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Factors controlling flowering in Scottish Aspen  

D R A F T   R E P O R T                                  February 2018 

BACKGROUND 

Aspen Populus tremula is an important component of boreal woodland in the Scottish 

Highlands, and especially in and around the Cairngorms massif.  However, even in its ‘core 

areas’, aspen is generally scarce, and few stands currently show signs of regeneration, 

giving rise to concerns that aspen may be in slow but steady decline. 

In recent years, interest has increasingly focussed on aspen’s importance for biodiversity 

and as a potential timber crop.  However, efforts to increase the extent of aspen woodland 

have been constrained by difficulties with propagation. 

Aspen propagation 

Aspen flowers and sets seed only rather infrequently in the Scottish Highlands.  In many 

years, no seed is collected in the wild.  As a consequence, nurseries have had to rely largely 

on vegetative propagation to produce planting material.  From both the genetic and 

economic standpoints, this is not ideal. 

Aspen’s reluctance to flower has commonly 

been attributed to our cool, oceanic climate, 

a supposition which seems to be supported 

by observations of widespread flowering 

following a hot dry summer.  The most 

recent major flowering event was in 1996 

(following the hot summer of 1995), when it 

was estimated that 70% of clones flowered in 

Strathspey and Highland Perthshire (Easton 

1997, Worrell 1999). 

This ‘climate hypothesis’ has recently been 

challenged, however, by a report that aspen 

regularly flowers in SW Norway, which has 

similar climate and soils to the Highlands 

(Duncan Halley pers. comm.).  This finding 

merits further investigation. 

Another possible explanation for aspen’s apparent reluctance to flower in the Highlands is 

senescence.  Aspen’s ability to regenerate vegetatively can allow individual clones to survive 

to a great age, but it has recently been shown that they may decline in fertility.  Working on 

the closely-related Populus tremuloides in British Columbia, Ally et al. (2008, 2010) 

estimated that a slow but steady build-up of somatic mutations reduced fertility in male 

clones.  Over 10000 years, this could reduce pollen viability by 80%.  Whilst the evident 

decline in reproductive performance might manifest itself differently in the two populations, 

the observations made by Ally et al. raise the possibility that Scottish aspen may have 

declined in fertility over millennia through senescence.   

The objective of the current study is to collect data which may help shed light on the various 

factors which influence flowering in aspen. 

Fig. 1. Female catkins in the wild; these mature 

around the period of leaf flushing 
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Seed orchards 

In a bid to improve the availability of local-origin aspen planting material, Forest Research 

initiated a small trial in 2007 to explore the possibility of inducing flowering in an orchard of 

grafted aspen (Vanhala & Hubert 2009).  In 2008, Coille Alba replicated this trial on a larger 

scale in a polytunnel at Highland Aspen Group’s nursery in Kincraig.  The orchard held 100 

containerised grafted aspen trees from 35 clones collected in Strathspey.  This orchard was 

moved to East Lothian in 2015 and is now managed by Alba Trees. 

The trees have been pruned, trained and subjected to varying levels of stress to encourage 

flowering.  This has resulted in some flowering, and viable seed has been collected, but 

further management interventions are required to increase regular production. 

Over the last 2 years, we have 

collected and grafted scions from 

clones which have been observed 

to flower in the wild in response to 

relatively low levels of stress.  

Additional grafted trees from these 

‘willing-flowerers’ have been added 

to the orchard, bringing the 

current total number to c. 140. 

We have also assisted Trees for 

Life (TfL) and Forestart to 

establish aspen seed orchards. 

TfL’s orchard is in a polytunnel at 

their tree nursery at Dundreggan, 

Glenmoriston, while Forestart has 

an outdoor orchard in Shropshire.  

Although still young, both have 

already produced some seed. 

Fig. 2. Coille Alba’s aspen seed orchard at Alba Trees’ 

nursery in East Lothian 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Forestart’s aspen seed orchard 

outdoors in Shropshire holds c. 100 

grafted trees from Seed Zone 201 
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STUDY SITES 

A total of seven sites were selected for survey.  These ranged in size from 6 to 40 hectares.  

Detailed ground surveys were carried out at two of these sites: Crannaich and Kinveachy. 

 

 

site 
location 

(OSGR) 
area (ha) 

Auchernack NH026254 6.4 

Craggan NH022259 11.8 

Crannaich NH899219 9.0 

Invertromie NH778999 30.9 

Kinveachy NH910190 32.4 

Spey Bridge NH032266 9.5 

Tomnagowhan NH966156 40.0 

 

 

Fig. 4. Study sites surveyed 

Fig. 5. Location of study sites  
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OBSERVATIONS OF FLOWERING 

The study sites were visited periodically 

through the spring to search for signs of 

flowering.  Unfortunately, 2017 proved to 

be a poorer season than most for flowering, 

and we had to extend our search for 

flowering trees beyond the selected sites. 

Flowering trees were tagged, and flowering 

branches 1-2m in length were collected 

using a long pruning pole.  These were 

transferred to the Trees for Life nursery and 

kept in containers of fresh water.  Pollen 

from some of these branches was used to 

pollinate grafted female trees in the TfL 

aspen seed orchard.  TfL collected seed 

from the orchard and produced over 1000 

seedlings. 

As noted in previous seasons, many of the 

ramets bearing flowerbuds and catkins were 

evidently responding to some kind of stress.  

These included wind-blown stems with lifted root-

plates, trees with storm-damaged canopy and 

trees that had been high pruned.  Whilst stressed 

trees commonly produce flowerbuds, these 

sometimes abort early and fail to develop into 

healthy viable catkins. 

Over the years, some stems have also been 

stressed intentionally to provoke flowering, using 

various forms of partial girdling.  Only 5-10% of 

clones appear to respond reliably to such 

treatments. 

Fig. 7.  Flowering branches collected with a Silky 

pruning pole 

 

Fig. 6. Flower buds are distinguishable from leaf 

buds by their location of the stem and shape 
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SCION COLLECTION AND GRAFTING 

Grafting material was collected from 19 clones, 

usually using a long Silky pruning pole-saw.  

However the canopy in the Crannaich stand 

was inaccessible with a pole, and material had 

to be collected by climbing. 

Scions from these collections were grafted at 

the Dundreggan nursery onto Zone 201 

rootstock.  This exercise generated a total of 

130 grafted trees.  These will be used to 

supplement the seed orchards, and their 

flowering performance will be closely observed 

in coming years. 

 

 

 

 

 

 

 

 

Fig. 10.   Most grafts were over 1 metre in 

height by the end of the growing season 

Fig. 8. Grafting material collected from tall 

aspen in Crannaich by climbing  

 

 

Fig. 9.  Scions grafted to Zone 201 rootstock 
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CLONE MAPPING 

We mapped clones at our study sites in order to gain a measure of genetic diversity.  Such 

data may help provide some insights into the age, origin, dynamics and development of 

aspen stands. 

Background 

In 1997, Eric Easton completed a study of genetic variation in Scottish aspen (Easton 1997).  

Among other findings, he demonstrated that flushing date was an accurate clonal marker, 

meaning that it is possible to gather useful information on genotypic variation using field 

observations alone, and without the need for DNA analysis. 

The current study aimed to use this methodology to assess genetic diversity at several sites 

in Strathspey based on imagery captured by a Small Unmanned Aircraft (SUA) or ‘drone’.  

We also investigated the value of autumn imagery for clone mapping. 

Using phenology to identify clones 

From the onset of flushing, aspen leaf buds open over a period of 10-15 days.  Some clones 

initiate this process earlier than others, such that within a single stand the first clones to 

start flushing may do so a month earlier than the completion of leaf flushing in the latest 

clones.  The timing of emergence varies from season to season, but typically starts in mid 

May and finishes in mid June. 

As Easton showed, it is possible to distinguish between aspen clones by closely observing 

the progress of flushing.  Differences are readily observed in the field and, whilst field 

observations may not necessarily detect all clones in a stand, this method gives a good 

measure of genetic diversity. 

Fig. 11.  A view of Tomnagowhan Wood on 2nd June clearly shows how aspen clones differ in form 

and phenology  
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Easton used these differences in phenology to distinguish between clones across his study 

site at Tomnagowhan in Strathspey.  Based on a system devised for scoring flushing in 

Populus tremuloides (Barnes 1969), he recorded Leaf Emergence Scores (LES) for the aspen 

trees in his study area (Figs. 12 and 13). 

 

 

 

Fig. 13 Scoring key for leaf emergence score (LES) (from Easton 1997) 

Fig. 12 The five point leaf emergence scoring system (from Easton 1997) 
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Easton collected DNA samples from his study plot and used isozyme analysis to ‘fingerprint’ 

clones.  Comparing results from the two methods, he concluded that the timing of leaf 

emergence was a strong phenotypic clonal marker. 

Fig. 14. Leaf emergence score (LES) overlaid on the clonal structure of the sample plot at 

Tomnagowhan Wood (from Easton 1997)  
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Survey data collection 2017 

At the first signs of leaf flushing, observations of leaf bud development were made at each 

study site.  Some ground-based observations were recorded in the field, but most of our 

data were collected using a drone to capture vertical (‘nadir’) aerial imagery.  Drone surveys 

were repeated at most sites at intervals throughout the flushing period during May/June 

2017, and again in the autumn.  The flight dates are shown in Fig. 15. 

 

 

 

 

 

 

The georeferenced aerial photography generated by these survey flights was imported into 

QGIS, and used to map clones by digitising polygons. 

Further technical details relating to operation of the drone and processing the imagery are 

given in Appendix 1.  

site spring autumn 

Auchernack 12-May 22-May 29-May   27-Sep     

Craggan 12-May 22-May 29-May 02-Jun 27-Sep     

Crannaich   28-May     28-Sep 06-Oct 19-Oct 

Invertromie   25-May 29-May   28-Sep 06-Oct 18-Oct 

Kinveachy 12-May 29-May   02-Jun 26-Sep 06-Oct 19-Oct 

Speybridge   22-May 29-May 02-Jun 27-Sep     

Tomnagowhan 18-May 28-May   02-Jun 26-Sep 03-Oct 18-Oct 

Fig. 15. Drone survey flight dates in spring and autumn 2017 

 

Fig. 16 SPEYBRIDGE??????????????????????????? 

Fig. 16.  Part of the Spey Bridge site on 29th May; several clones are clearly separable 

NOTE THAT HIGHER RESOLUTION AERIAL IMAGES CAN BE 

VIEWED BY CLICKING HERE  

https://www.dropbox.com/sh/ikxu3vwk3dwrfse/AADbiyjQl7tzbLkvIs9ckiTOa?dl=0
https://www.dropbox.com/sh/ikxu3vwk3dwrfse/AADbiyjQl7tzbLkvIs9ckiTOa?dl=0
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Survey results 

As expected, the appearance of the canopy in the drone imagery differed significantly 

between clones, and allowed these to be accurately digitised as polygons.  Whilst the degree 

of leaf emergence was the main factor affecting appearance, other characteristics also often 

differed significantly between clones and were evident in the imagery.  These included tree 

form, bark colour and the colour of newly-flushed leaves.  These features certainly 

contributed to the ease of interpreting the imagery and differentiating between clones. 

The number of clones detected and digitised is shown in Fig. 17. below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

site location (OSGR) area (ha) no. of clones 

Auchernack NH026254 6.4 17 

Craggan NH022259 11.8  42 

Crannaich NH899219 9.0 >190? 

Invertromie  NH778999 30.9 55 

Kinveachy  NH910190 32.4  14 

Speybridge NH032266 9.5 22 

Tomnagowhan NH966156 40.0  50 

Tomnagowhan Easton Plot NH967155 5.0 21 

Fig. 18. Part of the Invertromie site on 6th October, showing several clones at different stages of de-

velopment 

Fig. 17. showing the number of clones identified at each of our study sites 

NOTE THAT HIGHER RESOLUTION AERIAL IMAGES CAN BE 

VIEWED BY CLICKING HERE  

https://www.dropbox.com/sh/ikxu3vwk3dwrfse/AADbiyjQl7tzbLkvIs9ckiTOa?dl=0
https://www.dropbox.com/sh/ikxu3vwk3dwrfse/AADbiyjQl7tzbLkvIs9ckiTOa?dl=0
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Fig. 19. Part of the Tomnagowhan stand on 18th May.  The high image contrast created by shadows 

makes it more difficult to interpret the imagery 

Fig. 20. The same area 10 days later on 28th May.  Bright but overcast skies allowed capture of 

clear images 
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Fig. 21. Tomnagowhan on 2nd June.  Most clones have flushed. 

Fig. 22. Tomnagowhan on 26th September.  A few clones starting to ‘turn’. 

 



 

D R A F T   R E P O R T           Factors controlling flowering in Scottish Aspen, February 2018   page 13 

 

Fig. 23. Tomnagowhan on 3rd October 

Fig. 24. Tomnagowhan on 18th October.  Some clones are already leafless. 
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Tomnagowhan 

The clone map derived from our drone imagery of Tomnagowhan was compared with the 

map produced by Easton.  This exercise was not totally straightforward as Easton’s survey 

was undertaken before GPS came into widespread use.  It was compiled using 

measurements taken on the ground at right angles from a transect baseline, so was 

therefore not a true plan.  His maps have no georeferences, no OS backdrop, scale or north 

point.  As a consequence, the two surveys had to be matched by eye.  Once common points 

of reference had been located, Easton’s map was calibrated  by ‘rubber-sheeting’ to make it 

a true plan.  This corrected the distortion introduced by following contours. 

Once the corrections were completed, the two maps could be overlaid.  The location and 

extent of the 21 clones detected show remarkable concurrence, so validating the survey 

methodology.  

Fig. 25. showing Easton’s clones (numbered in black) and the current study’s 

maps (in green) 
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Crannaich 

Like Tomnagowhan, most of the other sites surveyed were mosaics of open ground and 

broadleaved woodland dominated by birch and aspen.  They all showed clonal patterns not 

dissimilar to those recorded at Tomnagowhan. 

The population of aspen at Crannaich, 

however, is quite different.  This site is a 

Scots pine plantation with a small number of 

broadleaves.  Among these are 190 aspen 

stems > 10cms DBH.  These are spread over 

an area of c. 10 hectares, and their 

distribution is scattered rather than clumped. 

There is no sign of any clonal pattern as in our 

other sites, either in spring or in autumn.  

Rather, the variation in appearance of 

neighbouring aspen stems indicates an 

intimate mix of phenotypes.  This suggests 

that each aspen stem at Crannaich is 

genetically unique. 

We conclude that it is probable that the 

Crannaich aspen are of recent seed origin 

rather than vegetative suckers from a small 

number of clones.   They are likely to have 

colonised this site when it was prepared for 

planting in the 1960s.   A similar event 

appears to have taken place at Ellanwood. 

 

Fig. 26. Distribution of individual aspen ramets 

at Crannaich 

Fig. 27.  The dark bark of the aspen stems (spot-marked yellow) contrasts with that of the pine, alt-

hough bark colour varies greatly from pale grey to almost black, possibly reflecting clonal differences; 

note that bark appearance in aspen may often be largely determined by epiphytic lichen assemblages 

than bark colour per se. 
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Pollen production 

Given that Ally et al. (1998) reported a drop in pollen viability in old aspen clones in British 

Columbia, we decided to scope the possibility of testing pollen from Strathspey. 

We collected pollen samples from 4 male clones, and commissioned Ormungandr 

Melchizedek to look at these, using laboratory facilities at RBGE.  He trialled two techniques: 

staining with acetocarmine and assessing germinability in a hanging droplet of sucrose 

solution (as described by Razora & Zsuffa 1986). 

Both techniques were trialled with 

moderate success, but neither may 

yield completely accurate data on 

pollen viability.  According to 

Koivuranta et al. (2012)  “no 

reliable method to measure the 

germination ability of aspen pollen 

exists; thus the pollen viability has 

to be determined indirectly based 

on the viability of seeds.” 

Fig. 28. Some of the Crannaich aspen showing well among the pine on 6th October 

Fig. 29. Stained aspen pollen from Strathspey 
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DISCUSSION AND CONCLUSIONS 

The most useful data collected in this study came from the clone mapping exercise. 

It is not generally possible to assess the genetic diversity of a stand of trees from field 

observations alone.  However, aspen is genetically variable and clones may generally be 

distinguished in the field on phenotypic differences. 

The timing of leaf emergence is a quantifiable parameter to score clones.  Previous field 

surveys we have undertaken have relied on recording LES scores for GPS’d stems in a 

stand.  In practice, we found that this was time-consuming, and that it could sometimes be 

difficult to accurately assess the stage of leaf development against the light, even using 

binoculars.  Other differences, especially leaf colour, could often be detected however, and 

this helped separate clones. 

Using a drone had the advantage that it was possible to create a permanent georeferenced 

record showing differences in canopy colour and ‘texture’ in a format that could be uploaded 

into GIS for later interpretation and mapping. 

However, capturing high quality imagery with the drone was dependent on suitable weather 

and light conditions.  In particular, sunny conditions resulted in excessive contrast in the 

imagery and rendered this difficult to interpret. 

We were able to detect clonal differences in both spring and autumn.  For the purposes of 

mapping clones, it was helpful to have both the spring and autumn imagery. 

 

Preliminary observations made during this study suggest that senescence is unlikely to be a 

major cause of poor flowering in Strathspey aspen.  None of the 190 putative young clones 

at Crannaich were observed to flower.  However, we will monitor the future flowering 

performance of the grafted trees grown this year to assess whether they are above average 

in this respect. 

Data collected from the clone mapping exercise clearly show that all the sites we studied 

comprise a relatively large number of small clones.  This suggests that recruitment of new 

clones has at least been an occasional event in the past, although it is unlikely to be a 

regular occurrence. 

Furthermore, a significant number of the grafted trees in Forestart’s seed orchard (600 kms 

to the south) flowered in 2017, adding weight to the hypothesis that flowering is climate-

related. 

However, as yet we have too little data to draw firm conclusions about the significance of 

different factors in flowering.  Further observations are required.  In particular, it would be 

useful to conduct common garden trials for native aspen, as has been done for many other 

tree species. 

This would entail planting a selection of Scottish aspen clones at sites in different parts of 

the UK.  These trials could be extended to Scandinavia if suitable partners were identified. 
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Appendix 1:  Capturing nadir aerial imagery using a drone 

 

This appendix describes the practical and technical issues we encountered in capturing 

drone imagery. 

Training and licensing 

As we were proposing to operate the drone for research purposes and not commercially, it 

was not necessary to apply for a license.  However, we arranged for a few hours training to 

ensure we could operate safely and efficiently.  Permission was sought from landowners 

before flying. 

Equipment and software 

Following advice and help from 

Matthew Harmsworth (ROAVR), we 

purchased a second-hand DJI Inspire 1 

with a standard X3 gimbal-mounted 

camera.  The gimbal allows the camera 

angle to be changed between nadir 

(vertical) and oblique photography. 

The drone came with 4 batteries, each 

of which gave a flight time of around 

17 minutes.  This limited surveying 

capacity, so we also purchased one 

new battery. 

We used an Ipad MiniR plugged into 

the remote control.  The relatively 

large screen allowed the operator to 

follow the drone’s progress in real time 

as ‘missions’ were flown. 

The Ipad ran two applications: DJIGo and Map PilotR. 

DJIGo is the standard app paired with the drone, from which the aircraft could be controlled 

almost entirely via touch screen (or with the remote control), as well as displaying the 

conditions of the drone e.g. battery life, flight mode and communication status between the 

controller and drone.  This app also provides a means of updating the firmware for both the 

aircraft and the remote. 

The second app was Map PilotR by Maps Made EasyR.  This can be used with any drone 

capable of nadir photography and enabled the pre-flight planning and capture of 

georeferenced aerial photographs.  “Missions” were drawn out before flight using the app 

and uploaded to the drone before flight.  Transects were then flown as programmed.  The 

pilot could change the orientation of transects according to wind direction, and usually 

assisted with landing the drone visually.  Each mission was saved in MapPilot’s user account, 

so that these surveys could be repeated at a future date. 

As well as allowing the operator to select the area to be flown, the app offered a choice of 

flight altitude.  Most missions were flown at the maximum permissible height of 120 metres 

above ground.  This allowed us to survey reasonably large areas with an acceptable level of 

detail in the resultant imagery. 

Fig. 30. Patrick Fenner lands the DJI Inspire after fly-

ing a mission at Kinveachy 

https://www.mapsmadeeasy.com/drone_mapping
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Flying conditions 

Weather imposed significant constraints on this survey method.  Flights could only be safely 

undertaken in dry weather and fairly low wind speeds (ideally below 10mph).  Although the 

drone could cope with higher wind speeds, battery life fell as the drone struggled to 

maintain its flight course. 

However, light conditions proved to be the most significant factor affecting survey.  Bright 

sunny conditions allowed the drone to complete missions very quickly but the resultant 

images were of poor quality.  In particular, shadows created high contrast and rendered 

imagery difficult to interpret. 

Image processing and interpretation 

As missions were flown, images captured by the drone were stored on a SD card as JPEGs.  

These photos were uploaded to the mapsmadeeasy.com website for processing.  The online 

software stitched the overlapping images into a single mosaiced image that could be 

imported to GIS as geo-referenced raster files.   

Analysis of the imagery was undertaken on QGIS.  For each study site, all aspen woodland 

was digitised as polygons.  With the interpretation of each layered dataset, these polygons 

were cut to indicate clone boundaries.  

 

 

https://www.mapsmadeeasy.com/drone_mapping

