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Abstract

INTRODUCTION

The family Ericaceae is a group of flowering plants found to be growing mostly in arid and
infertile conditions and are capable of withstanding environmental extremes on mountain
tops, arctic conditions, volcanoes, swamps, rocks etc. The family consists of 9 sub-families
with 3500 species under 125 genera widely spread in temperate, cool sub-tropical regions
including tropical mountains (Cronquist 2002). However, Mabberley (2008) suggested 3850
cosmopolitan species under 117 genera for the family.

Out of these, 280 species under 11 genera are found to occur in India with 46 endemic
species distributed in the Himalayas, Northeast India and hill tops of South-western Ghats
(Sanjappa & Sastry 2014) and about 33 species are found in West Bengal (Panda &
Chowdhury 2008). The ancestry of the group evidently lies in tropical latitudes, but perhaps
at higher elevation rather than in tropical forests (Cronquist 2002). The larger genera under
Ericaceae are Rhododendron (1000 spp.) and Erica (860 spp.) followed by Vaccinium
(140 spp.) and Gaultheria (134 spp.) (Mabberley 2008). The family has been classified into
eight sub-families, Enkianthoideae, Monotropoideae, Arbutoideae, Cassipoideae, Ericoideae,
Harrimanelloideae, Styphelioideae and Vaccinioideae (Mabberley 2008). However, the latest
classification by Kron et al. (2002) classified Ericaceae into 9 sub-families as Enkianthoideae,
Pyroloideae, Monotropoideae, Arbutoideae, Cassiopoideae, Ericoideae, Harrimanelloideae,
Styphelioideae and Vaccinioideae. Leaf is perhaps anatomically the most varied organ of
angiosperms and its anatomical variations often concur closely with generic and specific,
occasionally familian, lines (Carlquist 1961). Leaf micro-morphological characters have been
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Ten species of Ericaceae from Darjeeling Himalaya [Gaultheria nummularioides D. Don,
Gaultheria fragrantissima Wall., Pieris formosa (Wall.) D. Don, Lyonia ovalifolia (Wall.) Drude,
Rhododendron arboreum Sm., Rhododendron arboreum subsp. cinnamomeum (Wall. ex G.Don)
Lindl., Rhododendron barbatum Wall. ex G.Don, Rhododendron griffithianum Wight,
Rhododendron lepidotum Wall. ex G.Don and Rhododendron dalhousiae Hook. f.] were studied
with respect to foliar morphometric characters. The quantitative data revealed some wide
variation in leaf lamina characters while some tend to be closely related. Estimation of vein-islet
number have also been made. The taxonomic relationships among the taxa have been depicted
through cluster analysis and dendrogram.
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a valuable tool in understanding taxonomic studies (Hickey & Taylor 1991). Hickey (1973)
first used the leaf characters for outward expression of the leaf structure, venation pattern,
leaf shape and position of glands. The variation in the leaf morphological traits also reflects
the evolutionary changes in course of time (Otte & Endler 1989). Green and Hickey (2005)
studied leaves from cretaceous and tertiary angiosperms and showed the use of morphological
categories instead of phylogenetic groups in producing rich and ecologically informative
semi-quantitative proxy measurements of plant evolutionary patterns (Lande 2009). In the
present study, 10 species of Ericaceae was studied with an aim to understand the micro-
morphological characters of their leaves and thereby taxonomically distinguish the genera on
the basis of leaf-morphometry, venation pattern and indumentums and therefore understand
its systematic importance for identification and differentiation.

MATERIALS AND METHODS

The present work has been carried out with some fresh specimens collected from the higher
zones of Darjeeling Hills (2000 – 3400 m) and some herbarium specimens deposited at the
NBU Herbarium. The species under study were Gaultheria nummularioides D.Don,
Gaultheria fragrantissima Wall., Pieris formosa (Wall.) D.Don, Lyonia ovalifolia (Wall.)
Drude, Rhododendron arboreum Sm., Rhododendron arboreum subsp. cinnamomeum
(Wall. ex G.Don) Lind., Rhododendron barbatum Wall. ex G.Don, Rhododendron
griffithianum Wight, Rhododendron lepidotum Wall. ex G.Don and Rhododendron
dalhousiae Hook. f. The leaves from these specimens under study were processed according
to the method as prescribed by Mishra et al. (2011). The specimens were immersed in 2.5
% NaOH solution for about 10 – 14 days or until the lamina appeared clear. The leaves were
then washed with water to remove the excess sodium hydroxide and cleared with soft brush
without damaging the tissue. In case the leaf remained unclear, it was boiled in lactic acid to
achieve the desired level of clearing (Lama 2004). The leaf skeleton of each specimen was
stained with safranin and mounted in DPX (Brady et al. 1998). The specimen was then
observed under the microscope (Magnus Trinocular microscope) for both qualitative and
quantitative foliar characters. The morphometric characters under study were selected
following manual of leaf architecture (LAWG 1999). For descriptive terminology, Hickey
(1973) and Dilcher (1974) have been followed.

RESULTS AND DISCUSSION

The analysis of the morphometric characteristics of the leaf from the studied members of
Ericaceae showed that the leaves were simple, alternate with blade class varying from
microphyll in Gaultheria fragrantissima, Pieris formosa, Rhododendron arboreum and
R. dalhousiae to nanophyll in G. nummularioides and R. lepidotum, also mesophyll in
Lyonia ovalifolia and R. griffithianum with notophyll in R. arboreum subsp. cinnamomeum
and R. barbatum exhibiting differences in the blade class even among the Rhododendrons.
The macro-morphological data have been tabulated and presented in Tables 1A & B with
details of venation patterns from 1 to 5 degree categories in Table 2 and the structure of
indumentums presented in Table 3.

The micro-morphological characters seems to be quite useful regarding the
taxonomic identification of the species especially the blade class, lamina ratio, margin
type and the differences in the venation pattern at second and third degree category.
The lamina shapes were observed as ovate in Gaultheria species whereas it was mostly
elliptic in Rhododendrons except R. dalhousiae where the lamina was ovate-oblong.
The mean apex angle for the lamina ranged from 45 to 73 degree and the mean base
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Table 1A: Macro-morphological characters of leaves from studied species of Ericaceae

Species Leaf 
attachment 
(phyllotaxy) 

Leaf 
organiz-

ation 

Blade 
class 

Petiole 
feature 

Mean 
Lamina 
length 
(mm) 

Mean 
Lamina 
width 
(mm) 

Lamina 
area 

(mm2) 

Gaultheria 
fragrantissima 

Alternate 
Simple Microphyll Base 

swollen 
84.2 21.3 1176.0 

 

G. nummularioides Alternate 
Simple Nanophyll Base 

swollen 
14.0 10.1 93.33 

Lyonia ovalifolia Alternate Simple Mesophyll Not swollen 121.2 58.2 4678.7 
Pieris formosa Pseudowhorl Simple Microphyll Not swollen 88.1 31.0 1818.67 
Rhododendron 
arboreum 

Alternate Simple Microphyll Base 
swollen 

79.3 25.1 1316.66 

R. arboreum subsp. 
cinnamomeum 

Alternate Simple Notophyll Base 
swollen 

105.1 37.2 2590.0 

R. barbatum Alternate Simple Notophyll Base 
swollen 

129.0 38.1 3268.0 

R. dalhousiae 
Alternate Simple Microphyll Base 

swollen 
82.2 29.3 1585.33 

R. griffithianum 
Alternate Simple Mesophyll Base 

swollen 
160.1 50.0 5333.33 

R. lepidotum 
Alternate Simple Nanophyll Base 

swollen 
19.3 8.2 101.33 

 
Table 1B: Macro-morphological characters of leaves from studied species of Ericaceae
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Species Lamina 
shape 

Lamina 
symmetry 

Lamina 
(L:W 
ratio) 

Apex 
angle 

Base 
angle 

Base 
shape 

Mean 
petiole 
length 
(mm) 

Apex 
shape 

Margin 
type 

Gaultheria 
fragrantissima 

Ovate Symmetrical 84:21 65⁰ 68⁰ Cuneate 5 Acute Crenate 

G. nummularioides Ovate Symmetrical 14:10 54⁰ 55⁰ Rounded 1.5 Acute Entire 
(ciliate) 

Lyonia ovalifolia Broadly 
elliptic 

Symmetrical 121:58 60⁰ 50⁰ Rounded 8 Acum-
inate 

Entire 

Pieris formosa Elliptic Symmetrical 88:31 73⁰ 64⁰ Cuneate 
(straight) 

6 Acum-
inate 

Crenate 

Rhododendron 
arboreum 

Elliptic Symmetrical 79:25 65⁰ 60⁰ Cuneate 10 Shortly 
acumin-
ate 

Erose/ 
slightly 
revolute  

R. arboreum subsp. 
cinnamomeum 

Elliptic Symmetrical 105:37 63⁰ 60⁰ Cuneate 
(straight) 

11 Shortly 
acumin-
ate 

Entire 

R. barbatum Elliptic Symmetrical 129:38 60⁰ 65⁰ Cuneate 10 Shortly 
acumin-
ate 

Erose/ 
slightly 
revolute 

R. dalhousiae Ovate-
oblong 

Symmetrical 82:29 55⁰ 55⁰ Cuneate 
& 
slightly 
ciliate 

12 Round
ed- 
mucr-
onate 

Entire 
with 
slightly 
ciliate  

R. griffithianum Elliptic Symmetrical 160:50 60⁰ 60⁰ Rounded 16 Caudate
-acumi-
nte 

Erose/ 
slightly 
revolute 

R. lepidotum Elliptic Symmetrical 19:08 45⁰ 50⁰ Cuneate 8 Shortly 
acumi-
nate 

Entire 

 



angle from 50 to 68 degree. The leaf margin was crenate to entire in Gaultheria with
some members of Rhododendrons showing erose to slightly revolute margin type. The
primary vein category was pinnate in all the species whereas the secondary vein category
varied from weak brochidodromous in species of Gaultheria, semi-craspedodromous
in Pieris formosa to festooned brochidodromous in the other seven species under study.
However, the fifth degree vein category was dichotomizing with simple agrophic veins
in all the species. The estimation of the vein-islets number from apex, middle and base
portion of the leaf revealed maximum number of vein-islets towards the middle portion
followed by basal lamina (Figure 1). Circular multicellular scales on both surface of the
lamina were observed only in Rhododendron dalhousiae and R. lepidotum whereas
the indumentum characters in some of the species were elongated, slender and soft with
unicellular or tomentose hairs.

Table 2. Lamina venation pattern, 1 – 5° categories of studied species of Ericaceae
[Abbreviations used: A/M/B= Apex/Middle/Base]
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Species 1⁰vein 
category 

2° vein 
category 

2° vein 
spacing 

Inter 2° 
veins 

3° vein 
category 

4° vein 
category 

5° vein 
category 

Agrophi
c veins 

Vein 
islet 
number  
A/M/B 

(per 
mm2) 

Gaultheria 
fragrantissima 

Pinnate Weak 
brochido
dromous  

Decreasing 
toward 
base 

Absent 
intersec-
ondaries 

Mixed 
opposite 
& 
alternate 

Regular 
polygonal 
reticulate  

Dichotomi-
zing 
 

Simple 
agrophic 

16/23/18 

G.nummularioides Pinnate Weak 
brochido
dromous  

Increasing 
toward 
base 

Absent 
intersec-
ondaries 

Random 
reticulate 

Regular 
polygonal 
reticulate  

Dichotomi-
zing 
 

Simple 
agrophic 

15/23/18 

Lyonia ovalifolia Pinnate Festooned 
brochidod
odromous  

Decreasing 
toward 
base 

Absent 
intersec-
ondaries 

Random 
reticulate 

Regular 
polygonal 
reticulate  

Dichotomi-
zing 
 

Simple 
agrophic 

16/20/18 

Pieris formosa Pinnate Semi-
craspedo
dodrom-
ous 

Decreasing 
toward 
base 

Absent 
intersec-
ondaries 

Random 
reticulate 

Regular 
polygonal 
reticulate  

Dichotomi-
zing 
 

Simple 
agrophic 

6/11/10 

Rhododendron 
arboreum 

Pinnate Festooned 
brochidod
odromous  

Decreasing 
toward 
base 

Absent 
intersec-
ondaries 

Random 
reticulate 

Regular 
polygonal 
reticulate  

Dichotomi-
zing 
 

Simple 
agrophic 

16/20/18 

R. arboreum 
subsp. 
cinnamomeum 

Pinnate Festooned 
brochido-
dromous  

Increasing 
toward 
base 

Absent 
intersec-
ondaries 

Random 
reticulate 

Regular 
polygonal 
reticulate  

Dichotomi-
zing 
 

Simple 
agrophic 

15/20/17 

R. barbatum Pinnate Festoo-ned 
brochi-
dododr-
omous  

Irregular Absent 
intersec-
ondaries 

Regular 
polygona
l 
reticulate 

Regular 
polygonal 
reticulate  

Dichotomi-
zing 
 

Simple 
agrophic 

12/23/22 

R. dalhousiae Pinnate Festooned 
brochidod-
odromous  

Decreasi-
ng toward 
base 

Weak 
intersec-
ondaries 

Mixed 
opposite 
& 
alternate 

Regular 
polygonal 
reticulate  

Dichotomi-
zing 
 

Simple 
agrophic 

13/19/15 

R. griffithianum Pinnate Festooned 
brochidod-
odromous  

Decreasing 
toward 
base 

Absent 
intersec-
ondaries 

Random 
reticulate 

Regular 
polygonal 
reticulate  

Dichotomi-
zing 
 

Simple 
agrophic 

14/20/18 
 

R. lepidotum Pinnate Festooned 
brochidod-
odromous  

Irregular Absent 
intersec-
ondaries 

Random 
reticulate 

Regular 
polygonal 
reticulate  

Dichotomi-
zing 
 

Simple 
agrophic 

7/12/10 
 

The dendrogram based on Bray-Curtis cluster analysis showed three clustered groups
for the studied Ericacean species (Figure 2). The similarity were based basically on the
quantitative foliar traits that include, mean lamina length, breadth and area, apex angle, base
angle, petiole length and vein islet number per sq mm of leaf surface.



 

A 

D E F 

B C 

J 

H G 

I 

PLATE I: Figures A. R. arboreum B. L. ovalifolia C. R. barbatum D. R. griffithianum
E. R. cinnamomeum F. G. nummularioides G. G. fragrantissima H. R. dalhousiae I. P.
formosa J. R. lepidotum
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Species Origin Type Shape Branc-
hing 

Gland Length 
(μm) 

Features 

Gaultheria 
fragrantissima 

A A A A A A A 

G. nummularioides Margin 
of lamina 
 

Unicellular 
cilia 

Elongated, 
slender 

U NG 30 – 60 Long, soft, 
curved 

Lyonia ovalifolia A A A A A A A 
Pieris formosa A A A A A A A 
Rhododendron 
arboreum 

Lower 
surface of 
lamina 

Tomentose 
hair 

Elongated, 
slender 

U NG 15 – 20 Long, soft, 
fine, dense, 
erect 

R. arboreum subsp. 
cinnamomeum 

Lower 
surface of 
lamina 

Tomentose 
hair 

Elongated, 
slender 

U NG 15 – 22 Long, soft, 
fine, dense, 
erect, 
matted 
creamy, 
fawn like 

R. barbatum Lower 
surface of 
lamina 

Unicellular 
hair 

Elongated, 
slender 

U NG 6 – 10 Long, soft, 
curved, 
dendroid 
type 

R. dalhousiae Basal 
portion of 
leaf 

Unicellular 
cilia 

Elongated 
slender 

U NG 30 – 60 Long, soft, 
curved 

R. griffithianum A A A A A A A 
R. lepidotum A A A A A A A 

Table 3. Indumentum structure on lamina in studied species of Ericaceae [Abbreviations
used: A= Absent; U= Unbranched NG= Non-glandular]
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Figure 1. Graph showing Vein islets/mm2 (apex, middle, base) in the species
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The first clade consisted of Lyonia ovalifolia, R. griffithianum, R. cinnamomeum
and R. barbatum, of which, R. griffithianum appeared to be close to L. ovalifolia in its
foliar quantitative characters. The second clade showed close proximity between Pieris
formosa and R. dalhousiae and between R. arboreum and G. fragrantissima. The third
group expressed quantitative proximity between G. nummularioides and R. lepidotum as
far as the leaf architectural characters were concerned.



Figure 2. Dendrogram showing quantitative similarity between the species

CONCLUSION

It is quite difficult to segregate these plants just from the superficial leaf morphology. But,
with little detailed observation using simple devices like dissecting and compound light
microscope it was possible to add quite a few easily observable data that can act as quite
effective tool for the recognition of these plants at the genus and/or species level. In the
present work, distinct differences in vein architecture have been recognized at 1° - 5°   levels.
Presence or absence of bristles, scales and other indumentum and their structures were
always species specific. This study highlights the significance of foliar morphometric characters
in segregating the species into separate groups and also in defining taxa thereby providing
information for taxonomic distinctiveness.
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