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Abstract
Whilst commercial forestry is unviable in the maritime climate of Orkney, SRC willow 

(Salix spp.) is a proven alternative woody biomass crop which can be grown as a 

local renewable fuel.  A selection of 13 SRC clones were screened in Orkney and the 

most promising six clones which are recommended in Orkney are Ashton Stott, Tora, 

Sven,  Tordis,  Discover  and Beagle.  These clones produced an average biomass 

production of 6-8 ODT ha-1 a-1 in these Orkney trials. The greatest influence on SRC 

growth in Orkney appears to be the hyper-oceanic climate and the high levels of 

maritime exposure. Therefore modifications to best practice have been considered to 

optimise  crop  production  in  the  local  climate.   In  the  Orkney  the  normal 

recommended practice of a first year cut-back lowers clone survival  and does not 

significantly increase biomass production and is therefore not recommended. SRC 

growth in Orkney is generally reduced, in comparison with other areas of the UK and 

therefore an increased density (20,000 plants ha-1)  and short  harvest  cycles  (2-3 

years) are more probably suitable. SRC crops grown on ex-grasslands in Orkney do 

not require the application of additional fertilisers, in the first harvest cycle, due to the 

fertility of the soil. Moreover fertiliser applications increase weed competition of the 

crop  and  its  susceptibility  to  damage  by  the  wind.  The  disease  willow  rust 

(Melampsora spp.)  is  present  but  not  currently  at  any  level  to  cause  concern. 

However,  as  a  disease  prevention  strategy  SRC  plantations  in  Orkney  are 

recommended to be grown as mixtures of at least six genotypes and rust should be 

continued to be monitored. 

ii



Acknowledgements
I would like to thank my supervisors for all the support and advice they have given.  , 

Thank you  also to  Mr  John Wishart,  Mr  Arthur  Cromarty,  Mr  Billy  Scott  and the 

students  who  helped  with  this  project  including  Syed  Shah,  Amelie  Viard,  Alex 

Busserolle and Kirstin Wishart. 

I am also grateful to all those experts for advice during this study, including Dr Ian 

Shield, Dr Alistair McCracken, Prof. Robert Crawford, Mr Chris Duller, Dr Barbara 

Hilton and Dr Rebecca Heaton.

Dedicated to my family, for whom willow is now a very familiar word. 

“The willow which bends to the tempest, often escapes better than the oak 
which resists it.”

Sir Walter Scott (1771-1882)

iii



Contents
1 Introduction.................................................................................................................1

1.1 Global energy .....................................................................................................1

1.2 Energy policy and strategy  ................................................................................1

1.4 Orkney energy consumption ...............................................................................3

1.5 SRC as a renewable energy crop for Orkney .....................................................4

2 Literature Review.......................................................................................................5

2.1 Introduction..............................................................................................................5

2.2 The Orkney environment.....................................................................................7

2.3 SRC willow in Orkney........................................................................................16

2.5 Planting material................................................................................................22

2.6 Planting methods...............................................................................................23

2.7 First year cut-back.............................................................................................24

2.8 Planting density ................................................................................................26

2.9 Harvest cycle.....................................................................................................27

2.10 Nutrition requirements for SRC.......................................................................29

2.11 SRC diseases..................................................................................................32

2.12 Implications for Orkney....................................................................................34

3 Methodology.............................................................................................................36

3.1 The Orkney SRC willow trial sites.....................................................................36

3.1.1 Trial site 2: Muddisdale ..................................................................................36

3.1.2 Trial site 3: Papdale ...................................................................................38

3.2 SRC willow clones trialled in Orkney.................................................................40

3.3 SRC survival, biomass production and shoot assessments ............................40

iv



3.3.1 Survival........................................................................................................40

3.3.3 Biomass production ....................................................................................41

3.3.2 Shoot assessments.....................................................................................42

3.4 Statistical analysis.............................................................................................43

3.5 Soil and fertiliser analysis..................................................................................44

4 The Orkney climate and soils...................................................................................45

4.1 The Orkney climate............................................................................................45

4.1.1 Meteorological data.....................................................................................45

4.2 The soils of Orkney............................................................................................49

4.2.1 Muddisdale soil analysis.............................................................................50

4.2.2 Papdale soil analysis ..................................................................................50

5 The effects of two cut-back treatments on growth and biomass production of six 
SRC willow clones. ..................................................................................................51

5.1 Introduction........................................................................................................51

5.2 Methods and Materials...................................................................................51

5.2.1 Treatments .................................................................................................51

5.2.2 Assessment of the contribution to biomass of ‘gapped’ plants...................52

5.3 Results and discussion......................................................................................53

5.3.1 Survival 2008 .............................................................................................53

5.3.2 Survival 2010..............................................................................................53

5.3.3 Cumulative biomass production 2007-2010 ..............................................54

5.3.4 Shoot production 2007-2010.......................................................................57

5.3 Conclusions and recommendations .................................................................63

6 The effects of three fertiliser regimes on growth and biomass production of four 
SRC willow clones. ..................................................................................................65

6.1 Introduction........................................................................................................65

v



6.2 Methods and Materials......................................................................................65

6.2.1 Treatments .................................................................................................66

6.2.3 SRC survival, biomass production and shoot observations.......................67

6.2.4 Vegetation Survey ......................................................................................67

6.3 Results and discussion......................................................................................68

6.3.1 Survival 2010 .............................................................................................68

6.3.2 Biomass production after two years of growth 2010 ..................................68

6.3.3 Shoot production 2010................................................................................71

6.3.4 Ground vegetation under the SRC crop.....................................................72

6.4 Conclusions and recommendations..................................................................75

7 The growth and biomass production of 13 SRC willow clones in Orkney ..............77

7.1 Introduction........................................................................................................77

7.2 Methods and Materials .....................................................................................79

7.2.3 SRC survival, shoot assessments and clone biomass...................................79

7.2.4 Willow rust assessment...............................................................................79

7.3 Results and discussion......................................................................................80

7.3.1 Muddisdale Trial .........................................................................................80

7.3.2 The Papdale trial.........................................................................................88

8 A comparison of 13 SRC clones in Orkney..............................................................99

8.1 Introduction........................................................................................................99

8.2 Clone selection for Orkney..............................................................................100

8.2.1 Swedish Breeding Programme clones......................................................101

8.2.1 European Willow Breeding Programme clones........................................102

8.3 Conclusions and recommendations................................................................108

9 General discussion.................................................................................................109

vi



9.1 The effects of the Orkney climate on SRC growth..........................................109

9.2 Harvest cycle in Orkney...................................................................................114

9.3 Planting density in Orkney...............................................................................115

9.4 SRC planting in Orkney...................................................................................115

9.5 First year cut-back in Orkney...........................................................................116

9.6 Fertiliser regimes in Orkney.............................................................................117

9.7 Pests and diseases in Orkney.........................................................................117

9.8 SRC clones in Orkney.....................................................................................118

9.9 Conclusions and recommendations................................................................123

vii



List of Tables
Table 2.1 Wind in Orkney and its effect on tree movement……………………………12

Table 2.2 Criteria and thresholds for site assessment for short rotation willow 

production ……………………………………………………………………………..……17

Table 2.3 The SRC willow clones grown in Orkney…………………………………….18

Table 2.4 The biomass production of SRC willow in Wales at four altitudes   ...……21

Table 2.5 Nitrogen recommendations for SRC willow...………………………………..30

Table 3.1 SRC clones in the Agronomy Institute trials...……………………………….39

Table 4.1 The estimate of Growing Degree Days in Orkney…………………………..44 

Table 4.2 Tatter flag exposure classification key………………………….

…………….46

Table 4.3 Soil characteristics of the Muddisdale SRC trial site………………………..47

Table 4.4 Soil characteristics of the Papdale SRC trial site ………….………………..47

Table 5.1 SRC clones at the Papdale A………………………………….………………

49

Table 5.2 Cumulative biomass production after one year of growth ….……..............51

Table 5.3 Cumulative biomass production after two years of growth   .………………52

Table 5.4 Cumulative biomass production after two years of growth  ...….…………..52

Table 5.5 Cumulative biomass production after three years of growth   …………….52

Table 5.6 Cumulative average biomass production after 3 years of growth…………53

Table 5.7 Average shoot production for 6 SRC willow clones after first harvest…….58

Table 5.8 Average biomass produced per plant (ODg) for established and ‘gapped’ 

plants of Ashton Stott and Endeavour with two cut-back regimes…………………….59

Table 6.1 SRC clones at Muddisdale B ………………………………………………….62

Table 6.2 Results of the nutrient content of Orkney beef cattle slurry ……………….63

Table 6.3 SRC clone survival (%) for four clones with three fertiliser treatments….…64

Table 6.4 Total biomass production (OD g) per stool, for three fertiliser treatments 

Muddisdale, 2010.…………………………………………………………………………..65

viii



Table 6.5 Annual biomass production of SRC clones Muddisdale, 2010...…. ……...66

Table 6.6 SRC shoot tip die-back for four SRC clones with three fertiliser treatments 

Muddisdale B, 2010……………………………………………….…. ……………………67

Table 6.7 Grass cover (%) in the ground vegetation for three fertiliser treatments 

Muddisdale B, 2010……………………………………………….………………………..69

Table 6.8 Broadleaf cover (%) in the ground vegetation for three fertiliser treatments 

Muddisdale B 2010    ………………………………………….……………………………

69

Table 6.9 The ground vegetation (%) under the SRC clones at Muddisdale, 

2010………...………………………………………….…………………………………….70

Table 7.1 SRC clones planted in the Agronomy Institute SRC trials…………...…….73

Table 7.2 Survival of 13 SRC clones at Muddisdale, 2010…………………………….75

Table 7.3 Annual biomass production of 13 SRC clones (at the 2010 survival rate)

………..…………………………………………………………………………………76

Table 7.4 Annual biomass production of 13 SRC clones (assuming 100% survival) 

………………………………………………………………………………………………..77

Table 7.5 Overview of shoot measurements of 13 SRC clones at Muddisdale  ……78

Table 7.6  Overall ranking for 13 SRC clones at Muddisdale, 2010...………………..82

Table 7.7 Survival of 10 SRC clones at Papdale, 2008   ……………….……………..83

Table 7.8 Survival of 10 SRC clones at Papdale, 2010…………….….………………85

Table 7.9  Annual biomass of 10 SRC clones (after 2nd year of growth) at Papdale, 

2010………………………………………………………………..………………………...86

Table 7.10  An overview of shoot measurements of 10 SRC clones at Papdale, 

2010…………………………………………………….………….……………………….. 87

Table 7.11 Final rank at Papdale of 10 SRC clones after their second year of growth 

…………………………………………………………….………..……………………….. 93

Table 8.1 SRC clones grown at the Orkney SRC trials………………………………...94

Table 8.2 Swedish SRC clones in Orkney……………………………………………….96

Table 8.3 EWBP SRC clones in Orkney. ……………………………………................ 98

ix



List of Figures

Figure 1.1 Global energy sources in 2006 (Anon 2008a).………………………...…....1

Figure 1.2 Heat demand in Scotland by sector (Anon 2008c)..………………...………3

Figure 1.3 Orkney primary energy demand by fuel (Anon 2010)…………………….. ..3

Figure 2.1 The crop life cycle of a Short Rotation Coppice (SRC) system   …….……..5

Figure 2.2 Land use in Orkney 2009 (Anon 2010) ………………………………………6 

Figure 2.3 Location of Kirkwall, Orkney in relation to the rest of Europe   .…………..…7

Figure 2.4 Conrad's index of continentality (Crawford 2000a)  …………………………8

Figure 2.5 Plant growth at increased altitude and latitude ……………………………. 11

Figure 2.6 The effect of maritime exposure on poplar shoot growth in Iceland    .....…14

Figure 2.7 Exposure rates (cm2 day-1) at sea level for Britain…………………………15

Figure 2.8 Location of UK short-rotation coppice (SRC) field trials network sites .….20 

Figure 3.1 Location of the Agronomy Institute SRC willow trials………………………

35

Figure 3.2 Layout of trail  plots at Muddisdale……………………………………………

36

Figure 3.3 SRC willow recommended planting design (Anon 2007c)........................ 37

Figure 3.4 Layout of trail plots at Papdale………………………………………………. 38

Figure 4.1 Average monthly rainfall………………………………………………………..43

Figure 4.2 Average monthly temperatures………………………………………………..44

Figure 4.3 Average wind speed and sustained gusts…………………………………...45

Figure 4.4 Tatter flag attrition rates for the Muddisdale SRC willow site………………. 46

Figure 5.1 Overview of the Papdale A trial………………………………………………..49

Figure 5.2 SRC willow clone survival in 2008 and the contribution of plants ‘gapped’ 

in 2008 to the SRC stand……………………………………...……………….………….50

Figure  5.3  Survival  of  6  SRC  willow  clones  with  two  different  cut-back 

regimes………………………………………………………………………………………51

Figure 5.4 Cumulative biomass production of six SRC clones with two different cut-

back regimes over three years of growth………...………………………………………

53

Figure 5.5 Average shoot production for 6 SRC willow clones with 2 different cut-

back regimes………………………………………………………………….…...............  55

x



Figure  5.6  Average  shoot  height  of  6  SRC  willow  clones  with  2  cut-back 

regimes………………………………………………………………………….…………..  . 56

Figure  5.7  Average  shoot  diameter  for  6  SRC  willow  clones  with  2  cut-back 

regimes…………………………………………………………………………….……….....57

Figure  5.8  Average  shoot  regrowth  after  a  first  harvest  for  two  cut-back 

regimes………………………………………………………………………………………58

Figure  5.9  Contribution  of  ‘gapped’  stools  to  the  SRC  stand  and  to  biomass 

production in 2010……………………………………………………………………..…...59

Figure 6.1 The layout of the fertiliser regimes at Muddisdale B………………………. 62

Figure 7.1 Rust assessment key (McCracken and Dawson, 1992)……………......…74

Figure  7.2  Cumulative  rust  score  of  13  SRC  clones  at  Muddisdale,  2008  and 

2009…………………………………………………………………………………….……81

Figure 7.3 Die-back of 10 SRC clones at Papdale, 2009 and 2010…………………..90

Figure 7.4 Growth and die-back of SRC clone Sven…………………………….......... 91

xi



List of Plates
Plate 2.1 SRC willow stool after first year cut-back………………………………….…24

Plate 3.1 SRC stool cut to 10 cm above ground after destructive sampling..............40

Plate 3.2 SRC whole plant sample bundles……………………………………………..40

Plate 6.1 Spreading slurry over SRC crops at Muddisdale Orkney 2008…………….63

Plate 6.2 Vegetation surveying in SRC willow 2009 ……………………………………64

Plate 6.3 SRC willow clones grass vegetation with the slurry treatment ……………..69

Plate 7.1 Shoot growth 12 weeks after planting at Papdale  …………...……..............83

Plate 7.2 The Direct Planter (Turton Engineering Ltd.)  ..………….…...……..............84

Plate 7.3 Shoot tip die-back in SRC willow……………………………………..............92

Plate 9.1 The effect of wind rock in SRC clones in Orkney......................................106

Plate 9.2 The three distinct types of growth habit of SRC clones in Orkney ……….114

xii



Abbreviations
a-1 per annum
AI Agronomy Institute
ANOVA Analysis of Variance
AS Ashton Stott
AP Ashton Parfitt
BE Beagle
ca. circa
cm Centimetre
CO2 Carbon dioxide
DEFRA Department for Environment, Food and Rural Affairs
DI Discovery
DTI Department for Trade and Industry
e.g. for example
et al. and others
EN Endeavour
EU European Union
EWBP European Willow Breeding Programme
FC Forestry Commission
h hours
ha-1 per hectare
GHG Green house gases
i.e. that means
kg kilogramme
km kilometre
l litre
LSD Least Significant Difference
m metre
mm millimetre
N Nitrogen
NI Northern Ireland
ODg Oven dried gram
ODkg Oven dried kilogrammes
ODT Oven dried tonnes
OIC Orkney Islands Council
P Phosphate
pers.comm personal communication
RE Resolution
S. Salix
SAC Scottish Agricultural College
SEM Standard Error of the Means
sp. Species
spp. Species (plural)
SRC Short Rotation Coppice
SV Sven
TD Tordis
TH Torhild
TN Terra Nova
TO Tora
t-1 per tonne
UK United Kingdom

xiii



1 Introduction
1.1 Global energy 

The  direct  replacement  of  fossil  fuel  consumption  with  renewable  energy 

sources is considered crucial in achieving global reductions of green house gas 

(GHG) emissions and fuel security (Anon  2008a). At present the combustion of 

fossil fuel contributes directly to 85 % of world demand for energy (Figure 1.1) 

and is responsible for 80% of total GHG emissions, including increased CO2 

levels. The continued effect of increased emissions of carbon dioxide (CO2) in 

the  atmosphere  is  thought  to  be  one  of  the  largest  contributors  to  climate 

change. A commitment to reduce CO2 emissions through the Kyoto Protocol 

promotes the development of alternative energy sources (Anon 2007a).    

Figure 1.1 Global energy sources in 2006 (Anon ,2008a)

1.2 Energy policy and strategy  

To achieve European Union (EU) targets for renewable energy production and 

reduction of CO2 emissions requires a considerable uptake in renewable energy 

production in the UK (Rowe et al. 2009). It is also recognised that almost half of 

the total  energy demand in  the UK is  consumed for heat  generation and is 

directly responsible for 47% of CO2 emissions (Anon 2008b). Therefore, it is 

estimated that by 2020, 14% of UK heat demand needs to be supplied from 

renewables sources and the greatest potential for renewable heat production is 
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biomass (Rowe et al. 2009). As a fuel for heat generation, biomass has several 

advantages over other renewable technologies (wind, wave and hydro) as it can 

be  directly  converted  to  heat  (Taylor  2008).  Biomass  is  suitable  for 

decentralised heat generation however, unlike other energy types heat cannot 

be  transported  over  long distances  without  significant  losses  (Anon 2008b). 

Moreover, biomass crops are bulky to transport and are most efficiently used in 

the  region  where  grown  (Mitchell  et  al. 1999).  Therefore  SRC  offers  the 

potential for remote communities, to grow a local biomass for renewable heat 

generation.

1.3 Scottish heat demand
The  Scottish  Government  recognises  the  potential  of  biomass  energy  to 

produce  direct  heat  and  contribute  towards  reducing  CO2 emissions  and 

ensuring energy security (Anon 2008c).  However,  renewable  heat  energy in 

Scotland only contributed 1.4% of the total heat demand in 2009 and this will 

need to increase rapidly to meet the target of 11% total renewable heat target 

proposed for 2020 (Anon 2009). Scotland also has a greater heat demand than 

other  UK  regions  (Figure  1.2),  due  to  its  climate  (Anon  2008c).  Moreover, 

developing the infrastructure for  ‘local’  heat generation is difficult  due to  the 

geographical  distribution  of  the  population  (Anon  2008c).  Therefore,  in 

peripheral  regions,  local  biomass may offer  the  greatest  potential  to  reduce 

heating costs, CO2 emissions and increase energy security.

Figure 1.2 Heat demand in Scotland by sector (Anon 2008c)
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In particular, isolated areas of Scotland, such as Orkney are generally heavy 

fossil  fuels users and also have increased heat requirements (25-50%), due 

directly to increased climatic exposure (Bullen 2000).  

1.4 Orkney energy consumption 

Reducing CO2 emissions and increasing fuel security are particularly relevant to 

Orkney, where there is an almost exclusive reliance on imported fossil fuels for 

heat generation (Anon 2007b). The only indigenous fuel resource is peat and its 

exploitation for fuel is now almost non-existent (Anon 2005). Orkney currently 

imports 94.4% of the total fuel  requirements for the islands (Figure 1.3) and 

renewable energy, generated from wind turbines, only contributes 5.6% to local 

consumption. However whilst some of the renewable electricy is used for heat 

generation, most heating in Orkney is generally supplied by kerosene heating 

oil or electricity and supplemented by solid fuels (Anon 2005).   
Primary Energy Consumption by fuel source in 

Orkney 2008 

Petroleum 
products
65.1%

Solid fuel
9.2%

Electricity
19.8%

Renewable 
Electricity

5.6%
LPG
0.3%

Figure 1.3 Orkney primary energy demand by fuel source (Anon 2010)

The rate of fuel poverty1 is also significant most residents are heavy energy 

users due to the need for heating throughout the year (Bullen 2000). As a result, 

Orkney residents suffer among the highest levels of fuel deprivation  and are 

disproportionately sensitive to fuel prices (Anon 2005).  Geographical isolation 

increases fuel demand, reduces choice and increases costs.  

1 Fuel poverty is defined as households spending more than 10% of the net household income on fuel for heating and 
lighting throughout an average year (Anon 2008c).

3



1.5 SRC as a renewable energy crop for Orkney 

Orkney  has  no  indigenous  forestry  suitable  for  biomass  exploitation  (Berry 

2000). Therefore all biomass fuels must be grown on the island or imported, by 

sea. The development of biomass on the island is considered as one pathway 

to ensure fuel  affordability  and security  whilst  reducing CO2  and other  GHG 

emissions  (Anon  2007b).  SRC  willow  is  a  versatile  alternative  low  input 

agricultural biomass crop which can be incorporated into standard farm systems 

(Mitchell et al. 1999). Moreover, agricultural diversification in the Highlands and 

Islands  is  also  recognised  as  a  positive  step  to  a  sustainable  future  (Anon 

2008d) and SRC systems can be a viable diversification agroforestry crop in 

peripheral  regions  (Gruenewald  et  al. 2007).  Therefore  to  assess  biomass 

yields and clone suitability in the local climate, a selection of SRC clones were 

established  Orkney  by  the  AI  in  2002  (Martin  et  al.  2003).  Initial  research 

concluded that SRC has the potential to provide a reliable, renewable wood fuel 

for  heat  (Martin  et  al.  2003;  2005).  However  confidence  in  yields and 

management of the crop are fundamental to encourage Orkney farmers to grow 

SRC (Bichan 2007). The focus of this research is to identify clones suited to the 

local climate and to develop the agronomy of SRC for biomass production in 

Orkney.
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2 Literature Review
2.1 Introduction
Since  the  energy  crisis  of  1970,  there  has  been  considerable  focus  on 

developing ‘domestically produced’, renewable, biomass fuels (Christersson et 

al. 1993; Stott  1992).  One method of achieving this has been to exploit  the 

biomass of fast growing woody species of the  Salicaceae (willow and poplar) 

(Argus 1997; Newsholme 2002) in SRC systems (Kuzvokina et al. 2008). These 

species  have  been  significantly  improved  through  biomass  breeding 

programmes  to  produce  specialist  elite  ‘energy’  clones  (Larsson  1998; 

Lindegaard  et al. 2001; Pei  et al. 2008). Specialist machinery and agronomy 

have also evolved (Smart and Cameron 2008). SRC crops are densely planted 

(15,000-20,000 plants ha-1) fast growing hybrid ‘energy’ genotypes (Figure 2.1) 

which  are  planted  mechanically  as  hard  wood  cuttings  (Anon  2007c).  SRC 

crops are grown on well prepared agricultural sites and are managed in short 

harvest cycles (2-5 years), and are harvested several times throughout their 15-

25 year life and biomass production of between 8-12 oven dried tonnes (ODT) 

annually,  can be expected (Mitchell  et al.  1999;  Anon 2007c; Kightely  et al. 

2008).

Figure 2.1 The crop life cycle of a Short Rotation Coppice (SRC) system (Mitchell 1995)

In Northern Europe, SRC crops are grown more frequently with willow,  than 

poplar, due to the climate whilst in the southern regions poplar is more widely 

grown (Kuzvokina et al. 2008). In colder regions like Sweden and the UK, willow 

is grown more than poplar (Kuzvokina  et al. 2008; Aylott  et al. 2008) and is 

considered more suitable in Scotland due to the climate (Andersen et al. 2005). 
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In  many  regions  of  the  Highlands,  traditional  commercial  forestry  is  a  key 

biomass resource (Anon 2008d). However, forestry is considered to be limited 

in the more exposed regions of Scotland as a direct result of exposure (Miller et 

al. 1987).  Moreover  in  the  coastal, peripheral  regions of  the  Highlands and 

Islands, maritime exposure is the most significant influencing factor limiting the 

growth of trees and restricts commercial forestry (Macdonald 1967; Low 1987; 

Sharpe  and  Jacyna  1993;  Quine  and  Sharpe  1997;  Crawford  2000a). 

Therefore, in Orkney, growing dense plantations of fast growing vigorous willow, 

managed in short  cropping cycles may be more viable than forestry.  Unlike 

many  regions  of  the  peripheral  Highlands  and  Islands,  Orkney  is  a  largely 

agricultural  landscape with  fertile  soils  (Berry  2000;  Lee 2007)  and pastoral 

farming (93%) dominates the agricultural landscape (Anon 2010). However, due 

to the climate, crop production is limited (Figure 2.2) and woodlands are scarce, 

tree cover (0.6%), is among the lowest in the UK (Berry 2000; Crawford 2000b; 

Anon 2010). 

Woodland, 325

Bare Fallow , 205

Other Crops, 157

Other Land, 586

Stock  Crops, 440

Potatoes, 34

Vegetables, 17

SRC w illow , 10

Set Aside, 269

Cereals, 4,828

Rough Grazing, 37,389

Grassland, 50,114

Figure 2.2 Land use (ha) in Orkney 2009 (Anon 2010)

The  potential  of  traditional,  commercial  forestry  in  Orkney  was  previously 

researched  by  the  Forestry  Commission  (FC)  (Low  1987).  A  series  of  trial 

plantations were established mainly comprising a variety of coniferous species 

(MacDonald 1967). However, maritime exposure was found to have a marked 
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effect on tree survival, growth habit and the overall maximum attainable height 

(Macdonald 1967; Low 1987). The outcome of these studies concluded that due 

to the significant effects of climatic exposure on growth, commercial forestry in 

Orkney was uneconomic (Macdonald 1967; Low 1987). Therefore, Orkney has 

no forestry for exploitation and current woodlands are unsuitable, often afforded 

conservation protection due to their rarity (Berry 2000; Crawford 2000b). It is the 

conclusion of several authors (Macdonald 1967;  Low 1987; Crawford 2000a, 

2000b, 2005) that climatic exposure, exacerbated by salt laden winds, a short 

growing season and wet winter soils are factors limiting tree growth in Orkney.

2.2 The Orkney environment

Together with Shetland, Orkney forms Scotland’s Northern Isles. Orkney is an 

archipelago of over 70 low lying islands which are 10 kilometres off the coast of 

mainland Scotland, located between 59o 41’ - 59 o 24’ N (Berry 2000). 

Figure 2.3 Location of Kirkwall, Orkney in relation to the rest of Europe (Berry 2000) 

Despite its northerly latitude (Figure 2.3), Orkney is quite mild and there is little 

variation in average monthly temperatures which range from 3.7o C in winter to 

12.5o  C in summer (Berry 2000). This is due to the influence of the Northern 

Atlantic  Drift  which  moderates  Orkney’s  summer  and  winter  temperatures 
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(Crawford 2000a).  However,  the temperature often feels  cooler,  as maritime 

winds are an almost constant feature of the climate, regularly varying in both 

strength  and direction  (Berry  2000).  Orkney is  considered to  be  one of  the 

windiest places in the UK, with severe gales recorded over 30 days a year and 

conversely wind  free days  occur  less frequently  (Berry  2000).  The northerly 

latitude of Orkney also effects the duration of available daylight hours which are 

extended to 18 hours in midsummer during the growing season (Berry 2000). 

Rainfall  is  reasonably  high  (950 -1000 mm) and is  generally  evenly  spread 

throughout the year, keeping the climate relatively drought free (Anon 2010). 

The  Orkney  climate  is  highly  influenced  by  both  latitude  and  the  effects  of 

proximity  to  the  sea.  Crawford  (2000a)  suggests  using  Conrad’s  index  of 

continentality  (Figure  2.4)  as  an  illustration  of  the  differences  in  climate. 

‘Oceanicity’  is  an  ecological  term  to  describe  the  multi-faceted  effects  or 

modification of maritime exposure (e.g. annual temperature range, rainfall and 

latitude) on the local ecology and environment. Orkney is categorised as ‘hyper-

oceanic’, with an index in the range 1-5 (Crawford 2000a) and is similar to that 

of the coastal areas in the south west of Scotland and coastal Ireland.  

Figure 2.4 Conrad's index of continentality (Crawford 2000a)

Crawford (2000a) considers that an assessment can be made using Conrad’s 

Index  to  measure  the  range  between  those  highly  ‘continental’  and  those 

influenced  by  the  ‘oceanic’  environment. Moreover,  when  considering  SRC 
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crops, comparisons can be helpful as they are found in both highly continental 

regions (e.g. Sweden) and maritime regions (e.g. UK) (Kuzvokina et al. 2008).

SRC crops grown in many European regions are subject to a more ‘continental’ 

climate with  indices of  greater than 15.  Continental  climates have a greater 

variation  in  annual  temperatures,  higher  summer  temperatures  and  lower 

rainfall  (Crawford  2000a).  SRC  willow  clones  grown  in  these  regions  have 

therefore been bred to tolerate extreme changes in temperature from winter to 

summer (Larsson 1998). However, areas of the UK like Northern Ireland, (NI) 

have an index of 5-10 and are considered to be more influenced by maritime 

climate than the continent, albeit less than Orkney. The damp mild climate of 

the UK and especially NI is also more prone to incidences of the disease willow 

rust  Melampsora spp. due to the favourability of this climate for this pathogen 

(McCracken and Dawson 1998; Pei et al. 1999a). Therefore NI has developed 

its  own  recommendations  for  SRC  varieties  and  agronomy  (e.g.  polyclonal 

mixtures) to suit this climate (McCracken and Dawson 1998; McCracken et al. 

2001). 

Orkney and NI share a major climatic advantage for growing SRC as they have 

sufficient annual precipitation to allow optimal growth (Hall 2003). Due to high 

transpiration  rates  (Bonneau 2004),  rapid  growth  after  coppicing  (Sennerby-

Forsse 1995)  and potential for long seasonal growth (Stephens  et al. 2001), 

SRC crops require annual rainfall in excess of 550 mm and climates with an 

annual rainfall of 600-1000 mm are considered ideal (Hall 2003). However, the 

hyper-oceanic  climate  of  Orkney  favours  grasslands  more  than  other  crops 

(Crawford 2000b; Lee 2007) and mild winter temperatures, saturated soils and 

constant  exposure  to  gale  force  winds  are  very  detrimental  to  tree  growth 

(Crawford 2000a; 2005; 2008). 

Whilst Orkney may have sufficient annual rainfall during the growing season, 

trees are disadvantaged by prolonged winter saturation (Crawford 2005). High 

rainfall and mild winter temperatures create metabolic dysfunction in trees due 

to  saturated  soils  (Crawford  2003).  These  conditions  promote  root  anoxia, 

which depletes the active meristems of carbohydrate reserves, resulting in root 

death and unstable plants (Coutts  et al.  1999; Mengel  et al.  2001; Crawford 
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2003).  Prolonged  periods  of  winter  flooding  in  Orkney  resulted  in  low  tree 

survival  (MacDonald  1967)  as  root  systems  were  detrimentally  affected, 

resulting in increased wind damage, root socketing and wind throw (Low 1987; 

Crawford 2005). 

Coastal exposure and the latitude of Orkney are responsible for the growing 

season being generally quite short, potentially from April until September (Berry 

2000;  Crawford  2000b).  However,  even  where  the  seasons  are  cooler  and 

shorter,  Andersen  et  al.  2005  considers  many  areas  suitable  for  SRC 

production. In terms of temperature the growing season can be expressed as 

‘growing degree days’ (GDD) and the temperature accepted for tree growth is 

5.6 o C (Grace 1988b; McMaster and Wilhelm 1997). SRC biomass production is 

directly  correlated  with  the  number  of  GDD’s  above  this  base  temperature 

(Towers et al. 1997). However while temperatures are reported to be above 5.6o 

C in Orkney from March to October (Anon 2010) the growing season is shorter 

due to the influence of climatic exposure (Andersen et al. 2005). The growing 

season in Orkney may be similar to the Western Isles which have average GDD 

of 1265 (Bibby  et al. 1988). However, many of the islands are considered to 

have a lower GDD than many areas of mainland Scotland due to more frequent 

exposure  maritime  winds,  which  lowers  temperatures  (Sharpe  and  Jacyna 

1993). SRC growing in short seasons develop spring growth four weeks later 

than  other  regions  (Valentine  et  al.  2008)  and  this  may limit  their  biomass 

potential as rapid early growth is considered to be very beneficial (Cannell  et 

al.1987).

  

While the Orkney climate is exposed, due to latitude, mid summer has extended 

daylight  (18  hours)  increasing  the  photo-period  available  for  plant  growth 

(Crawford 2000a; Berry 2000). Extended day length may be advantageous for 

SRC as increased photo-period and cool mild temperatures extend the season 

by  delaying  senescence  for  Salix  sp.  (Wingler  et  al.  2006).  However, 

senescence  is  critical  for  plant  survival  in  exposed  climates  (Grace  1988b; 

1998;  Crawford  2000a)  and  damage  to  SRC  in  active  growth  negatively 

influences  biomass  production  (Ronnberg-Wastljung  2001;  Tsarouhas  et  al. 

2003).  Therefore  low  summer  temperatures  and  delayed  senescence  may 

increase the growth period, especially where nutrients and water are readily 
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available (Wingler  et al. 2006). However in Orkney delayed senescence may 

limit  ripening  of  SRC before  dormancy,  leaving  woody shoots  vulnerable  to 

exposure, increase die-back and secondary  infections (Cambours et al. 2006). 

Whilst  increased  day  length  and  mild  temperatures  are  a  feature  of  higher 

latitudes,  in  the  Northern  Isles  of  Scotland,  Spence  (1970)  regards  these 

climates to be a manifestation of those reported at higher altitudes (Figure 2.5) 

which influence plant growth (e.g. short season, cool climate, high precipitation, 

frequent  cloud cover)  (Grace  et  al.  2002).  He goes on to  argue that  in the 

Northern  Isles,  plants  at  9  metres  above  sea  level  (MASL)  experience 

conditions similar to those growing at much higher altitudes (e.g. 359 MASL), 

but  lower  latitudes of  central  Scotland (Figure  2.5).  With  increased altitude, 

trees have a relatively short growing season with cooler temperatures, higher 

incidences  of  precipitation  and  cloud  cover,  which  reduces  net  radiation 

(Stanhill and Cohen 2001). Moreover, as elevation increases, trees are subject 

to  progressively  higher  wind  speeds and  decreasing  temperatures,  until  the 

threshold for growth is limited or is very slow (Grace et al. 2002).

Figure 2.5 Plant growth at increased altitude and latitude (Spence 1970)

Actual  mean monthly temperatures at  Baltasound (Shetland)  and Dalwhinnie and the 

mean monthly temperatures at 305 m in Shetland and 762 m in central highlands. The 

horizontal line at 42o F (5.6o C) indicates the approximate limits of the growing season. 
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In the Northern Isles, the tree line is at 350 m, whilst in central Scotland the tree 

line is 762 m. He also qualifies this regional comparison by the statement:

‘This is to reckon, however, without exposure.’

He continues to discuss the additional limits to tree growth, at any altitude in the 

Northern Isles, as also being due to the effects of continual maritime salt laden 

winds. In the Northern Isles, this exposure results in dramatic pruning of trees, 

year on year, from frequent gale force winds at a rate similar to that reported at 

the tree line (Miller 1985; Grace 1988a) at higher elevations on the UK mainland 

(Spence  1970).  Crawford  (2000b)  agrees  the  situation  in  Orkney is  similar, 

illustrating that arctic tundra is present on Hoy at a height of 305 m. Due to the 

cool climate and wind exposure, the temperature in Orkney can lapse by almost 

1.0  o C per 100 m climb in altitude. Further suggesting nowhere else in the 

world  vegetation zones are so ‘telescoped attitudinally’ (Crawford 2000b) 

The prevailing wind direction in Orkney is variable and wind exposure is likely in 

most locations (Anon 2010). Plant growth is directly affected by wind, especially 

when in ‘constant motion’ by exposure to winds over 3.6 m s-1 (Rees and Grace 

1980a,b;Telewski  1995;  Grace  1988a;  Stokes  et  al.  1995;  Fourcaud  et  al. 

2004). The average Orkney wind speed is 20 km h-1 (5.5 m s-1) and is likely to 

negatively affect growth (Table 2.1).

Table 2.1 Wind in Orkney and its effect on tree movement 
(Cullen 2002 and Bichan 2007)

Wind 
speed 
(km h-1)

Percentage occurrence 
throughout year in 

Orkney

Wind 
speed
(m s-1)

Beaufo
rt scale

Wind effects on trees

0 2.8% <0.4 0 None
1-5.5 5.7% 0.3-1.5 1 None

5.6-11 10.8% 1.6-3.4 2 Leaves rustle
12-19 22.6% 3.5-5.4 3 Trees in constant movement
20-28 31.3% 5.5-8 4 Small branches in motion
29-38 14.1% 8-11 5 Small trees sway
39-49 8.5% 11-14 6 Whole trees in motion
50-61 2.8% 14-17 7 Large trees sway
62-74 1.0% 17-20 8 Small branches are broken
75-88 0.2% 21-24 9 Shallow trees are pushed over
89+ 0.1% 25+ 10+ Trees are uprooted or broken

Trees in Orkney experience winds at greater than 3.6 m s-1  for 80% of the year 

and this can result in altered biomass allocation, more going to the roots or the 
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leeward side of the tree to help sustain it in these winds (Nicholl and Gardener 

2006; Coutts et al.1999).  Constant wind exposure also results in a leaf cooling 

lowering photosynthetic ability (Grace 1988b) and loss of leaf area, which is 

characterised by tearing and shredding, ultimately leads to the abscission of 

leaves  or  early  senescence (Telewski  1995;  Grace 1988a;  Crawford  2005). 

Windblown particles such as salt, sand, dust and ice also cause abrasion to 

leaves  and  can  induce  chemical  and  physical stresses  (Telewski  1995; 

Crawford 2005). Cannell et al. (1987) reported biomass accumulation in SRC to 

be negatively affected where excessive leaf area is lost during the early or peak 

growing season. Whilst Peacock et al. (2001) and Bell et al. (2006) concluded 

that leaf damage or substantial leaf losses, late in the season, did not affect 

yields significantly.  In Orkney damaging winds (over  3.6 m s-1)  are common 

throughout the season and there are often gales in early spring and autumn 

(Berry 2000) and it is likely SRC crops will suffer damage during the growing 

season. Furthermore salt laden air also exacerbates wind damage by causing 

cell  dehydration which may limit  photosynthesis  and cause damage to plant 

tissue (Jonsson 2006; Jonsson and Sigurgeirsson 2008; Crawford 2005). 

In maritime climates wind and salt deposition are also the most limiting factor for 

growth of trees (Jonsson and Sigurgeirsson 2008). The work by Jonsson and 

Sigurgeirsson (2008) reported the achievable annual growth of poplar (Populus 

trichocarpa) in Iceland was affected by frequent shoot tip die-back. Their study 

found  height  increases  and tree  survival  significantly  decreased  as  a  direct 

consequence of  increased proximity  to  the  sea (Jonsson and Sigurgeirsson 

2008). Shoot tips were regularly damaged by wind abrasion and exacerbated by 

the deposition of  marine aerosols  (including salt)  on buds (Figure 2.6).  The 

accumulation  of  salt  in  dormant  buds  induces  bud  and  shoot  tip  die-back, 

reducing  net  shoot  growth.  Furthermore,  frequent  salt  deposition  can  also 

hinder  growth  by  reducing  the  osmotic  potential  of  soil  water  and  reducing 

nitrogen accumulation in plants (Brady and Weil 2002; Bassam 1998).  
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Figure 2.6 The effect of maritime exposure on poplar shoot growth in Iceland (Jonsson 
and Sigurgeirsson 2008)

(a) Shoot length and shoot dieback in poplar: 1) distance to the topmost breaking bud, 2) length of necrotic shoot 
section and 3) length of shoot emerging from an auxiliary bud. (b) Elongation of the vertical axis of a tree: 1) net height 
increment and 2) vertical length of the top shoot (without the terminal bud).

Jonsson and Sigurgeirsson (2008) proposed a ‘maritime tree limit’ as being set 

by the effects of salt laden winds on annual growth. In trees, if the terminal lead 

bud fails, auxiliary buds or sub-ordinate branches will begin to take over, the 

primary shoot growth alters, producing a more irregular bushy growth and a 

‘kink’  in  the  main  shoot  until  a  sub-ordinate  shoot  takes  over  as  the  lead 

(Jonsson and Sigurgeirsson 2008). This work in Iceland is in agreement with 

research in Orkney (MacDonald 1967; Low 1987), Shetland (Spence 1970) and 

other coastal areas. For example, in coastal Wales it was concluded that severe 

damage to  the tips and the growth  of  forestry trees (mainly  Pinus sp.)  was 

caused  by  salt  deposition  of  maritime  winds  (Edwards  and  Holmes  1968). 

Furthermore, the effects directly declined with distance from the sea. However, 

they note that it is difficult to separate the effect of wind from that of the salt it 

contains.  The study illustrated  trees  in  very  exposed sites,  at  a  far  greater 

distance from the sea, showed distorted growth and a depressed rate of growth, 

though this was not generally as severe as that observed in maritime locations. 

One method of quantifying the level of exposure is with tatter flags (Miller et al. 

1987).  These  originated  in  Orkney  (1950’s)  and  quantify  exposure  by  the 

attrition rate (cm2 day-1) of a small cloth flag over a 60 day period (Reynard and 
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Low  1984).  These  are  used  by  the  FC  as  a  simple  low  cost  method  of 

measuring exposure in upland environments (Mackie and Gough 1997). 

Figure 2.7 Exposure rates (cm2 day-1) at sea level for Britain (Quine and White 1994)

An overview of tatter rates was described by Quine and White (1994) and a 

regional map produced (Figure 2.7). Tatter flags can be useful in identifying the 

upper limit of locations for commercial woody crops, to give an indication of tree 

potential growth and inform the choice of tree species (Lines and Howell 1963) 

and may also aid in the prediction of potential yield rates (Worrell 1987). The 

economic limit for forestry is 8-12 cm2 day-1 (Reynard and Low 1984), however 

in Orkney where maritime exposure exacerbates this exposure the economic 

limit for forestry was considered to be lower than the mainland at 7-8 cm2 day-1 

(Macdonald  1967;  Low  1987).  Subsequent  investigations  found  clear 

correlations  between  tatter  rate  and  predicted  yield  reduces  directly  with 

increased  exposure  (Worrell  and  Malcolm  1990).  Similar  to  many  coastal 

regions Orkney is in the range considered uneconomic for commercial forestry. 

This method was also used to assess the level of exposure at the F.C. field 

trials in Orkney (Low 1987) which reported an attrition rate (7.8 cm2 day-1) which 

is slightly lower than that predicted by Quine and White (1994). A SRC trial in 

upland Wales also used tatter flags to measure exposure and at 340 MASL, an 

attrition rate of 14 cm2 day-1 was reported with SRC yields attained of 1-6 ODT 

ha-1 a-1 (Heaton 2000;  et al. 2001). This study gives a good indication of the 
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level of exposure SRC crops can tolerate and these clearly exceed the level 

considered viable for commercial forestry. In Orkney an attrition rate of 8-10 cm2 

day-1 (Low 1987) was recorded and this is lower than SRC in upland Wales 

(Heaton  2000).  Therefore,  while  forestry  is  unsuitable  in  Orkney  due  to 

exposure, fast growing willow in short harvest cycles at the predicted exposure 

rate is a potentially viable option.

2.3 SRC willow in Orkney

SRC willow may be suitable as a biomass crop in Orkney for many reasons 

(e.g. short harvest cycle, denser plantings) and willow is one of the few species 

which occurs abundantly on the islands (Bremner and Bullard 1990). Willow are 

also hardy, pioneering plants which naturally colonise open and exposed areas, 

successfully tolerating a wide range of environmental stresses (Kuzvokina et al. 

2008) including those likely to be imposed by Orkney’s maritime climate (Berry 

2000). There are 19 varieties of willow in Orkney (species and sub-species) (S. 

Gauld  2008  pers.comm),  including  Salix  viminalis,  a  common  naturalised 

species (Perring and Walters 2002). SRC clones often have S. viminalis in their 

parentage (Pei et al. 2008) and it is therefore likely SRC willow may grow well in 

the local climate.

In 1994, small plots of SRC willow were established by the Farming and Wildlife 

Advisory Group (FWAG) throughout Orkney (B. Ribbands, K. Fairclough 2010 

pers.comm). These continue to be harvested for fuel 15 years after planting, 

however,  the trials were never formally reported outwith FWAG. These were 

planted with 10 SRC clones and one local willow (S. x calodendron) at 17,778 

plants ha-1 throughout Orkney.  A number of the clones grew well  (Ulv,  Orm, 

Q83)  and  offered  the  potential  for  local  biomass,  although  significant  wind 

damage was  observed  (e.g.  die-back)  and  one  clone  suddenly  died  for  no 

apparent reason (K. Fairclough, B. Ribbands 2010 pers.comm). A more recent 

investigation into suitable SRC genotypes in Orkney by the AI began in 2002 

(Martin et al. 2003). First yields of 4-8 ODT ha-1 a-1 for four willow clones and 1 

ODT ha-1  a-1 for a  poplar clone were reported in a small  field trial  (0.25 ha) 

(Martin  et  al.  2005).  SRC  willow was  considered  promising  but  poplar was 

discontinued (Martin  et al. 2005). These results are slightly lower than willow 
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yields  7.1-8.1 ODT ha-1 in  FC SRC research trials  in  the North  of  Scotland 

(Kightley et al. 2008) and lower than generally expected (10-12 ODT ha-1 a-1) in 

the U.K (Mitchell et al. 1999; Anon 2007c). However, the biomass production of 

initially reported  in Orkney of 4-8 ODT ha-1 a-1 is within predictions for sites with 

similar levels of maritime exposure in Scotland (Andersen  et al.  2005)  and is 

generally  greater  than  those  yields  reported  by  Heaton  in  exposed  upland 

Wales (2000).

In Scotland, there is a lack of information regarding clone performance (Bell et 

al. 2007). SRC production is predicted (Table 2.2) between 9-15 ODT ha-1 a-1 in 

sheltered sites and 3-11 ODT ha-1 a-1  in exposed sites (Andersen et al. 2005).

Table 2.2 Criteria and thresholds for site assessment for short rotation willow production 
(Andersen et al. 2005)

Suitability 
for SRC 
crops

Suitability
class description

Exposure 
level

Growing 
degree 
days 

(GDD)
(> 5.6o C)

Predicted 
biomass

(ODT ha_1 a_1)

Marginally 
suited *

Land with low yield potential 
and/or severe harvesting 

conditions. Only one of the criteria 
needs to be met for allocation to 

this subclass.

Exposed * 876–1100 1–7

Suited *

Land with moderate yield potential  
and/or moderate harvesting 

conditions. Only one of the criteria 
needs to be met for allocation to 

this subclass.

Exposed * 

or
moderately 
exposed *

1101–1375
5–11

Highly 
suited *

Land with high yield potential and 
few harvesting limitations. All  

criteria must be met for allocation 
to this subclass.

Moderately 
exposed *

or 
sheltered*

1375
9–15

* Dependent on proximity to the sea.

Therefore,  to  develop information  on the  performance of  SRC genotypes  in 

Orkney, it was essential to establish a larger variety trial in this climate (Martin 

et al. 2005). A wider selection of SRC clones (13 genotypes) were planted in 

2006  (Dieterich  2007).  Initial  results  regarding  mechanical  establishment  of 

Muddisdale  and  first  year  biomass  production  were  reported  by  Dieterich 

(2007). The clones planted in Orkney are detailed in Table 2.3 which includes 

their parentage, provenance and additional traits obtained from the literature. 
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Table 2.3 The SRC willow clones grown in Orkney 
Clone Parentage Additional information Source
Ashton Parfitt
(EWBP)
Female

S. viminalis  Bowles 
hybrid x S. burjatica* 
Korso
 (UK/Denmark) 

Rust susceptible 
Vigorous initial root growth
Multi-stemmed,  preferred  by 
game
7-9 ODT ha-1 a-1

Lindegaard et al.  2001
Pei et al. 2008
Bullard et al. 2002

Ashton Stott
(EWBP)
Female

S. viminalis  (Bowles 
hybrid)x S. burjatica 
Korso 
(UK/Denmark)

Rust susceptible 
Vigorous initial root growth
Multi-stemmed,  preferred  by 
game
More affected by drought
7-10.4 ODT ha-1 a-1

Lindegaard et al. 2001
Bonneau 2004
Hinton-Jones & Valentine 2008
Bullard et al. 2002a
Werner and  McCracken 2008

Beagle
(EWBP)
Female

S. viminalis Orm x S. 
viminalis Astrid
(Sweden/Sweden) 

Moderate rust resistance
Moderate herbivory resistance
8 -11 ODT ha-1 a-1

Lindegaard et al. 2001
Pei et al. 2008
Hinton-Jones & Valentine, 2008

Discovery
(EWBP)
Female

S. schwerinii109/03 x (S. 
schwerinii x S. viminalis) 
Bjorn
(Siberia/Russia/Sweden)

High rust tolerance
Frost hardy
Good at 250 MASL
6.4-14.5 ODT ha-1 a-1

Bonneau 2004
Lindegaard 2007
Hinton-Jones &Valentine 2008
Pei et al. 2008

Endeavour
(EWBP)
Female

S. schwerinii109/03 x S. 
viminalis Jorr 
(Russia/Sweden) 

Moderate rust resistance
Moderate herbivory resistance
10 ODT ha-1 a-1

Lindegaard, 2007
Bonneau, 2004
Pei et al. 2008

Nimrod
(EWBP)
Female

(S. triandra x S. 
miyabeana x S. viminalis) 
Bowles hybrid 
Russia/Sweden/Asia) 

Frost hardy
Rust tolerant 
Herbivory tolerance
Drought tolerant
6-7.5 ODT ha-1 a-1

Lindegaard 2007
Hinton-Jones and Valentine 2008

Olof
(Sweden)
Male

S. viminalis Bowles 
hybrid x (S. schwerinii x 
S. viminalis) Bjorn  
(Russia/Sweden)

High rust tolerance 
Frost hardy
Moderate herbivory tolerance
9.5-12.1 ODT ha-1 a-1

Larsson 2001
Pei et al. 2008

Resolution
(EWBP)
Female

(S. viminalis x S. viminalis 
x S. schwerinii x S. 
viminalis) x (S. viminalis x 
S. schwerinii x S. viminalis)
(JorunnxBjorn) x 
Quest(S. viminalis x 
Bjorn) 
(Russia/Sweden/Finland) 

High rust resistance
Drought tolerant
Frost hardy
Herbivory tolerant
6.5 -14 ODT ha-1 a-1

Lindegaard 2007
Pei et al. 2008

Sven
(Sweden)
Male

S. viminalis Jorunn x (S. 
schwerinii x S. viminalis) 
Bjorn 
(Russia/Sweden)

High rust tolerance
Low  LAI,  high  canopy 
interception
Moderate herbivory tolerance
11 ODT ha-1 a-1

Martin et al. 2005
Larsson 2001
Pei et al. 2008

Terra Nova
(EWBP)
Female

(S. triandra x S. viminalis 
Bowles hybrid) x S. 
miyabeana
 (UK/Sweden/Asia)

Moderate rust resistance
Herbivory tolerance
Drought tolerant
6-8 ODT ha-1 a-1

Lindegaard, 2007
Pei et al. 2008
Karp et al. 2011

Tora
(Sweden)
Female

S. schwerinii x S. 
viminalis Orm  
(Russia/Sweden)

High rust resistance
Low  LAI,  high  canopy 
interception
Moderate herbivory
Less preferred by game birds
10-11 ODT ha-1 a-1

Martin et al. 2005
Larsson 2001
Pei et al. 2008
Robinson et al. 2004

Tordis
(Sweden)
Female

(S. schwerinii x S.  
viminalis) Tora x S. 
viminalis Orm
(Russia/Sweden/Sweden)

High rust resistance
Low  LAI,  high  canopy 
interception
Moderate herbivory
Biomass lower in upland sites
11.7 ODT ha-1 a-1

Larsson 2001
Hinton-Jones & Valentine 2008
Pei et al. 2008

Torhild
(Sweden)
Female

(S. schwerinii x S.  
viminalis)Tora x S. 
viminalis Ulv
(Russia/Sweden/Sweden) 

High rust resistance
Biomass lower in upland sites
Low  LAI,  high  canopy 
interception
Moderate herbivory
9.4-10 ODT ha-1 a-1

Martin et al. 2005
Larsson 2001
Hinton-Jones & Valentine 2008
Pei et al. 2008

*Nomenclature for S. burjatica (Syn. S. x dasyclados) follows Pei et al 1999a and will be referred to a S. burjatica .
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The  biomass  production  of  SRC  in  Orkney  will  depend  upon  selecting 

genotypes  with  characteristics  suited  to  the  local  climate.  For  example,  in 

Orkney  tree  growth  in  spring  is  often  delayed  due  to  the  cool  climate  and 

saturated soils (Crawford 2000a, b; 2005). Therefore, frost tolerant clones (e.g. 

Discovery, Nimrod) favouring early growth may be beneficial as early canopy 

closure  is  known  to  increase  biomass  production  (Cannell  et  al.  1987; 

Tsarouhas  et al.  2003). Early senescence may also maximise possible GDD 

and exploit the long days during Orkney’s cool generally drought free summers 

(Berry 2000). However, early leaf growth in Orkney is often compromised by 

frequent wind damage, rather than by the incidence of frost (Crawford 2000a; 

2005) and the effects of selecting genotypes with early senescence may require 

investigation of the Orkney climate. Therefore, their performance may largely 

depend  on  their  functionality,  resilience,  morphology  and  physiological 

responses to the local environment. Where genotypes are identified another key 

factor for optimising their biomass potential  is their agronomy (Mitchell  et al. 

1999; Mead 2005, Dickmann 2006).

2.4 SRC biomass productivity in the UK

SRC crops are a long term crop, so careful selection of clones suited to the 

specific  sites,  is  needed  to  ensure  their  success (DEFRA 2007)  as  is  their 

subsequent management (Mitchell  et al. 1999). Therefore a key area  of SRC 

research has focussed on the breeding of suitable SRC clones (Lindegaard et 

al. 2001) and identification of sites for which they are most suited (Mitchell et al. 

1999). In Europe, two main SRC breeding programmes have developed, one in 

Sweden, and a European Willow Breeding Programme (EWBP) based in the 

UK (Kuzvokina  et al.  2008).  These programmes have developed a range of 

genetically varied clones which were selected for their quick growing biomass 

production, suitability for mechanised operations (e.g. tall shoots (7-8 m) with 

limited branching), tolerance to environmental stresses (e.g. drought, frost) and 

resistance to pests and diseases (Lindegaard  et al. 2001; Bell and McIntosh 

2001; Pei et al. 2008). Initial breeding focussed on native stock and resources 

such as national willow collections in UK, Russia, and Sweden (Kuzovkina et al. 

2008). In the UK many early selections used parental material from the National 
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Willow  Collection  at  Long  Ashton  Research  Station  (LARS),  latterly  at 

Rothamstead (Kuzovkina et al. 2008). 

Figure 2.8 Location of the UK short-rotation coppice (SRC) field trials network sites. 
(Aylott et al. 2008).

Phase 1 (established in 1995; squares) and phase 2 (established in 1996; circles) intensive 
(closed) and extensive (open) trial sites) 

To predict SRC productivity in the UK a variety of FC trial sites (Figure 2.8) 

were selected to represent a diverse range of climatic zones and soil  types. 

These regional  trials  ran from 1995-2002 and were described by Armstrong 

(1997) and Aylott et al. 2008 who reported biomass production of between 4.9-

10.7 ODT ha-1  a-1 with no significant differences in production, between regions 

or land classes.  Whilst  this network of  trials provided a valuable insight into 

regional  variation there were limitations to  the results  (Kightley  et  al. 2008). 

Genotype  testing  requires  two  rotations  to  provide  sufficient  data  for  a  true 

indication of performance (Lindegaard et al. 2001). Therefore, due to the length 

of study period required, most of the results are for older genotypes no longer 

available  (Kightley  et  al. 2008),  planted  at  low densities  that  are  no  longer 

recommended  (Anon  2007c).  However  despite  these  limitations  these  data 

have  been  used  to  develop  a  yield  model  for  the  UK (Aylott  et  al.  2008). 

Furthermore, at the end of their second rotation a few genotypes began to show 

a break down in rust tolerance, whilst others had a noticeable lack of vigour. 

Therefore,  as  a  result  of  many  of  these  issues,  there  is  no  current  UK 

recommended SRC clone list (Anon 2007c; Kightley et al. 2008).
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During the FC trial, SRC clones were being continually reviewed and improved, 

through  hybridising  with  new  collections  of  Salix  spp.,  for  increased  rust 

resistance and greater  abiotic  tolerances (e.g.  frost  and drought)  (Pei  et  al. 

2008). A great deal of this was achieved by a collaborative European Willow 

Breeding Programme (EWBP) to produce new SRC genotypes from material at 

LARS (latterly with Rothamstead), Murray Carter (Horticulture) Ltd and  Svalöf 

AB  (a  Swedish  plant  breeding  company)  under  an  EU-funded  programme 

(1996-2003)  (Kightley  et  al.  2008).  These  new  elite  genotypes  were 

subsequently commercially released (Larsson 2001; Lindegaard et al. 2001; Pei 

et al. 2008) and evaluation of these trials was undertaken at four UK locations 

(Somerset, Devon, Yorkshire and NI) (Lindegaard et al. 2001). Recently yields 

of 9-12 ODT ha-1 were reported for 53 harvests (Lindegaard 2007). 

With regard to SRC grown in  more  exposed environments,  initial  work  was 

reported by Proe et al. (1999) at 200 MASL and Heaton (2000) at 340 MASL. 

Growth and biomass production were low and the main constraint was given as 

poor soil and exposure. A recent altitudinal trial by Hinton-Jones and Valentine 

(2008) has clones in common with Lindegaard et al. (2001) and those growing 

in Orkney. One trial is at sea level, the three others are elevated sites (32, 228, 

296 MASL). 

Whilst these trials report similar yields to Lindegaard (2007) at the lowland site 

(Table 2.4), they have a more variable biomass production at the three higher 

elevations. The variation in biomass production in this study is considered to be 

directly due to the effects of altitudinal exposure on biomass growth traits (e.g. 

shoot number and diameter) which had a significant correlation with altitude. As 

altitude increased, biomass reduced and shoots decreased, whilst  diameters 

increased (Hinton-Jones and Valentine 2008).

21



Table 2.4 The biomass production of SRC willow at four altitudes in Wales
(Hinton-Jones and Valentine 2008)

Biomass Production (ODT ha-1 a-1)
SRC clones Lowland trial 32 MASL 228 MASL 296 MASL
Tordis 13.2 9.9 4.8 4.4
Endeavour 12.4 - - -
Olof 12.1 - - -
Beagle 11.9 11.6 6.7 6.3
Sven 11.7 - - -
Resolution 11.4 11.6 6.5 7.2
Tora 11.1 10.9 7.0 7.8
Ashton Stott 10.9 9.9 7.0 4.7
Terra Nova 10.2 6 6.2 7.1
Torhild 9.4 - - -
Discovery 8.5 14.6 8.2 6.6
Nimrod - 7 6.2 7.5
Average 11.2 10.2 6.6 6.5

However, whilst these trials report exposure as a factor in reduced yields with 

increased altitude, no indication of a tatter attrition rate is given. Although the 

previous rate by Heaton (2000) of 14 cm2 day-1 was for 340 MASL, therefore 

exposure at  these trials  is likely to  be lower  than this  rate.  Therefore if  the 

climate and latitude of Orkney, as Spence (1970) suggests, is similar to that 

observed at high elevations, the results reported at these trials in Wales are 

potentially  very  useful  indication  of  performance  in  exposed  conditions. 

Although, while regional comparisons are helpful, they need to be made with 

caution as the consensus is that SRC biomass clones are best evaluated locally 

(Mitchell et al. 1999; Lindegaard et al. 2001). 

2.5 Planting material

The costs of establishing SRC crops are high and the cutting material is a major 

constituent  (40-47%) of this  expense  (McCracken  et al.  2010).  In  peripheral 

regions additional transportation also adds greatly to these costs which can be 

as high  as 60% (Heaton  et  al.  1999).  Moreover,  survival losses of  10-15% 

(Dawson 2007; Karp et al. 2011) are normal when SRC is mechanically planted, 

therefore  it  is  crucial  to  source  the  best  material.  Commercial  cuttings  are 

available as dormant 1-2 year old whole rod lengths (1-2 m) or as individual 

bundles  of  pre-cut  willow (15-25 cm)  from licensed suppliers  (Anon 2007c). 

Cuttings  over  20  cm  in  length  and  greater  than  8-10  mm in  diameter  are 

preferable as the size and diameter has been shown to influence the rooting 

and biomass production in both the first and second year (Rossi 1999; Stenvall 

et al. 2006; Shield et al. 2008; McElroy and Dawson 1986). 
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Cutting  deterioration  during  extended  transportation  can  impact  on  crop 

establishment  and subsequent  yields  (Anon 2007c).  In  peripheral  areas  co-

ordination of good quality planting material and planting machinery over large 

distances is difficult  (Anon 2004; Duller and Valentine 2008; Dieterich 2007). 

Dieterich and Martin (2008) also considered reduced cutting quality issues (e.g. 

size  and  condition  on  delivery)  as  being  a  potential  issue  in  Orkney. 

Furthermore,  this  can  lead  to  the  acceptance  of  material  which  may  have 

broken dormancy during transportation (e.g. not refrigerated (-1 to -4 o C) and 

be less than optimal for planting (Mitchell  et al. 1999; Valentine  et al. 2008). 

Therefore  locally  controlled  licensed  cutting  production  is  suggested  in 

peripheral regions (Valentine et al. 2009).

2.6 Planting methods

SRC as a perennial crop requires good ground preparation to give a weed free 

soil,  with  a good structure and a pH range of 5.5-7 to allow optimal rooting 

conditions  and  maximise  establishment  (Mitchell  et  al.  1999; Anon  2007c). 

Current recommended planting times in the UK are in late winter/early spring 

varying from mid February to Mid April (Anon 2007c). Mechanised planting is 

recommended to establish areas larger than 1 ha (Anon 2007c). In Orkney it is 

considered best practice to cultivate the ground in spring to prevent soil erosion 

(Martin et al. 2005) and mechanical planting is unlikely before mid April due to 

wet  land and access for  machinery is limited. The most common method is 

using 15-25 cm cuttings, inserted vertically into the soil, although alternatives 

e.g.  billet  (5-8  cm  cuttings)  and  whole  rod  planting  are  also  available 

(McCracken et al. 2010). Planting machinery includes the large Salix Maskiner 

Step-Planter,  the  Egedal  planter  and  a  smaller  Direct  Planter  all  of  these 

machines cut and insert willow vertically (15-25 cm) at predetermined intervals 

(Anon 2007c). 

Lay-flat planting places whole rods of willow horizontally in 8-10 cm furrows, 

covering these once planted and is considered to plant SRC crop areas at a 

quicker rate,  than other methods, with  reduced costs (Lowthe-Thomas  et al. 

2010). However,  lay flat planters have no control over final density and they 
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found that three times more cutting material  was required (McCracken  et al. 

2010). Billet planting machinery is also being developed, which chop cuttings 

into shorter lengths and these are planted in shallow trenches (McCracken et al. 

2010). Billet planting reduced the need for cutting material however drying out 

during establishment was a concern due to their shallow planting and shorter 

cutting length (McCracken et al. 2010). Therefore no significant benefit could be 

identified from these alternative methods (McCracken et al. 2010) and vertical 

planting  with  20-25  cm  cuttings  is  recommended.  Freight  and  haulage  of 

specialist SRC equipment by contractors can increase the cost of establishment 

of SRC in Orkney so it is critical that the best machinery is identified (Bichan, 

2007). An Egedal 4-row planter was used in Orkney to establish Muddisdale 

(Section 3.1.1), however this machine was less than effective and the planting 

density considered to be deficient (Dieterich 2007). Therefore a smaller 2-row 

Direct Planter was hired in 2007 to plant Papdale (Section 3.1.2) and the results 

of this planting are reported in this study.

2.7 First year cut-back

It is standard practice to perform a cut–back, to 10 cm above ground, during 

crop dormancy, at the end of the first year of establishment, using a flail mower 

(Anon 2007c).  This initial  cut-back also allows access to apply fertiliser and 

herbicide if required (Tubby and Armstrong 2002) and this material can be used 

as cuttings to ‘beat up’ or ‘gap’ the empty planting stations, after the first season 

of growth (Anon 2007C). SRC crops are expected to grow between one and 

three shoots in their first year and a cut-back is generally expected to increase 

the number of shoots per stool to 5-20 (Bullard et al. 2002a; Anon 2007c). The 

increase in shoots is achieved by promoting a reduction in apical dominance of 

the lead shoot,  allowing auxiliary lateral  buds (Plate 2.1) to break dormancy 

(Raven 1992; Karp and Shield 2008). 
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Plate 2.1 SRC willow stool after first year cut-back

The increased number of shoots and rapid regrowth after cut-back can promote 

canopy closure in as early as three months (Tubby and Armstrong 2002). Early 

canopy closure is very beneficial for optimising biomass production (Cannell et 

al. 1987) and useful to affect good weed control (Mitchell et al. 1999). However, 

clonal response to cut-back will depend upon the nutrient reserves in their root 

systems (Sennerby-Forsse and Zsuffa 1995). Furthermore, where weed control 

is deficient, new shoots directly compete with weeds (Sage 1999). 

Whilst  a  first  year  cut-back  is  now  standard  practice  (Anon  2007c),  initial 

recommendations in  Sweden (Danfors  et  al. 1998)  and the  UK (Tubby and 

Armstrong 2002) were actually that this practice is very dependant upon the 

development  of  the  clones  and  the  number  of  first  year  shoots  per  stool. 

Moreover,  the  benefit  of  this  operation  could  not  be  confirmed  (Proe  et  al. 

1999). Regretfully whilst their experiment assessed biomass with and without a 

cut-back, it did not include a direct comparison of cut-back and uncut willow. 

There  have  been  other  cut-back  studies  (e.g.  poplar)  however  there  were 

significant site differences and it was difficult to compare the treatments (Herve 

and  Ceulemans  1996).  The  coppicing  response  in  willow  also  varies 

significantly between clones and some clones do not routinely produce greater 

multi-stemmed growth after cut-back (Bullard et al. 2002a). Furthermore, when 

there is no first year cut-back, sprouting can occur from the apex of the first and 
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second year shoots (Ross and Ross 1998). Due to wind damage to SRC in 

Orkney,  additional  sprouting  from shoots  in  spring  was  observed increasing 

shoot growth (Martin et al. 2005) and therefore a cut-back may not be required 

to promote this effect.  

The ability to exhibit vigorous re-establishment from cut-back stumps is directly 

associated with nutrient reserves in established stool roots (Ceulemans  et al.  

1996;  Philippot  1996).  The  allocation  of  reserves  to  the  roots  during 

establishment  is  also  potentially  limited  due  to  slow growth  in  the  exposed 

climates (Heaton 2000; Crawford 2000a). Heaton (2000) argued that, where the 

establishment was challenging, a cut-back may be detrimental, leading to lower 

survival.  She  also  considered  there  to  be  no  immediate  economic  gain  for 

cutback where there is no market for the cut-back material (Heaton et al. 1999). 

Essentially, this is in agreement with Smart and Cameron (2008) whom state 

that where the cut-back material has no economic value, it is effectively ‘lost’ 

within the farming system. A cut-back at the first harvest will lower costs (Smart 

and Cameron 2008).  Furthermore, reducing the establishment costs and the 

length of  time to  a  first  harvest  offers  an incentive  to  grow the crop  (Anon 

2008e).  Therefore,  these  have  implications  for  Orkney  and  need  further 

investigation.

2.8 Planting density 

The recommended planting density for SRC is 15,000 stools ha-1 and this is 

commonly adopted but there is much debate about the optimum density (Anon 

2007c).  Mead (2005) suggests that closer spacing is a relatively straightforward 

management  technique  for  energy  crops,  to  increase  biomass  production, 

although this may be dependant on the morphology of the clone (Bullard et al. 

2002a).  Two distinct  morphological  groups are recognised,  those with  many 

shoots and very branched habit (e.g. Ashton Stott) and those with few shoots of 

high  diameters  which  are  rarely  branched  (Bullard  et  al.  2002a,  2002b; 

Robinson  et al.  2004; Tharakan  et al. 2005).  Whilst denser plantations may 

give earlier maximum yields, they increase establishment costs and may have a 

higher natural thinning rate and increased mortality (Berkgvist and Ledin 1998; 

Kopp et al. 1997) of up to 15% at very high densities (Bullard et al. 2002b). This 
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is supported by a study in NI where higher density plantings (15,000 and 20,000 

ha-1) were prone to self thinning to 13-14,000 stools ha-1 after two harvest cycles 

(Dawson  et  al. 2005).  However,  the  most  recently  bred  SRC  clones  are 

generally considered to suit increased planting densities (Wilkinson et al. 2007; 

Lindegaard  et  al.  2001).  Furthermore tree growth  in Orkney is known to  be 

reduced due to the climate (Low 1987; Crawford 2000a) therefore an increased 

density is potentially beneficial.

Berkgvist and Ledin (1998) reported low densities (10,000 stools ha-1) had lower 

yields  and biomass was  optimised at  20,000 stools  ha-1.   Lindegaard  et  al. 

(2001) also reported optimum biomass production at a density of 20,000 stools 

ha-1 in two and three year harvest cycles, throughout the UK. Wilkinson et al. 

(2007) also reported 20,000 stools ha-1, with a three year harvest cycle, in the 

north of England, gave optimised biomass production for Ashton Stott. Densities 

higher than 25,000 stools ha-1 were prone to self thinning due to competition for 

light. 23,700 stools ha-1 is considered the most efficient density for S. burjatica 

clones (Bullard et al. 2002a). Tora is more upright and had increased biomass 

at densities over 25,000 stools ha-1, however whilst it can tolerate these, they 

are uneconomic and not recommended. 

The cost of planting material is an important factor when considering the most 

suitable density; as higher densities increase establishment costs (Heaton et al. 

1999; McCracken et al. 2010). There is a general acceptance that 5-15% loss of 

plants,  after  establishment,  is  quite  normal  and consequently  increasing the 

desired  planting  rate  can  compensate  for  these  losses  (Karp  et  al.  2011; 

Dawson 2007). Therefore a balance between increased costs and optimising 

productivity  is  crucial  (Bullard  et  al.  2002a;  Wilkinson  et  al.  2007).  This  is 

especially pertinent in peripheral areas where costs are higher and the biomass 

production expected may be lower due to the climate (Heaton et al. 1999).  

2.9 Harvest cycle

When considering crop densities, the optimum harvest cycle most suited to the 

region will help inform the most suitable density. High biomass production can 

be  achieved  after  two  years  if  canopy  closure  is  attained,  however  this  is 
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species and site specific (Tubby and Armstrong 2002). Bullard  et al. (2002a) 

reported increased yields with a two year harvest when directly compared with a 

three year  harvest.  However,  most studies show the greatest yield gains by 

harvesting every three years (Kopp et al. 1997; Wilkinson et al. 2007). There is 

an alternative suggestion that much higher densities (40,000 stools ha-1) when 

combined with annual harvesting  can utilise standard machinery rather than the 

specialist equipment required by longer SRC rotations (Stolarski  et al. 2008). 

However, mortality rates of over 20% were reported and the biomass gained 

from the four year cycle was greater than the sum of four annual harvests. Kopp 

et  al.  (2001)  reported  that  harvesting  willow  annually  was  consistently 

productive for the ten years of their study, but acknowledged an overall increase 

in  costs.  However,  Sennerby-Forsse  and  Zsuffa  (1995)  concluded  that  the 

repeated harvesting, required by shorter growth cycles, resulted in excessive 

soil damage, with the potential to retard plant regrowth and biomass production 

by depleting vigour.  Therefore a balance must  be found between optimising 

biomass production, protecting the longevity of the crop, whilst also considering 

harvesting costs.

The costs of  frequent  harvesting are also substantially  increased, potentially 

making  these  uneconomic  over  the  crop  lifetime  (Bullard  et  al.  2002a). 

Wilkinson et al. (2007) also considered that a two year harvest cycle required 

more intensive management incurring a significant cost increase. Therefore the 

benefit of the biomass gained from more frequent harvesting was offset by the 

additional  costs.  However,  in  more  exposed  climates  a  shorter  cycle  was 

beneficial in reducing the effects of wind exposure on the crop (die-back and 

wind rock) (C. Duller 2008 Pers.comm). Therefore in exposed areas where SRC 

growth may be limited by climate and damaged by the wind, a harvest cycle of 

two or three years is recommended, combined with denser planting (Valentine 

et al. 2008). 

The growth of trees in more exposed regions, such as Orkney, is known to be 

limited due to the effect of the climate (MacDonald 1967; Crawford 2000a,b). An 

increase in  plant  density has the potential  to  alleviate  some of  the damage 

caused  by  the  wind  (e.g.  mutual  shelter),  allowing  quicker  canopy  closure 

(Martin  et al.  2005; Valentine  et al.  2008). Moreover by increasing the plant 

28



density  this may be a straightforward method of directly increasing biomass 

production through earlier canopy closure and a greater number of plants to be 

harvested (Cannell et al. 1987; Mead 2005). However, the growth and potential 

biomass production of SRC clones in Orkney is largely unknown, as are the 

optimal density or harvest cycle for the local conditions. The optimum harvest 

cycle in Orkney is likely to be a compromise between the need for high biomass 

production, cost and minimising wind exposure. If  these can be identified, a 

density for SRC crops in Orkney can be suggested.

2.10 Nutrition requirements for SRC

As SRC grows, due to the frequent harvesting of biomass, it is often considered 

that SRC may require the replacement of nutrients in order to maintain high 

productivity  (Dickmann 2006).  Therefore,  in  order  to  maintain  high  yields  of 

current  genotypes,  fertilisation  is  generally  recommended  (Anon  2007c), 

although breeding is reducing the requirement for inputs (Karp and Shield 2008; 

Rowe  et al. 2009).  SRC is a tall growing, densely planted crop, with harvests 

every 2-4 years, therefore fertiliser applications are difficult to apply annually 

and are usually applied after harvest,  at  a rate required for the whole cycle 

(Anon 2007c).  However,  the fertiliser  required is  dependent  on the biomass 

extracted in conjunction with the planting density, harvest cycle and previous 

land  use  (Mitchell  et  al. 1999;  Adegbidi  et  al.  2000). Therefore,  fertiliser 

requirements  are  optimised  when  matched  to  site  conditions  and  yields 

(Alriksson  et al. 1997; Mitchell et al. 1999; Styles and Jones 2007).  

One method of fertilising SRC is to replace the nutrients removed by harvesting 

the biomass (ODT) Dickmann (2006). The rate of nutrient removal is considered 

to  be  in  the  range of  3-8.8  kg N,  0.8-1.2  kg P and 1.5-2.9  kg K per  ODT 

removed (Ericsson  et al.1992; Mitchell 1995; Sennerby-Forsse 1995; Paulson 

et al. 2003). Therefore, in the long term, between 30 and 80 kg N ha-1 per ODT 

is potentially required (Sennerby-Forsse 1995). Adegbidi et al.  (2001) reported 

4-5kg N was removed by two species of willow at 15,000 stools ha-1. They also 

noted annual harvesting removed the most nutrients, whilst a three year cycle 

was the most efficient management regime.  
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SRC crops do not require fertilisation in their first year (Johnson 1999; Mitchell 

et al.  1999;  Adegbidi  et al.  2003; Paulson  et al.  2003; Smart  and Cameron 

2008;  Dawson  2007),  however,  after  this  a  number  of  studies  have 

recommended  various  application  rates  (Table  2.5).  The  upper  limits  of  N 

quoted are often those considered the maximum level for crops when being 

used for bioremediation. SRC crops have also been widely used in conjunction 

with  ecological  engineering  applications  including  bioremediation  which  can 

further increase their value (Kuzvokina and Volk 2009). As a consequence of 

their  suitability  for  such  applications,  research  has  also  focussed  on  the 

maximum levels the crop can sustain without nutrient leaching (Dimitriou and 

Aronsson  2004).  However,  excessive  N  applications  can  lead  to  increased 

incidence of pests,  diseases and shoot or root damage (Toome  et al. 2009; 

Cambours et al. 2006). Therefore in Orkney the approach proposed is a nutrient 

balanced regime to replace the nutrients lost after biomass removed.

Table 2.5 Nitrogen recommendations for SRC willow

Suggested
application rates

N kg ha-1 a-1

Source

Sweden 80-150 Danfors et al. 1998

England 60-250
Anon 2007c; Paulson et al. 2003; 

Karp et al. 2011; Wilkinson et al. 2007

Poland 90 Stolarski et al. 2011

Finland 100-200 Adegbidi et al. 2000

Wales 40-100 Valentine et al. 2008
Republic of 

Ireland
(0) 40-100 Anon 2008f

Northern 
Ireland

(0) 50-150
Dawson 2007;McCracken 2008; Styles 

and Jones 2008

USA (0)112-168
Abrahamson et al.2002; Adegbidi et al. 

2003; Volk et al. 2004

Mineral fertilisers are effective and easily applied to SRC after cutback but they 

are expensive accounting for 20-30% of production costs (Buchholz and Volk 

2010). Moreover, the input of 100 kg N over a harvest cycle adds 37% to the 

gross primary energy input to SRC and it is therefore likely to be unsustainable 

due  to  the  energy  balance  of  the  crop  and  financial  implications  of  these 

applications  (Heller  et  al.  2003).   Furthermore,  the  application  of  mineral 
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fertilisers  is  argued  to  be  ‘converse’  to  the  principles  of  renewable  energy 

production  and  biomass  yield  gains  of  more  than  25%  are  required  to 

compensate for their financial costs and GHG emissions (Gilbert  et al. 2001). 

Orkney currently uses in excess of 20,000 tonnes of imported mineral fertiliser 

at a cost of £390 a tonne (Bichan 2007).  Therefore if fertilisers are required, 

alternative  low  cost  local  organic  fertilisers  are  more  cost  effective  (Heaton 

2000) if they can be practically applied to the crop at the correct level.

Paulson  et al.  (2003) recognise a potential  synergy between SRC and local 

organic waste recycling and SRC has been successfully used to treat a range of 

effluents from sewage and landfill  leachates to industrial effluents (Werner & 

McCracken 2008; Licht and Isebrands, 2005). There is also potential for SRC 

crops  to  increase  their  economic  viability  by  the  payment  of  ‘gate-fees’  for 

organic  waste  products to  be  recycled  on  the crop  (Labrecque  et  al.  1995; 

Adegbidi et al. 2003; Wolstenholme et al. 1992; Anon 2008e; Begon et al. 2006; 

Mengel  et al. 2001).  In upland Wales the use of local organic amendments 

directly increased SRC yields and the crop economics (Heaton et al. 1999). In 

Orkney, Bichan (2007) emphasised the benefits of applying local waste to SRC, 

to augment the local waste strategy. 

Locally  available  organic  additions  such  as  dairy  effluent,  slurry,  farm  yard 

manure  (FYM)  and  sewage  sludge  have  been  proven  to  increase  biomass 

production and improve the soil (Heaton 2000; Rosenquvist and Dawson 2005; 

Mead 2005; Wilkinson in Kuzvokina et al. 2008). Organic amendments are also 

beneficial for perennial crops as one application may slowly release nutrients for 

the duration of the harvest cycle (Hytönen 1995; Heaton 2000). Moreover, their 

low or negative costs (e.g. where these attract a gate-fee for disposal) increase 

the economic viability of the crop (Rosenqvist and Dawson 2005; Anon 2008e). 

Annually,  Orkney  produces  123,480  m3 of  farm  yard  manure  (FYM)  and 

493,920 m3 of slurry, as a direct result of livestock farming, which is commonly 

applied to the land (SAC 2008 pers.comm). Slurry is a major source of nutrients 

and organic matter and has proven to be beneficial when applied to SRC willow 

plantations  (Heaton  2000).   Of  all  treatments  applied,  slurry  was  the  most 

effective and significantly increased biomass production in her trial.  In Orkney, 

however, the climate (e.g. low temperature and exposure) could be the most 
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limiting constraint on growth, rather than the availability of additional nutrients 

(MacDonald 1967; Crawford 2000a).  Whilst slurry was shown to significantly 

increase biomass production in Wales, the site had very poor soil and the yields 

reported in this trial were low (4-6 ODT ha-1 a-1) the main restriction to growth 

was the exposed climate and very poor  soil  (Heaton 2000).  Orkney has an 

exposed climate but unlike upland Wales, the soils are fertile and the potential 

to initially sustain the crop, until nutrient cycling commences. 

Where SRC is grown on agricultural land there is a likelihood fertiliser residues 

in the soil are available for growth (Mitchell et al. 1999) and no fertiliser may be 

required initially  (Labrecque and Teodorescu 2005).  Moreover,  on sites with 

high soil nutrient reserves, no fertiliser may be required for a few harvest cycles 

or potentially for the lifetime of the crop (Mitchell et al. 1999; Keoleian and Volk 

2005; Boehmel et al. 2008). Initially willow relies on the soil nutrients for growth 

and during canopy establishment this is potentially 15-20 kg N ha-1 a-1 (Alriksson 

1997).  In Orkney, soils are fertile and SRC crops are likely to be planted on 

intensively managed grasslands (Bichan 2007).  As internal  nutrient recycling 

begins to function, fertiliser requirements may reduce over time (Alriksson et al. 

1997; Tubby and Armstrong 2002; Rowe  et al. 2009).  SRC crops cycle one 

third to two-thirds of their leaf N (Ericsson et al. 1992; Karp and Shield 2008). 

Killingbreck  (1996)  reported  willow  as  one  of  the  most  efficient  broad  leaf 

species at recycling N and can achieve this by the end of their second season 

of growth. Therefore if these processes work efficiently, on good soils, the crop 

may need little or no fertiliser application. However, in the exposed regions of 

the UK the greatest influence on tree biomass production, even on good soils, is 

considered to be the climate (Low 1987; Worrell and Malcolm 1990). Therefore 

both the rate of  annual  SRC biomass production and the level  of  additional 

fertiliser  the  crop  may  require  in  Orkney  is  unknown  and  these  require 

investigation.

2.11 SRC diseases

A major issue with SRC in mild wet climates like Orkney is that the climate  may 

favour pathogens, the most common of which is willow rust (Melampsora epitea 

spp.) of which there are several types (Pei et al. 1993). Generally the crop can 
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tolerate low levels of rust and does not require treatment which would be very 

impractical  and  uneconomic  (Dawson  2007).  Disease  outbreaks  are  most 

harmful when the disease arrives early in the growth season, whilst the effects 

of late outbreaks are more limited. However, a  severe infection of willow rust 

can lead to early leaf fall,  significantly reducing yields by 40%  and in severe 

cases  can  lead  to  plant  death  (McCracken  and Dawson  1998).  Oceanic  or 

maritime  areas  with  wet,  milder  climates have  more  frequent  and  severe 

disease  outbreaks  compared  with  continental  Europe,  due  to  differences  in 

climate (Pei et al. 1999b). In the maritime climate of the UK yield reductions are 

correlated with a greater incidence of rust in wetter regions when compared with 

drier regions (Aylott et al. 2008). In Europe, disease strategies include planting 

SRC away from commercial forestry with  Larix spp., as this forms a host to a 

crucial part of the sexual reproductive process of the pathogen (Pei et al. 1993). 

However, in the less continental climate of the UK, in milder winters rust can 

over  winter  and reproduce asexually  with  no  requirement  for  a  co-host  and 

potentially can arrive early in the season (Samils et al. 2003). Therefore earlier 

infections may arrive in milder regions of the UK (Samils  et al. 2003) and this 

may become an issue in the Orkney.  

One  method  of  disease  control  is  to  plant  SRC  in  polyclonal  mixtures  by 

delaying progress of disease and reducing the levels which it may attain at the 

end  of  a  season  (McCracken  and  Dawson  2003;  McCracken  et  al.  2011) 

Therefore planting genetically diverse mixtures is recommended in rust prone 

areas with at least three clones from both breeding programmes (Begley et al. 

2009).   Polyclonal  plantings  have  also  been proven to  produce  significantly 

more biomass, of 40% or more, than monoclonal plantations (Dawson  et al. 

2005;  McCracken  et  al. 2008;  McCracken  et  al.  2011). However,  polyclonal 

mixtures are considered more difficult to harvest, therefore this strategy is less 

common in the drier regions of the UK and Europe where disease pressure is 

reduced and monoclonal blocks are considered more efficient (Kightley  et al. 

2008). 

To increase the resistance of clones to rust, recent breeding programmes have 

also  focussed  selection  from  a  wider  genetic  base,  resulting  in  improved 

disease  resistance  to  rust  in  modern  clones  (e.g.  Tora)  (Pei  et  al. 2008). 

33



However,  a  greater  incidence  of  disease  was  reported  for  some  clones 

(Lindegaard et al. 2001) and in NI more susceptible clones, like Ashton Stott are 

no longer recommended, despite their good yields as a precautionary strategy 

(McCracken 2008).  In Scotland, Kightley et al. (2008) suggest rust is currently 

not at a level to be considered a problem. However, the amount of willow SRC 

growing  in  Scotland  is  very  limited  (SAC  2008).  Dickmann  2006  considers 

disease incidences may be low initially in new regions due to a ‘honeymoon’ 

period in which vectors and the crop may have yet to find their natural levels. 

When  SRC  was first  introduced  to  NI  rust  levels  were  low  and  increased 

significantly over time as planting of the crop developed and favourable weather 

conditions led to increases in rust (Pei et al. 2008). 

Andersen  et  al.  (2005)  reports  the  Scottish  climate  is  quite  variable  for  the 

disease  and the milder wet growing conditions, favour rust, increase with the 

proximity of plantations to coastal areas. In Orkney thus far, all plots have been 

generally rust free, with a small incidence of rust being noted on Ashton Stott, 

late in the season each year. However, willow is the most common species on 

the islands and rust is prevalent at much higher levels on local willow,  from 

early in the season. Therefore the identification of a genetically diverse mixture 

of recommended clones is prudent in Orkney and is a key aim of this research.

2.12 Implication  s for Orkney  

Whilst Orkney has no indigenous resource for biomass energy, SRC willow may 

offer  an  alternative  local  fuel  although  the  best  clone  choice  and  potential 

biomass production is currently unknown. In the Orkney climate modifications to 

best  practice  may  optimise  growth,  however  there  are  several  issues  to 

consider when developing SRC recommendations. In Orkney these are likely 

determined by geography and the local environment. As a remote region the 

management costs are likely to be higher than elsewhere in the UK and needs 

to be addressed.  Orkney has the advantage of good agricultural soils and a 

drought  free  growing  season  which  are  both  good  for  growth.  However, 

increased  maritime  exposure  is  known  to  alter  growth  and  reduce  biomass 

production. Therefore the most appropriate methods require to be identified to 
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ensure SRC establishes well and biomass production is optimised in the local 

climate. 

Due to  the exposed climate,  crop establishment  may be slow and therefore 

some normal practices such as a first year cut-back may not be sensible in this 

climate.  The level of fertiliser (if required) is generally most efficient where it 

replaces the nutrients of the biomass extracted. However, the level of biomass 

production in Orkney is unknown and therefore is a key area for investigation. 

This crop is likely to be grown on ex-grassland sites which may not require any 

fertiliser, therefore increasing density may more effectively optimise yields and 

this  may  also  affect  length  of  harvesting.  Finally,  whilst  diverse  genotype 

mixtures are recommended, the clones best suited to Orkney are unknown and 

this will be identified. As rust is prevalent in wetter regions of the UK and the 

effect  of  this  on  SRC  in  Orkney  is  unknown  and  requires  monitoring. 

Observations of crop growth and monitoring of survival and yields will help to 

identify  the  most  appropriate  machinery,  planting  density  and  harvest  cycle 

suited to the local climate.  Therefore this study undertakes to:

• Identify if a first year cut-back is required in Orkney

• Identify the most suitable fertiliser application for SRC in Orkney

• Observe the growth, survival and biomass production of 13 SRC clones 

in the local climate

• Assess the prevalence of rust on SRC in Orkney

• Assess the smaller Direct Planter in Orkney

• Suggest an appropriate density and harvest cycle for the crop 

• Select a diverse group of clones suited to the Orkney climate
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3 Methodology
This section outlines the general methodology and trials management regime 

for the investigations undertaken. The specific materials and methods for each 

component of this research are in the relevant sections (5-7). All field work was 

carried out between 2008 and 2010.  

3.1 The Orkney SRC willow trial sites

The AI established three SRC willow sites between 2002 and 2007 (Figure 3.1). 

The first, Weyland, was established in 2002 and is located at Orkney College, 

Kirkwall. Weyland is a small trial, planted with four willow clones. The second 

trial, Muddisdale, was planted in 2006, on the outskirts of Kirkwall. It is a larger 

plantation  consisting  of  two  separate  trials  and  was  planted  with  13  willow 

clones. The third trial,  Papdale,  was established in 2007 and is also on the 

outskirts of Kirkwall. Papdale is planted with 11 clones, in two separate trials. 

Details of the trials are provided in the following sections and the SRC clones 

planted in Orkney are detailed in section 3.2. Although the Weyland SRC trial 

site is not part of this study, the location of this trial is annotated (Figure 3.1) 

and included in Table 3.1 to aid discussion.

Figure 3.1 Location of the AI SRC willow trials, Kirkwall, Orkney.

3.1.1 Trial site 2: Muddisdale 

Prior to planting, Muddisdale (2.5 ha) was semi-improved grassland and has a 

slight  slope  (2o).  There  are  13  clones  planted  at  this  site  in  two  trials, 
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Muddisdale A, a variety clone trial with 13 clones, and Muddisdale B, a fertiliser 

trial  with  four  clones.  Both trials  have four replicates in a  randomised block 

experimental design (Figure 3.2). The site was planted at a density of 15,000 

plants ha-1 (Figure 3.3) each plot with 328 stools, 9 m by 25 m (Figure 3.2). 

SRC Variety Clone Trial Fertiliser Trial

Figure 3.2 Layout of trail plots at Muddisdale, Orkney

3.1.1.1 Treatments
In April  2006, the site  was prepared for  planting by applying  an insecticide, 

chlorpyriphos at 1.5 l ha-1 (Cyren) as a preventative treatment for leatherjackets 

(Tippula sp.).  A broad spectrum herbicide, glyphosate at 2 l ha-1 (Gallup) with a 

wetting agent (Banka) at 0.05 l ha-1  was applied.  The trial was sub-soiled to a 

depth of 20 cm, ploughed and then rotivated twice to give a fine tilth for planting. 

The site was planted in May 2006 using a 4-row Egedal ® Willow Planter. The 

machine was used to plant 20 cm willow cuttings directly into a furrow in the 

soil. Muddisdale was then rolled twice before two herbicides, pendimethalin at 5 

l ha-1 (Stomp) and isoxaben at 2 l ha-1 (Flexidor) for broadleaf weed control were 

applied in May 2006. A further application of propaquizafop at 1 l ha-1 (Shogun) 

for grasses in July 2006 and pendimethalin at 1 ha-1 (Shield) for thistles August 

2006 were required.  

37



Figure 3.3 SRC willow recommended planting design (Anon 2007c)

3.  1.1.2 Treatments  
In early 2007  empty planting spaces were replanted by hand, using one year 

old, 20 cm hardwood cuttings, from the appropriate clone plot.  In March 2007, 

the  whole  plantation  was  cut-back  to  10  cm  above  ground,  to  promote 

coppicing,  using  a  tractor  with  a  finger-bar  mower.   In  April  2007  the  trial 

received a further application of herbicides: propyzamide at 3.5 l ha-1  (KerbFlo) 

for grasses and pendimethalin at 1 l ha-1 (Shield), for broadleaves. In April 2007 

a compound mineral fertiliser (20:6:6) was applied at 60Kg N ha-1. There were 

no further treatments at Muddisdale A until harvest in 2010 when this trial site 

received an application of the herbicides amitrole at  10 l  ha-1  (Weedazol) and 

pendimethalin at 3 l ha-1(Stomp). All treatments applied to Muddisdale B in 2008 

are detailed in Section 6. 

3.1.2 Trial site 3: Papdale 

The  Papdale  site  (1.7  ha)  has  a  moderate  slope  (3  o)  and  was  previously 

managed for livestock and as improved grassland. Papdale has 11 clones in 

two different trials, Papdale A has 6 clones planted in 4 replicates and has been 

used to  investigate  the need for  a  first  cut-back in  Orkney.  Papdale B is  a 

variety  trial,  with  10  clones  planted  in  5  replicates.  Both  trials  used  a 

randomised block experimental  design. The site was planted at a density of 

15,000 plants ha-1 (Figure 3.3), with 200 individual plants in each plot, 15 m long 

by 7.5 m wide (Figure 3.4).

 

38



3.1.2.1 Treatments
In  March  2007,  the  whole  Papdale  site  had  an application  of  the  herbicide 

glyphosate at 4 l ha-1 (Gallup) together with a wetting agent, 0.12 l ha-1 (Banka), 

and an  insecticide,  chlorpyriphos  at  1.5  l  ha-1 (Cyren)  as  a  preventative 

treatment for leatherjackets (Tippula sp.).  The site was ploughed and rotivated 

in  April  2007,  directly  prior  to  planting.  The  willow  cuttings  were  planted 

mechanically in late April 2007 using a prototype 2-row Direct Planter  (John 

Turton Engineering Ltd). This machine pushed 20 cm willow cuttings directly 

into the prepared ground leaving a 2 cm cutting tip above the soil surface.  In 

May 2007, two herbicides were applied, pendimethalin at 6 l  ha-1 (Blazer) and 

propyzamide at 2 l ha-1 (KerbFlo).

In February 2008 empty planting spaces were replanted (or ‘gapped’) by hand 

with one year old 20 cm hardwood cuttings from the appropriate clone plots. In 

March 2008,  the Papdale B trial  was cut-back to  10cm above ground  by a 
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tractor and finger-bar mower  to promote coppicing. However, Papdale A was 

not cut-back as this trial was used to investigate the requirement for a first year 

cut-back (Section 5).  In April 2008 the site had an application of the herbicide 

propyzamide at 2 l ha-1 (KerbFlo) and a mineral fertiliser (20:6:6) at 100 Kg N 

ha-1. 

3.2 SRC willow clones trialled in Orkney

The thirteen SRC willow clones planted in Orkney are detailed in Table 3.1. The 

clones were supplied as hard wood rods, from Murray Carter (Horticulture) Ltd., 

North Yorkshire. The SRC clones planted in Orkney were selected from both the 

Swedish programme and European Willow Breeding Partnership (EWBP).

Table 3.1 SRC clones in the AI trials

SRC 
Clone name

Clone code Origin
Trial sites 

Weyland Muddisdale Papdale
A B A B

Ashton Parfitt AP EWBP - √ - - -

Ashton Stott AS EWBP √ √ √ √ √

Beagle BE EWBP - √ - - √

Discovery DI EWBP - √ - √ √

Endeavour EN EWBP - √ - √ √

Nimrod NI EWBP - √ - - -

Olof OL Sweden - √ - √ -

Resolution RE EWBP - √ √ - √

Sven SV Sweden √ √ √ - √

Terra Nova TN EWBP - √ - √ -

Tora TO Sweden √ √ √ - √

Tordis TD Sweden - √ - √ √

Torhild TR Sweden √ √ - √ √

3.3 SRC survival, biomass production and shoot assessments 

3.3.1 Survival

Stool survival was recorded using 10 stools from the inner two double rows of 

the plots at all sites, with the exception of Papdale A, where 8 stools per row 

were  sampled.  In  spring  2010  a  record  was  taken  of  each  living  plant 

(established at planting or gapped) and each dead plant or empty planting space 

in the row. Where gap plants were annotated on the field sheet.
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For each clone plot, percentage survival was calculated (Equation 3.1), where 

(x=40) at Muddisdale A, B and Papdale B and (x=32) at Papdale A. 

 Percentage survival = (Live plants in 2010)   x 100               Equation 3.1
                          (x plants)

This was expressed either as a percentage for each clone or as survival ha-1 

when multiplied by the target density (15,000 plants ha-1).

3.3.3 Biomass production 

In 2010 10 plants per plot were taken to determine shoot biomass production. 

Plate 3.1 SRC stool cut to 10 cm 

All willow shoots were cut at 10 cm above ground level (Plate 3.1) and each 

individual plant then all shoots secured and labelled (Plate 3.2).  

Plate 3.2 SRC whole willow plant sample bundles
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The fresh weight  of  individual  plants were  weighed on site  with  a  BFW 150 

platform scale (Adam Equipment Co Ltd). A sub-sample of at least 20 shoots 

per clone were weighed in the laboratory with AAA 300 LE digital scale (Adam 

Equipment  Co Ltd).  The shoot fresh weights (FW) of the shoot  sub-samples 

recorded and moisture content (MC) and the dry matter calculated. Each shoot 

was cut to an appropriate size, labelled and put in the oven to dry at 90o C, until 

a constant dry weight was achieved (approximately 4 days). Where the material 

was large, a sub-sample of a shoot between 250-350 g was used. Each sample 

was re-weighed and the dry weight was recorded once fully oven dried. Shoot 

moisture content (MC %) was then calculated by Equation 3.2. The shoot  dry 

matter (DM %) was calculated by subtracting the MC % from 100.

MC % = (FW - DW) * 100           Equation 3.2
FW

Clone DM% was then calculated as the average for all  the samples of each 

clone. Whole stool dry weights were calculated by multiplying the whole stool 

fresh weight by the average DM % for each clone sub-sample. These were then 

converted  into  oven  dried  tonnes  ha-1 per  year  (ODT  ha-1 a-1)  which  was 

calculated in two ways. Firstly to calculate the actual biomass produced (at 2010 

survival)  the individual  stool  DW was multiplied by the estimated 2010 plant 

survival and divided by the years of the harvest cycle (Equation 3.3).

ODT ha-1 a-1 = (FW * DM %) * (Planting density*Survival)           Equation 3.3
        Harvest cycle (Yrs)

      
Secondly,  to calculate the potential biomass production acheivable (assuming 

100%  survival)  the  stool  dry  weights  were  converted  to  ODT  ha-1 a-1 by 

multiplying  stool  dry  weight  by  the  planting  density  (15,000 plants  ha-1)  and 

dividing by the years of the harvest cycle (Equation 3.4).

ODT ha-1 a-1 = (FW * DM %) * Planting density                    Equation 3.4
    Harvest cycle (Yrs)

3.3.2 Shoot assessments

For  all  sites,  measurements  of  number  of  shoots  per  plant,  shoot  diameter, 

shoot length and shoot tip die-back were recorded as follows.
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3.3.2.1 Shoots per plant
The average shoots per stool were calculated from 10 plants per plot in 2010. 

3.3.2.2 Shoot diameter measurements (D100)
The average  shoot  diameter  was  recorded  in  2010  for  all  shoots  over  1  m 

(D100). A minimum of 20 shoots per clone were recorded as a sub-sample from 

the 10 plants harvested. D100 measurements were taken using a hand held 

digital calliper (Camlab Digimax Calliper, AR/2001). As a result of SRC shoot 

data  variability,  transformations  for  average  diameter  are  often  performed 

(Matthews 1997). Using the protocol set out by the FC for SRC willow  shoots, 

the quadratic  mean diameter  (or  the square root  of  the sum of  the squares 

(RMS)) of all  shoots was obtained. For each clone, the recorded D100 shoot 

diameters were used to calculate the aggregate quadratic mean for the shoot 

diameter (Equation 3.5) where ‘x’ represents individual D100 measurements and 

the total number of shoot D100 measurements per clone is represented by ’n’.  

                   Equation 3.5

3.3.2.3 Shoot   h  eight measurements  

The average shoot  height  was calculated from the longest  main shoot  for  a 

minimum of 20 shoots per clone. Shoots were measured and recorded in the 

field using a tape measure secured to a table or directly on the ground surface. 

3.3.2.4 Shoot tip die-back measurements
Shoot  tip  die-back  (mm)  was  measured  as  the  length  from  the  uppermost 

swollen (alive) bud to the end of the dead shoot tip if it was still present, for 20 

shoots per clone. 

3.4 Statistical analysis

All  data  was  analysed  using  Analysis  of  Variance (ANOVA),  Fishers   Least 

Significant  Difference  (LSD)  and  Standard  Error  of  the  Means  (SEM)  with 

GenStat (9th ed. 2006, VSN International). A significance level P<0.05 was used 

to separate significantly different treatment means. 
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3.5 Soil and fertiliser analysis

All samples were analysed by Natural Resource Management Ltd, England. 
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4 The Orkney climate and soils
4.1 The Orkney climate

4.1.1 Meteorological data

Meteorological data were obtained from the weather station at Kirkwall Airport 

which  is  3.5  miles  from both  SRC trial  sites.  The  data  was  accessed  from 

http://www.tutiempo.net/en/Climate/Kirkwall_Airport/30170.htm on  17/8/10. 

Sunshine hours were taken from the Orkney Economic Review (2010), (Loch of 

Hundland  climate  station) for  which  a  50  year  average  was  available  for 

comparison (Anon 2010). The average monthly and annual figures for Orkney 

are reported for the first harvest cycle 2007-2009, to give an illustration of the 

climate during this period. The following section reports average rainfall (Figure 

4.1) and temperature (Figure 4.2) and the growing degree days (GDD) are also 

estimated. The average wind speeds (Figure 4.3) and relative exposure classes 

(Figure 4.4) are shown with their 30 year averages. 

 

4.1.1.2 Orkney rainfall 2007-2009
The wettest months were September through to January (92-125 mm), while the 

driest were April, May and June (44-46 mm).
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Figure 4.1 The average monthly rainfall 

The average annual rainfall was 997 mm. The total annual rainfall for 2007 (960 

mm) was less than 2008 and 2009 (1014 mm and 1017 mm respectively) overall 

it was slightly drier than the 30 year average (1028 mm). January in 2008 and 
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2009 was wetter than the 30 year average, while April and June (2007) and the 

growing season in 2008 (except June) was drier than the 30 year average.

4.1.1.2 Orkney temperature 2007-2009
The average temperature during 2007-2009 was 9.9 o C and the warmest month 

was 14.8 o C and the coolest 4.9 o C.
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Figure 4.2 The average monthly temperature 

The average temperature was lower in 2007 (9.3 o C) than in 2008 (9.9 o C) and 

2009 (10.6 o C). These are slightly higher than the 30 year average (7.8 o C).  

4.1.1.3 Orkney Growing Degree Days (GDD) 2007-2009
The  growing  season  in  Orkney  is  generally  accepted  to  be  from  April  to 

September  (Crawford  2000b).  In  terms  of  tree  growth,  an  estimate  of  the 

potential growing degree days (GDD) each year can be made from the time 

which the temperature is sufficient (5.6 o C) to initiate growth (Grace 1988a,b). 

Table 4.1 The estimated Growing Degree Days 

Growing Degree Days (GDD) 2007 2008 2009
Average 

2007-2009
April-September 1057 1046 1151 1085

An estimation of GDD’s during the growing period (Table 4.1) were calculated 

by accessing data from http://www.degreedays.net/ on 20/11/2008 and 17/8/10 

and  reflect  from  the  accumulated  temperature  over  5.6  o  C  for  April  to 

September. The average GDD in Orkney are approximately 1085 GDD for the 

growth period of this study. 2009 was a slightly warmer season than the other 

two years and therefore had the highest  GDD. These GDD were calculated 
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using a conservative estimate for  the growing season of April  to September 

(Crawford 2000b).  If  the season is slightly longer,  perhaps into October,  the 

GDD for SRC growth in Orkney would be higher (1204 GDD).

4.1.1.4 Orkney sunshine hours 2007-2009
Average sunshine hours for Orkney were 1163 (2007) 1226 (2008) 1374 (2009) 

which gives an annual average of 1254 hours. This is slightly higher than the 50 

year  average for Orkney (1157 hours)  (Anon 2010).  Orkney is sunnier  than 

Shetland but generally less sunny than most places elsewhere in the UK

4.1.1.5 Orkney wind speed and sustained gusts 2007-2009
The wind is the most notable feature in Orkney and the prevailing wind can be 

from any direction which also varies with the time of year (Berry 2000). The 

wind  direction  is  most  often  between  south  and  west,  but  easterly  winds 

increase in spring and early summer (Berry 2000). The average wind speed and 

sustained gusts (Figure 4.3) for the three years were 2007 21.8 and 36.9 km h-1 

(2007), 21.8, 37.6 km h-1, (2008) and slightly lower 20.9, 35.9 km h-1 (2009). 
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Figure 4.3 The average wind speed and sustained gusts

The  wind  speeds  were  lower  from  May  to  August  (17.6-19.4  km  h-1)  and 

increased  from  October  until  March  (23.3  –  25.6  km  h-1)  with  the  highest 

sustained  gusts  (40.2-51.9  km h-1).  Overall  the  wind  speeds  and  sustained 

gusts  reflected the 30 year  average (21.5,  38.5 km h-1)  although they were 

slightly lower in 2007-2009.
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4.1.1.6 Orkney relative exposure 2007-2009
A measure of exposure at the SRC site in Kirkwall was recorded by tatter flags. 

This gave a mean loss of total tatter flag area per day (cm2 day-1), which was 

converted into an exposure classification system by the FC (Table 4.2). 

Table 4.2 Tatter flag exposure classification key
Exposure classification derived from flag attrition 

rates (Miller et al. 1987)
Mean loss of flag area

(cm2 day-1)
Relative 

exposure class
>13 Severely exposed

10.1-13.0 Very exposed
6.6-10.0 Moderately exposed
4.0-6.5 Moderately sheltered

<4.0 Very sheltered

At  Muddisdale  a  tatter  flag  was  erected  on  the  North  corner  of  the  field 

(HY436111,  elevation 23.6 MASL) in 2006, as per the methods described in 

Miller  et al. (1987). Each flag was exposed to the local weather conditions for 

approximately 60 days, when, each flag was replaced with a new flag by AI staff. 

The exposed flag was then sent to FC, to calculate the attrition rate. 
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Figure 4.4 The tatter flag attrition rates for the Muddisdale SRC willow site 
2007-2009

Overall the site at Muddisdale was ‘moderately exposed’ (7.7 cm2 day-1) during 

the three year period (Figure 4.4).  The annual tatter rates were, 2007 (8.1 cm2 

day-1),  2008 (7.2 cm2 day-1) and 2009 (7.8 cm2 day-1).  The level of exposure 

varied throughout  the  year,  the  highest,  ‘very exposed’  during December  to 

March (10.2-11.7 cm2 day-1).  There were higher exposure levels (8-11.7 cm2 

day-1) during October to the end of March when the site became ‘moderately to 
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very exposed’. In early April the exposure (7.7 cm2 day-1) generally reduced to 

‘moderately  exposed’  and  June-July  had  least  variability  and  the  lowest 

exposure (3.5 cm2 day-1). The exposure levels tended to increase (5.5 cm2 day-

1) during August to September and became variable again (3.8-8.8 cm2 day-1). 

Whilst there are no 30 year comparisons, these exposure rates are of similar 

strength and pattern to those previously reported in Orkney (Low 1987).

4.1.1.6 Overview of the Orkney climate 

Overall the Orkney weather during this study was generally warmer and slightly 

drier,  than  the  30  year  average,  with  relative  average  wind  speeds  almost 

identical  for  both periods. The average temperature was 9.9  oC (2007-2009) 

which is much milder than the 30 year average of 7.8 oC, is in line with current 

concept of global warming. There was also more sunshine hours during this 

study period (1254 hours)  in  comparison with  the 50 year  average of  1157 

hours. On average Orkney was slightly drier for the study period (997 mm) in 

comparison  with  the  30  year  average  (1028  mm),  however  2007  was  an 

exceptionally drier year than the other two years of this study period. However, 

three months of the winter during the study period were generally wetter than 

the 30 year average, whilst the summer months were generally drier. The wind 

speeds in Orkney were identical for the study period (21.5) and the 30 year 

average (21.5),  whilst  sustained gusts  during 2007-2009 were  slightly  lower 

than the 30 year average (38.5). Finally, exposure levels are generally similar to 

those recorded previously by the FC in previous studies, although no direct 30 

year comparison is available. 

4.2 The soils of Orkney

Orkney soils are derived from Upper and Middle Old Red Sandstone and are 

generally  very fertile,  slightly  acidic  and quite  free draining clay based soils 

(Mykura 1976)  cultivatable to a depth of more than 30 cm (Dry & Sinclair 1985). 

These soil types have a good ability to store nutrients (Brady and Weil 2002) 

and SRC can be highly productive when grown in these soils (Anon 2007c). 

Whilst  over  90% of  agricultural  land is  under  in  agriculture the best  land is 

required for grass and cereal production (Bichan 2007). 
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4.2.1 Muddisdale soil analysis

The Muddisdale site has a silty clay loam soil (Table 4.3) which is considered to 

be very good for SRC crop growth (Danfors et al. 1998), although clay soils are 

colder in spring and growth is slower (Anon 2007c).

Table 4.3 Soil characteristics of the Muddisdale SRC trial site

Soil type pH
N

(kg/ha available)
P 

(Index)
K

(Index)
Silty clay loam 5.4 56.7 3 2

Muddisdale  has  a  pH  of  5.4,  lower  than  the  recommended  5.5-7.0  (Anon 

2007c). The site soil had 56.7 kg ha-1 N available which should be sufficient for 

SRC growth (Anon 2007c). The P and K level at the site are sufficient for growth 

(Johnson 1999). 

4.2.2 Papdale soil analysis 

At Papdale the soil is a heavy clay loam and is very wet in the winter (Table 4.4). 

The soil  pH is 6.3 which is within the range for SRC crops and should have 

allowed the crop to take up nutrients. 

Table 4.4 Soil characteristics of the Papdale SRC trial site

Soil type pH
Heavy clay loam 6.3
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5 The effects of two cut-back treatments on growth and 
biomass production of six SRC willow clones. 

5.1 Introduction

As SRC crops establish, after their first year of growth, it is recommended to 

cut-back all shoots to 10 cm above the ground (Anon 2007c) which affords a 

second opportunity to apply herbicides, if required (Tubby and Armstrong 2002). 

This practice should produce many new vigorous shoots by removing apical 

dominance and combined with  rapid growth is thought  to accelerate canopy 

closure  (Raven  1992;  Sennerby-Forsse  1995;  Sennerby-Forsse  and  Zsuffa 

1995)  and  can  greatly  reduce  weed  competition  by  shading.  However,  the 

requirement of this practice depends largely on clone establishment, number of 

shoots per stool and general growth (Danfors et al. 1998) and the benefit of this 

cut in the UK is unclear (Proe et al. 1999)

Heaton (2000) reported a cut-back lowered survival in the first year and did not 

significantly  increase  biomass  production  after  3  years  for  SRC  in  upland 

Wales. Cut-back in the first year was concluded as being unnecessary in this 

exposed upland climate and was deemed best performed at the first harvest 

(Heaton 2000). ,  Moreover by delaying cut-back to the first  harvest  this can 

lower  establishment costs,  increase crop survival  and a quicker first  harvest 

(Heaton et al. 1999; Smart and Cameron 2008). As the Orkney climate is less 

favourable for  tree establishment,  the delay of  a first  year  cut-back may be 

beneficial by allowing SRC more time to establish, increase survival, reduce the 

first harvest time and therefore this is the focus of this study.

5.2 Methods and Materials

The SRC willow site used for this investigation is referred to as the Papdale A 

trial site. The full details of the trial and all management are in Section 3.1.2. 

 

5.2.1 Treatments 

The clones established at this trial are detailed in Table 5.1. Each experimental 

plot was divided into two sub-plots of 7.5 m by 7.5 m (56 m2) with 100 stools. 

Table 5.1 The SRC clones at the Papdale A Orkney
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SRC Clone Origin

Ashton Stott EWBP

Discovery EWBP

Endeavour EWBP

Olof Sweden

Tordis Sweden
Torhild Sweden

The sub plots were selected using random number generation in March 2008 to 

determine which would receive a cut-back (C1) in year one and the rest were left 

uncut (C0). Each entire (C1) plot (100 plants) was cut-back to 10 cm in March 

2008, leaving the (C0) plots uncut, the sampling area is shaded in Figure 5.1

Figure 5.1 Overview of the Papdale A trial, the no cut-back treatment (C0) 
and the cut-back treatment (C1) with the inner sampling areas shaded for 

each sub-plot

5.2.2 Assessment of the contribution to biomass of ‘gapped’ plants

In 2010 the growth of those plants which were replaced by cuttings or ‘gapped’ 

after establishment in 2008 ,  was visually assessed as being very inferior to 

those plants established in 2007. This suggested these contributed very little to 

biomass production. Therefore in April 2010 these ‘gapped’ plants were sampled 

for Ashton Stott and Endeavour. 
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5.3 Results and discussion

5.3.1 Survival 2008 

The clones showed no significant difference (p=0.368) in survival after the first 

season of establishment (Figure 5.2). Of those established in 2007, Tordis had 

highest survival (95.6%) and Ashton Stott the lowest (86.3%). The contribution 

to the stand of the ‘gapped’ cuttings in 2008 is also shown in Figure 5.1.
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Figure 5.2 SRC willow clone survival in 2008 and the contribution of plants 
‘gapped’ in 2008 to the SRC stand

The  clone  survival  in  2008  was  relatively  good  and  achieved  the  90-95% 

considered to be acceptable elsewhere in the UK for SRC (Karp et al. 2011). 

The  EWBP  clones  had  slightly  poorer  survival  than  the  Swedish  clones 

although there were no significant differences. Moreover, where survival  was 

lower this was generally a lack of a cutting in the planting station, rather than 

cutting death. The Direct Planter was prone to jamming, when feeding a new 

rod  into  the  machine  (Section  7).  Ashton  Stott  is  known  to  be  harder  to 

mechanically plant due to its shoot morphology (I. Sheild 2008 pers.comm) and 

this is the reason for its lower establishment at this trial. 

5.3.2 Survival 2010

The C1  treatment  reduced  survival  significantly  (p<0.001,  LSD 0.76)  (Figure 

5.2). The average survival for the C1  treatment (95.6%) was lower than those 

with  the  treatment  C0  (98.7%).  Three  clones  (Ashton  Stott,  Discovery  and 

Endeavour)  had  the  greatest  reduction.  There  was  no  significant  difference 
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p=0.06 between the clones and all  had lower survival  with the C1  treatment, 

except Olof. Overall there was also a significant difference (p=0.003, LSD 2.7) 

in clone survival, Discovery the lowest (93.9%) and Tordis the highest (97.5%). 
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Figure 5.3 The survival of 6 SRC willow clones with two different cut-back 
regimes. Error bars show the individual SEM (Standard error of the 

means).

All  clones showed a significant reduction in survival  with a C1  treatment,  the 

EWBP clones (Endeavour, Ashton Stott and Discovery) had lower survival than 

the  Swedish  clones.  Therefore,  in  Orkney  the  C0  treatment  would  be  more 

prudent in this climate to optimise survival  and these results reflect research 

elsewhere (Heaton 2000; Proe et al. 1999).

5.3.3 Cumulative biomass production 2007-2010 

5.3.3.1 Cumulative biomass production 2008 (Year 1)
In the first year there was a significant difference (p=0.01, LSD 0.26) in biomass 

production between the clones. Tordis produced the greatest biomass (0.8 ODT 

ha-1)  of  all  six  clones,  and  Olof  the  least  (0.3  ODT  ha-1),  whilst  there  no 

significant differences between the other clones (Table 5.2).

Table 5.2 Cumulative biomass production after one year of growth

Clone
Cumulative biomass 

(ODT ha-1)*
Tordis 0.8 ± 0.01 a
Torhild 0.6 ± 0.02 a b
Ashton Stott 0.5 ± 0.04 b c
Discovery 0.4 ± 0.03 b c
Endeavour 0.4 ± 0.02 b c
Olof 0.3 ± 0.01 c
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* Those with the same letter indicates no significant differences

5.3.3.2 Cumulative biomass production 2008-2009 (Year 2)
At the end of the second year, the C0 treatment produced significantly (p=0.029, 

LSD 0.4) more biomass (2.7 ODT ha-1), than with the C1 treatment (2.2 ODT ha-

1) (Table 5.3). However, there was a significant difference (p=0.023, LSD 1.1) in 

the  clone  response  to  the  treatments.  Biomass  production  significantly 

increased for Ashton Stott (4.5 ODT ha-1) with the C0 treatment, compared with 

the C1 treatment (2.1 ODT ha-1). However, the remaining five clones showed no 

significant difference in biomass production for either treatment.

Table 5.3 Cumulative biomass production after two years of growth

Clone
Cumulative  biomass 

(ODT ha-1 )
C0 treatment

Cumulative biomass 
(ODT ha-1 )

C1 treatment
Ashton Stott 4.5 2.1
Tordis 2.7 2.9
Torhild 2.9 2.3
Endeavour 2.4 2.0
Olof 2.0 2.1
Discovery 1.8 1.7

Overall the clone biomass was significantly different (p=0.004, LSD 0.7) (Table 

5.4). There were no significant differences between the three highest (Ashton 

Stott, Tordis and Torhild), but there was for Ashton Stott and the three lowest.

Table 5.4 Cumulative biomass production after two years of growth

Clone
Cumulative biomass 

in Year 2 (ODT ha-1 )*
Ashton Stott 3.3 ± 0.5 a
Tordis 2.8 ± 0.4 a b
Torhild 2.5 ± 0.2 a b c
Endeavour 2.2 ± 0.2 b c
Olof 2.1 ± 0.3 b c
Discovery 1.8 ± 0.2 c

* Those with the same letter indicates no significant differences

5.3.3.3 Biomass production 2009-2010 (Year 3)
In the third year, the C0  treatment produced significantly more (p<0.001, LSD 

0.5) biomass (11.5 ODT ha-1) than the C1 treatment (7.7 ODT ha-1) (Figure 5.4). 
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Figure 5.4 The cumulative biomass production of six SRC clones with two 
different cut-back regimes over three years of growth

While  there  was  no  significant  difference  (p=0.131)  in  response  to  the 

treatments all clones produced significantly more biomass with a C0  treatment 

(Table 5.5).

Table 5.5 Cumulative biomass production after three years of growth

Clone
Cumulative  biomass 

(ODT ha-1 )
C0 treatment

Cumulative biomass 
(ODT ha-1 )
C1 treatment

Ashton Stott 18.9 13.6
Tordis 13.5 9.6
Torhild 11.1 7.6
Endeavour  8.9 4.9
Olof  8.0 5.4
Discovery  8.7 4.9

There were also significant differences between clones (p<0.001, LSD 0.9) for 

their biomass production (Table 5.6). The highest three clones (Ashton Stott, 

Tordis and Torhild) were significantly different to each other. The lowest clones 

were not significantly different to each other but were to the higher clones.

Table 5.6 Cumulative average biomass production after 3 years of growth

Clone
Cumulative biomass

(ODT ha-1 )*
Ashton Stott 16.5 ± 0.4 a
Tordis 11.5 ± 0.2 b
Torhild  9.4 ± 0.3 c
Endeavour  6.9 ± 0.3 d
Discovery  6.8 ± 0.2 d
Olof  6.7 ± 0.3 d

* Those with the same letter indicates no significant differences
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The harvest data in 2010 supports the C0 treatment for all six clones. There was 

significantly higher (p<0.001) shoot biomass production after three years with 

the C0  treatment than with a C1  treatment. Ashton Stott produced the highest 

biomass (18.87 ODT ha-1) with the C0  treatment than with a C1  treatment (13.6 

ODT  ha-1).  There  was  also  a  significant  difference  at  the  end  of  year  2 

(p<0.001), with the C0 treatment. However, in the second year, there was only a 

significant difference for Ashton Stott with the C0 treatment. The significant gain 

in biomass production for the C0 treatment in year 2, (which continued into year 

3) for Ashton Stott, may be due to its parentage (Table 2.2). Ashton Stott grows 

differently to the other clones, it has several multi-branched shoots (Bullard et 

al. 2002a; Tharakan  et al. 2005) whilst the others have upright single shoots 

which are almost branchless (Lindegaard et al. 2001). The bushier habit of this 

clone resulted in canopy closure by the end of the second year  (with  either 

treatment). No other clones achieved this after three years at the 15,000 plants 

ha-1,  regardless of  treatment.  Therefore an increase in  density  may achieve 

canopy closure and be beneficial for both weed control and biomass production.

Canopy closure at the end of year two also reduced weed competition through 

shading for  Ashton Stott.  Indeed,  weeds were  completely  absent  under  this 

clone  during  the  third  year  which  may have  increased  yields  (Sage  1999). 

However, the other five clones carried a significant weed burden, which may 

have reduced their  performance.  Proe  et al. 2002 suggest  if  higher planting 

densities are used or if a first year cut-back is omitted; either may reduce need 

for additional weed control. Therefore there is an argument the omit the first 

year cut-back (C0 treatment) and increase the planting density to  20,000 plants 

ha-1 as  Wilkinson  et  al.  (2007)  recommended  as  optimum for  two  of  these 

clones (Ashton Stott and Tora). This is in agreement with Lindegaard et al. 2001 

reported the best biomass production at 20,000 plants ha-1.

5.3.4 Shoot production 2007-2010

5.3.4.1 Number of shoots per plant
The C1  treatment produced significantly (p<0.001, LSD 0.3) more shoots per 

plant  (5.0)  than the  C0  treatment  (2.3)  (Figure  5.5).  Whilst  all  clones had a 

significant increase in shoot number after the C1  treatment, the clones varied 

significantly  (p<0.001,  LSD 0.6).  After  C1  treatment,  some clones showed a 
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greater shoot number increase than others, Ashton Stott produced the highest 

number of shoots after a C1 treatment (7.1) and Olof the least (3.6). There was 

also  a  significant  difference  (p=0.001,  LSD  0.5),  for  the  clones  number  of 

shoots.  Ashton  Stott  produced  significantly  more  shoots  (4.9),  although  the 

others were not significantly different.
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Figure 5.5 The average shoot production for 6 SRC willow clones with 2 
different cut-back regimes. Error bars show the clone SEM.

A cut-back in the first year, should promote the development of several new 

shoots,  potentially  5-20  shoots  (Anon  2007c).  However,  here  there  was  a 

significant increase (p<0.001) in shoots after a C1 treatment, this increase is not 

as high as for similar clones in the UK (Bullard et al. 2002a). Therefore whilst 

the C1 treatment increased shoots, there were less shoots than expected. 

The ability to exhibit vigorous re-growth from cut-back stumps is thought to be 

due to a range of factors such as local climate, season, shoot diameter and age 

(Proe  et al. 1999). It is also considered to be directly associated with nutrient 

reserves in established stool roots (Ceulemans et al. 1996; Philippot 1996) and 

the number and behaviour of the buds (Sennerby-Forsse 1995). Therefore, the 

potential number of shoots which will grow after a cut-back is dependent upon 

the  development  of  the  plants  in  the  first  year.  Therefore  the  crop  was 

insufficiently developed after the first year of growth to produce a high number 

of shoots after cut-back in Orkney. Furthermore, whilst the shoot gain in Orkney 

was significant with the C1  treatment, it was insufficient to achieve the same 

biomass production as the C0 treatment by the third year for all clones. 
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5.3.4.2 Shoot height
After 3 years of growth, clones were significantly taller (p<0.001, LSD 0.18) with 

the C0  treatment, than with a C1  treatment (Figure 5.6). Generally shoot height 

increased  with  the  C0  treatment,  although there  was  a  significant  difference 

(p=0.03 LSD 0.44) in clones response. There were two divisions; where height 

was  significantly  increased  with  C0  treatment  (Ashton  Stott,  Discovery  and 

Torhild) and where the increase in height was not considered significant. 
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Figure 5.6 Average shoot height of 6 SRC willow clones with 2 cut-back regimes
Error bars show the clone SEM.

There was also significant difference (p=0.034, LSD 0.3) in clone height. Tordis 

and Ashton Stott were significantly taller than Endeavour and Discovery whilst 

Torhild and Olof were not significantly different from either groups. Tordis was 

the tallest clone and showed no significant difference in height for either regime. 

The height of SRC at this trial, is similar, although at the lower end to elsewhere 

(Bullard et al. 2002a; Hinton-Jones and Valentine 2008). In Orkney, this may be 

as a consequence of climatic exposure (see section 6 and 7).

5.3.4.3 Shoot diameter 
For  the  majority  of  the  clones,  the  C0  treatment  increased  shoot  diameter 

significantly  (p<0.001)  (Figure  5.7).  The  clone  diameters  were  significantly 

different  (p<0.001,  LSD  1.8)  the  three  clones  with  the  greatest  diameters 

(Ashton  Stott,  Tordis  and  Torhild)  were  not  significantly  different  from each 

other but there were differences between the other clones. Discovery and Olof 
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were  not  significantly  different  from each  other,  whilst,  Endeavour,  with  the 

smallest diameter (11.3 mm) was significantly different from all other clones.
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Figure 5.7 Average shoot diameter for 6 SRC willow clones with 2 cut-
back regimes. Error bars show the clone SEM.

Shoot diameters were significantly different (p<0.001) for four of the six clones. 

The clones with  the  largest  biomass production  had the  greatest  diameters 

regardless of treatment. However, the diameters two years after a C1 treatment 

(9-14 mm) were lower than those in the literature for S. viminalis clones (18-20 

mm) and for S. burjatica clones (25-30 mm) (Bullard et al. 2002a). 

5.3.4.4 Shoot regrowth in 2010 after harvest
After the first harvest, neither treatment had a significant effect (p=0.181) on the 

shoots that re-grew (Figure 5.8).  Four  of  the six clones produced increased 

number of shoots with the C0 treatment, which was not significant for all except 

Endeavour.  There  was  no  difference  in  shoots  for  Ashton  Stott  with  either 

treatment and Tordis slightly increased with the C1 treatment.
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Figure 5.8 The average shoot regrowth after a first harvest for two cut-
back regimes

Error bars show the clone SEM.

Ashton Stott produced significantly (p<0.001, LSD 1.4) more shoots (16.3) than 

the others (Table 5.7), and Discovery the least with 5. 

Table 5.7 The average shoot production for 6 SRC willow clones after first 
harvest

Clone Shoots per stool*
Ashton Stott 16.3 ± 0.8 a
Torhild 7.9 ± 0.5 b
Tordis 7.5 ± 0.6 b
Endeavour 7.3 ± 0.8 b c
Olof 6.0 ± 0.5 c d
Discovery 5.0 ± 0.6 d

* Those with the same letter indicates no significant differences

With a C0 treatment there was an increase in the shoot production after harvest. 

This may be an indication of greater root establishment, allowing more shoots to 

regrow. Moreover,  the shoots after the harvest are now within the range for 

similar  clones  (Bullard  et  al.  2002a;  Hinton-Jones  and  Valentine  2008). 

Therefore it is beneficial in Orkney to use the first harvest to cut-back the crop.

5.3.4.5 The contribution of gapped shoots to biomass production 
The two clones, Ashton Stott (high yielding) and Endeavour (low yielding) were 

selected  to  assess  any  difference  between  clone  vigour  and  response  to 

‘gapping’.  For stools established in 2007, Ashton Stott  produced significantly 

more (p<0.001, LSD 0.127) biomass (1060 ODg) than Endeavour (43 ODg). 

For those ‘gapped’ in 2008, the overall biomass of each clone was significantly 

lower  than  their  established  counterparts  (18  ODg)  Ashton  Stott,  (13  ODg) 
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Endeavour.  Furthermore,  the  LSD  analysis  shows  the  vigour  difference 

between the clones disappears for the ‘gapped’ plants.

 

Table 5.8 The average biomass produced per plant (ODg) for established 
and gapped plants of Ashton Stott and Endeavour with two cut-back 

regimes

When considering  the  effect  of  the  cut-back  regime there  was  a  significant 

difference (p=0.002, LSD 127) between the biomass produced by established 

plants and ‘gapped’ plants of both clones (Table 5.8). The established plants 

produced  more  biomass  with  a  C0  treatment  (889  ODg),  than  with  the  C1 

treatment (597 ODg). However, for the ‘gapped’ plants, there is no significant 

difference (p=0.505) between either treatment C1  (16 ODg) and C0  (15 ODg). 

The  contribution  of  ‘gapped’  plants  to  the  stand  was  13.7% (Ashton  Stott), 

13.1% (Endeavour) (Figure 5.9) but these only contributed negligibly to biomass 

production 0.3%, 0.5% respectively, with either treatment.

Figure 5.9 The contribution of ‘gapped’ plants to the SRC stand and to 
biomass production in 2010

It may be these ‘gapped’ plants are so strongly subjected to competition during 

this  first  rotation  that  they  were  unable  to  ‘catch  up’  with  the  main  stand, 

regardless of cut-back treatments. This practice (gapping) is labour intensive 

and costly and it is of limited benefit in Orkney. However, if these gaps are left 

Clone and cut-back 
treatment

Ashton Stott
C1 

Ashton Stott
C0

Endeavour
C1

Endeavour
C0

(ODg)
Established - 2007 890 1240 308 542
Established - 2008 
(Gapped plant)

19 17 13 14
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by omitting this process those surviving clones may compensate by increasing 

growth to utilise the extra space (Bergkvist and Ledin 1998). 

5.3 Conclusions and recommendations 

The  omission  of  a  cut-back  led  to  a  significant  increase  in  clone  biomass 

production,  after  the  third  year  of  growth.  The  increased  number  of  shoots 

produced after the cut-back, whilst significant, was lower than expected (Bullard 

et al. 2002a). The omission of a cut-back treatment also significantly increased 

survival for the clones which is in agreement with Heaton (2000). After the first 

harvest, there was also no significant effect of either treatment on the shoots 

were regrown after this operation. Therefore, in Orkney it appears to be more 

appropriate to omit the first year cut-back and use the first harvest to carry this 

out which may also increase survival.

Whilst survival of the SRC clones in Orkney was consistent with those reported 

in the UK, the growth rates were lower. The climate was fairly typical during 

establishment period (Section 4) temperatures were low and wind was constant, 

therefore growth  appears to  have been lower  than expected.  The crop was 

quite dry during June 2008 this did not appear to be an issue. However during 

the winter of 2007-2008 the soil at this site is a heavy clay loam and the crop 

was  saturated  from  September  until  late  spring.  During  this  period  of  soil 

saturation, the level of winds and exposure were also at their worst (Figure 4.4, 

4.4). Ashton Stott was the only clone to achieve canopy closure in the second 

year, for either treatment. Therefore, it is suggested that an increased planting 

density  be  considered.  This  will  allow  a  quicker  canopy  closure,  help  to 

eliminate weed competition and may reduce the costs of additional weed control 

within the stand. Whilst this would increase the initial cost of establishment, the 

economic saving of omitting a first year cut-back would contribute to the extra 

planting  material  required.  The  contribution  of  ‘gapped’  plants  to  overall 

biomass  production  was  limited,  regardless  of  clone  vigour  or  treatment.  It 

would be better to concentrate efforts on achieving target density during the 

planting  operation,  perhaps  by  ‘gapping’  directly  after  the  planting  machine, 

than fill in the gaps for these 7-9 months later when the stand is established. 
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Furthermore,  the  omission  of  a  first  year  cut-back  will  allow  the  plants  the 

greatest opportunity for survival.
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6 The effects of three fertiliser regimes on growth and 
biomass production of four SRC willow clones. 

6.1 Introduction

Soil  nutrients  removed by SRC crops will  become depleted if  these are not 

replaced over time by the application of fertilisers (Dickmann 2006). Therefore 

the replenishment of those used for growth (e.g. a nutrient balance approach) is 

a  suitable  method  of  fertilising  SRC  (Labrecque  and  Teodorescu  2003). 

Nitrogen (N) is the nutrient which has the greatest influence on SRC growth and 

is the focus of this study.  For each ODT produced, 3-9 kg N is required for 

growth  (Mitchell  1995;  Sennerby-Forsse,  1995).  However,  the  rate  of  N  is 

dependant upon site conditions, clones and length of harvest cycle (Mitchell et 

al. 1999; Adegbidi  et al. 2001).  At  15,000 plants ha-1 Adegbidi  et al.  (2001) 

reported 5 kg N was required per ODT harvested and produces the greatest 

biomass increase after a three year harvest cycle. Furthermore, no significant 

yield increases were reported with N applications above this (Boehmel  et al. 

2008). For the current commercial clones available a biomass production of 10-

12 ODT ha-1 a-1 is expected in the UK (Lindegaard et al. 2001) and 50 kg N ha-1 

a-1 is considered a sufficient fertiliser rate (Styles and Jones 2007). 

To investigate the requirement for applying additional N to the crop, a study 

comparing the effects of different fertiliser amendments was undertaken. These 

were  applied  as  three  treatments:  i)  an  organic  fertiliser  of  slurry,  ii)  an 

equivalent  rate  of  mineral  (in-organic)  fertiliser  and  iii)  a  control  where  no 

fertiliser  was  applied.  The  effect  of  the  treatments  on  survival  biomass 

production and shoot characteristics were assessed after two years of growth. 

The ground cover vegetation was also assessed to record any differences in the 

species cover between the treatments. This section will compare the differences 

between the three fertiliser regimes to aid fertiliser recommendations for willow 

in Orkney.

6.2 Methods and Materials

The trial was located at Muddisdale B all details of all site management are in 

Section 3.1.1. 
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6.2.1 Treatments 

The four clones established at Muddisdale B in 2006 are shown in Table 6.1 

and further details of their parentage are given in Table 8.1. 

Table 6.1 The SRC clones at Muddisdale B 

SRC clone Origin

Ashton Stott EWBP

Resolution EWBP

Sven Sweden

Tora Sweden

The plots were cut-back in April 2008, after which they received an application 

of herbicide,  propyzamide (KerbFlo), at 2 l  ha-1.  The trial required a fertiliser 

regime sufficient for a two year harvest cycle. A potential biomass production of 

8-10 ODT ha-1 a-1 in Orkney was regarded as achievable (Martin  et al. 2005). 

Therefore assuming N removal/use rate of 5 kg N ODT-1 biomass, at 15,000 

plants ha-1, a rate of 40 kg N ha-1 a-1 was considered sufficient for maintaining 

expected growth. Hence, in May 2008 the treatments (Figure 6.1) were applied:

1. Mineral compound fertiliser (FM treatment)

2. Organic fertiliser of slurry (FS treatment)

3. No fertiliser application (F0 treatment)

Figure 6.1 The layout of the fertiliser regimes at Muddisdale B
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In May 2008, the FM treatment plots had a compound mineral fertiliser (20:6:6) 

with a Vicon 802 varispreader, at 80 kg N ha-1 (equivalent to 40kg N ha-1 a-1). 

Plate 6.1 Spreading slurry over SRC crops at Muddisdale Orkney 2008

For the FS treatment, the application rate for the available N was estimated from 

the standard for slurry in Scotland (SAC 2008 pers.comm). A sample of the 

slurry was sent for analysis and the actual nutrient content of the slurry and the 

nutrients potentially available for plant growth were given. The actual nutrients 

and those available for plant growth for the FS treatment ha-1 are detailed in 

Table 6.2. The FS treatment was applied using a Fraser tank 1500 gallon slurry 

spreader (Plate 6.1), at an application rate of 36,400 l ha-1.  The F0 treatment 

received no application, leaving the crop to use the nutrients in the soil.

Table 6.2  Results of the nutrient content of Orkney beef cattle slurry
Orkney Beef Cattle 

Slurry
Nitrogen (N)

(Kg ha-1)
Phosphorus (P)

(Kg ha-1)
Potassium (K)

(Kg ha-1)
Actual nutrient content 156 52.4 175.6

Available for plant growth 78 26.2 158

6.2.3 SRC survival, biomass production and shoot observations

The material and methods for clone survival  and biomass production for this 

trial follow those previously described in Section 3.3.

6.2.4 Vegetation Survey 

During September 2009, a vegetation survey was conducted for each plot using 

a quadrat (1 m2) in the central row, at 7 m, 14 m and 21 m (Plate 6.2).
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Plate 6.2 Vegetation surveying in SRC willow 2009 

The abundance of each species was visually estimated to assess the ground 

area  occupied.  This  was  scored  by  the  Domin  scale  and  converted  into  a 

percentage cover for grass and broadleaves as described by (Currall 1987). 

6.3 Results and discussion

6.3.1 Survival 2010 

Neither fertiliser treatment had any significant effect (p=0.346) on clone survival 

(Table 6.3). The addition of fertilisers did not result in any visible crop damage 

or change in survival compared to the unfertilised control.

Table 6.3 The  SRC clone survival (%) for four clones with three fertiliser 
treatments

Muddisdale B, 2010 (Mean ± SE, n=5)
                    SRC Clone survival (%)

Treatment Ashton Stott Resolution Sven Tora Average
Zero (F0) 63.8 66.9 73.8 78.1 70.6 ± 2.7
Mineral (FM) 64.4 66.2 71.9 73.8 69.1 ± 2.6
Slurry (FS) 61.9 65.0 65.6 71.9 66.1 ± 2.2

Whilst survival  at this trial is lower than would be expected, this is generally 

considered to be due to the planting technique used at the site (Dieterich 2007) 

(Section 7).

6.3.2 Biomass production after two years of growth 2010 

There  were  no  significant  differences  (p=0.133,  LSD  75)  in  the  biomass 

production for the three fertiliser treatments (Table 6.4). All clones produced the 
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greatest biomass with the F0 treatment, the least with the FS treatment but this 

difference was not found to be significant. 

Table 6.4 The total biomass production (OD g) per stool, for three fertiliser 
treatments

Muddisdale, 2010 (Mean ± SE, n=5)

                           SRC Clone biomass (OD g)
Treatment Ashton Stott Resolution Sven Tora Average
Zero (F0) 1080 471 685 700 734 ± 28
Mineral (FM) 1050 457 678 673 703 ± 29
Slurry (FS) 1040 431 603 599 668 ± 31

This study has shown there were no practical problems applying either the FM or 

FS treatment  to  the  crop.  As  there  was  no  significant  increase  in  biomass 

production, the application of mineral fertilisers is not necessary at this period of 

the crop’s life. The FS treatment applied in this study illustrated that if land is 

converted  to  SRC  it  is  still  practical  to  dispose  of  slurry  on  these  sites  if 

necessary. However using slurry as a fertiliser, on young crops, appeared to be 

the least attractive treatment. Whilst there was no significant difference in the 

treatments, slurry produced the lowest biomass production and this treatment 

appeared to encourage the most weed growth of all the plots (Section 6.3.4). 

Therefore, if there is a need to dispose of slurry on SRC, it may be better to 

apply  it  after  the  crop  has  been  established  for  a  few  years  when  weed 

competition has less of an effect on biomass production.

The results of the soil analysis for this site (Table 4.2) showed that prior to the 

treatments the available nitrogen was 56.7 kg N ha-1. The pH at the site (5.6) is 

within the acceptable range for SRC and the crop should have had sufficient 

access to the nutrients available. The lack of significant difference in biomass 

production  between  the  treatments  suggests  there  was  sufficient  nitrogen 

available within the clay loam soil at this site to sustain the growth requirements 

of the crop. The results at this site are similar to those reported by Quaye et al. 

2011,  where  the  application  of  fertilisers  (organic  and  mineral)  did  not 

significantly  increase  biomass  production  when  compared  to  a  control  area 

(with  no  application)  on  good  agricultural  soils.  Labrecque  and  Teodorescu 

(2003) also found that in more nutrient rich clay soils, high biomass production 

can be achieved without the application of fertiliser. In Orkney, most agricultural 

soils  are  considered  to  be  fertile  (Dry  and  Sinclair  1985).  Muddisdale  was 
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managed as improved pasture for cattle, prior to planting with SRC willow and 

this is the type of site which is most likely to be converted to  SRC in Orkney 

(Bichan  2007).  Therefore  these  types  of  site  may  have  sufficient  nutrient 

reserves for initial crop growth. Moreover, the ability of willow to cycle nutrients 

also needs to be considered as this will also release N directly to the crop.

Willow begins active nutrient cycling approximately two years after planting, by 

which time the high percentage of N (Killingbreck 1996) previously stored in the 

leaves begins to be made available,  for  crop growth (Alriksson  et al. 1997). 

Muddisdale B was planted in 2006 and as this SRC plantation was two years 

old  at  the  time of  treatment,  it  should  have  begun to  sustain  itself  through 

internal nutrient cycling. Therefore the argument by Labrecque and Teodorescu 

(2005)  that  SRC crops  will  be  sustained  by  the  residual  nutrients  and  not 

require initial fertilising on agricultural land appears to be confirmed by these 

results  at  this site in Orkney.  Furthermore,  as this  crop was planted on ex-

grassland which is the land most likely to be converted to SRC in Orkney, there 

may be no requirement for fertiliser on similar sites. However, as proposed by 

Mitchell  et al. (1999) this will need to be carefully considered on a site by site 

basis and this situation may change after several harvests.

Moreover,  as  biomass  production  was  not  significantly  different  between 

treatments in Orkney, it is unlikely that SRC crops planted on agricultural sites 

will require any fertiliser application, for the first few years or perhaps longer. 

The addition  of  fertilisers  (mineral  or  organic)  is  considered to  increase the 

crops GHG impact, unless the biomass produced is greater than 25% (Gilbert 

et  al.  2011).  Therefore  as there  was  no difference between the treatments, 

recommending the  F0 treatment  will  increase crop  sustainability  by reducing 

both the carbon balance and lowering the costs of production in Orkney. 

Table 6.5 The annual biomass production of SRC clones 
Muddisdale, Orkney, 2010 (Mean ± SE, n=5)

SRC Clone ODT ha-1 a-1* 
Ashton Stott  7.8 ± 0.2 a
Tora  4.9 ± 0.3 b
Sven  4.9 ± 0.2 b
Resolution  3.4 ± 0.1 c

* Those with the same letter indicate no significant differences.
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There were significant differences (p<0.001, LSD 0.56) in biomass production 

for the clones (Table 6.5), when individual stool weights were converted into 

ODT ha-1 a-1. Ashton Stott produced the greatest biomass (7.8 ODT ha-1 a-1) and 

this  was  significantly  more  than  all  other  clones.  There  was  no  significant 

difference  in  the  biomass  production  of  Tora  and  Sven,  but  they  were 

significantly higher than Resolution, which had the lowest biomass production. 

The fertiliser application rates were estimated for a potential biomass production 

of  8-10  ODT  ha-1 a-1. However,  only  Ashton  Stott  produced  close  to  this 

predicted amount, the other clones achieved a lesser amount. Therefore the N 

applied to the crops was more than sufficient to achieve the expected level of 

biomass production at this site.  The lack of significant difference between the 

treatments, may also suggest the removal of N by SRC in Orkney is lower than 

the rate of 5 kg N ODT-1 reported at similar density by Adegbidi  et al. (2001). 

The F0 treatment only had an initial 56 kg N available, therefore the potential kg 

N extracted  per  ODT-1  biomass for  Ashton Stott  (e.g.  16  ODT in  total),  is 

potentially nearer to 3.5 kg N ODT-1, which is within the range suggested by 

Mitchell (1995).  However this estimate does not consider the value of the N 

cycled through deposition and mineralisation. Therefore there appears to be no 

requirement  for  fertiliser  for  the  early  harvest  cycles  of  SRC  in  Orkney. 

Moreover, if nutrient cycling can sustain this process, there may be no fertiliser 

requirement for the lifetime of the crop as suggested by Dawson (2007). 

6.3.3 Shoot production 2010

Shoot number, diameter, height and tip die-back were collected for all clones. 

However, with the exception of shoot tip die-back, these showed no significant 

difference for all  treatments. The shoot data reflects Section 7 and therefore 

only shoot tip die-back is reported. 

6.3.3.1 Shoot tip die-back
Overall there was a significant difference (p<0.001, LSD 1.1) between shoot tip 

die-back for all clones (Table 6.6). Resolution had the greatest die-back (23.2 

cm) and Ashton Stott the least (6.4 cm), whilst Sven and Tora had similar die-

back (16.9 cm, 16.2 cm) respectively.  There was significantly less (p<0.001, 

LSD 1.4) shoot tip die-back with the F0 treatment compared to the two fertiliser 

treatments where there was no significant difference (Table 6.6).  
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Table 6.6 The SRC shoot tip die-back for four SRC clones with three 
fertiliser treatments Muddisdale B, 2010 (Mean ± SE, n=5)

Clone shoot die-back (cm)*

Treatment
Ashton 

Stott
Resolution Sven Tora Average

Slurry (FS) 7.6 26.5 19.9 20.7 18.6 ± 1.6 a
Mineral (FM) 7.8 26.1 21.4 17.6 18.2 ± 1.1 a
Zero (F0) 3.8 16.9 9.5 10.5 10.1 ± 1.3 b

* Those with the same letter indicate no significant differences.

There was a significant difference (p<0.001, LSD 2.5) in the length of shoot tip 

die-back and the treatments for individual clones. Ashton Stott and Resolution 

had significantly less die-back with the F0 treatment (3.8 cm, 17 cm) than with 

the other two treatments.  Sven also had significantly lower  die-back with  F0 

treatment (9.5 cm), but also had significantly higher die-back with FM treatment 

(21.4 cm), than the Fs treatment (19.9 cm). Tora also had the least die-back with 

the F0 treatment (10.5 cm), but had significantly higher die-back with the with FS 

treatment (20.7 cm) than the FM treatment (17.6 cm). All clones in Orkney are 

affected  by  shoot  tip  die-back  which  is  caused  by  excessive  exposure  to 

maritime winds (Section 7). However, all clones had the least damage with the 

F0 treatment and in Orkney this treatment may be advantageous to reduce die-

back.  The  low  temperatures  in  Orkney  and  increased  availability  of  N  has 

resulted in these shoots being more prone to damage from the wind. This result 

is similar to Cambours et al. (2006) whereby increased nitrogen led to greater 

shoot die-back, although it was due to the effect of frost on shoots, rather than 

the effects of maritime exposure. Increased nitrogen has also been reported by 

von  Fircks  et  al. (2001)  to  delay  abscission  in  the  winter  and  early  spring 

growth, resulting in shoots being less dormant and at more risk of damage by 

extreme  weather  events.  Tahvanainen  and  Rytkönen  (1999)  also  reported 

damage to SRC shoot tips altered the biomass growth and reduced production. 

Furthermore, in windy climates, the greatest influence on biomass productivity 

is suggested to be the effects of exposure, rather than edaphic factors (Worrell 

and Malcolm 1990). 

6.3.4 Ground vegetation under the SRC crop

The percentage grass cover in the ground vegetation under the SRC plots was 

significantly  different  (p<0.001,  LSD  8.8)  for  all  treatments.  There  was 
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significantly more grass in plots with the FS treatment (51.1%) than the other two 

treatments and significantly less in the F0 treatment (18.6%) (Table 6.7).

 

Table 6.7 The grass cover (%) in the ground vegetation for three fertiliser 
treatments Muddisdale B, 2010 (Mean ± SE, n=5)

Grass species (%) cover*

Treatment
Ashto

n
 Stott

Resolution Sven Tora Average 

Slurry (FS) 30.1 62.8 50.2 61.2 51.1 ± 3.6 a
Mineral (FM) 20.9 37.0 43.1 30.3 32.8 ± 4.1 b
Zero (F0) 8.1 25.5 20.7 20.2 18.6 ± 2.3 c

* Those with the same letter indicate no significant differences.

There  was  also  a  significant  increase  (p<0.001,  LSD 10.4)  in  the  cover  of 

broadleaves for the F0 treatment when compared with the others (Table 6.8). In 

terms of the trial, the FS treatment had the greatest influence on grass cover.

Table 6.8 The broadleaf cover (%) in the ground vegetation for three 
fertiliser treatments Muddisdale B, 2010 (Mean ± SE, n=5)

Broadleaf species (%) cover*

Treatment
Ashto

n 
Stott

Resolution Sven Tora Average

Zero (F0) 49.9 54.2 40.3 37.1 45.4 ± 3.6 a

Mineral (FM) 28.1 39.9 25.6 30.8 31.1 ± 3.2 b

Slurry (FS) 17.8 13.7 34.8 27.6 23.5 ± 2.9 b
* Those with the same letter indicate no significant differences.

This treatment significantly increased the growth of grass (Plate 6.3) which is 

the  opposite  result  from that  in  Wales,  slurry  was  the  most  effective  weed 

suppressing mulch on SRC although the rate was far higher (100,000 l ha-1) 

(Heaton 2000).
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Plate 6.3 SRC willow clones grass vegetation with the slurry treatment

The mineral fertiliser also seems to have encouraged more grass cover and 

competition  from  grasses  may  have  reduced  any  benefit  of  the  additional 

fertiliser.  The  F0 treatment  showed  significantly  less  grass  cover  but  a 

significantly higher ground cover by less competitive broadleaf species for all 

clones. It seems likely that the lack of additional fertiliser resulted in reduced 

vigour of the grass species which allowed an increase in the cover of broad leaf 

species. The most abundant broad leaf species present,  Ranunculus repens 

(Creeping buttercup), is a common species, and is less competitive than many 

agricultural grasses (Grime et al. 1988).  R. repens has a spreading, creeping 

habit, which allows frequent areas of bare ground to be present between the 

individual plants. These plants are also quite shade tolerant and they reduce the 

ability of others to colonise under the crop. However the plants reproduce by 

stolons  and the parent  rosette  can sustain  many individuals  from one main 

plant. Therefore whilst they can cover the ground of the crop and reduce the 

competition of other species, only a limited amount will be directly withdrawing 

nutrients from under the crop (Grime et al. 1988).

There was a significant difference for the clones (p<0.001, LSD 10.2) in the 

grass in the plots (Table 6.9). Resolution had the highest grass cover (41.8%) 

and Ashton Stott the least (19.7%). Resolution, Sven and Tora did not have 

significantly different cover, but had significantly higher cover than Ashton Stott.

Table 6.9 The ground vegetation (%) under the SRC clones at Muddisdale, 
2010 (Mean ± SE, n=5)

SRC Clone Grass species Broadleaf species 
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(%) cover* (%) cover*
Resolution 41.8 ± 4.7 a 35.9 ± 4.5 a
Sven 38.0 ± 4.9 a 33.6 ± 3.9 a
Tora 37.2 ± 4.8 a 31.8 ± 3.5 a
Ashton Stott 19.7 ± 2.5 b 32.0 ± 4.3 a

* Those with the same letter indicate no significant differences.

There was no significant difference (p=0.854) in the broadleaf vegetation cover 

of all the clones, which ranged from 31-34%. The lack of a significant difference 

between the clones for broadleaf species is probably due to the tolerance of the 

main species R. repens to shade. At this site, Ashton Stott was the only clone to 

achieve canopy closure by the end of the second year. Therefore it is possible 

that the shade created by the canopy significantly reduced the grass cover for 

this clone but would not have suppressed broadleaved weeds greatly due to 

their greater tolerance to shade than the grass species present. Ashton Stott 

also had the greatest biomass production and this may be due to the different 

morphology of  the  clone  intercepting  more  radiation  for  photosynthesis  and 

resulting in greater shade and therefore reduced grass competition. Moreover, 

excessive weed competition within SRC is known to reduce biomass production 

by  1-2  ODT  ha-1 a-1 (Sage  1999).  Therefore  considering  a  higher  planting 

density  for  SRC  plantations  in  Orkney  may  help  to  reduce  grass  weed 

competition within the crops and potentially increase biomass production.

6.4 Conclusions and recommendations

In Orkney, where SRC crops are grown in fertile soils, there was no significant 

yield benefit  from the addition of fertilisers (slurry or mineral) during the first 

rotation period. However, there was a significant increase in grass competition 

with fertiliser addition when compared to no fertiliser. Slurry produced the lowest 

biomass of the three treatments and grass competition was significantly higher 

with slurry than with the other treatments. The plots which received the extra N 

also had significantly increased shoot tip die-back for all clones when compared 

to no fertiliser.  Therefore, the application of fertiliser in Orkney is probably not 

necessary  or  justified  for  the  first  rotation  period.  This  probably  reflects  the 

inherent fertility of the soil on which the crop was grown and the efficiency of the 

crop in recycling its own nutrients. The omission of fertiliser would significantly 

reduces the GHG impact of the crop and reduce its early production costs. If 

fertilisers are required in later harvest cycles the application of slurry in Orkney 
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is  a practical  option. This may be of greater  benefit  when the crop is more 

established and canopy closure may be achieved which will reduce the impact 

of weed competition on the crop. 

In conclusion, when SRC is planted on agricultural land in Orkney, no fertiliser 

application is recommended for the first rotation period of the crop. This may 

perhaps be longer, potentially for the lifetime of the crop, if nutrient cycling can 

efficiently sustain biomass production. This will considerably reduce the cost of 

production, reduce shoot die-back, improve the carbon balance of the crop and 

may reduce the weed burden on these sites.  
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7 The growth and biomass production of 13 SRC willow 
clones in Orkney 

7.1 Introduction

In  the  exposed  climate  of  Orkney,  sourcing  suitable  forestry  species  has 

previously  been  proven,  by  the  FC,  to  be  a  key  factor  in  the  successful 

establishment  of  woody  species  on  the  islands  (Low 1987).  Therefore,  the 

identification  of  SRC  willow  clones  suited  to  the  local  conditions  is  a 

fundamental issue needing to be addressed in Orkney. Exposure has also been 

reported to have caused die-back in many commercial forestry species being 

trialled,  resulting  in  altered  growth,  reduced height  and species  which  were 

found  to  be  very  unsuited  to  the  local  climate  died  (MacDonald  1967). 

Therefore, when considering clones to recommend in Orkney, an assessment 

of their growth in the local climate may give an indication of which to choose.

Growing SRC crops with a diverse genetic mix of clones is considered to be a 

practical  solution  to  reduce  the  risk  of  willow  rust   especially  in  the  wetter 

regions of the UK (Anon 2007c). As the prevalence and level of rust on SRC is 

unknown in Orkney, it is prudent to identify a diverse selection of at least six 

SRC clones (three from each breeding programme) that are suited to the local 

climate.  Unfortunately, there is no current UK recommended SRC list, making 

clone choice difficult  for  new regions wishing to  grow willow (Kightley  et  al. 

2008). Moreover, the performance of SRC clones is variable and a wide range 

of biomass production is reported throughout the UK (Anon 2007d; Aylott et al. 

2008). Therefore, assessing SRC in the local environment is considered vital to 

help identify suitable clone selection for new regions (Lindegaard et al. 2001). 

In Orkney the scale of SRC operations are envisaged to be much smaller than 

commercial  sites  elsewhere  in  the  UK  and  the  majority  of  the  available 

commercial machinery may be too large and unsuitable. Therefore there is a 

need in Orkney to identify the most practical and efficient machinery to develop 

SRC locally.  With these issues in  mind,  the larger  trials  at  Muddisdale and 

Papdale were established using two different types of SRC planting machines 

(Section 3.1) both of which were hired and brought to the island to demonstrate 
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crop  planting  to  farmers.  The  identification  and  demonstration  of  SRC 

machinery may offer practical solutions to promote the development of the crop. 

In order to allow a preliminary assessment of the clones, the following section 

details  the  progress  of  the  clones at  Muddisdale  and  Papdale. It  will  firstly 

discuss  the  13  clones  at  Muddisdale  to  assess  survival,  annual  biomass 

production after three years of growth and a summary of shoot growth achieved 

by 2010 (number of shoots per stool, height, and diameter). The incidence of 

rust during 2008 and 2009 for the 13 clones at Muddisdale was assessed and 

discussed. This section then gives a preliminary clone ranking and an initial 

selection from Muddisdale. 

The section will  then discuss the Papdale trial  and go on to assess the 10 

clones. This trial was planted with a small, prototype 2-row step-planter ‘Direct 

Planter’ and the suitability of this small commercial prototype is considered for 

local  use.  At  the Papdale trial,  the survival  at  planting and after  2  years  of 

growth  is  assessed.  The biomass production  after  two years  of  growth  and 

shoot characteristics of 10 clones are also discussed. All SRC clones in Orkney 

suffer shoot tip die-back and this was measured over two years at this trial. The 

section gives a preliminary summary of clone ranking and an initial selection of 

clones from Papdale. This will allow a comparison between the trials and their 

assessment to be discussed in Section 8.
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7.2 Methods and Materials 

The full details of these trials and the management regimes are described in 

Section 3.1.2. The clones established at both trials are detailed in Table 7.1. 

Table 7.1 The SRC clones planted in the AI SRC trials at Muddisdale and 
Papdale, Orkney

SRC Clone Origin
Muddisdale

SRC trial
Papdale
SRC trial

Ashton Parfitt EWBP √ X

Ashton Stott EWBP √ √

Beagle EWBP √ √

Discovery EWBP √ √

Endeavour EWBP √ √

Nimrod EWBP √ X

Olof Sweden √ X

Resolution EWBP √ √

Sven Sweden √ √

Terra Nova EWBP √ √

Tora Sweden √ √

Tordis Sweden √ √
Torhild Sweden √ √

7.2.3 SRC survival, shoot assessments and clone biomass

The material and methods used for clone survival,  clone biomass and shoot 

assessments for this section follows the methodology in Section 3.3.

7.2.4 Willow rust assessment

A monthly assessment from July to September (2008 and 2009) recorded the 

appearance and progress of willow rust. In the centre of the plots, six random 

plants were chosen and all leaves were scored for rust using the assessment 

key (Figure 7.1). A cumulative rust score was then determined for each clone. 
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7.3 Results and discussion

7.3.1 Muddisdale Trial 

This trial reports  the third year of growth for 13 clones (Table 7.1) at this site.

7.3.1.1 2010 Survival
In 2010 survival of the 13 clones at Muddisdale varied significantly (p<0.001, 

LSD 14.9) (Table 7.2). The average survival was 64.4% ranging from 24.8% 

(Nimrod) to 79.4% (Tora). Ten clones attained over 60%, while three clones had 

less than 50% survival (Discovery, Olof and Nimrod). The eight best surviving 

clones were not significantly different to each other, but they were significantly 

higher  than  the  poorest  performing  clones  (Discovery,  Olof  and  Nimrod). 

Nimrod had the lowest survival and was significantly lower than all other clones.

Table 7.2 The survival of 13 SRC clones at Muddisdale, Orkney, 2010
(Mean ± SE, n=5)

Rank Clone Survival (%)*
1 Tora 79.4 ± 2.1 a
2 Ashton Stott 78.1 ± 2.4 a b
3 Tordis 76.2 ± 1.6 a b c
4 Ashton Parfitt 70.0 ± 5.3 a b c
5 Beagle 69.4 ± 2.1 a b c
6 Sven 66.9 ± 2.4 a b c
7 Endeavour 65.6 ± 8.2 a b c
8 Torhild 64.4 ± 3.3 a b c
9 Resolution 63.1 ± 4.9 b c

10 Terra Nova 62.5 ± 9.8 c
11 Discovery 46.2 ± 6.9 d
12 Olof 44.4 ± 7.4 d
13 Nimrod 24.8 ± 0.8 e

* Those with the same letter indicate no significant differences

There was no significant difference in the survival of the Swedish clones and 

these appeared to  have better  survival  than the  EWBP clones.  The EWBP 

clones were very variable (24.8-78.1%) and there were significant differences 
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between many of these clones (Table 7.2). Overall  the survival  in 2010 was 

lower than in 2007 for all clones. However the degree to which survival was 

reduced was variable. For the clones with the highest survival the reduction was 

generally  between  10-15%.  For  example  Sven  was  76% in  2007  (Dieterich 

2007)  and reduced further  in  2010 to  67%.  However,  for  the  three  poorest 

performing  clones,  there  was  a  far  greater  reduction.  Discovery  and  Olof 

changed  from  83%  and  80%  respectively  in  2007  to  46%  and  44%, 

respectively. Nimrod showed an even larger reduction with survival falling from 

73% in 2007 to 24% in 2010. In 2010 these three had a high incidence of dead 

stools which appear to have died due to either the harvesting method or were 

detrimentally affected by the post-harvest herbicide applied in March 2010.

With the exception of the three poorest performing clones, Nimrod, Discovery 

and Olof, the general reduction in survival in 2010 was mainly due to empty 

planting spaces. There may have been due to a number of factors. Firstly, as a 

direct consequence of the poorer performance of the planting machine, poor 

cutting  material  and  therefore  survival  was  lower  than  expected  in  2006/7 

(Dieterich 2007). This left the clone plots with an incomplete stand, which has 

resulted in a heavy weed burden on this site due to an incomplete canopy. 

Secondly,  the cut-back in 2007 may have been performed before the stools 

were properly established. In Orkney, maritime exposure has also been strongly 

correlated  with  lower  tree  survival  (MacDonald,  1967).  Finally,  in  2007  to 

increase the stand density to 15,000 plants ha-1, the crop spaces were ‘gapped’ 

in  2008.  This  should  have  increased  survival  in  2010,  however,  the  cutting 

material was poor and consequently survival low. 

7.3.1.2 Biomass production 
7.3.1.2.1 The annual biomass production at 2010 survival rates
In 2010 there was a significant difference (p<0.001, LSD 1.2) at Muddisdale 

between annual biomass production of the 13 clones (Table 7.3). The biomass 

production of all 13 clones was 4 ODT ha-1 a-1 and ranged from 1.2 ODT ha-1 a-1 

(Nimrod) to 6.9 ODT ha-1 a-1 (Tora). The three clones with the greatest biomass 

production were not significantly different.  There was a significant difference 

between the biomass produced by Tora and Ashton Stott and the other 10. The 
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clones ranked 4 -10 were not significantly different from each other, nor were 

the lowest.

Table 7.3 The annual biomass production of 13 SRC clones (at the 2010 
survival rate) Muddisdale, 2010 (Mean ± SE, n=5)

Rank Clone  ODT ha-1 a-1*
1 Tora 6.9 ± 0.5 a
2 Ashton Stott 6.5 ± 1.4 a
3 Ashton Parfitt 5.2 ± 0.7 a b
4 Tordis 4.4 ± 0.4 b c
5 Sven 4.4 ± 0.3 b c
6 Beagle 4.3 ± 0.9 b c
7 Terra Nova 4.1 ± 0.6 b c
8 Resolution 3.6 ± 0.5 b c d
9 Torhild 3.1 ± 0.4 c d

10 Endeavour 3.0 ± 0.2 c d e
11 Olof 2.1 ± 0.6 d e
12 Discovery 2.0 ± 0.5 d e
13 Nimrod 1.2 ± 0.2 e

* Those with the same letter indicate no significant differences

These results at Muddisdale would suggest the top three clones Tora, Ashton 

Stott and Ashton Parfitt would perhaps form the core group of a mix in Orkney. 

Tordis, Sven and Beagle would form the second group of clones, Terra Nova, 

Resolution and Torhild may need further consideration, if more clone diversity is 

required.  However,  Endeavour,  Olof  and  Discovery  might  be  rejected  from 

these results, Nimrod was very poor and perhaps these clones are unsuitable in 

Orkney. However, further investigation is necessary as these poorer clones are 

reported to perform very well in other areas of the UK. Their biomass production 

generally increases at the second harvest (Lindegaard 2007). 

7.3.1.2.2 Annual biomass production assuming 100% survival
Since the low plant survival at Muddisdale is thought to be mainly the result of 

poor  machinery  performance  it  is  useful  to  consider  potential  biomass 

production  if  there  had  been  100% survival.  Therefore,  if  100% survival  is 

assumed in 2010, at a density of 15,000 plants ha-1, then there was again a 

significant difference in the clones (p=0.002, LSD 2.2) (Table 7.4). The biomass 

production  for  the  13  clones  would  have  ranged  from  4.1  ODT  ha-1 a-1 

(Discovery) to 8.7 ODT ha-1 a-1 (Tora). The clones with higher than 6.5 ODT ha-1 

a-1 were not significantly different. However, Tora was significantly different to 

all clones less than 6.1 ODT ha-1 a-1.  In terms of the overall effect of survival on 
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biomass  production  in  2010,  if  all  clones  attained  100%  survival,  biomass 

production would have increased from 4 to 6 ODT ha-1 a-1 for the 13 clones. 

Table 7.4 The annual biomass production of 13 SRC clones (assuming 
100% survival) at Muddisdale, 2010 (Mean ± SE, n=5)

Rank Clone ODT ha-1 a-1*
1 Tora 8.7 ± 0.7 a
2 Ashton Stott 8.3 ± 1.8 a b
3 Ashton Parfitt 7.5 ± 1.0 a b c
4 Terra Nova 6.6 ± 0.4 a b c d
5 Sven 6.5 ± 0.3 a b c d
6 Beagle 6.1 ± 1.1 b c d e
7 Tordis 5.8 ± 0.5 c d e
8 Resolution 5.7 ± 0.5 c d e
9 Nimrod 5.0 ± 0.8 d e

10 Torhild 4.8 ± 0.4 d e
11 Endeavour 4.7 ± 0.4 d e
12 Olof 4.5 ± 0.4 d e
13 Discovery 4.1 ± 0.6 e

* Those with the same letter indicate no significant differences.

These  results  generally  confirm  the  previous  clone  rankings  (Table  7.3)  in 

Orkney at  the 2010 survival  level,  with  a few changes.  The top five ranked 

clones now have no significant difference in biomass production and, there are 

some minor changes for the 4-6th ranked clones. Terra Nova, moved from a 

previous ranking of 7th to a new ranking of 4th. This indicates that if survival can 

be improved for this clone then it might included in an Orkney mix.. Therefore if 

survival  can  be  increased  during  the  planting  operation  this  will  improve 

biomass production in Orkney. 

The biomass for the most productive six clones in Orkney (at 100% survival) is 

within the average biomass production range for SRC crops in the UK  (7-9 

ODT ha-1 a-1) and is at a similar production level previously reported for the FC 

trials in the north of Scotland (7.1 ODT ha-1 a-1 ). Tubby 2008 pers.comm). The 

biomass production data for Orkney also compared well with those reported in 

Wales (Table 2.4) for trials conducted at high altitudes (4.4-8.2 ODT ha-1 a-1 at 

228 MASL) but the Orkney production reported was reduced compared to the 

lowest  site  of  the  Welsh  trials  (8.5-13.2  ODT  ha-1 a-1)  (Hinton-Jones  and 

Valentine 2008). 

In Scotland, at a high altitude site, with a climate similar to Orkney (albeit not 

maritime), Proe et al. (1999), also reported SRC willow production of 7 ODT ha–
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1 a–1 however this site was on a poorly drained gley soil. This slight yield penalty 

is potentially due to Orkney’s exposed maritime climate and is not unexpected, 

it is in generally agreement with other local work regarding the growth of trees 

(Crawford  2000a;  MacDonald  1967;  Low  1987).  Potentially  similar  to  that 

demonstrated by SRC at more elevated or exposed sites further south in the UK 

(Proe et al. 1999; Hinton-Jones and Valentine 2008). Nevertheless, the clones 

with  the  highest  biomass  production  grow relatively  well  compared  to  other 

areas of the UK, despite the climate. 

7.3.1.3 SRC shoot growth
The  shoot  measurements  for  all  13  clones  at  the  Muddisdale  trial  are 

summarised in Table 7.5 and are further discussed in the sections below.

Table 7.5 Shoot measurements of 13 SRC clones at Muddisdale, 2010 
(Mean ± SE, n=5)

Clone
Number of shoots 

per stool
Shoot height 

(m)
Shoot diameter at 1 m 

height (mm)
Ashton Parfitt 3.9 ±  0.3 3.0 ±  0.1 19.6 ± 0.8
Ashton Stott 4.1 ±  0.3 3.1 ±  0.2 19.7 ± 1.6
Beagle 3.6 ±  0.7 3.1 ±  0.2 18.4 ± 1.2
Discovery 1.8 ±  0.2 3.3 ±  0.3 21.0 ± 1.9
Endeavour 3.5 ±  0.6 2.7 ±  0.2 14.4 ± 0.7
Nimrod 3.5 ±  0.3 2.7 ±  0.1 16.0 ± 1.5
Olof 2.7 ±  0.1 3.1 ±  0.1 17.3 ± 0.4
Resolution 3.1 ±  0.3 3.4 ±  0.2 21.5 ± 0.9
Sven 3.5 ±  0.3 3.2 ±  0.1 17.4 ± 0.6
Terra Nova 3.5 ±  0.3 2.9 ±  0.2 14.9 ± 0.6
Tora 3.6 ±  0.5 3.6 ±  0.2 20.2 ± 1.1
Tordis 3.1 ±  0.2 3.5 ±  0.2 20.1 ± 1.5
Torhild 2.7 ±  0.2 3.2 ±  0.2 18.0 ± 1.2

7.3.1.3.1 Number of shoots per stool
There was a significant difference (p=0.005, LSD 1.1) in the number of shoots 

per stool (Table 7.5). The average number of shoots after a first year cut-back 

was 3.3 and this ranged from 1.8 (Discovery) to 4.1 (Ashton Stott). The clones 

with  the  greatest  number  of  shoots  (Ashton  Stott  and  Ashton  Parfitt)  were 

significantly different to the three lowest (Olof, Torhild and Discovery).  There 

were no significant differences between the clones with the greatest number of 

shoots (3.5-4.1 shoots), nor were there significant differences for clones with 

3.9-3.1 shoots or those with the lowest (3.6-1.8 shoots). Generally, the number 

of shoots was lower than would be expected (5-10) for SRC willow clones after 

the first cut-back (Bullard et al. 2002a). 

7.3.1.3.2 Shoot height
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There was a significant difference (p=0.008, LSD 0.5) between the height of the 

13 clones, after 3 years of growth (Table 7.5). SRC height was on average 3.1 

m and the range was from 2.7 m (Nimrod and Endeavour) to 3.6 m (Tora). The 

tallest six clones were not significantly different from each other. However, the 

five tallest clones were significantly taller than the 5 shortest clones. The clones 

with the shortest height (Endeavour, Nimrod) never achieved over 3 m in height. 

The tallest clones tended to be the  S. viminalis  x  S. schwerinii  hybrids which 

often had only 1 or 2 very tall  shoots.  All  clones at this site also suffered a 

degree  of  shoot  tip  damage,  clearly  visible  for  each  of  the  3  years  of 

incremental shoot growth. Whilst this appeared to reduce the overall height the 

crop, it was harvested too early in 2010 for a shoot die-back assessment to be 

made. However,  this was recorded at Papdale B for 10 SRC clones and is 

discussed in Section 7.3.2.4.4. 

The Muddisdale site is classified as moderately exposed (Section 4) and as a 

result  of  exposure the shoot heights at  this trial  are shorter than the 7-8 m 

expected  for  SRC in  the  UK  (Bell  and  McIntosh  2001).  Maritime  exposure 

severely affected the overall height trees attain in Orkney (MacDonald 1967). 

The individual shoot heights at Muddisdale were also similar to the previous 

observations  at  Weyland  where  a  maximum height  of  4-5  m was  achieved 

(Martin  et al.  2005). At an exposed site in Scotland, Proe  et al. (1999) also 

reported similar findings where willow shoots reached their maximum height (5 

m) after 3 years and the increase in shoot height after this was negligible. They 

considered site exposure to be one of the main factors responsible for a lack of 

height increase after the third year and this may also be the case in Orkney.

7.3.1.3.3 Shoot diameter at 1 m (D100)
There  was  a  significant  difference  (p<0.001, LSD  2.977)  in  clone  shoot 

diameters (Table 7.5). The average diameter was 18.3 mm, ranging from 14.4 

mm (Endeavour) to 21.5 mm (Resolution). The seven clones with the largest 

diameter were not significantly different but were significantly greater than the 

clones with the smallest diameters (14-16 mm). Clones with only a few shoots 

achieved the greatest shoot diameters and these often had only one large shoot 

and a few small shoots (e.g. Discovery, Torhild, Tordis and Resolution). Ashton 

Stott had greater than average diameters and was slightly more variable than 
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Ashton Parfitt.  Olof  produced shoots  with  a  very uniform diameter  and was 

more consistent than most clones. Terra Nova and Endeavour were the least 

vigorous clones with several shoots of small diameters. Overall the diameters in 

Orkney  are  far  lower  than  those  suggested  achievable  after  three  years  of 

growth  (Lowthe-Thomas  et  al.  2010),  although they are  within  the  range at 

altitude in a different trial  in Wales (13-21 mm) (Hinton-Jones and Valentine 

2008). However, the shoot diameters in this trial are more comparable with two 

year old growth of  S. viminalis clones (18-20 mm) but are still smaller than for 

S. burjatica clones (25-30 mm) (Bullard et al. 2002a). In conclusion, after three 

years of growth in Orkney, SRC has fewer shoots, with smaller diameters and 

reduced height than is generally reported elsewhere. 

7.3.1.4 Rust Assessment
In Orkney 6 clones were slightly affected by rust and 7 clones were unaffected 

in both years (Figure 7.2). During this period rust was recorded at low levels, 

never more than 1-2% on a leaf (Figure 7.1), arriving late in the season. Ashton 

Stott had a significantly greater (p<0.001) rust than any others in both years. In 

2009, there was an increase in rust for all infected clones, except Nimrod. 
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Figure 7.2 Cumulative rust score of 13 SRC clones at Muddisdale, 2008 
and 2009

Error bars = SEM (Standard Error of the Mean)

The weather in 2009 was slightly wetter and warmer than in 2008 (Section 4) 

which may have influenced the slight increase in rust as rainier seasons can 

lead to high humidity, which favours rust spore germination (Toome et al. 2010). 

The  levels  of  rust  infection  at  Muddisdale  in  2009  were  relatively  low  in 

comparison with other areas (Werner and McCracken 2008). Therefore these 

results suggest that the level of rust in 2008 and 2009 was not sufficient to be of 

concern and was unlikely to have had any detrimental effect. However, whilst 
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the rust level is low, willow is a relatively new crop in Orkney rust levels may be 

unrepresentative in crops which are new to a region, disease may increase in 

future  years  (Dickmann  2006).  Therefore  rust  levels  should  continue  to  be 

monitored to assess the situation in the future. 

The two clones Ashton Stott and Ashton Parfitt are more affected by rust than 

other modern clones such as Tora (Pei  et al. 2008), whilst Lindegaard  et al. 

(2001) also suggested that to be the case, but noted even with increased rust 

on Ashton Stott, its biomass production appeared to be generally unaffected. 

Moreover,  it  may be that the Orkney climate is not one which will  allow the 

same build up of rust which occurred in new SRC crops in NI.  At present, it 

would be difficult to exclude both from a local Orkney mix purely on the basis 

that they may (or may not), in the future.  Therefore as a precaution, planting 

both clones are not recommended in case of an increase in rust. However, their 

inclusion into a mix for Orkney will also be determined by the ability to harvest 

these types in comparison to the others, due to their bushy growth habit.

7.3.1.5 C  lone ranking overview  
Biomass production and clone survival were chosen as the selection criteria to 

allow comparison with the clones at the Papdale trial. The clones were ranked 

from highest to lowest (1-13) where the same score was given, clones were 

given the same rank and this is summarised in Table 7.6.

Table 7.6   Overall ranking for 13 SRC clones at Muddisdale, 2010

SRC Clone
Breeding 

Programme
Muddisdale 
Final rank

Biomass 
production

Clone 
survival

Tora Sweden 1 1 1

Ashton Stott EWBP 2 2 2

Ashton Parfitt EWBP 3 3 4

Tordis Sweden 3 4 3

Beagle EWBP 4 6 5

Sven Sweden 4 5 6

Terra Nova EWBP 5 7 10

Resolution EWBP 5 8 9

Endeavour EWBP 5 10 7

Torhild Sweden 5 9 8

Discovery EWBP 6 12 11

Olof Sweden 6 11 12

Nimrod EWBP 6 13 13
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The  Muddisdale  results  suggest  that,  the  six  clones  could  be  potentially 

recommended consisting of three from each breeding programme (shaded and 

highlighted in bold). As both Ashton Stott and Ashton Parfitt are in the top six 

clones it may be prudent to reject Ashton Parfitt in favour of a more genetically 

diverse  rust  free  clone  from the  EWBP such  as  Terra  Nova  or  Resolution. 

However, at present Ashton Parfitt has been included in the top six above. 

7.3.2 The Papdale trial

This trial reports the second year growth for 10 clones (Table 7.1) at this site.

7.3.2.1 Clone establishment and survival in 2008
In  2008,  percentage  survival  of  the  10  clones  was  significantly  different 

(p=0.004, LSD 8.1) (Table 7.7). The average survival in 2008 was 91% (Plate 

7.1)  and  ranged  from  80.5%  (Ashton  Stott)  to  97%  (Tordis).  Tordis  and 

Discovery  were  significantly  different  to  the  lowest  clones.  There  was  no 

significant difference between the seven clones with  87-95% survival.  There 

was no significant difference between the three lowest clones, but Ashton Stott 

had significantly lower survival than the remaining clones. 

Table 7.7 The survival of 10 SRC clones at Papdale, 2008
(Mean ± SE, n=5)

Rank Clone
2008

Survival %*
1 Tordis 97.0 ± 1.5 a
2 Discovery 96.0 ± 1.7 a
3 Torhild 95.5 ± 1.1 a b
4 Tora 95.0 ± 2.4 a b
5 Terra Nova 92.0 ± 1.5 a b
6 Resolution 89.5 ± 5.2 a b
7 Sven 89.5 ± 2.3 a b
8 Beagle 87.5 ± 2.7 b c
9 Endeavour 87.0 ± 3.5 b c
10 Ashton Stott 80.5 ± 3.5 c

* Those with the same letter indicate no significant differences

At Papdale, the reduction in survival appeared to have been caused by empty 

planting spaces, rather than failure of cuttings to sprout. Only 20 failed cuttings 

were collected over the entire trial site. Of these, a few were lying unplanted on 

the surface of the plots and the remainder had been planted, but were dead. 

Most of the planted (dead) cuttings were very short, less than 10 cm and were 

possibly remnants of the ends of the willow rods, but had been planted. 
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Plate 7.1 Shoot growth 12 weeks after planting at Papdale

The Swedish clones survival was good (89.5-97%) and there was no significant 

differences between them. The EWBP clones were more variable (80.5-96%). 

Whilst Discovery, Terra Nova and Resolution were not significantly different, the 

other  three  clones  (Beagle,  Endeavour  and  Ashton  Stott)  were  significantly 

lower  than Discovery.  It  is  not  clear why there is  a difference in survival  of 

Beagle  or  Endeavour.  However,  for  Ashton  Stott,  two  cuttings  were  often 

present in the planting place directly beside an empty space. The Direct Planter 

(Plate 7.2) was occasionally prone to jamming, which occurred when a new rod 

was fed down the planting shaft. 

Plate 7.2 The Direct Planter (Turton Engineering Ltd.)

This happened most often for Ashton Stott, but it did occur for other clones too. 

Ashton Stott is quite difficult to mechanically plant (I. Shield 2008 Pers.comm), it 
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is multi-branched and secondary branches are trimmed prior to being sent as 

cuttings. Therefore, it may have fewer buds per cutting, than other clones, due 

to  pruning  and  these  branch  remnants  may make  it  prone  to  jamming  the 

machine. However, the machine had to cope with frequent cutting changes due 

for this 10 clone trial which increased the problem.

The clone results for survival at Papdale are similar in ranking to the planting at 

Muddisdale  (Dieterich  2007).  At  Muddisdale  the  clone  with  the  highest 

percentage survival was also Tordis while Ashton Stott was again the lowest. 

Therefore, the poorer survival of Ashton Stott, when mechanically planted, is 

attributable to shoot morphology,  rather than unsuitability to Orkney.  Overall, 

the Direct Planter achieved a density of 13,650 plants ha-1 (target 15,000 plants 

ha-1), from 12,000 plants ha-1 (Ashton Stott) to 14,550 plants ha-1 (Tordis). The 

density achieved by this planter is within the acceptable limits (90-95% survival) 

for commercial SRC crops (Karp et al. 2011; Dawson 2007). These planter was 

very  effective  and  achieved  a  more  consistent  density  than  the  planter  at 

Muddisdale, which only achieved 60% survival (Dieterich 2007). This machine 

also has the advantage of being smaller than the others, more suited to the size 

of plantings envisaged in Orkney and it would also have a lower transportation 

cost. SRC is only planted once every 20-25 years, it is more appropriate to hire 

the  Direct  Planter  and  organise  plantings,  rather  than  purchasing  it. 

Furthermore this machine was trialled for no-till  planting (Turton 2009) which 

may be of interest in Orkney as a method to increase weed control  (Ulzen-

Appiah et al. 2000; J. Turton 2010 pers.comm). 

7.3.2.2 Clone survival in 2010 
In 2010, there was again, a significant difference (p=0.006, LSD 9.1) in clone 

survival at the Papdale site (Table 7.8). The average survival for the 10 clones 

was reduced slightly to  88% in  2010,  ranging from 78.5% (Ashton Stott)  to 

96.5% (Tordis). The five highest surviving clones were not significantly different, 

but  they had significantly  higher  survival  than Ashton Stott.  The low to  mid 

range clones (78-87%) also did not vary significantly from each other.  
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Table 7.8 The survival of 10 SRC clones at Papdale. 2010  
(Mean ± SE, n=5)

Rank Clone Survival %*
1  Tordis 96.5 ± 1.3 a
2  Discovery 92.0 ± 2.3 a b
3  Tora 92.0 ± 2.8 a b
4  Torhild 92.0 ± 1.5 a b
5  Terra Nova 89.5 ± 2.8 a b c
6  Sven 87.0 ± 1.8 b c d
7  Beagle 83.5 ± 3.3 b c d
8  Resolution 83.5 ± 6.1 b c d
9  Endeavour 82.0 ± 2.7 c d

10  Ashton Stott 78.5 ± 4.2 d
* Those with the same letter indicate no significant differences.

In  2010,  Tordis  remained the  highest  survivor  and Ashton Stott  the  lowest. 

Whilst survival was reduced for all clones, there was no change in the ranking 

of the top 5 clones in 2010. Resolution reduced in rank from 6th to 8th, which 

increased the rank of Sven and Beagle in 2010. The two clones with the lowest 

percentage survival, Endeavour and Ashton Stott, held the same rank in both 

years.  The greatest differences in survival  were for the EWBP clones which 

were reduced by 2-6%. The Swedish clones were generally less variable than 

the EWBP clones and survival was only reduced by 0.5-2.5% in 2010. 

A  reduction  in  clone  survival  reduces  the  productivity  of  the  stand  for  the 

duration of the crop. Therefore, in early 2008 there was an effort to increase the 

clone survival  by ‘gapping’.  Unfortunately most of  these cuttings died, which 

may have been due, in part, to the thin cutting material available. Due to being 

planted 10 months later, these new cuttings also suffered from competition with 

the original planting.  Where these new cuttings survived, their contribution to 

biomass  is  considered  to  be  negligible  in  Orkney  (Section  5)  so  other 

alternatives are suggested. The reduction in survival in 2008 was mainly from a 

mechanised failure to plant  rather  than cutting death.  Clone survival  ranged 

from 91% after the first growing season and reduced slightly to 88% in 2010 so 

making an effort to increase the stand density at planting or very shortly after 

may be  preferable  to  accepting  a  density  reduction.  One  option  may be  to 

increase the density by filling in any gaps directly behind the machine during 

planting.  This  would  allow  the  ’gapped’  plants  to  have  an  equal  growth 

opportunity, rather than suffering from competition when done (as originally) in 

the following spring (Section 5). An alternative to filling in gaps is to assume a 

91



10% loss at planting and to increase the density by 10% prior to planting to 

compensate for  mechanical  losses. Whilst  this does incur a higher cost this 

practise is common in commercial SRC planting (McCracken et al. 2010). 

7.3.2.3 Clone biomass productivity at 2010 survival rates 
In  2010  there  was  a  significant  difference  (p<0.001,  LSD  =  0.5)  in  clone 

biomass production (Table 7.9). The average biomass for all 10 clones after two 

years of growth was 2.4 ODT ha-1 a-1 ranged from 1.4 ODT ha-1 a-1 (Terra Nova) 

to 3.6 ODT ha-1 a-1 (Tordis). There was no significant difference between the 

four highest clones, however, there was a significant difference between these 

and the others. Discovery, Torhild and Beagle were significantly higher than the 

two lowest, whilst Resolution, Endeavour and Terra Nova, were not significantly 

different to each other.

Table 7.9  The annual biomass of 10 SRC clones (after 2nd year of growth) 
at Papdale, 2010 (Mean ± SE, n=5)

Rank Clone ODT ha-1 a-1*
1 Tordis 3.6 ± 0.18 a
2 Ashton Stott 3.5 ± 0.12 a
3 Sven 3.2 ± 0.24 a
4 Tora 3.0 ± 0.30 a
5 Discovery 2.3 ± 0.26 b
6 Torhild 2.1 ± 0.19 b
7 Beagle 2.0 ± 0.01 b c
8 Resolution 1.7 ± 0.21 b c d
9 Endeavour 1.5 ± 0.16 c d

10 Terra Nova 1.4 ± 0.10 d
* Those with the same letter indicate no significant differences

These results indicate that the clones from Sweden are less variable than those 

from the EWBP.  The three Swedish clones with the highest productivity: Tordis, 

Sven and Tora would form the core clone mix from these results. These clones 

produced significantly more annual biomass than Torhild. For the EWBP clones, 

Ashton Stott is the first choice with Discovery and Beagle also in a local mix. 

The  remaining  EWBP  clones  Resolution  Endeavour  and  Terra  Nova  were 

significantly lower than all other clones (except Resolution) and appear to be 

less  suitable.  In  2010,  if  all  of  the  clones  attained  100% survival,  average 

biomass production would have increased from 2.4 ODT ha-1 a-1 to 2.75 ODT ha-

1 a-1. Overall,  at  100%  survival,  whilst  the  biomass  increased  slightly,  the 

relationships between the clones generally remained the same as in Table 7.9. 
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However if target density had been achieved, Ashton Stott would have become 

the clone with the greatest biomass production, increasing by 1 ODT ha-1 a-1. 

7.3.2.4 The   shoot   characteristics of 10 SRC clones in Orkney  
The shoot characteristics for all 10 clones at the Papdale trial are summarised 

in Table 7.10 and are further discussed below.

Table 7.10  Shoot measurements of 10 SRC clones at Papdale, 2010 (Mean 
± SE, n=5)

Clone
Number of shoots 

per stool
Shoot height 

(m)
Shoot diameter at 1 m 

height (mm)
Ashton Stott 5.1 ± 0.17 2.3 ± 0.04 13.7 ± 0.39
Beagle 4.9 ± 0.22 2.1 ± 0.08 10.8 ± 0.41
Discovery 3.5 ± 0.16 2.2 ± 0.06 12.6 ± 0.17
Endeavour 4.3 ± 0.18 2.1 ± 0.10  8.9 ± 0.50
Resolution 2.3 ± 0.11 2.4 ± 0.06 11.3 ± 0.46
Sven 4.8 ± 0.16 2.5 ± 0.10 13.5 ± 041
Terra Nova 4.2 ± 0.17 1.8 ± 0.05   7.7 ± 0.50
Tora 3.9 ± 0.14 2.5 ± 0.07 13.2 ± 0.48
Tordis 4.2 ± 0.17 2.6 ± 0.07 12.0 ± 0.42
Torhild 3.3 ± 0.16 2.3 ± 0.15 11.7 ± 0.51

7.3.2.4.1 Shoots per stool
After  cut-back,  the  number  of  shoots  per  stool  was  significantly  different 

(p<0.001,  LSD 0.43) for the 10 clones (Table 7.10). The average shoots per 

stool was 4.1 and ranged from 2.3 (Resolution) to 5.3 (Ashton Stott). There are 

clear  differences,  those  with  the  greatest  number  of  shoots  (Ashton  Stott, 

Beagle and Sven) were not significantly different to each other, but were to all 

the  others.  There  was  also  no  significant  difference in  those with  3.9  -  4.3 

shoots but they were significantly different to all others. Discovery and Torhild 

had low shoot numbers and whilst not significantly different to each other, they 

were significantly lower than all other clones. The number of shoots after cut-

back  in  this  trial  was  3-5  and only  Resolution  had  significantly  less.  These 

results were lower than would be expected (e.g. 6-12) after cut-back (Stolarski 

et al. 2008). As discussed previously (Section 5) the stools in Orkney are not 

sufficiently developed after one year to produce  more shoots after a cut-back.

7.3.2.4.2  Shoot height
There was a significant difference (p<0.001, LSD 0.2) in height for the 10 clones 

(Table 7.10).  The average height  was 2.3 m and ranged from 1.8 m (Terra 

Nova) to 2.6 m (Tordis). The tallest, Tordis, Sven, Tora and Resolution were not 

significantly different to each other. However,  these clones were significantly 
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taller  than  Discovery,  Beagle,  Endeavour  and  Terra  Nova  was  significantly 

shorter than all the others. The Swedish clones were the tallest, all achieving 

greater than average height (except Torhild). The opposite trend occurred for 

the EWBP clones, Resolution was the only clone over average height. 

The  height  of  the  clones  achieved  in  this  trial  are  at  the  lower  end  for  S. 

viminalis (2.5-3.0 m) and  S.  burjatica (2.3-2.7 m) after  two  years  of  growth 

(Bullard et al. 2002a). They are also much lower than those described for the 

clone Tora (3.90 m) and S. burjatica hybrids (3.0 m) (Stolarski  et al. 2008). In 

Orkney, all SRC has been observed with shoot tip damage, resulting from die-

back. The average height of the 2 year old clones at this site was only 0.5–1.0 

m shorter than 3 year clones at Muddisdale (Table 7.5). Shoot tip die-back also 

affected the height attainable for  the FC trials in Orkney and led to multiple 

forked shoots and bushy growth (MacDonald 1967), with some species more 

affected than others depending on their suitability to the climate (Low 1987).  All 

clones had die-back (Section 7.3.2.4.4) and this reduces their height in Orkney.

7.3.2.4.3 Shoot diameter 2010
There were significant differences in clone shoot diameters (p<0.001, LSD 1.1) 

(Table 7.10). The average diameter for the 10 clones was 11.6 mm and ranged 

from 7.7 mm (Terra Nova) to 13.7 mm (Ashton Stott). There was no significant 

difference between the four clones with the greatest diameters (Ashton Stott, 

Sven, Tora and Discovery). However, these were significantly different to those 

with the smallest diameters (Endeavour and Terra Nova). The four remaining 

mid-range clones were not significantly different. Clones with only a few shoots 

achieved the greatest diameters and many often had one large shoot and a few 

small shoots (e.g. Tordis, Discovery and Torhild). However, Ashton Stott was 

the  opposite  of  this  and  had  both  the  greatest  diameters  and  the  greatest 

number of shoots. The shoot diameters in this trial are lower than suggested in 

the literature for second year S. viminalis clones (18-20mm) and for S. burjatica 

clones (25-30mm) (Bullard  et al.  2002a).  However,  the diameters in  Orkney 

(7.7-13.7 mm) are similar to the range reported in Wales (9-12 mm) for second 

year growth in similar clones (Hinton-Jones and Valentine 2008). 

7.3.2.4.4 Shoot tip die-back 2009-2010
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In 2009 and 2010, 97% of all shoots were damaged by tip die-back at Papdale. 

The die-back suffered by each clone varied significantly (p<0.001) in both 2009 

and 2010 (Figure 7.3). In both years, Resolution suffered the greatest die-back 

and Ashton Stott had the lowest. These two clones were significantly different to 

each other, in both years. In 2009, the average die-back was 10 cm, and all 

clones  were  significantly  different  (p<0.001,  LSD 2.1).  The  die-back  ranged 

from 1.1 cm (Ashton Stott) to 16.3 cm (Resolution). Discovery, Torhild and Sven 

also had high die-back but were not significantly different from each other. In 

2009, the four with the most die-back (Resolution, Discovery, Torhild and Sven) 

were significantly different to those with the least (Endeavour and Ashton Stott) 

and there were no significant differences in die-back for the remaining clones.  
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Figure 7.3 The die-back of 10 SRC clones at Papdale, 2009 and 2010
 Error bars = SEM (Standard Error of the Mean)

In 2010, the average die-back increased to 15.8 cm and there was a significant 

difference between the clones (P<0.001,  LSD 4.6). The die-back ranged from 

6.1 cm (Ashton Stott) to 25.9 cm (Resolution). Those with the greatest die-back 

(Resolution, Discovery and Endeavour) were significantly different to the least 

(Terra Nova and Ashton Stott). There were no significant differences between 

the remaining five clones in 2010. Whilst die-back was greater in 2010, as the 

clones grew taller there was less variation between them.  

In the Orkney climate, shoots began to appear damaged from late September, 

prior to senescence, and continued to deteriorate until  bud-break in April.  In 

Orkney,  for  both  years,  during  these  periods  the  average  exposure  levels 

increased from ‘moderately exposed’ to ‘very exposed’ (see Section 4). No clear 
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period of senescence is visible for SRC in Orkney, leaves are more often blown 

off than drop as a normal process. The damage to SRC shoot tips appears to 

be caused by the increase in exposure levels during the late autumn continuing 

through to the late spring. In Orkney, it is therefore suggested that for all clones, 

the multi-branched main SRC shoot growth observed and the reduced height, is 

as a direct consequence of shoot tip die-back induced by the maritime climate. 

The effect of average shoot tip die-back on SRC growth is illustrated in Figure 

7.4 which shows an individual shoot of the clone Sven. By the end of the first 

growing season this  clone’s  shoot  reached a height  of  1.5  m and from late 

September  2008  until  early  April  2009  this  ‘original’  shoot  was  frequently 

subjected to strong to gale force maritime winds. This exposure caused the tip 

to die-back by 12 cm on the shoots of this clone resulting in the death of the 

shoot tip. 
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Figure 7.4 The growth and die-back of SRC clone Sven in Orkney
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In the second season (2009) new axillary shoots broke dormancy and began to 

grow vigorously and this resulted in multiple (bushy) side shoot growth from the 

main shoot. These were only suppressed when (or if) a new lead shoot took 

over and dominated their growth. Generally by the end of the second season a 

new lead shoot was apparent, but not always. Over the winter of the second 

season (October 2009 – April  2010) the new lead shoot reached an overall 

height of  2.5  m and then it  was again damaged by die-back, in the case of 

Sven, another 18 cm.  Die-back occurred for all clones, increased in the second 

year (Plate 7.4) and a similar pattern was observed on three year growth.  The 

growth  observed at  this  trial  is  identical  to  that  in  Figure  2.6  (Jonsson and 

Sigurgeirsson 2008)  and discussed by Crawford  (2000a,b;2005;2008;  Grace 

1988a; Edward and Holmes 1968) for exposed coastal or upland sites growing 

trees. This is not unusual in Orkney, all  tree species are subject to maritime 

exposure  over  the  winter  months  to  varying  degrees,  dependant  upon  the 

species (Bremner and Bullard 1980).

Plate 7.4 Shoot tip die-back in SRC willow

At  this  trial,  the  EWBP  S.  viminalis  x  S.  schwerinii  genotypes  (Resolution, 

Discovery,  Beagle and Endeavour) were more seriously affected by die-back 

than those EWBP clones with different parentage (Terra Nova, Ashton Stott). 
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The  tallest  EWBP  S.  viminalis/S.  schwerinii  genotypes  (e.g.  Resolution, 

Discovery)  were  the  worst  affected  by  die-back in  both  years.  Their  growth 

strategy of few very tall shoots may therefore be more of a disadvantage in this 

climate. However the Swedish S. viminalis x S. schwerinii clones (Tordis, Tora 

and Sven) were less affected in the second year  of  growth than the EWBP 

clones with  similar  parents.  Moreover,  the Swedish clones also had greater 

biomass production than all of the EWBP clones, with the exception of Ashton 

Stott. Ashton Stott was also significantly less affected by die-back than all other 

clones and had high biomass production. Unlike the other clones, Ashton Stott 

has dense trichomes on its shoots and leaves which may reduce die-back by 

limiting salt directly depositing onto shoots. Overall, those with the lowest die-

back appeared to have the greatest biomass (except Terra Nova). 

7.3.2.5 Clone ranking overview
Biomass production and clone survival were chosen as the selection criteria to 

allow comparisons with the clones at the Muddisdale trial.

Table 7.11 Final rank at Papdale of 10 SRC clones after their second year of growth

SRC Clone
Breeding 

Programme

Papdale 
Final
Rank

Biomass 
Production

Clone 
Survival

Tordis Sweden 1 1 1
Tora Sweden 2 4 3
Discovery EWBP 2 5 2
Sven Sweden 3 3 6
Torhild Sweden 4 6 4

Ashton Stott EWBP 5 2 10
Beagle EWBP 6 7 7

Terra Nova EWBP 7 10 5
Resolution EWBP 8 8 8

Endeavour EWBP 9 9 9

The clones were ranked from highest to lowest (1-10) where the same score 

was  given,  clones  were  given  the  same  rank  and  the  overall  ranking  is 

summarised in Table 7.11. From these results the six clones which would be 

potentially recommended (3 from each breeding programme) are shaded and 

highlighted in bold. The clones will be further considered with the Muddisdale 

trial  and the overall  clone recommendations for  Orkney will  be discussed in 

Section 8.
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8 A comparison of 13 SRC clones in Orkney

8.1 Introduction

When planting SRC, the selection of clones suited to the local environment is 

considered to be fundamental for maximising biomass production (Lindegaard 

et al. 2001). As clone performance is variable throughout the UK trialling clones 

locally is considered to be the best strategy to identify clones suited to new SRC 

regions (Kightley et al. 2008). Therefore this section will compare clones being 

trialled  locally  at  both  Muddisdale  (13  clones)  and  Papdale  (10  clones),  to 

recommend  a  genetically  diverse  selection  of  SRC  clones  in  Orkney.  The 

clones at Muddisdale (Table 7.6) and Papdale (Table 7.11) were ranked in the 

previous section and are given an overall rank in Table 8.1, the lower the score 

the more suitable the clone.  

Table 8.1 The SRC clones grown at the Orkney SRC trials

SRC
Clone

Origin Parentage
Muddisdale

Ranking*
Papdale
Ranking*

Overall 
Ranking 

score

Tora Sweden
S. schwerinii x S. viminalis

S. schwerinii x Orm
1 2 3

Tordis Sweden
(S. schwerinii x S. viminalis) x S. viminalis

Tora x Orm
3 1 4

Ashton Stott EWBP
S. viminalis x S. burjatica 
Bowles Hybrid x Korso

2 5 7

Sven Sweden
S. viminalis x (S. schwerinii x S. viminalis)

Jorunn x Bjorn
4 3 7

Discovery EWBP
S. schwerinii x (S. schwerinii x S. viminalis)

109/03 x Bjorn
6 2 8

Torhild Sweden
(S. schwerinii x S. viminalis) x S. viminalis

Tora x Ulv
5 4 9

Beagle EWBP
S. viminalis x S. viminalis

Astrid x Orm
4 6 10

Terra Nova EWBP (S. triandra x S. viminalis) x S. miyabeana 5 7 12

Resolution EWBP

(S. viminalis x S. viminalis x S. schwerinii x 
S. viminalis) x (S. viminalis x S. schwerinii x  

S. viminalis)
(JorunnxBjorn) x Quest (S. viminalis x 

Bjorn)

5 8 13

Endeavour EWBP
S. schwerinii x S. viminalis

109/03 x Jorr
5 9 14

Ashton Parfitt EWBP
S. viminalis x S. burjatica 
Bowles Hybrid x Korso

3 n/a n/a

Nimrod EWBP
(S. schwerinii  x S. viminalis) x S. miyabeana 

Tora x S. miyabeana
6 n/a n/a

Olof Sweden
S. viminalis x (S. schwerinii x S. viminalis)

Bowles Hybrid x Bjorn
6 n/a n/a

*Clones have been ranked in order of their overall performance, the lower the score more suitable these are in 
Orkney
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From ranking in Table 8.1, the most suitable clones are four from the Swedish 

breeding programme (Tora,  Tordis,  Sven and Torhild)  and only two (Ashton 

Stott  and  Discovery)  from  the  EWBP.  In  order  to  impart  sufficient  genetic 

diversity  into  new  SRC  plantations  a  selection  of  three  clones  from  each 

breeding programme is preferable (Begley et al. 2009). If a selection for Orkney 

was made purely from an overall  ranking in Table 8.1 there is a bias to the 

Swedish clones and this would limit the diversity of the local mix. Therefore the 

following section will identify three clones from each suitable for Orkney. 

8.2 Clone selection for Orkney

To  achieve  this,  the  clones  have  been  sub-divided  into  their  breeding 

programmes and they have also been re-ranked (1 being the highest rank) for 

their performance at each site. For each breeding programme this method has 

been used to produce a preliminary Orkney recommended core clone list,  a 

secondary ‘reserve’ list and finally those which appear to be unsuitable in this 

local  environment will  also be identified.  As there are fewer  of  the Swedish 

clones growing in Orkney these will be considered initially, followed by the more 

diverse group from the EWBP.

Overall the Swedish clones (with the exception of Olof) appeared to be more 

suited  to  Orkney  and  generally  performed  more  consistently  (e.g.  higher 

survival  and  biomass  production,  lower  incidence  of  rust)  than  the  EWBP 

clones. However  data only exists for  these sites from one full  harvest  cycle 

(Muddisdale), and from second year growth SRC, after cut-back (Papdale), thus 

the full  potential  of  clones from both  breeding  programmes may not  yet  be 

realised. The cut-back in the first year may be too soon in Orkney and this may 

also  have  affected  survival  and  subsequent  performance  (Section  5). 

Furthermore, SRC clones are normally recommended after two harvest cycles 

(Kightley et al. 2008) and most clones produce significantly higher biomass in 

their second harvest cycle (Lindegaard et al. 2001). Therefore whilst clones will 

be selected (e.g. core, reserve and unsuitable), a further investigation (after the 

second harvest of these trials) would be prudent. 
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8.2.1 Swedish Breeding Programme clones

The five Swedish clones planted in the Orkney SRC trials (see Table 8.1) are 

discussed  together  as  they  are  all  quite  similar  S.  viminalis  x  S.  schwerinii 

hybrids,  the parents originate from collections from Sweden, Central Europe, 

Siberia and Russia (Larsson 2001). These clones have a high frost tolerance, 

which was a key requirement for Nordic regions, and a superior resistance to 

rust (Hanley and Karp 2003; Pei et al. 2008). These are predominantly upright 

clones, generally with only a few, heavy, shoots, of a large diameter (Larsson 

2001). These clones have smaller leaves, often densely pubescent underneath, 

with low leaf area index and high canopy interception (Robinson et al. 2004).  In 

Orkney  the  shoots  of  all  clones  (Swedish  and  EWBP)  were  notably  more 

branched than they are described elsewhere in the literature (Larsson 2001; 

Lindegaard  et  al.  2001).  This  is  probably  due  to  maritime  exposure  which 

results in die-back of the lead shoot tip, which also reduced overall height and 

may have affected their average shoot diameters. 

In Orkney four out of five of these clones performed favourably and Olof was 

consistently  the  poorest  clone.  At  Muddisdale  there  was  no  significant 

difference in survival of four of the fives clones, however Olof had the lowest 

survival. Given the similarity in their parentage this is perhaps unsurprising, for 

example  three  clones,  Tora,  Tordis  and  Torhild  have  parents  in  common. 

However  whilst  Olof  and Sven also have a parent  in  common, Olof  did  not 

survive  as  well  as  Sven.  Overall  for  all  Swedish  clones,  the  survival  at 

Muddisdale was lower than at Papdale. This is considered to be due, primarily, 

to the difference in planting machines used on each site. The lower survival of 

Olof at Muddisdale may indicate that this clone is less suited to the Orkney 

climate than the other four clones. 

Table 8.2 The Swedish SRC clones in Orkney

Swedish 
SRC Clone

Clone 
choice for 

Orkney

Muddisdale
Survival

Papdale
Survival

Muddisdale
Biomass

Papdale
Biomass

Total 
ranking 
score

Tora 1 1 2 1 3 7

Tordis 2 3 3 2 1 9

Sven 3 4 1 3 2 10
Torhild 4 2 2 4 4 12
Olof 5 5 n/a 5 n/a n/a
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Olof was grown in the Papdale A trial (cut-back trial, Section 5) and was again 

observed to have the lowest survival of the three Swedish clones grown at this 

site. Olof was not grown in the Papdale B trial and therefore some ranking data 

is unavailable, however it has been ranked on its Muddisdale performance and 

included in Table 8.2. In terms of biomass production at Muddisdale, Tora had 

significantly greater biomass production than all of the other Swedish clones, 

whilst  at  Papdale  B,  Tordis  and  Sven  produced  more  than  Tora  but  these 

differences were not significant at Papdale. Torhild was generally poorer than 

these three  clones for  biomass production  at  both  sites,  whilst  it  performed 

better than Olof at Muddisdale, the difference in biomass for both clones was 

not  significant.  However,  at  Papdale A, Olof  had significantly lower  biomass 

after three years than both Tordis and Torhild. Olof was also the only Swedish 

clone to be susceptible to rust in Orkney and although this was minimal, there is 

no way of predicting if this will change in the future. In terms of shoot tip die-

back the clones suffered no more than was average (16 cm) and appeared to 

be less affected than some of the taller EWBP clones. 

Tora, Sven and Tordis would be recommended.  Whilst  Tora and Tordis are 

genetically quite similar, both clones are vigorous and not susceptible to rust, 

these two would still be recommended. These two would be complimented by 

the genetic diversity of Sven, also recommended. Torhild is on the reserve list if 

the others are not available as it had slightly less vigour than the other three. 

However,  Larsson (2001)  has reported  Torhild  as  one which  is  likely  to  be 

discontinued  in  the  future  and  therefore  cutting  material  is  unlikely  to  be 

available. Olof would not currently be recommended as a result of these trials, 

but may need further research before dismissed entirely as it may take more 

time to establish and perform better in a second rotation period. Furthermore, a 

new selection of  clones from both Sweden and the UK are due to  become 

commercially available in 2011 or early 2012.

8.2.1 European Willow Breeding Programme clones

In  Orkney  there  are  eight  EWBP clones  which  are  all  various  S.  viminalis 

hybrids  (Table  8.1).  These  clones  originate  from  the  UK  National  Willow 

Collection. This genetic base was expanded by further acquisitions collected 

from Europe, Russia and Asia (Kuzvokina  et al. 2008). As the EWBP was a 
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collaboration between Sweden and the UK, many of the EWBP clones also 

have parents in common with the Swedish clones. The EWBP had a greater 

emphasis on selecting clones with an increased resistance to rust in the UK 

climate, at the same time as achieving a high biomass production. There are 

more EWBP clones in  the Orkney trials  than Swedish  clones and therefore 

these clones are more genetically diverse and their performance was also more 

variable.  With this in mind, the EWBP clones are discussed in the sequence of 

Table 8.3 below, except Ashton Parfitt, which is discussed with Ashton Stott.

Table 8.3 The EWBP SRC clones in Orkney

EWBP SRC 
Clone

Clone 
choice 

for 
Orkney

Muddisdale
Survival

Papdale
Survival

Muddisdale
Biomass

Papdale
Biomass

Total 
Ranking 

Score

Ashton Stott 1 2 6 1 1 10

Beagle 2 3 3 3 3 12

Discovery 3 7 1 7 2 17

Terra Nova 4 6 2 4 6 18

Resolution 4 5 4 5 4 18

Endeavour 5 4 5 6 5 20

Ashton Parfitt 6 1 n/a 2 n/a n/a

Nimrod 7 8 n/a 8 n/a n/a

Ashton Stott  and Ashton Parfitt  were very vigorous in Orkney,  with many 

shoots per stool and high biomass production and appear to be suited to the 

local climate. However they are siblings from identical parents (Bowles Hybrid 

and Korso) which are rust prone (Lindegaard et al. 2001). Therefore to increase 

the diversity of the EWBP mixture in Orkney and as a precautionary measure to 

reduce any future disease risk, only Ashton Stott is recommended. 

Ashton Stott and Ashton Parfitt are  S. viminalis x S. burjatica  hybrids and the 

growth habit of these clones is considerably different to all  others in Orkney. 

Firstly these clones have numerous shoots and are quite branched (Bullard et 

al. 2002a), with large leaves which allow early canopy closure (Bonneau 2004). 

Secondly these tend to be slower growing in the first  year,  initially investing 

more in their root growth,  than their shoots (Bonneau 2004, Robinson  et al. 

2004). In Orkney this would appear to be the case, these grew very slowly in 

the first  season after  planting with  low biomass production (Deiterich 2007). 

However, they increased in vigour in the second year of growth in an earlier trial 

their growth caught up with the others quickly (Martin et al. 2005).  Moreover, by 
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the third year of growth at Muddisdale there was no significant difference in 

biomass production between Ashton Stott and very vigorous clones (e.g. Tora) 

which had a very different growth habit of only a few tall shoots. Therefore it 

would appear that both growth habits can produce high biomass production in 

Orkney, although harvesting this clone may be an issue due to its growth habit.

Ashton Stott and Ashton Parfitt survived well at Muddisdale and there were no 

significant  differences  between  these  two  and  the  three  highest  surviving 

Swedish  clones.  At  Muddisdale,  their  biomass  production  was  significantly 

higher  than  all  other  EWBP  clones  and  all  Swedish  clones,  except  Tora. 

Consistently, Ashton Stott had better general performance than Ashton Parfitt 

and although the differences were not significant, Ashton Stott appears to be 

the better  clone.  Ashton Stott  is  also described as being consistently more 

vigorous than Ashton Parfitt (Lindegaard et al. 2001) and this would appear to 

be the case in Orkney. Unfortunately at Papdale, no comparisons can be drawn 

as Ashton Parfitt was not planted at this site. 

At Papdale, Ashton Stott had significantly lower survival than seven of the ten 

clones in this trial. However, rather than it being unsuited to the local climate, 

there was an issue with mechanical planting for this clone, at this trial. Although, 

even with  significantly lower  survival,  Ashton Stott  still  produced significantly 

more  biomass  than  all  other  EWBP  clones  at  this  site.  Ashton  Stott  also 

suffered significantly less die-back in the local climate, than all  other clones. 

Clones of this parentage appear to be suited to the maritime climate of Orkney. 

However,  both  clones were  prone to  a  low infection of  rust.  Therefore only 

Ashton Stott, the more vigorous of the two, is recommended and it may require 

further  consideration if  rust  levels  increase significantly  or  it  is  commercially 

withdrawn. If this happens Ashton Stott can be replaced with Terra Nova from 

the Orkney reserve list. Another method of addressing this in the future may be 

to replace Ashton Stott with similar clones (e.g. Loden, Aud, Gudrun) all have 

good rust resistance and high biomass production.  These  are from the same 

type  of  species  but  are not  so closely  related,  collected in  different  regions 

(Lindegaard  et  al.  2001;  Pei  et  al.  2008).  Gudrun  and  Loden  grow well  in 

maritime climates, remain rust free and have a biomass production comparable 

to Tora in NI (A. McCracken 2011 Pers.comm).
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Beagle is the second EWBP clone recommended (S. viminalis x S. viminalis). 

This clone shares a parent in common (Orm) with many of the more vigorous 

Swedish  clones  (Tora,  Torhild  and  Tordis).  Beagle  is  the  only  straight  S. 

viminalis cross in Orkney, which brings more genetic diversity to the local mix. 

This  clone  was  the  third  best  survivor  at  both  sites  and  produced  the  3rd 

greatest biomass of the EWBP clones at both trials. This clone is also reported 

as having consistently higher biomass production in subsequent rotations and 

should therefore perform well in the future (Lindegaard et al. 2001). Beagle is 

similar to the Swedish clones with a strategy of tall shoot growth with greater 

than average diameters. At both trials Beagle was generally quite a tall clone 

and  it  also  had  an  above  average  number  of  shoots  in  Orkney,  which 

contributed positively to the amount of biomass it produced. Despite being a tall 

clone, Beagle only suffered slightly greater than average die-back. This clone 

was  also  slightly  affected  by  rust,  although  it  is  not  considered  to  be  very 

susceptible  to  the  pathogen  (Pei  et  al. 2008).  Overall,  Beagle  performed 

consistently well and would be a genetically diverse addition to the clone mix.

Discovery is the third clone to be recommended in the core mix for Orkney 

from the EWBP. This clone is a  S. viminalis  x  S. schwerinii hybrid,  with  tall 

shoots, few in number, but with large diameters.  Discovery is also very quick to 

come into leaf and was selected from a hybrid of Bjorn and a very frost hardy 

Siberian species (S. schwerinii)  which allows this clone to form a very early 

canopy in the UK climate (Lindegaard 2007). Overall, this clone ranked second 

of all the EWBP clones, although Discovery’s performance showed variability at 

the two sites. At Muddisdale, Discovery’s biomass production was the lowest of 

the EWBP clones, perhaps due to the low number of shoots per stool after cut-

back. Although, this clone had low shoot numbers, the shoots had very large 

diameters. However, at Papdale, Discovery had many more shoots per stool 

and consequently the biomass produced at this site was the second highest of 

the EWBP clones. Discovery was not affected by rust in Orkney however this 

clone did suffer from higher than average die-back in both years. Despite this 

level of die-back, Discovery’s biomass production at Papdale, after two years 

growth, was higher than at Muddisdale, after three years growth.  
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At Papdale Discovery had the best survival rate of EWBP clones, dropping only 

slightly after planting. Unfortunately, at Muddisdale, survival was poor and was 

significantly lower than all EWBP clones with the exception of Nimrod. However, 

this clone is one of the earliest EWBP clones to break dormancy and therefore 

the low survival at Muddisdale may be due to a herbicide application when the 

clone was not as dormant as expected, rather than a lack of suitability to the 

climate. Overall, the performance of this clone at Muddisdale appears to be far 

inferior to Papdale. The inferior planting at Muddisdale may have affected the 

vigour  of  this  clone,  and  the  herbicide  application  may  have  detrimentally 

affected survival. At Papdale this clone was planted more consistently, survived 

well and grew with the vigour associated with other clones with similar parents 

(e.g. Sven) which performed very consistently. Overall, this clone appeared to 

be suitable and is recommended for planting.

Terra Nova is the first clone on the reserve list for Orkney. Terra Nova has a 

different parentage to most clones in Orkney, being S. viminalis x S. triandra x 

S. miyabeana. This clone has very small, glabrous leaves and is considered to 

be drought tolerant (Bonneau, 2004). Whilst generally considered moderately 

rust resistant (Pei et al. 2008), a low level of rust occurred on it in Orkney. This 

clone is tall with low shoot diameters, although above average shoot numbers 

compensated for this. Terra Nova had good biomass production at Muddisdale 

and ranked fourth. Unfortunately the survival of this clone is quite variable at 

this site and no explanation was readily available for this. However, at Papdale 

the opposite trend occurred; survival of Terra Nova was good, but, at this site, it 

produced the lowest biomass of all the EWBP clones in this trial. Terra Nova 

had average shoot tip die-back, which was more variable in the second year. 

Overall, the survival of this clone at Muddisdale is a concern, but this erratic 

survival  trend  has  not  so  far  been  observed  at  Papdale.  However,  it  has 

relatively high biomass production and would add a different genetic strain to 

the local clone mix. Elsewhere in the UK this clone has also proven to improve 

biomass  production  markedly  in  subsequent  rotations  (Lindegaard  2007). 

Therefore,  based on these results  Terra  Nova  is  recommended as  the  first 

choice reserve clone.  
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Resolution is the second clone on the Orkney reserve list. This clone is a S. 

viminalis  x  S.  Schwerinii  hybrid,  sharing  many  traits  with  others  described 

previously (e.g. Sven, Discovery) and it also remained rust free. However, it is 

not as vigorous in Orkney as others with this parentage. This is quite a tall clone 

with  the greatest shoot diameters at  Muddisdale but,  similar  to Discovery,  it 

appears to  have a very low number of  shoots.   As previously  discussed in 

section 5, the first cut-back may not have been beneficial to many of the clones 

in  Orkney,  especially  if  they  were  not  planted  consistently  and  established 

carefully. Therefore, an improvement in the number of shoots after cut-back for 

the second rotation period may see this clone’s biomass production increase. In 

other  areas  however,  this  EBWP  clone  has  produced  similar  biomass 

production  to  both  Tora  and  Sven  (Hinton-Jones  and  Valentine  2008). 

Unfortunately,  the  vigour  reported  for  this  clone  does  appear  to  reduce 

markedly  with  an  increase  in  altitude  (Hinton-Jones  and  Valentine  2008). 

Therefore the exposed climate of Orkney, which may manifest itself in a manner 

similar to increased altitude in Wales, may simply not suit this clone. This clone 

also suffered the highest die-back of all the clones in Orkney for both years. 

This  clone had the  same rank as  Terra  Nova,  but  Terra  Nova  would  bring 

considerably  more  diversity  to  a  clone  mix  than  Resolution.  Therefore, 

Resolution should be placed as the second reserve.

Endeavour is neither recommended, nor a reserve clone, for Orkney. From the 

results  at  Muddisdale  and  Papdale,  it  appears  to  be  unsuited  to  the  local 

climate. When grown in Orkney this clone appears to have no vigour,  quite 

unlike the clones with S. viminalis x S. schwerinii parents (e.g. Tora, Sven). In 

Orkney,  Endeavour  is  very short,  with  an average shoot  number,  but  these 

generally had small diameters. Whilst the survival of this clone was reasonable 

at  Muddisdale,  it  was poor at  Papdale.  Overall,  this  clone appeared to  lack 

general  vigour  and  was  amongst  the  lowest  ranking  clones  for  most 

assessments. Elsewhere this clone has achieved biomass production similar to 

Tora  and  Tordis  (Lindegaard  2007).  However,  as  argued  previously  for 

Resolution,  biomass  production  of  Endeavour  declined  with  an  increase  in 

altitude in Wales (Hinton-Jones and Valentine 2008). Moreover, despite having 

an  average  number  of  short  shoots,  of  small  diameters  these  were  further 

reduced by quite high die-back in 2010. This clone does not tolerate exposure 
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in Orkney and is not suited to the local climate. Therefore, this clone cannot 

currently be recommended in Orkney based on these results.

Nimrod is also not currently recommended in Orkney. It is a mix of S. viminalis 

x S. schwerinii x S. miyabeana. It shares a similar parentage to both Terra Nova 

(S. miyabeana) and has Tora as the other main parent, but does not appear to 

have  the  same  vigour.  Nimrod  was  a  very  short  clone  with  a  much  lower 

biomass production and with significantly lower survival.  This was the lowest 

ranking  clone  at  Muddisdale.  Nimrod had the  poorest  survival  of  all  clones 

whilst also having the lowest biomass production. It had above average shoot 

numbers but very poor growth.  The clone appeared to grow almost as a short 

stunted tree with  very limited height or  vigour.  This clone was not  grown at 

Papdale therefore no comparisons can be made. However, its consistently poor 

performance  shows  it  is  unsuited  to  the  climate  and  is  therefore  not 

recommended for growing in Orkney.

8.3 Conclusions and recommendations

In  terms of  biomass  production  and  survival,  Tora  and  Ashton  Stott  are 

considered the current ‘industry standard’ in the UK (Lindegaard  et al. 2001) 

and their performance in Orkney confirms this. In Orkney, the top three ranked 

clones from each breeding programme (Table 8.2 and Table 8.3) should be 

grown. These are:

1. Tora
2. Tordis
3. Sven
4. Ashton Stott 
5. Beagle
6. Discovery

The remaining clones are divided into those clones which are on a reserve list 

(Terra Nova, Resolution and Torhild) if core clones are unavailable or a greater 

mix is required. There are those which currently appear unsuitable (Endeavour, 

Nimrod and Olof) but may be monitored and considered in the future if their 

performance improves.  
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9 General discussion

9.1 The effects of the Orkney climate on SRC growth

At all Orkney sites, the growth rates, survival and shoot characteristics (shoot 

number,  diameter  and  height)  were  generally  consistent  for  each  clone. 

However, the biomass production in Orkney of 6-8 ODT ha-1 a-1, for the best 

clones, was lower than in other regions of  the U.K (Lindegaard  et al. 2001; 

Wilkinson  et  al.  2007).   Moreover,  it  is comparable  to  SRC at  higher  U.K 

latitudes in the north of Scotland (Kightley et al. 2008) and to higher elevations 

in Scotland and Wales (Proe  et al. 1999; Hinton-Jones and Valentine 2008). 

The  biomass  production  in  Orkney  is  within  the  range  estimated  for  good 

agricultural  sites  in  the  relatively  exposed  maritime  regions  of  Scotland 

(Andersen  et  al.  2005).   There  are  potentially  several  contributory  factors 

influencing  the  growth  and  biomass  production  recorded  during  this  study 

period for SRC. 

The growing season in Orkney is considerably shorter than elsewhere in the 

UK, during this study period the conservative estimation of GDD were 1085, 

which, according to Andersen  et al. (2005) would put Orkney in the category 

‘marginally suited’ to SRC production. This category defines a range, for the 

potential  biomass  production  of  the  crop,  of  1-7  ODT  ha-1 a-1 (Table  2.2). 

However, the biomass produced for 13 clones in Orkney was in the range 4-10 

ODT ha-1 a-1 (assuming 100% survival), which is higher than predicted. It may 

therefore be that the GDD for SRC in Orkney are slightly greater (e.g. 1204, 

section 4.1.1.3). than the conservative estimate and more like the Western Isles 

(Bibby et al. 1988).  Moreover, the sites planted with SRC in Orkney are also on 

good agricultural  land. Therefore, Orkney is perhaps better described by the 

category ‘suited’ site, which has a defined potential yield of 5-11 ODT ha-1 a-1 on 

agricultural  land. Whilst Andersen  et al. (2005) suggest these limits,  they do 

also qualify their predictions with the caveat ‘dependant upon exposure’ and 

state  that  increased  maritime  exposure  will  reduce  production.  Given 

Muddisdale is categorised as ‘moderately exposed’ with an attrition rate of 7.7 

cm2 day-1,  this  ‘suited’  category suggested by Andersen  et  al. (2005)  would 

appear appropriate for a good agricultural site, with exposure. 
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The mild winters and frequent rainfall in Orkney between September and March 

led to all SRC sites being water logged late into spring (Figure 4.1 and 4.2). The 

low spring temperatures and wet soils in Orkney, can delay the onset of tree 

growth  (Crawford  2000a,b).  However,  the  crop  was  well  into  leaf  in  late 

March/early April of each season of this study, once the soils dried and began 

to warm up in early spring. The annual rainfall during the study period, 997 mm 

(Figure 4.1), was slightly lower than the 30 year average for Orkney, but was 

generally at a level considered to be sufficient for growth (Hall 2003). However, 

there were a few monthly periods during the growing season where the rainfall 

was low, this was infrequent and the crop did not appear to show signs of water 

stress. 

During the winter months, the soil was saturated during the study period from 

late October to mid April  (Figure 4.1).  Crawford (2003, 2005) suggests that, 

over prolonged periods, this may cause metabolic dysfunction and root anoxia, 

which  can lead to  roots dying  and potentially  becoming unstable,  especially 

when combined with increased exposure. In Orkney, over the winter months, 

the wind (Figure 4.3) increased from an average of 20 km h-1 to 25 km h-1, with 

sustained gusts in the region of 40.2 - 51.9 km h-1  and the climate becomes 

‘highly  exposed’  (10.2-11.7  cm2 day-1)  (Figure  4.4).  At  this  level  of  wind 

exposure, all trees are vulnerable to root rock and damage (Nicholl et al. 2006) 

especially in waterlogged soils (Crawford 2000a). Whilst no systematic study 

was performed for root-rock in Orkney (Plate 9.1), it was generally observed at 

all  sites  after  the  second  season  of  growth  in  the  taller  clones  (e.g.  S. 

viminalis/S. schwerinii hybrids), became more common after the third season 

for all clones.
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Plate 9.1 Root rock after the second season of growth for the clone Tora in Orkney. The 
arrow illustrates the length of the root socket hole in which the shoot moves back and 

forth.

Bonneau (2004) reported a difference in the way in which SRC clones allocate 

their  biomass  during  establishment.  S.  burjatica hybrids  (e.g.  Ashton  Stott) 

prioritise  root  growth,  whilst  S.  viminalis/S.  schwerinii  hybrids (e.g.  Tora) 

prioritise  above  ground  shoot  growth.   He  also  noted  that  root  growth  is 

potentially greater and significantly (p<0.001) deeper in soils which are drought 

free. This would imply in Orkney, that root growth over the first season should 

only be limited by temperature rather than water availability. However, due to 

their parentage, 11 of the 13 clones growing in Orkney may have invested the 

largest  biomass  allocation  to  their  shoots  in  favour  of  their  root  growth. 

Therefore in Orkney’s short cool season, most clones would have less biomass 

invested in root  growth than shoots  to help sustain them through the winter 

saturated soils and severe gales. 

This study contends in agreement with  Worrell  and Malcolm (1990) that the 

combined effects  of  climatic  exposure  in  Orkney are a greater  influence on 

biomass  productivity than  the  contribution  of  edaphic  factors.  Therefore  in 

Orkney,  at  most  sites,  the  greatest  limit  to  growth  may  be  the  combined, 

complex effects of climatic exposure, with the site specific conditions having a 

smaller  influence.  Thus,  comparing  SRC in  Orkney with  crops  at  increased 

altitudes elsewhere in the UK may be most relevant due to the level of exposure 

they will endure. However, the sites at increased altitudes often do not have salt 

laden winds and these also affect growth (Spence 1970).
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The average biomass production in Orkney for all 13 clones, 4-10 ODT ha-1 a-1 

(assuming 100% survival), was higher than that recorded by Heaton (2000) of 

for a limited amount of clones in a very exposed (attrition rate of 14 cm2 day-1) 

upland site (340 MASL) in Wales. This finding is also in agreement with Hinton-

Jones and Valentine (2008) who also reported higher yields than proposed by 

Heaton (2000) at their upland sites. Therefore, better comparisons can made 

with this study (Hinton-Jones and Valentine 2008) which has 12 SRC clones in 

common with Orkney and these were grown at a range of altitudes (Table 2.4). 

The biomass production reported by the Welsh trial at 228 MASL (4-8.7 ODT 

ha-1 a-1) is very comparable with the results of this study. However, the biomass 

production for the same 12 clones was significantly greater at the lowest altitude 

site (8.5-13.2 ODT ha-1 a-1). Furthermore, altitude was  significantly  correlated 

with several factors including reduced biomass production and a lower number 

of shoots per stool (Hinton-Jones and Valentine 2008). This also appears to be 

similar to the Orkney results as lower shoots per stool are reported, reduced 

biomass and the diameters are similar for the clones in Orkney and at elevation 

in Wales.

Heaton (2000) acknowledged that the lack of general growth exhibited in her 

trials  was  due  to  the  colder,  exposed,  upland,  windy  climate.  However,  no 

mention was made of any incidence of shoot damage in this altitudinal study in 

upland Wales (Heaton 2000). Moreover, whilst Proe et al. (1999) also reported 

exposure to be the limiting factor in the maximum attainable height for SRC, 

shoot  die-back  was  not  reported  in  their  study  either.  Reduced  growth  and 

shoot tip die-back are considered limiting factors to tree growth in very windy 

environments and are more common at  altitudes approaching the ‘tree line’ 

(Grace 1988a) and in maritime environments (Jonsson 2006). Therefore, whilst 

there are similarities between the reduced growth and biomass in Orkney and 

upland environments, shoot die-back is potentially an issue due to increased 

latitude  and  exposure  to  salt  laden  winds  (Spence  1970;  Crawford 

2000a,b;2005).

The  continued  exposure  to  salt  laden  winds  detrimentally  affects  the  shoot 

growth of SRC in Orkney, which is similar to that seen in other maritime areas 

(Edwards  and  Holmes  1968;  Jonsson  2006).  Previous  work  in  Orkney  has 
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noted the effect  of  exposure on tree growth  (Crawford  2000a,b)  and this  is 

considered the greatest limit to growth of trees and the attainable tree height in 

Orkney (MacDonald 1967; Low 1987). The levels of exposure (Figure 4.4) and 

the wind (Figure 4.3) sustained over the study period in Orkney is comparable 

with long term averages for both wind and exposure in Orkney (OIC 2010; Low 

1987). Therefore these represent the expected levels that SRC will sustain in 

Orkney. The reduced height and bushier growth of SRC clones in Orkney, is 

very  comparable  to  that  reported  for  poplar  in  Iceland  which  was directly 

attributed to the effects of the salt laden winds, causing increased deposition of 

salt on tree buds (Jonsson 2006; Jonsson and Sigurgeirsson 2008). Shoot tip 

die-back in Orkney occurred at  all  sites, for  all  clones, due to the effects of 

maritime exposure. Tahvanainen and Rytkönen (1999) also acknowledge that 

damage  to  the  shoot  tip  of  SRC,  due  to  frost,  reduces  growth  and  alters 

biomass  potential.  Whilst  the  maritime  climate  is  a  factor  which  cannot  be 

eliminated in Orkney, it may be mitigated through management of the crop (e.g. 

increased  density,  shelter  or  distance  from  the  sea)  and  this  should  be 

beneficial  to  biomass  production.  However,  the  true  effects  of  die-back  on 

biomass production in Orkney are unknown and further research is required.

It is generally concluded that there was a direct relationship between shoot tip 

die-back and the distance of trees from the sea, as the distance increased, 

shoot tip die-back decreased (Edward and Holmes 1968; Sharpe and Jacyna 

1993; Jonsson and Sigurgeirsson 2008). Therefore, whilst maritime exposure is 

likely anywhere in Orkney, siting SRC crops in fields directly adjacent to the sea 

is  perhaps  not  prudent  as  this  exposure  will  directly  increase  with  direct 

proximity  to  the  sea.  Given  the  increase  in  lapse  rate  and  exposure  with 

increased elevation on the islands (Crawford 2000a), lower altitude sites may 

also be preferable. The situating of crops in locations with some shelter (behind 

buildings, or with an outer shelter belt) may also help to reduce the effects of 

die-back in Orkney. Combining an increase in density with less rides through 

the crop may also reduce the ‘edge effects’ where the observed level of die-

back was greatest.  However,  this may make harvesting more difficult  (Anon 

2007c) and lower the potential for biodiversity in the crop (Sage and Tucker 

1998). Some SRC clones were more prone to die-back than others Resolution 

was quite badly affected, whilst Ashton Stott, Tora and Sven had significantly 
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less. Therefore selecting clones which are less affected by die-back might be 

beneficial. At Muddisdale B, whilst there was no significant increase in biomass 

production  with  fertiliser  applications  (mineral  and  slurry),  these  significantly 

increased  die-back,  in  comparison  to  no  fertiliser.  This  may  be  due  to  the 

increased  availability  of  nitrogen  producing  more  soft  growth  late  on  in  the 

season, increasing the potential for damage.  Therefore minimal inputs, or no 

fertiliser, may also help reduce die-back for SRC in Orkney.

9.2 Harvest cycle in Orkney

In Orkney a shorter harvest cycle may be beneficial, as the crops are subject to 

the most severe exposure during the winter months, reducing the harvesting 

period would limit the potential damage SRC sustains. Annual harvesting would 

completely remove the effects of winter exposure on the crop and perhaps be 

beneficial for the roots, whilst biennial harvesting would also significantly reduce 

crop damage. These options have to be considered with care as both increase 

the production costs (Mitchell et al. 1999) and the bark content of the fuel (Adler 

et al. 2005) and more frequent harvesting may also reduce the lifespan of the 

crop (Anon 2007c).  However, the effects of exposure on the crop need to be 

balanced  with  biomass  gains,  the  largest  yield  gains  in  SRC are  generally 

considered to be after the third year (Lindegaard et al. 2001; Lindegaard 2007). 

Furthermore, in exposed sites, a four year cycle reported no significant growth 

gains for SRC after the third year (Proe  et al. 1999). Moreover, four years of 

biomass  growth would  put  increasingly  more  strain  on  the  roots  especially 

where the soils are wet and exposure to the winds in Orkney are considered.

A comparison is possible  between the clone biomass in common at the two 

adjacent Muddisdale sites (Tora, Resolution, Ashton Stott and Sven) for a two 

year harvest cycle (Muddisdale B) (Table 6.5) and for three years (Muddisdale 

A) (Table 7.4). There was a substantial biomass gain for all four clones after the 

third year of  growth. The average cumulative biomass for the four clones at 

Muddisdale B, after two years was 10.55 ODT ha-1. However, after three years 

this was 21.9 ODT ha-1 for the same clones at Muddisdale A. At Papdale A, 

there was a similar trend for Ashton Stott, the largest biomass gains (Table 5.5) 

were in the third year where 18.9 ODT ha-1  was achieved, compared with 13.6 
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ODT ha-1 for two years. In the Orkney climate a harvest  cycle of three years 

may be the most appropriate option for biomass production but this will need to 

be balanced with cumulative damage to the crop (roots and shoots) in the third 

year from the climate (Section 4). A short (2 or 3 year) harvest cycle is therefore 

recommended and an increase in density is also proposed.

9.3 Planting density in Orkney

A short  harvest  cycle  (2 or 3 years)  would allow density to be increased to 

compensate for the lower growth in this climate, whilst also directly increasing 

the biomass production and reducing crop exposure to the wind. Only the clone 

Ashton Stott achieved canopy closure at the current planting rate in Orkney, all 

of the taller upright clones (e.g. Tora, Tordis, etc) require an increase in density 

to achieve this. Wilkinson et al. (2007) reported  in a three year harvest cycle, 

the optimum biomass production for Ashton Stott and Tora was achieved at an 

increased  density  of  20,000  to  25,000  plants  ha-1.  However,  the  additional 

biomass  gains  produced  at  25,000  plants  ha-1 were  small  and  the  cost  of 

cuttings high, therefore 20,000 plants ha-1 appeared to be more beneficial. An 

increase  in  density  will  also  increase mutual  shelter  and  with  the  growth 

observed in Orkney, this density should not induce significant stool competition. 

To achieve a target density of 20,000 plants ha-1 a planting rate of 22,000 plants 

ha-1  is recommended for mechanical planting to compensate for losses during 

establishment. This  will compensate for the ineffectiveness of ‘gapping’ at the 

end of first season observed at both the sites. However, replacing empty cutting 

spaces  can  also  be  recommended  to  be  performed  during  the  planting 

operation.  The cost of planting material is high and the local climate is harsh, 

therefore the SRC in Orkney should be afforded the best possible opportunity to 

establish a dense stand at planting as is practical.

9.4 SRC planting in Orkney

Soil conditions are suitable for planting SRC in Orkney, from mid to late April 

and crops planted  at  this  time appear  to  establish  well.  With  regard  to  the 

machinery demonstrated in Orkney, the Direct Planter was significantly more 

efficient, average of 90% survival (Table 7.7) the Papdale sites, rather than the 

Egedal  planter  used at  Muddisdale,  which  was much less efficient  ca.  60% 
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(Dieterich  2007).  The  Direct  Planter  is  easily  transportable  and  is  compact 

enough to use for the smaller plantings and is therefore recommended to be 

used in Orkney. Of all the planting machines available in the UK, this would be 

least expensive to transport to the island, making hiring quite viable. Whilst the 

machine is less costly than others available,  purchasing an SRC planter for 

Orkney is not as great a priority as a harvester. Whilst harvesting takes place 

regularly, planting is less frequent and therefore organising combined plantings 

is  likely  more cost  effective  than purchasing. However,  if  interest  increases, 

purchasing may be worthwhile in the future.

9.5 First year cut-back in Orkney

In Orkney the first year cut-back is  unnecessary,  as  there was no significant 

increase  in  biomass  production  during  the  first  harvest  period  and  lowered 

survival.  Whilst  this  has  become common practice  elsewhere  in  the  UK,  in 

Orkney the crop will perform better without this practice. In Orkney, trees take 

longer  to  establish  as  a  consequence  of  factors  associated  with increased 

latitude and the ‘moderately exposed’ hyper-oceanic climate (Crawford 2000a). 

On this basis, a first year cut-back is detrimental, potentially due to a lack of 

reserves in the roots of newly established stools (Sennerby-Forsse and Zsuffa 

1995) and lowers survival (Proe et al. 1999). Heaton (2000) also argued this to 

be the case for SRC willow in upland climates and finding the first year cut-back 

had no significant biomass gain but also significantly lowered clone survival. 

The number of shoots which regrew after cut-back were insufficient to promote 

quick canopy closure, or a significant increase in biomass production, making 

the treatment essentially ineffective.  At all  sites in Orkney,  after  one year  of 

growth,  all  clones  had  less  shoots  per  stool  than  reported  in  the  literature 

(Bullard et al. 2002a; Lowthe-Thomas 2010). These only increased slightly after 

a cut-back, if they increased at all. However, at Muddisdale B, where shoots 

were cut-back in their second year of growth (to allow a fertiliser application), 

the shoots which resprouted at this trial had a far greater increase from (1-3) in 

2007,  to  (5-11)  after  the  first  cut-back,  in  2008,  after  the  second  cut-back. 

Therefore if clones are cut-back two years after establishment, and the roots 

appear to have more reserves and are capable of producing a greater number 
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of shoots, to a level which would be expected from other studies (Bullard et al. 

2002a). Therefore both Papdale A and Muddisdale B support the omission of a 

first year cut-back in Orkney and this is recommended to be performed at the 

first harvest. 

9.6 Fertiliser regimes in Orkney

In Orkney, applying additional fertilisers (mineral and slurry) to the crop did not 

result in a significant increase in biomass production when compared with the 

non-fertilised control. Moreover, there was a significant increase in the amount 

of weeds where the fertiliser treatment was applied. Weed competition is known 

to compete directly with the crop and when the crop is young, it can reduce 

biomass production (Sage 1999). In Orkney the soils are generally very fertile 

(Dry and Sinclair 1985). SRC is unlikely to be planted on the best agricultural 

land, due to cereal production on this land. However it is likely to be planted on 

previous grassland or pasture and if SRC is grown on these sites, the crop does 

not appear to initially require additional fertiliser. Therefore the application of 

fertiliser  is  probably  not  required  in  Orkney  for  the  first  rotation  period,  or 

perhaps longer, if SRC in Orkney can become self sufficient at nutrient cycling. 

As willow is one of the most efficient species at nutrient cycling it is likely this 

will be the case (Killingbreck 1996). This will lead to a direct reduction in the 

production costs of SRC in Orkney and will increase the carbon balance of the 

crop.  Furthermore,  where  fertiliser  was  omitted,  the  level  of  die-back  was 

significantly lower than at the sites which had fertiliser. The average die-back at 

both Papdale B (15.8 cm) and Muddisdale B (18.4 cm) was similar where both 

trials had fertiliser, whilst the average die-back for the control plots (10.1 cm) 

with  no  fertiliser  at  Muddisdale  B  was  significantly  lower.  Therefore  adding 

fertiliser to SRC crops in Orkney appears to increase the damage caused by the 

climate to the shoots and promote greater die-back.

9.7 Pests and diseases in Orkney

At all trial sites, there was only slight incidence of pests on the crops. The pests 

were sufficiently small in number (mainly low numbers of aphids, sawfly and 

froghoppers)  to  extent  that  only  observational  data  was  recorded.  A  slight 

incidence of willow rust disease was recorded at Muddisdale and six clones 
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were negligibly infected during this period. Rust was observed on local willow 

early in the season, at far higher densities than recorded on SRC in Orkney, but 

the disease was only observed in some biomass clones late in the season. Rust 

was also present at the other SRC sites in Orkney at very low levels, later in the 

season.  

The  isolation  of  the  islands  is  generally  considered  to  minimise  disease 

incidence in most crops (Berry 2000) and the lack of the alternative common 

host for willow rust, European larch (Larix desidua) is also a beneficial factor in 

further reducing the spread of the disease in Orkney.  However, it is generally 

accepted that disease levels may initially be unrepresentative in crops which 

are new to a region (Dickmann 2006). The cool damp climate in Orkney can be 

quite favourable conditions for the disease and in other regions, asexual spread 

of the disease, which does not require a co-host like European larch has been 

proven and can occur early in the season (Samils et al. 2003) Moreover, whilst 

rust in Orkney is more isolated (e.g. geographically and no co-host for sexual 

reproduction of the spores), rust is common on native willow in Orkney and the 

climate can be quite favourable for  the development of rust.  Therefore SRC 

crops  should  be  monitored  in  order  to  identify  any  future  significant 

developments  or  changes  in  rust  levels  that  may  begin  to  affect  biomass 

production. As a disease prevention strategy it has also been recommended 

that  a  genenetically  diverse  mix  be  grown in  Orkney of  at  least  six  clones. 

Furthermore, there are alternative newly released clones which have a proven 

increased tolerance to rust and it is recommended that these are considered.

9.8 SRC clones in Orkney

In terms of the clones, performance, as would be expected for a variety trial, 

was mixed. This is discussed in detail in Section 8.  The survival of the clones 

was considerably different at Muddisdale compared with Papdale. Whilst both 

sites had a target density of 15,000 plants ha-1 Muddisdale had a density of less 

than 10,000 plants ha-1 whilst Papdale had an overall density of 13,500 plants 

ha-1. The main difference is considered to be due to the type of machines used 

at both sites for planting, rather than any great difference between the clones at 

either  site.  The poor  performance of  the planter  at  Muddisdale affected  the 
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survival rates at this site, giving perhaps a less than representative impression 

of their true potential in Orkney. However, clone survival at the Papdale site of 

90% appears to be similar to commonly accepted levels in the UK (Karp et al. 

2011). 

Ashton Stott had the lowest survival of all clones in the trials when mechanically 

planted. Whilst it showed the poorest survival  after planting, it appears to be 

quite well suited to the local environment in Orkney, with survival losses being 

limited after initial mechanical planting issues. Moreover, when hand planted at 

Weyland in 2002, this clone had one of the highest survival rates of the four 

clones. At both sites in the present study the Swedish clones had the greatest 

survival,  Tordis and Tora ranked highest followed by Sven and Torhild while 

Olof was generally the poorest survivor. Of the EWBP clones, Discovery was 

generally  the  best  survivor,  followed  by  Beagle,  Resolution,  Terra  Nova, 

Endeavour, Ashton Stott and then Nimrod. Plant losses of 1-2% each year can 

be expected within SRC crops (Dawson 2007). However those clones which 

appear to be less suited to the local climate (Nimrod, Endeavour and Olof) are 

showing a decline in survival greater than this level, which may be due to their 

general unsuitability to the local climate. An omission of the first year cut-back, 

in Orkney, may help to increase survival, as a cut-back in the first year after 

establishment was observed to significantly lower this.

In Orkney one of the key differences between SRC growth, observed at these 

trials and elsewhere in the UK, is the height (5 m) and the extent of secondary 

growth on the main shoots (Plate 9.2). This appears to be as a result of the 

exposed local  climate. Moreover,  as a consequence of the continual loss of 

apical  dominance from the lead shoot  throughout  the season and the other 

effects of the climate, the growth in Orkney is generally smaller than reported 

elsewhere (Lindegaard et al. 2001). 
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A s h t o n  S t o t t T o r a N i m r o d

4  m

Plate 9.2 The typical growth habit of three distinct types of clones in Orkney. Aston Stott, 
Tora, and Nimrod after three years of growth.

Previous  work  has  generally  grouped  the  SRC  clones  into  two  distinct 

morphological classes or functional types (Bullard  et al. 2002; Tharakan et al. 

2005;  Robinson  et  al. 2004),  however  in  Orkney the  clones split  into  three 

distinct morphological groups. The first group typically has many shoots which 

are naturally quite branched and is illustrated in the left hand side of Plate 9.2 

This group includes both Ashton Stott and Ashton Parfitt. The second group is 

characterised by plants with few shoots of tall upright growth illustrated by the 

clone  Tora,  in  the  middle  of  Plate  9.2  and  includes  Sven,  Torhild,  Tordis, 

Beagle,  Olof,  Resolution,  and Discovery.  The last  group is  characterised by 

clones with  quite  poor  growth  of  a  limited number of  thin  shoots which are 

shrubby more than tree like and shorter than the others, these include Nimrod 

(right hand side of Plate 9.2) and Endeavour. 

The first group have  S. burjatica  in their parentage which are multi-branched 

with large leaves and densely pubescent shoots.  This small  group of clones 

(Ashton  Stott  and  Ashton  Parfitt)  performed  consistently  in  Orkney  and 

appeared to be quite tolerant of the maritime climate. Clones with this parent 

tolerate  riprarian  habitats  and  therefore  the  wet  climate  of  Orkney  is  quite 

120



favourable for their growth. Their ability to allocate more biomass and growth to 

the roots initially during establishment is also quite a good strategy in the wet 

and windy climate of Orkney. These clones are naturally bushy and were the 

only clones to manage a closed canopy in all the trials in Orkney, with or without 

a  cut-back.  These  clones  were  consistently  either  the  highest  biomass 

producers or in the top group of rankings for biomass at all  sites in Orkney. 

Their ability to close canopy quickly also resulted in them having significantly 

less weeds under the crop and this potentially increased biomass production of 

these clones. However, despite the suitability of these types of clones to the 

local environment, they do appear to have a problem with mechanised planting. 

This has been apparent at all Orkney trial sites, where their survival was among 

the lowest even when planted by two different machines. The problem appears 

to be due to their shoot morphology which was prone to jamming the Direct 

Planter at Papdale. However, when planted  by hand at the original trial site 

(Weyland) they were reported as having over 90% survival, a similar level of 

survival to the best clones (Martin et al. 2003). 

The  second group,  mostly  S. viminalis  x  S.  schwerinii hybrids  Tora,  Tordis, 

Sven, Discovery,  Resolution, Torhild and Beagle  (S. viminalis x S. viminalis), 

generally grew tall  and upright, with few main  shoots, (Robinson  et al. 2004; 

Bullard et al. 2002a). Whilst Endeavour and Olof have the same parentage as 

these clones, they did not generally grow as described for this group in Orkney 

and  are  therefore  not  included  in  this  grouping.  Terra  Nova  has  a  slightly 

different parentage (S. triandra x S. viminalis) x S. miyabeana, but is included in 

this grouping as the growth of this clone is very similar to the others in the group 

despite its slightly different parentage. The growth habit of these clones at the 

current  density  in  Orkney  does  not  allow  canopy  closure  to  occur  and  an 

increase in density would be beneficial for these clones. However, the number 

of shoots after cut-back (2-4 per stool) was not as great as expected at all sites 

and is a major contributing factor. The omission of a first year cut-back should 

increase the number of shoots (5-8 per stool) for clones in this group after the 

first harvest due to greater establishment. These clones were generally disease 

and pest free at both sites. These clones also suffered the greatest level of 

shoot die-back in these trials and an increase in density may reduce this by 

mutual shelter. 

121



The third group of clones is illustrated by Nimrod and includes Endeavour and 

Olof. In Orkney these clones are generally characterised by a small number of 

low  diameter  shoots  and  growth  is  markedly  less  vigorous  than  the  other 

clones.  This  group  is  distinctly  different  to  the  others  and  the  biomass 

production is far lower than described for this clone in the literature. Whilst Olof 

and Endeavour have parents in common with group two, Nimrod has a slightly 

different parentage (S. schwerinii x S. viminalis) x S. Miyabeana. However, all of 

these clones appear to be quite unsuitable in the Orkney climate. The growth of 

Olof is also very variable in Orkney. It appears to grow short, bushy and slowly 

in the first and second year and then either grows tall, more like the second 

group or stays quite short and bushy like the other two clones in this group. 

Moreover, whilst the parentage of these clones is slightly different, in Orkney 

the  growth  of  these  three  clones  is  very  similar.  Their  growth  is  more 

characteristic of small bushy shrubs, rather than the tall SRC clones described 

elsewhere (Lindegaard et al. 2001; Larsson 1998). When plants reach the level 

of  wind exposure they can tolerate for  growth,  their  shoots become thinner, 

greatly branched and trees can appear to grow more like shrubs. This type of 

growth generally occurs at the limits of the tree line (Grace et al. 2002). These 

clones appear to be unsuitable for Orkney, their growth pattern and low survival 

is  characteristic  of  that  described by Low (1987)  for  tree  species  trialled  in 

Orkney which were considered unsuitable in the local climate. 

Overall, the clones which appear most suited to Orkney tend to be in the first 

two groupings and are a quite diverse genetic mixture which will be good for 

disease management (Begley et al. 2009). Only one clone, Ashton Stott, in the 

first grouping is recommended to be grown from the EWBP. From the second 

grouping the most vigorous of these clones appear to be Tora, Tordis and Sven 

from the Swedish breeding programme and Discovery and Terra Nova from the 

EWBP.  Resolution  and  Torhild  are  not  as  vigorous  as  many  in  this  group 

although  they  may  improve  in  their  second  rotation.  Olof,  Endeavour  and 

Nimrod appear to the least suited clones to the local environment and are not 

currently recommended in Orkney. However, a fuller judgement  of all clone’s 

suitability  in  Orkney  might be  made  after  the  second  rotation  period. 

Investigating alternative clones and those suggested to be released in the near 
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future (Shield  et al.  2009) would also be prudent to identify suitable disease 

resistant planting material for future trials.

9.9 Conclusions and recommendations

In Orkney’s exposed climate, whilst forestry is considered unviable, SRC willow 

crops offer the most viable woody biomass alternative. However, like previous 

wood crops trialled in Orkney, the greatest limitation for SRC appears to be the 

climate. The identification of suitable clones and modification to best practice 

should ensure the correct clones are grown in a manner best suited to the local 

climate.  Moreover  if  the  first  year  cut-back  is  omitted,  survival  should 

significantly  increase  and biomass  harvest  will  be  a  year  earlier  in  Orkney. 

Using a suitable planting machine (Direct Planter) will also help increase crop 

survival, as will  either replanting gaps directly after planting or increasing the 

density to compensate for expected losses. Applications of additional fertiliser 

do  not  increase  biomass  production  in  Orkney,  but  do  appear  to  increase 

susceptibility  to wind damage. A higher target density of 20,000 plants ha-1, at 

the growth rates observed in Orkney, is a more practical method of increasing 

biomass production with  limited competition.  Growing clones closer  together 

should allow earlier canopy closure and should also afford greater weed control 

which may increase biomass production. Higher densities can be combined with 

a two or three year harvest cycle to optimising production and growth in the 

Orkney climate. Therefore the general conclusions of this study are:

• The exposed windy climate is the greatest restriction on SRC growth

• Biomass production of 6-8 ODT ha-1 a-1 may be expected for the most 

suited clones:

o Tora
o Sven
o Tordis
o Ashton Stott
o Discovery
o Beagle

• The effect of Orkney’s latitude on SRC growth is similar to that attributed 

to altitude at more southerly UK sites.

• Due to the maritime climate, all clones suffer wind related die-back in 

Orkney, which leads to bushy secondary growth.
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• Willow rust is not currently an issue in Orkney but requires monitoring.

• Pests are not currently an issue in Orkney but requires monitoring.

Recommendations for best practice in Orkney

• There should be no cut-back in Orkney at the end of the first year as 

coppicing at harvest will achieve the same effect. 

• The Direct Planter is a very  suitable planting machine for use in Orkney.

• Gapping up at the end of the first season is unsuccessful. If necessary 

gaps are best filled in immediately after planting. 

• No fertiliser is required over the first harvest  period.

• More efficient weed control would be of greater benefit than fertiliser.

• Slurry is an easily applied low cost organic fertiliser for SRC.

• A target planting density of 20,000 plants ha-1 should be considered.

• Three year harvest cycle gives the greatest biomass gains.

• Two year harvest cycle may protect the crop from excessive wind 

damage.

Future work in Orkney

• Investigation into the most effective type of weed control for SRC in 

Orkney.

• Identification of new SRC genotypes and possible use of alternative local 

Orkney willow species.

• Identification of the species of rust on SRC in Orkney and its current 

lifecycle.

• Identification of the most efficient harvest cycle and planting density.

• Invesitigation of the potential use of SRC in Orkney as a shelterbelt for 

other crops or livestock in Orkney.

• Investigation into the logistics of supplying SRC clone cuttings locally 

through the AI.
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