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1. Introduction 

1.1. Summary 

The research project planned to investigate variation in flower colour of Rhododendron arboreum 

Sm. within an area of the species native Himalayan habitat in Nepal.  I was accompanied on 

fieldwork by a local botanic student from Nepal, whom appreciated the opportunity to gain 

experience in the field. Specifically, we wished to examine whether there was any particular pattern 

to colouration of the flowers across the chosen study area, and how colouration might respond to 

the abiotic environment. The advantage to basing research in the Nepal Himalaya is the unique 

opportunity in which a large range of elevation and climate is accessible over relatively short 

distances where Rhododendron naturally grow (from sub-tropical to sub-alpine zones, 1500–3500 

m). In gathering data for this purpose, we have also been able to formulate a good general picture of 

the species ecology, also presented here.  

We feel that research of this kind on this attractive and commonly cultivated species can be of 

considerable horticultural interest. We have thus sought to demonstrate the applied significance of 

the findings, where relevant. In addition to horticultural interest, our focus on floral pigments of R. 

arboreum (Nepali: Lali Gurans) may also be of benefit to locals involved with small-scale production 

of rhododendron juice from collected flowers. This aspect is also briefly discussed.  

1.2. Aims 

There were several main aims to the project, which are outlined below. All have been completed to 

date, except for chemical analysis of floral pigments which is currently underway.  

 Examine variance of R. arboreum flower colour between populations and  over 

environmental gradients (including elevation and light) 

 Identify and quantify key anthocyanin and flavonol phytochemicals predominantly involved 

in the colouration of flowers 

 Document the abiotic environment and habitat in which the species naturally grows 

 Practically relate the relevancy of findings from the wild to horticultural cultivation, and for 

local sustainable production of rhododendron juice 

1.3. Location & itinerary  

Rhododendron arboreum is a widespread species, distributed from the Indian state of Himachal 

Pradesh in the west, throughout the Himalayan range (including Nepal, Sikkim and Bhutan) to 

Arunachal Pradesh in the east. A number of minor taxa also exist outside this range throughout SE 

Asia. In eastern Nepal, several variants of the species co-occur in the wild, which include subsp. 

arboreum and var. roseum, and R. arboreum subsp. cinnamomeum and its white variant var. album. 

Although the species shows a wide distribution in the wild, in limited circumstances in Sikkim and 

central and eastern Nepal R. arboreum dominates over large geographic areas, which are termed 

‘rhododendron forest’.  

Owing to this occurrence of the species at such high density, we therefore selected an area of 

rhododendron forest in the Solokhumbu district of eastern Nepal to undertake the study (Figure 1). 

A visit to this area was therefore planned to coincide with the main flowering period of R. arboreum, 

beginning from the end of April. The exact Itinerary of the trip is laid out in Table 1. 



4 
 

 

Figure 1. Target rhododendron forest within SW Solukhumbu district, eastern Nepal. The study was 
undertaken throughout areas of the northernmost section of the forest, due to greater ease of access on 
trails (indicated in navy blue) from Salleri/Beni. Map self-assembled from geographic and ecological data 
provided by ICIMOD. 

 

 

Table 1. Itinerary of travel and fieldwork in Nepal - March/April 2012 

Date (2012) Activity 

21st March Arrive Kathmandu 
22nd-23rd  March Preparation for research, purchasing supplies 
24 March Meeting FECOFUN* for information on Solukhumbu forests 
25th March Flight to Phaplu (Salleri) airport, Solokhumbu district 
26th March Meeting with local FECOFUN branch & District Forest Officer, Salleri  
27th March Trekking Salleri to Himalayan View Lodge, via Lamjura pass (3530m) 
28th March - 1st April Research activities in vicinity of Goyam-Lamjura pass 
2nd April Return trek to Salleri 
3rd April Flight Phaplu-Kathmandu 
4th April Free day Kathmandu 
5th April Return flight  

*Federation of Community Forest User Groups Nepal 

 

Mt. Everest 

Nepal 
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2. Flower colour & its variation in wild Rhododendron arboreum 
A reference system for Rhododendron flower colour was developed utilising common photographic 

software and standardized photographic conditions to obtain images of high quality and high 

resolution for measuring flower colour. The parameters for quantification included Red, Green, and 

Blue (RGB) values, and Hue, Saturation, and Lightness (HSL) values. Based on RGB and HSL values, 

HTML colour codes were generated, which allow for highly accurate digital replication of colours.  

 

Plants were sampled at multiple locations along the route taken. Several plants were sampled per 

population, where possible. A single population at Goyam (see Table 2.) was chosen to more 

extensively examine variation of colour within a population. The results mostly concern R. arboreum 

subsp. cinnamomeum, as subsp. arboreum was encountered considerably less. The taxa of R. 

arboreum which were included in the study are depicted in Figure 2. 

2.1. Colour variation as due to population, altitude and environment 

Using the above described methods, the main flower colour was selected and photographed for 

each plant growing along an altitudinal gradient. For flowers which had multiple tones, the most 

common tone was chosen. The results presented in Table 2 indicate two main points: 

1. There is no evidence to support an altitudinal gradient in flower colour in R. arboreum - 

Although colour differences are evident between subspecies (with arboreum var. roseum a 

much deeper pink than the lighter or white shades of subspecies cinnamomeum), no 

patterned variation was found within subsp. cinnamomeum due to elevation. 

2. Variance between populations of subsp. cinnamomeum appears to be just as large as 

variation within populations - or in other words flower colour is not distinctly partitioned or 

compartmentalized. 

Table 2. Flower colour and geographic information for R. arboreum plants sampled in the wild 

Population Plant Subspecies Location Elevation HTML colour HTML code 

A DSC_0218 arboreum Phaplu-Benighat 2600 m   #fb2262 

B DSC_0233 arboreum Bemoghat-Junbesi 2380 m   #ff2f5b 

C DSC_0238 cinnamomeum  Bemoghat-Junbesi 2400 m   #ffa0fe 

C DSC_0238 cinnamomeum  Bemoghat-Junbesi 2400 m   #ff6dd1 

D DSC_0240 cinnamomeum  Junbesi 2700 m   #ff77ff 

D DSC_0241 cinnamomeum  Junbesi 2700 m   #facce7 

D DSC_0250 cinnamomeum  Junbesi 2700 m   #fffefd 

E DSC_0259 cinnamomeum  Junbesi-Lamjura La 3000 m   #e898e5 

E DSC_0261 cinnamomeum  Junbesi-Lamjura La 3000 m   #ffa8de 

F DSC_0386 cinnamomeum  Goyam 3220 m   #fffcf2 

F DSC_0386 cinnamomeum  Goyam 3220 m   #fffef1 

F DSC_0386 cinnamomeum  Goyam 3220 m   #ffc8de 

F DSC_0398 cinnamomeum  Goyam 3220 m   #ff99cb 

F DSC_0520 cinnamomeum  Goyam 3220 m   #e593dc 

F DSC_0520 cinnamomeum  Goyam 3220 m   #dc588a 

F DSC_0520 cinnamomeum  Goyam 3220 m   #f6fce8 
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Figure 2. The taxa of R. arboreum encountered in Solukhumbu: A. R. arboreum subsp. cinnamomeum 
(growing alongside R. barbatum in the background), B. Flowers of subsp. cinnamomeum, C. R. arboreum 

subsp. arboreum var. roseum, and D. R. arboreum subsp. cinnamomeum var. alba 

A B 

C D 
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The results from Table 2 do indicate that white flowered plants became generally more common as 

elevation increased. However, despite this noted trend, this does not appear to be a hard and fast 

rule - at higher elevations it is still possible to find populations without white flowering variants, and 

vice versa (Figure 7.). Outside of interest on flower colour, a distinct elevational trend was noted in 

flowering phenology. During the course of our trek upwards towards Lamjura Pass, flowering of the 

species became gradually less and less, and it was not until several days later that it was possible to 

study truly open flowers at these higher elevations. 

Difficulties were encountered examining the effect of light on flower colour. This was due to the 

difficulty of finding suitable populations in flower under darker conditions for comparisons (Figure 

3.). Generally, over the period of time in which the study was carried out, only plants in the open or 

under very little cover were seen flowering or even in bud. Very few individuals growing truly under 

canopy were seen to be in bud, or even to show past signs of flowering (such as presence of old seed 

pods, or their scars from previous seasons). 

Figure 3. Hemispherical photography taken of undisturbed rhododendron forest at Population A (picture 
A), and heavily degraded forest located at Population C (picture B). Despite differences in the level of 
disturbance, little to no flowering was observed in Population A, in contrast to Population C which had 
many flowering or budding plants. Due to how dense or open/closed the canopy is, the effect of light 
may have strong influence of how regularly plants flower. 

2.2. Colour diversity within flowers & between temporal phases 

Flowers with a distinct gradient of colour were a relatively common encounter in the wild usually 

transitioning from light corolla bases to darker tips. It was also a common observation to see 

younger flowers a much deeper shade while still in bud form, but with older open flowers on 

neighbouring trusses having faded to lighter shades (Figure 4.). In the case of white flowers, flower 

buds would usually display light pinkish tones. Given this tendency towards multi-tonal flowers, it 

was rather surprising to see that the colour of nectar guide spots within flowers showed very little 

variation beyond a standard dark brown, regardless of the colour of flower or how varied flower 

colour was within or between populations. This was also the case with flower nectar sacs, which 

displayed the same dark colour as the nectar guides to direct pollinators. 

 

A B 
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Figure 4. Typical flower and bud colours (with HTML codes) of R. arboreum subsp. cinnamomeum. Above 
is a representation of the diversity of colour gradients within flowers. Below are typical bud and open 
flower colours within the same plant, indicating the colour transition which occurs during blooming. 

2.3. Chemical analysis of flower colour 

To date, only preliminary chemical analysis of flower colour have been conducted utilizing liquid 

chromatography (LC-UV-MS) for analysis of pigments of wild collected R. arboreum flowers. A 

method has been developed for this analysis, which is tailored towards the specificities of 

rhododendron floral pigments. An example of a commonly occurring phytochemical identified 

through this method is presented in Figure 5. 

 

Figure 5. UV-visible spectrum of a typical phenolic compound found in flowers 
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3. Findings on the ecology of Rhododendron arboreum 

3.1. Ecological findings 

Within Nepal, rhododendron forest is descriptive of both pure and mixed associations of R. 

campanulatum and R. barbatum (generally found at the lower sub-alpine zone, 3300-3500 m), as 

well as the more commonly occurring monospecific expanses of R. arboreum (which occur at upper 

montane elevations, 2500-3300m). Elsewhere across the Himalaya, either of these sub-elements 

may be absent from habitats described in the broadest sense as ‘rhododendron forest’, such as in 

Sikkim. From our field study conducted in March-April 2012, we have determined that the 

rhododendron forest present in Solukhumbu district falls into the latter category, as dominated by 

Rhododendron arboreum, though with some large upper areas dominated by R. campanulatum at 

ca. 3300 m upwards. 

Concerning the physical structure of the 3 forests plots in which we decided to undertake a detailed 

study (i.e. populations A, B & C), the results presented in Figure 6 indicate that Populations A and B 

exhibit a generally healthy state, whereas population C is in a structurally poor state. The structural 

health of forest plots can be inferred from the shape of the bar distribution, which in the case of 

Population A and B exhibits a ‘reverse-J shape’. This reverse-J shape indicates a high proportion of 

younger trees (which have small basal areas) recruited in the population, with this number dropping 

very suddenly, leading to a much smaller proportion of older trees (with large basal areas). In 

contrast, the bar distribution of population C is very balanced, which indicates that the population is 

of a more or less even mix of age classes. This particular shape reveals the danger that not enough 

young trees have been recruited to maintain a viable population. This poor structural shape 

observed in Population C can be explained by its proximity to human settlement, as signs of 

degradation such as grazing and logging were visibly evident. 

 
Figure 6. Size class distribution of basal area of plants for the 3 target populations. The width of the 
curves fitted for each population reveal the degree of variation in age of plants (i.e. basal area), with 
Populations A, B and C possessing a broad, medium and low diversity of age, respectively. The crest of 
each curve indicates the mean basal area per population, which are located roughly around the same 
place for each population despite their differences in age structure.  
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Figure 7. Population C (at Goyam), showing variation of flower colour within a population. Flowering 
plants of both subsp. cinnamomeum var. alba and var. cinnamomeum can be seen growing near each 
other. The insert gives an impression of the diversity of flower colour which exists from a selection of 
plants within this population. 

Figure 8. Rhododendron forest - a patch locally dominated by R. barbatum and a tree of Abies spectabilis 

(East Himalayan Fir). 
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Presently, rhododendron forests (Figure 8.) are one of five vegetation types which are not 

represented within the 16 officially protected areas of Nepal (IUCN 2002). Thus, the lack of formal 

protection of this forest habitat, coupled with a severely limited distribution and on-going 

degradation should therefore justify conservation concern.  

3.1. Relevance to horticultural production 

As well as studying basal area in R. arboreum, for each tree we sampled we also took a measure of 

its canopy width. The results presented in Figure 9. show that a strong relationship exists between 

the basal area and the canopy width of R. arboreum. The relationship exhibited is exponential, which 

means the speed at which the canopy grows (or spreads) increases at a faster rate over time as the 

tree gets older.  

Using the formula established on the graph, it is therefore possible to predict how wide the canopy 

will have spread given the age of the plant. These findings could have practical use within a 

horticultural context, as for example, it is possible to predict after how many years a gardener will no 

longer have adequate space for a tree, or what optimal planting density will allow non-overlapping 

crowns in mature trees. 

 
Figure 9. Relationship between tree basal area and caopy width in R. arboreum. The high R2 value (which 
is on a scale of 0-1) indicates a stronge relationship between the variables. The formula can be used for 
new predictions of one variable from the other. 

In cultivation, R. arboreum is usually always encounted as a single-trunked tree, and is one of only a 

few species of the genus to take a proper tree form. However, in the wild we encountered the 

species in various growth forms. As indicated in Figure 10., nearly exactly half all the plants studied 

throughout wild populations were single trunked, with about another 20% possessing two trunks. 

Individuals were two or more trunks were less common, but still make up a significant proportion of 

growth forms overall. 

Concerning soil pH which was measured at multiple locations throughout the three study 

populations, the mean pH for Population A, B and C was 4.74, 4.75 and 5.14 respectively. The 

minimum and maximum values of pH in which we found R. arboreum growing were 4.41 and 5.51. 

No plants were in flower in Population A and B, and within Population C (which equates to the 

Goyam location in Figure ?), many plants were in flower. This population showed notably higher pH 

values than the other sites, and it is more likely that flowering in this site is due to high light levels. 
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The site is much more heavily disturbed than the others, as previously discussed, which has more 

than likely alerted soil pH values from their natural levels. Often horticultural plants are cultivated 

without any real knowledge or appreciation of the pH levels in which the plant grows in the wild. The 

information presented here on soil pH may therefore be of value to gardeners. Looking at the mean 

values that have been obtained, it would appear that a strong acidic soil pH of 4.7-5.0 would appear 

most ideal for the species. 

 
Figure 10. Number of trunks per individuals of R. arboreum studied in the wild. 

 

3.2. Relevance to production of rhododendron juice 

Given the current threat to rhododendron forests, development of sustainable use of these forests 

can hold good prospective for local livelihoods. Production of rhododendron juice is one such way in 

which a sustainable product can be produced through responsible management of forests as a 

natural resource. The juice is made from pressing ca. 5 kg of flowers to obtain ca. 1 L of juice, and is 

consumed as a general beverage and medicinal tonic throughout the Indian subcontinent. 

Information on the variance of flower colour, as presented above, may be of use in the production of 

rhododendron juice, as standardization of colour of juice pressed from flowers would be an 

important component as part of the end result of any product.  

Also of relevance to the production of rhododendron juice is the finding from the chemical studies 

which have been initiated thus far that no toxic compounds are found in the flowers. Toxic 

phytochemicals have been reported from the flowers and nectar of many species of Rhododendron, 

so their absence in juice from R. arboreum flowers is a promising finding which can aid further 

development of the juice. 
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4. Personal reflections on the trip 
Nepal can be a very challenging country to visit, especially where it is required to get off the beaten 

track in mountainous environments. This is exactly the experience which was bestowed upon me 

during the trip, one in which many hours planning was required. Tracking down areas of 

rhododendron forest in which it is possible to visit in the wild, and how to practically get to these 

locations required detailed ecological and geographic maps - and as none such maps existed I had to 

go about making them myself! In these remote localities, such DIY spirit is a prerequisite. Now one 

year on after the initial idea for the trip, I’ve been brought out the other side of this challenge much 

more knowledgeable and skilled for the next future ventures!  

The difference between a research and a trekking trip in the Nepal Himalaya is the speed and intent 

in which travel on foot is undertaken. Often times the schedule simply demanded we ‘keep going’, 

whereas in more relaxed circumstances we simply would of halted for the night. Likewise, another 

few hours in bed would have easily been favoured over our early morning starts in the cold 

Himalayan air at 3300 m - although it would be difficult to complain too much about the wonderful 

sunrises between snowy mountain peaks. 

Connecting with the local communities out in Solokhumbu was another personally valuable 

experience in which it has been difficult to express in the above sections of this report. Meeting with 

the District Forest Officer, and several Community Forest User Groups (FECOFUN) was very 

enlightening. It was heartening to see how local communities are organised at the grassroots level, 

managing forests which lie in collective hands. Sitting down over tea and chatting with one person 

would undoubtedly lead to suggestions of further contact people in or near villages in which we 

planned to pass.  

 

Figure 11. Left: Meeting with the District Forest Officer, Salleri. Right: A helping hand with canopy 
photography at Goyam. 

Concerning the wonderful tree rhododendron R. arboreum itself, I feel I have gained a deeper 

understanding on the current plight facing rhododendron forests, but also glimpses of how to 

counter this with ways to unlock the forests potential in a sustainable fashion. I had embarked on 

this trip hoping to investigate aspects of the plants flowering and ecology, and I am pleased in the 
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way in which the information collected can on the one hand be of scientific merit, but also of 

practical relevance within a horticultural context. Too often it is easy for such information of a broad 

interest to be hidden within the scientific domain!  

Not all aspects of every trip proceed smoothly… schedules get delayed… flowers bloom late… maps 

mislead. Some of the research topics in which I had high hopes for turned out to be impossible to 

complete, such as studying the light effects on flowering in the wild. However, it is much too easy to 

feel naïve when looking back at the original plans. For every plan that fails, many more work. No 

regrets! 
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6. Budget & Expenditure 
 

6.1. Budget 

Budget category Item Cost £ Category sub-total £ 

Field research equipment     

Hana direct soil pH meter 424.67 
 Spare camera battery 50.80 
 Camera tripod 24.00 
 Fieldscout Quantum Lightmeter 160.00 
 Maps + literature 170.37 
 Sigma 4.3mm fish eye lens 643.99 1473.83 

Chemical analysis     

Agilent ZORBAX Eclipse LC-MS column 510.00 
 LCMS analysis - 35 samples 1200.00 
 TLC plates 153.75 1863.75 

Health & Safety     

Katadyn water filter 220.29 
 First aid kit 75.00 295.29 

Travel, Subsistence & Admin     

Food 350.00 
 Accommodation 482.00 
 Flights (Dublin-London-Kathmandu) 853.91 
 Internal Flights (Kathmandu-Phaplu) 347.70 
 Trekking porters 43.00 
 Taxis 37.64 
 Correspondence + postage 48.56 
 Visa 25.00 2187.81 

TOTAL 
 

£ 5820.68 
 

6.2. Funding sources & expenditure 

A total of £ 5900 was raised in funds for the project, awarded from The Merlin Trust (£ 1150), Van 

Tienhoven Foundation (£ 2750), and The Stanley Smith Horticultural Trust (£ 2000). This figure fell 

slightly short of the initial funding target of £ 6445, as submitted in the original budget to the Merlin 

Trust (August 2011). In order to adjust for this shortfall, it was decided that chemical analysis could 

be achieved through liquid chromatography (LCMS) as opposed to thin layer chromatography (TLC), 

as originally proposed. For the approximate £ 80 remaining in the budget, this sum will be dedicated 

to dissemination of the report (to include printing, postage, and possible online hosting). 

 

 

 

 

 


