project 2025 

Peak oil 
Oil is like a hidden slave upon whom we are entirely dependent! When oil is first discovered, it gushes from the 

ground easily. As the oil field is extracted, increasing amounts of energy and effort is used to get it out.  

Rob Hopkins (figurehead of the transition towns 

movement2) makes a good analogy: Newly discovered oil 

is like drawing off a fresh pint of beer from the pump – it's 

good quality and easy. Fracking is like pouring chemicals 

on the pub carpet, using a straw to suck up what's there 

and then extracting your pint of beer from that!  

Oil is being used four times faster than it's being 

discovered (www.oildecline.com) and we are becoming 

increasingly less able to produce high-quality, 

economically extractable oil. This is what is meant by 

Peak Oil, and that is why technologies such as shale gas 

and fracking have emerged.  

Broken food system  
Availability of oil (and systemic inequality) has allowed us to fully mechanise our food growing, adapt our food 

growing to climate change challenges (e.g. growing under plastic), buy food from anywhere in the world and 

benefit from relatively low food prices. In the UK, we only spend 8% of our income on food3 but in Indonesia, 

Morocco or Ukraine it’s roughly 30%. In Kenya and Nigeria it’s nearer 50%. It’s worth being aware that there is a 

connection between food prices and food riots. All of the food riots in North Africa and the Middle East, between 

2007 and 2011 were linked to steep increases in the food price index.4  

As orchardists, we are subtly challenging conventional food growing because the yields are locally produced and 

not dependent on fossil fuels. In fact, far from being fossil fuelled, community orchards and forest gardens are 

usually people powered. As such, they bring us other mental and physical benefits. These go some way to 

address the health issues related to conventionally produced food. Because although global markets give us the 

sense of having plenty of choice, our diets are surprisingly limited.  

“Of some 300,000 known species of plant, only some 150 are grown regularly and to any considerable 

extent to meet human needs. Largely for commercial reasons, the plant production in western or 

westernised countries has been mainly reduced to a small number of standardised staples, grown under 

monocultural conditions and subjected to a wide range of chemical treatments. Today we rely on a mere 

twenty species to provide ninety per cent of the world's food needs and over half humankind's calorific 

intake is supplied by just three grasses: wheat, rice and maize. For this highly restrictive form of food 

production, only eight per cent of the world's soils are considered suitable.”5 

It’s likely that this limited diet is linked to some of the health issues we are currently encountering. Forest 

gardeners and orchardists can provide wider range of plants to eat. The plants and increased soil food web that 

we create also mitigates against climate change, for example, by capturing carbon.  

 
2 https://transitionnetwork.org/ 
3 https://www.ers.usda.gov/data-products/food-expenditure-series/ 
4 https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1910031 
5 Robert Hart, Forest Gardening, Green Books, 2001, p61 

Hubbert peak oil plot by Hankwang at English Wikipedia 

[GFDL CC-BY-SA-3.0 or CC BY 2.5], via Wikimedia Commons. 

http://www.oildecline.com/
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Hopeful reactions to climate change and peak oil 

• More acceptance of locally grown food 

• Food growers enjoy a higher status / there are more people available to work on land 

• More willingness to use low and no-dig approaches to food growing 

• More acceptance of natural approaches to building fertility – humanure and N fixers 

• More integrated pest management 

• More creative and efficient use of land - more acceptance of multiple use, e.g. forest gardening 

• Higher manufacturing costs means more re-use and more efficient use of physical resources 

• Alternative technologies pioneered 

• Need for alternative food growing methods is accepted 

What are forest gardens? 
Forest gardens are mixed arrangements of different sized plants which 

probably include trees and will be designed to give multiple yields.  

They are modelled on what is found at the edge of a natural woodland, 

using plants of direct and indirect benefit to people; usually including 

low-maintenance, edible plants.  

Forest gardening has been practiced in many parts of the world but it 

was Robert Hart who popularised the approach here in the UK. He 

kicked this off in the 70s after studying what he’d seen in India.  

His goal was to create a healthy and therapeutic space for himself and 

his brother – who had severe learning disabilities. He experimented in 

Shropshire with what ended up being his own forest garden, after 

noticing that his perennial vegetables and herbs were incredibly low 

maintenance.   

His work inspired many others. Patrick Whitefield, Martin Crawford, 

Graham Bell and others have developed his ideas and there are many 

mature forest gardens in the UK that can be visited.  

 

  

Robert Hart, by Chris Evans. 

Indonesian forest, by Bryn Thomas 

Agroforestry terrace edge in Nepal, by Chris Evans. 
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Ecological succession 

Since forest gardens mimic the plant arrangement found in the penultimate stage of ecological succession, it’s 

worth explaining ecological succession. 

Have you ever dug over a patch of earth, only to find a week or so later hundreds of weeds? The soil was full of 

seeds which you exposed by digging. This is the start of the process known as ecological succession. Cleared land 

tends is colonised by plants of increasing size and lifespan, until eventually it becomes mature woodland. The 

earliest plants tend to be annual plants which make the most of the good light conditions to rapidly grow and set 

seed. While annuals are the quickest to appear, herbaceous perennials such as hogweed, horseradish, buttercups 

and nettles will be quick to spread into the cleared area. They will shade out many of the annuals. The next plants 

to arrive are shrubs and climbers such as blackthorn and bramble. These may create the conditions for trees. 

Some of these ‘pioneer species’ will enrich the soil by fixing Nitrogen (e.g. Alder trees). Trees such as oak are 

described as ‘climax species’ because they tend to shade out and outlive the earlier plants in the process.  

Look at the biodiversity found at stage 5. This is kind of biodiversity that could be found in a managed orchard or 

forest garden, where there is enough space between trees to allow light to reach other plants. Once it’s reached 

stage 6 it becomes less biodiverse for plants.  

 

  

Mosses 

Lichens 

TIME 

TIME 

Succession, by LucasMartinFrey (Own work) [CC BY 3.0], via Wikimedia Commons. 



Resilient Orchards 
 
 

69       © The Orchard Project 2025 

Key features of forest gardens 

North 

1 Canopy 

2 Smaller trees 

3 Shrubs 

4 Herbaceous 

perennials 

5 Groundcover 

6 Roots 

7 Climbers 
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4
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• Several layers of vegetation – vertical stacking. However, in smaller spaces, fewer layers can be used 

• Diversity of species in a polyculture – mostly perennial plants 

• Edges where light levels are increased 

• Soil surface covered with mulch or groundcover plants 

• Nitrogen fixing plants and mineral accumulators are included 

• Clearings may exist 



Resilient Orchards 
 
 

70       © The Orchard Project 2025 

• Edible shelterbelts may exist 

• Each element may be multi-functional and each function may be 

met by more than one element 

Benefits  

• working with the land rather than against it 

• low maintenance 

• yields a wide range of products 

• resilient to changes and biologically sustainable 

• environmental benefits – CO2 sequestration, prevents soil erosion, 

provides shelter 

• promote biodiversity – integrated pest management 

• efficient system of production 

• little or no greenhouse gas emissions 

• chance to experiment with exciting new food plants 

• people and wildlife friendly  

• higher skill level required = higher food grower status 

Forest gardens are extremely flexible – they can be huge, complicated 

mixtures of exotic plants, or the complete opposite. It completely 

depends on what is needed. They are sometimes called ‘food forests’. 

Key outputs 

Yields could include: 

• fruits, nuts, leaves, shoots, stems & tubers 

• biodiversity 

• wood products 

• dye and medicinal plants 

A stable system 

Greater stability and complexity means plants are less 

stressed. This leads to increased productivity and 

resilience against external stressors, as well as increased 

biodiversity. 

Light/Shade 

Medlar with sweet woodruff, Babington’s leek, mint and 

oregano understorey, at Edible Landscapes London 

Bryn's Keveral Farm forest garden 

Bryn Thomas / Chris Evans / Mike Fiengold. 
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Shade can be created by features surrounding the garden 

(buildings, existing trees near the site etc.) and by the 

plants within the forest garden itself. Therefore, spacing 

of trees and the density of the canopy layer are crucial 

features of the forest garden design.  

Light levels in the garden can be increased by:  

• correct planting distance between trees – two or three 

metres between edge of mature canopy 

• planting the tallest trees at the northernmost edge of 

the site, 

• raising the height of the canopy by pruning the lower 

branches. 

Temperature 

Shelterbelts and layered planting create stiller air and therefore more stable 

air temperatures. Forest gardens are usually cooler in summer and warmer in 

winter than open sites.  

Ensure plants are situated where they will get enough warmth and sun.  

Warmer winter temperatures combined with the fact that trees and shrubs 

will slow airflow, means that there is less chance of frosts reaching the 

ground level. Forest garden plants are often protected from cold winter 

winds by shelterbelts. Mulch also insulates the soil, making it cooler in 

summer and warmer in winter. It takes longer for the covered soil to warm up 

in spring but these soils will hold onto heat for longer. It’s therefore a more 

stable system. 

  

Martin Crawford’s forest garden paths and layers, by Bryn 

Thomas. 

Martin Crawford’s forest garden 

groundcover - Allium spp. & Potentilla 

indica false strawberry, by Bryn Thomas. 
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Soil moisture 

Soil moisture affects how much water is available to plants. 

Bare soil or soil planted with rows of plants with similar root 

depths will dry out very quickly. The more plants that are 

present, the more water is held in the system and the more 

stable the soil moisture. 

In summer, trees transpire large amounts of water but the 

hydraulic lift process – see diagram – supports surrounding 

plants.  

Deciduous trees with thinner canopies allow more rain to filter 

through to the plants below. Dense and evergreen trees do 

not allow as much water through and tend to shed water 

around the drip line - the circle created by the outside of the 

canopy. It’s worth considering this when designing.  

Wind causes rain to fall at an angle, so more rain falls on the 

windward sides of trees than on the sheltered side, creating 

some variations in soil moisture that should also be taken into 

account during designing.  

 

 

 

Agroforestry  

The principle of creating a polyculture of plants that includes trees has been applied in different ways. 

Agroforestry is usually referring to agricultural system, where trees are combined with arable crops or livestock. 

These systems are just one step away from traditional highly mechanised agriculture and the trees are usually 

included because of the benefits they provide the arable crops (silvoarable) or livestock (silvopastural).  

 

 

  

  

“Hydraulic Lift: Consequences of water efflux from 

roots of plants” by Martin Caldwell, Todd Dawson & 

James Richards 

https://www.slideshare.net/organicgrant/silvopasture 

Alley cropping in Guelph, Canada by Naresh Tevathasan [CC 

BY 2.0], via Wikimedia Commons. 

Silvo pasture in Georgia, America, National 

Agroforestry Center [CC BY 2.0], via Wikimedia 

Commons. 
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Plant guilds 
Forest gardens and orchards could be seen as a collection of guilds, with a tree at the centre of each guild.  

An ecological guild is any group of species that exploit the same resources, often in related ways. A guild in 

permaculture is used to describe a system of efficiently grouped plants that uses everything to its fullest 

potential.  

Guild functions 

Martin Crawford (p. 196) says an ideal guild will have various performing the following functions: 

1. Food for us (and other animals): staples, legumes, fruits, vegetables and fats. With good planning, we should 

be able to receive foods from all groups throughout the year. 

2. Food for the soil: Nitrogen-fixers e.g. legumes, mineral accumulators and organic matter, perhaps as a mulch 

(e.g. leaves, kitchen scraps, decaying matter, compost, compost tea, mulch, manure). 

3. Climbers: Important for making the most of vertical space, they 

maximise food production. 

4. Supporters: They can be living things like trees, bushes, stalks or 

non-living like houses, walls, fences etc. 

5. Miners or diggers: deep roots or tubers that open the soil and bring 

up nutrients and minerals from deep. They also break open the soil, 

allowing for air & water to be easily absorbed. Also invertebrates and 

animals can be diggers. 

6. Groundcovers: Protect soil, provides shade, holds moisture and 

suppresses weeds. Many plants and also mulch can form a 

groundcover. 

7. Protectors: Strong smelling plants eg. Alliums and herbs can repel or 

confuse insects. Integrated pest management is using natural 

predators to control potential problems e.g. frogs, lizard, birds, 

ladybirds, etc. Also consider protection from trampling and from the 

wind e.g. use thorny bushes and hedging. 

Multifunctional plants 

e.g. Pea - fixes nitrogen and has edible seeds. 

On the right is comfrey, Symphytum officinale. This is a 

hyperaccumulator - sending a tap root deep underground to pull 

minerals, including potassium, from lower down in the soil. It is also a 

great bee plant and it has edible flowers. In addition, it tolerates shade 

and has medicinal properties. It’s very multifunctional! 

Underneath it is Elaeagnus x submacrophylla. This is a Nitrogen fixing, 

evergreen shrub with edible berries. It can be a shelterbelt plant, it 

feeds the soil and it feeds us.  

 

 

Comfrey and Elaeagnus x submacrophylla 
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Guild example 1: Kirsty Koral’s quince guild 

Common Name Botanical name Sun/ Shade N Fixer Edible Uses 

Crimson clover Trifolium incarnatum  Y  Green manure 

Day lily Hemerocallis sp.  Full sun  Flowers/Buds Dye 

Borage Borago officinalis   Flowers Protects/Distracts 

 

 

 

 

 

 

 

 

 

 

 

 

 

Guild Lifecycles over time 

In ‘How to Make a Forest Garden', Patrick Whitefield says, “A forest Garden is not three-dimensional, but four-

dimensional and the fourth dimension is time.” Plants grow and develop at different rates. He gives the example 

that, “A standard apple may not bear fruit for 10 years and take many more to reach maturity”. Blackcurrants will 

produce fruit in their first year and have a lifespan of 10-15 years so could be planted next to a fruit tree if all the 

layers are planted at once. 

The concept of guild planting represents what in permaculture is called 'stacking functions'. In a forest garden, 

the stacking is vertical. Stacking can also be time-based, such as when planting bulbs such as ramsons or 

babbington’s leeks below fruit trees. By the time the fruit trees produces leaves, the bulbs won’t need light. 

  

Kirsty Koral’s garden design, with guild annotations. 
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Guild example 2: walnut guild (American) 

 

Mint or Comfrey 

 

Gooseberry or Whitecurrant 

 

  

N 

 

Cherry 

Cherry 

 

 

 

 

 

Mulberry 

Mulberry Mulberry 

Cherry 

Walnut 
Cherry 

 

Mulberry 

 

From https://midwestpermaculture.com/2013/04/plant-guilds/ 
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Adapted from Midwestern Permaculture’s commentary  

There are many types of walnut, including black walnut (Juglans nigra), English walnut (Juglans regia), heartnut 

(Juglans ailantifola) and buartnut (Juglans cinerea x  Juglans spp.) It's a tall tree that yields edible nuts and oils 

with a high nutritional value for both humans and wildlife. The whole fruits are useful as a medicinal vermifuge 

when tinctured in alcohol or vinegar. The wood is valuable in carpentry. The shells have been used as an 

industrial abrasive.  

With all these great qualities for walnuts there is one thing to consider. Walnut roots exude a chemical called 

Juglone which inhibits the growth of many other species of plant. This reduces competition for nutrients in 

favour of the walnuts. The leaves and the fruit husks of black walnut also contain Juglone although in lesser 

amounts. The chemical's influence extends to roughly an additional 50% beyond the drip line of the tree. A use 

for the fruit husks that takes advantage of its Juglone level is as herbicidal mulch for problem areas where plants 

have become invasive. This works best on plants with shallow root systems such as ground ivy (Glechoma 

hederacea). 

Mulberry (Morus rubra) can reduce the growth restricting effect of walnut trees when planted at the drip line 

between the walnut and a susceptible tree such as apple.  

Another fruiting tree for this association is the cherry. Black cherry (Prunus serotina) and sour cherry (Prunus 

cerasus) work well as both can tolerate being a neighbour to walnuts. The black cherry produces a small, edible 

fruit. Also, its bark has been used to make a medicinal tea. It is a larval plant for the caterpillar of swallowtail 

butterflies and an early spring nectar source for pollinating bees and wasps. 

Shrub plants that are useful growing with walnuts are currants (Ribes nigrum and Ribes rubrum) and gooseberries 

(Ribes uva-crispa). Another berry shrub useful here is raspberry (Rubus idaeus). 

Plantings of comfrey (Symphytum officinale) as a bio-accumulator also produce loads of bee attracting flowers in 

late spring to early summer. Comfrey is also known as the medicinal knitbone and is used to treat sprains and 

broken bones. Spring bulbs are very useful as are day lilies (Hemerocallis fulva), with their edible bulbs and 

flowers. Hostas will also work and produce tender edible leaves in spring and tasty flower buds and flowers in the 

summer months. 
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Resilient plant recommendations 
Common Name Botanical Name Layer Shade 

prefer-
ence 

Shade 
tol-

erance 

drought 
tol-

erance 

Nitro-
gen 
fixer 

Edible 
parts 

Other 

Walking Onion Allium x proliferum H 0 0.00     all bulbils form at top of 
plant 

Three Cornered 
Leek 

Allium triquetrum H 0 1.00     all invasive 

Horseradish Armoracia 
rusticana 

H 0 0.50     all invasive 

Saltbush Atriplex halimus S 0 0.00 
 

  leaves evergreen 

Perennial 
Broccoli 

Brassica oleracea H 0 0.50     leaves net over 

Calendula 
(Marigold) 

Calendula 
officinalis 

H 0 0.75     flower cabbage whites  

Japanese Plum 
Yew 

Cephalotaxus 
harringtonii 

S 0.5 1.00     fruit, nut fruit in shade, needs 
M&F plant, evergreen 

Siberian 
Purslane 

Claytonia sibirica G 0.5 1.00     leaves, 
flowers 

self seeds well 

Perennial 
Rocket 

Diplotaxis 
tenuifolia 

H 0 0.00 
 

  leaves, 
flowers 

self seeds well 

Autumn Olive Elaeagnus 
umbellata 

S 0 0.50 
  

fruit  fixes more N than the 
evergreen one 

Evergreen 
Elaeagnus 

Elaeagnus x 
submacrophylla 

S 0 1.00 
  

fruit evergreen, winter 
flowers 

Fig Ficus carica C 0 0.00 
 

  fruit easy from cuttings 

Fennel Foeniculum 
vulgare 

H 0 0.50 
 

  leaves, 
stem 

hoverflies  

Strawberry Fragaria spp. G 0 0.75     fruit evergreen 

Fuchsia Fuchsia spp. S 0 0.50     fruit easy from cuttings 

Day Lily Hemerocallis fulva H 0 0.50 
 

  flowers, 
tuber 

forms clumps 

Sea Buckthorn Hippophae 
rhamnoides 

C 0 0.50 
  

fruit suckers easily, need 
M&F plant, evergreen 

Hop Humulus lupulus Cl 0 0.75 
 

  shoots easy from division, 
get F variety 

Ice Plant Hylotelephium 
spectabile 

H 0 0.50 
 

  leaves, 
stem 

easy from cuttings 

Layers: C – canopy, S – shrub, H – herbaceous perennial, G – groundcover, Cl – climber, A – annual 
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Common Name Botanical 
Name 

Layer Shade 
prefer-

ence 

Shade 
tol-

erance 

drought 
tol-

erance 

Nitro-gen 
fixer 

Edible 
parts 

Other 

Lovage Levisticum 
officinale 

H 0 0.50     leaves instant stock, 

hoverflies  

Musk mallow Malva 
moschata 

H 0 0.75     leaves, 
flowers 

self seeds well 

Mint Mentha spp H 0 1.00     leaves invasive, insects  

Medlar Mespilus 
germanica 

C 0 0.75     leaves fruit bletted 

Mulberry Morus nigra C 0 0.50     leaves, 
fruit 

  

Sweet Cicely Myrrhis 
odorata 

H 0.25 0.75     leaves, 
seeds 

eat seeds when 
green - aniseed 

Evening 
Primrose 

Oenothera 
biennis 

H 0 0.00     flowers  biennial, long 
flowering window 

Black Bamboo Phyllostachys 
nigra 

S 0 0.75     shoots invasive, evergreen 

Worcesterberry Ribes 
divaricatum 

S 0 0.75     fruit vigorous, disease 
resistant, thorny 

Red/ 
Whitecurrant 

Ribes rubrum S 0 1.00     fruit fruit in shade  

Jostaberry Ribes x 
nidigrolaria 

S 0 0.75     fruit vigorous, disease 
resistant, thornless 

Raspberry Rubus idaeus S 0 0.75     leaves, 
fruit 

invasive 

Chinese 
bramble 

Rubus tricolor G 0.5 1.00 
 

  fruit invasive, evergreen 

Sorrel Rumex 
acetosa 

H 0 0.25     leaves get large-leaved, non 
bolting cultivar 

True Service 
Tree 

Sorbus 
domestica 

C 0 0.50     fruit easy from cuttings, 
fruit bletted 

Small Leaved 
Lime 

Tilia cordata S 0 1.00     leaves, 
flowers 

pollard to get more 
leaves, suckers 

Clover Trifolium 
repens 

G 0 0.75   
 

flowers bees , evergreen 

Nasturtium Tropaeolum 
majus 

A 0 0.25     all seeds 26% protein 

Stinging Nettle Urtica dioica H 0 0.75     leaves leaves 34% protein, 

fibre, insects  

Grape Vitis vinifera Cl 0 0.50 
 

  leaves, 
fruit 

easy from cuttings 

Layers: C – canopy, S – shrub, H – herbaceous perennial, G – groundcover, Cl – climber, A – annual 



Resilient Orchards 
 
 

79       © The Orchard Project 2025 

 

 Day Lilies Horseradish Mulberry 

 

 Three Cornered Leek Shasta Daisy Saltbush 

 

 

 Japanese Plum Yew Hops Medlar  

 

 Chinese Bramble Jostaberry Autumn Olive 

 


