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ABSTRACT

During speciation in flowering plants, many
morphological characters were evolved in re-
sponse to continuous selection pressure. Such
characters are largely governed by genetic
changes or get modulated according to ecolog-
ical adaptations. To explore the potential of latter,
a novel comparative analysis of seed micro-
morphology and ultrastructure was performed in
twenty species in the genus Dendrobium (Orc-
hidaceae) from well-defined altitude based phy-
togeographical realms i.e. temperate, subtropi-
cal and tropical regions. Seed morphological
characteristics from all collected species were
examined using 13 quantitative traits descrip-
tors. Comparative seed morphology revealed
that the species from temperate region have
larger seed volumes and seed volume/embryo
volume ratio than species from subtropical or
tropical regions irrespective of their phyloge-
netic association. Hence, phylogenetically re-
lated species emphasized their preference for a
climatic region as their prime habitat. Similar
trends towards gradual increase of percentage
free air space were observed in the species of
tropical to subtropical and subtropical to tem-
perate regions. The higher percentage of free air
space may have an advantage for the species
from temperate region with relatively low at-
mospheric pressure that had greater buoyancy
for optimal seed dispersal. Also, phylogeneti-
cally distant species from a particular climatic
region, showed characteristic features of the
testa cell walls sculptured with bead-like orna-
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mentations or covered with cottony white sub-
stances. Based on these observations, it may be
concluded that seed volume, % free air space
and seed coat ornamentation in Dendrobium
species are sighatures of adaptation according
to climatic preferences rather than their selec-
tion during speciation.
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1. INTRODUCTION

In the evolutionary history of any organism, the raw
material for evolution is to acquire enormous genetic
diversity under selection pressure providing novel phe-
notypes. In the genome of almost all flowering plants,
genetic and/or epigenetic changes seem to be widespread
and lead to apparent impact on biological phenotype,
ultimately influencing speciation. Ohno’s hypothesis of
genome duplication has also confirmed the key role of
genomic changes in molecular evolution [1]. However,
there are increasing evidences showing considerable and
sometimes very rapid morphological changes following
speciation as a result of adaptive radiance, as observed
majorly in the largest family of flowering plants i.e. Orc-
hidaceae, having bewildering range of flowers with more
than 2500 reported species globally.

The genus Dendrobium has been proved a very useful
and facile system to study the extent of genomic changes
and adaptive radiance [2-6], with nearly 1184 reported
species distributed throughout Indian sub-continent [7].
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The species of genus Dendrobium have adapted to a wide
variety of habitats ranging from high altitudes in the Hi-
malayan Mountains to lowland tropical forests, and even
to the dry climate of Australian deserts [8]. The orchids
of this genus are incredibly prevalent because of their
large flashy flowers contributing significantly to flori-
culture industries. Most of the species of the genus Den-
drobium are epiphytic in nature, or occasionally observed
to be lithophytic. The principal characteristics of the ge-
nus, for example, size, habit, form of stem and leaf,
shape, and structure and color of flowers have varied sig-
nificantly at inter-specific level. The taxonomic place-
ment of this genus is usually based on the floral charac-
ters however, the use of important vegetative characters
such as stem, leaf, inflorescence, mixed floral and polli-
nia traits and seed micro- specifics has also been empha-
sized [3,9-14].

The seeds of orchids are generally microscopic and
numerous, in some species over a million per capsule
having a simple embryo and often lacking endosperm
[11,15,16]. The seeds are wind dispersed and exhibit a
great deal of varied morphological characters in size,
form and structure, for example, seed size varies from
150 mm to 6000 mm [17]. The seeds are protected with
seed coat often showing marked thickenings and sculp-
turing. The thickenings are thin in terrestrial orchids
whereas thick in epiphytes [18]. The testa cells and em-
bryos of different species may vary significantly in size,
shape, colour, and volume [19-21]. The number of cells
contributing to testa formation also varies greatly among
species, ranging from 2 - 20 in number and most often
studied through scanning electron microscopy [17-19].

Changes in seed morphology brought about through
evolution had been important as a source of systematic
character to circumscribe sub generic groups or hypo-
thetical relationships among species within a genus [22-
24]. Recent study on different species of Dendrobium has
developed precise seed micromorphometric markers for
comparative phylogeny of Dendrobium [10]. Hence, the
seed characters such as shape, color, length, breadth are
significantly important as taxonomic markers and for
revelation of phylogenetic relationships among species
[10]. However, seed micro-specifics in orchid systematic
had restricted exploration as taxonomic and climatic pre-
ferences.

Since seed coat ornamentation and sculpturing are
considered non-specific to reveal the taxonomic rela-
tionship at inter-specific level, comparative knowledge
of seed micromorphology in respect to their climatic
preferences is yet scarce in orchids [18,25-27]. We hy-
pothesized that such characters may be largely governed
or get modulated according to ecological adaptations.
Since the general mode of seed dispersal of epiphytic
orchid is through air, therefore, it could be expected that
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seed ultra-structures will be marked or influenced by
their distribution pattern at varied altitudes in due course
of thousands of years of adaptation. With this hypothesis,
in the present study, seed micromorphometric measure-
ments and ultrastructures of second largest and tax-
onomically complex genus Dendrobium were explored in
a comparative account at inter-specific level, and as-
sessed the correlation if such changes had been evolved
with ecological adaptations due to altitude based phyto-
geographical distribution of the respective species.

2. MATERIAL AND METHODS
2.1. Plant Material

Twenty different species of the genus Dendrobium
were collected from defined climatic regions of eastern
North India (Figure 1). After collection all samples were
duly indentified at Botanical Survey of India for further
analyses. The collection for the present study included: D.
chrysanthum, D. chrysotoxum, D. clavatum, D. crepida-
tum, D. densiflorum, D. devoninum, D. farmeri, D. fim-
briatum, D. formosum, D. heterocarpum, D. hookeria-
num, D. infundibulum, D. moschatum, D. nobile, D.
ochreatum, D. parishii, D. primulinum, D. transparens,
D. wardianum, and D. williumsonii. The matured seed-
capsules were collected from their natural habitat during
2007 to 2010. To reveal intra-specific variations, biolog-
ical replicates of capsules from 2 - 6 individuals per spe-
cies were sampled as per the availability. Capsules were
subsequently split-opened and the seeds were collected
and stored in small-cap vials (Tarson) at 4°C in dry con-
ditions.

2.2. Morphological Analyses

Wild forms were evaluated for seed characters in the
field at the time of collection and/or in the laboratory.
Morphological characteristics from all collected species
multiple plants per species were recorded using pre-
viously reported seed traits descriptors, from which 13
are quantitative variables [28]. These descriptors include
characteristics of seed shape, color, length, width, L/W
ratio, seed volume, testa call length, testa cell width, testa
cell number on long axis, embryo length, width, L/W
ratio, volume and percentage free air space (Table 1).
States of shape characters were identified according to
the plant identification terminology [29]. To analyze sta-
tistically each species, we used the mean for each quan-
titative character.

2.3. LM Study

Seeds were stained with safranin and spread on a slide
with a drop of water and covered with a cover slip.
Twenty seeds were observed for each species and mea-
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Figure 1. Altitude based distribution of twenty different species of Dendrobium in-
to northern east India.

Table 1. Micromorphometric data of seeds and embryo related characters from species of the genus Dendrobium belonging to dif-
ferent climatic regions. Numerically labeled columns represent different studied seed micromorphometric traits.

_— 1 2 3 4 5 6 7 8 9 10 11 12 13
. Climatic

SN Species name region Shape  Color s sw SL/ SV TeL TeW L. EL EW EL/E EV SV/ AS
(um) (um) SW (um®) (um) (um) (um) (um) W (um®) EV (%)

1 D.chrysanthum  Temperate  Fusiform  Yellow 4.54 0.400 11.29 0.82 3.50 0.158 7.30 0.18 0.08 2.30 0.54 1.52 35.18
2 D.clavatum  Temperate ?\‘A’,"’i‘ltzgd Yellow 3.80 0.380 9.99 101 510 0.123 575 0.16 0.08 2.00 056 1.80 44.30

. . Brownish
3 D.hookerianum  Temperate  Fusiform vellow 455 0.400 11.14 0.84 3.50 0.158 7.38 0.18 0.08 2.30 0.54 154 35.18
4 D.chrysotoxum Sub-tropical  Fusiform %ﬁggvj 3.14 0350 877 121 4.60 0.106 650 0.9 0.10 200 093 1.30 23.26
5  D.densiflorum  Sub-tropical Fusiform El’erﬁ’;gvj 426 0340 12.40 058 - - - 016 007 220 042 138 27.59
6  D.devonianum Sub- tropical Fusiform  Yellow 5.19 0.424 12.25 0.73 3.70 0.129 7.25 0.17 0.07 2.40 0.46 159 36.94
7 D.infundibulum Sub- tropical Fusiform  White 550 0.750 - - - - - 026 015 - - - -
8 D. nobile Sub- tropical  Fusiform  Yellow 3.50 0.405 8.66 1.41 4.70 0.122 7.88 0.17 0.11 1.60 0.99 1.43 30.08
9 D. ochriatum  Sub- tropical Fusiform  Yellow 5.43 0.726 7.49 338 4.70 0.139 8.75 0.26 0.12 210 213 159 37.23
10 D.parishii  Sub-tropical Fusiform Yellow 358 0378 949 0.88 3.10 0.122 550 0.6 0.09 1.90 0.63 140 2853
11  D.transparens Sub-tropical Fusiform  Yellow 5.02 0.312 16.10 0.31 5.00 0.121 4.88 0.09 0.04 2.00 0.09 3.56 71.89
12 D.wardianum  Sub-tropical Fusiform  Yellow 3.78 0.367 10.31 1.01 5.10 0.123 575 0.16 0.08 2.00 0.56 1.80 44.30
13 D.williumsonii Sub- tropical  Elliptic (;éﬁr;g\; 3.32 0290 11.46 0.65 3.00 0.139 575 0.9 008 2.20 0.64 0.88 21.72
14  D. crepidatum Tropical Fusiform  Yellow 4.535 0.522 8.69 1.80 5.70 0.093 1.13 0.20 0.11 1.90 1.16 1.56 35.82
15 D. farmeri Tropical Fusiform  Yellow 4.481 0.388 11.55 0.81 3.60 0.122 5.10 0.20 0.07 2.85 0.65 1.25 19.63
16 D.formosum  Tropical ~ Ovaland Orange 4o, a8 1109 081 4.00 0127 513 020 0.08 240 0.66 124 19.63
twisted  yellow

17  D.fimbriatum  Tropical  Fusiform Yellow 356 0365 9.75 1.00 3.70 0.104 4.88 020 0.09 230 075 135 2576
18 D.heterocarpum  Tropical  Fusiform  Yellow 3.853 0.301 12.80 0.47 3.80 0.095 4.13 0.5 0.07 1.60 040 120 16.72
18 D.moschatum  Tropical  Fusiform (;éﬁr;g\; 3.439 0.337 10.20 0.84 3.80 0.114 6.88 017 0.09 2.00 0.66 1.28 22.07
20  D.primulinum  Tropical Elliptic (;;'Ii‘;\') 3.087 0318 9.71 0.88 3.0 0.122 550 0.16 0.09 1.90 063 14 2853

Abbreviations: SL-seed length; SW- seed width, SV-seed volume; TcL-Testa cell length; TcW-Testa cell width; TcN-Testa cell number in longitudinal axis;
EL-Embryo length; EW-Embryo width; EV-Embryo volume; AS-Air space. All values entered in columns are the mean values from biological replicates as-

sessed from different species; and calculated alongwith their respective standard deviations (not shown in table).
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Figure 2. A correlation is shown between DNA based genet-
ic-relatedness among Dendrobium species and their distribution

pattern in nature as their prime habitat from eastern North India.

The distribution pattern of all twenty different species was con-
fined to a particular geographical region that is tropical,
sub-tropical and temperate, except D. transparens that showed
uniform distribution across climatic regimes. A flower photo-
graph of a species is shown conferring the presence of that
species from particular climatic region. Also, a phylogenetic
tree derived from rDNA ITS-2 sequences of Dendrobium spe-
cies (shown at left) revealed the genetic relationship among all
twenty species studied except D. transparens and D. hookeria-
num where the 1TS-2 sequences are not available, and shown at
the bottom (marked in blue). Phylogenetically adjacent species
exhibited large variation in their distribution patterns ranging
from tropical to temperate having subsequent changes in mi-
cromorphology may be as a result of ecological adaptations.

Copyright © 2014 SciRes.

surements were recorded digitally using Lica DNLP mi-
croscope and LicaQueen3 Software. The color of the
seeds were observed and described in subjective terms
with the help of optical microscope. The following pa-
rameters were studied under Light microscope: seed-
color, shape, length, breadth, volume; testa cells- number
in longitudional axis, shape, length, breadth; embryo-
length, breadth, volume; and percentage of free air space
present. The seed and embryo volumes were calculated
following described method [19].

2.4. SEM Study

The seeds were mounted on aluminium copper stubs
using double adhesive tape. The samples were then sput-
ter-coated with gold palladium alloy for five minutes and
photographed on a JEOL-35 JSMCT-SEM at an accele-
rating Voltage of 15-20 KV. Detailed seed coat (testa
cells) surface studies were conducted by observing under
SEM. The considered parameters were seed coat sculp-
turing and thickenings.

3. STATISTICAL ANALYSIS

In the present study seeds were collected from at least
5 pods per population and measurements were taken
from 20 seeds per pod. Length and breadth of seed,
embryo, and testa cell were measured. Mean values were
calculated upto 4™ decimal point for each species along
with standard error. Correlation analysis had been per-
formed among different seed characters and among spe-
cies from three altitudinal climatic zone with respect to
single seed characters.

4. RESULTS AND DISCUSSION

4.1. Distribution of Dendrobium Species
in Eastern North India

Eastern North India has well-distinguished and cha-
racterized altitude based phytogeographical realms [28].
Twenty representative species of the genus Dendrobium
were studied covering almost continuous distribution
among temperate to tropical and sub-tropical regions
(Figure 1). Among the studied species, representatives
from tropical region were D. crepidatum, D. farmeri, D.
formosum, D. fimbriatum, D. heterocarpum, D. moscha-
tum and D. primulinum; representatives from subtropical
region were D. chrysotoxum, D. densiflorum, D. devo-
nianum, D. infundibulum, D. nobile, D. ochriatum, D.
parishii, D. transparens, D. wardianum and D. willium-
sonii; and representatives from temperate region were D.
chrysanthum, D. clavatum, D. hookerianum (Figure 2).
The studied species were representatives from different
classified sections earlier defined based on morphologi-
cal characters based on a combined list for the Dendro-
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biinae on the Indian subcontinent, including Bhutan,
Nepal, Sri Lanka, and Andaman/Nicobar islands [14,
28,30-33].

These sections are 1) Section Densiflora (syn. Callis-
ta), included species are D. chrysotoxum, D. densiflorum,
D. farmeri, 2) Section Holochrysa, included species are
D. hookerianum, D. fimbriatum, D. moschatum, D. clava-
tum (syn. D. denneanum) 3) Section Dendrobium, inclu-
ded species are D. chrysanthum, D. heterocarpum, D.
parishii, D. primulinum (D. polyanthum), D. transparens,
D. wardianum, D. crepidatum, D. nobile, D. ochreatum,
D. devoninum and 4) Section Formosae, included species
are D. formosum, D. infundibulum, D. williumsonii).

Collection of different species was focused on the de-
fined geographic regions where populations exhibited
typical species characteristics without any disorder. The
preference of any species from specific geographic re-
gion was also confirmed with reported habitats of Den-
drobium species [28]. Selected species such as D. primu-
linum and D. transparens were observed to be uniformly
distributed across virtual altitude barriers, though with
hyper-variables in seed micromorphology (Figure 1).
This observation led to the hypothesis that phylogeneti-
cally close species or at times same species got adapted
in different climatic regions during their adaptive diver-
sification (Figure 2), and it may be for the reason that
any such change would preferentially occur only due to
their adaptation according to climatic preferences with-
out having any genomic changes.

4.2. Variations in Seed Micromorphometric
Traits in Dendrobium Species

Seeds from Dendrobium species are extremely small,
being less than 1 mm in size, with a wide variety of
shapes (ellipsoid, oblongoid, ovoid, globose, trigonous or
tetragonous) [11,16,17]. The seed coat is reticulated with
polygonal cells, which range from more or less isodia-
metric to tangentially elongated, being sometimes irre-
gular. Dendrobium seeds usually have a smooth mem-
branous outer periclinal wall, although they can some-
times have a fibrillar aspect due to epicuticular waxes.
Scanning electron microscopy based observations indi-
cated that there were distinct and recognizable morpho-
logical seed types [10]. Thirteen seed micromorphome-
tric variables including seed micromorphology and
embryo related characters were examined across all col-
lected species (Table 1).

Seeds from Temperate region species: Occurring at
1000 - 2000 meters altitude, seeds are 0-35 — 0-55 x 0-08
—0-11 mm in size, ellipsoid to ovoid or fusiform in shape;
yellow to orange yellow or very dark brown, 0.83 — 1.6
mm? seed volume. Testa cells are 87.8 — 125.7 x 10.5 —
15.8 um in size, seed-coat surface of isodiametric cells.
Anticlinal walls with remarkably deep thickening at the
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vertex, and with a narrow trough marking the wall junc-
tures between cells; outer periclinal walls smooth, im-
peding vision of the inner one (Figures 3(a),(b)). Em-
bryos 0.16 — 0.19 x 0.07 — 0.10 mm in size, seed volume
by embryo volume 1.54 — 2.40 mm?, free air space 35.1
— 58.4% (Table 1). Among the examined species, seeds
of D. chrysanthum, D. clavatum and D. hookerianum had
these seed characteristics.

Seeds from Sub-Tropical region species: Occurring at
800 - 1500 meters altitude, seeds are 0-31 — 0-35 x 0-06
— 0-11 mm in size, ovoid to fusiform in shape, orange
yellow, 0.31 — 1.2 mm? seed volume. Testa cells are 72.3
—87.8 x 10.6 — 12.1 pm in size. Epidermal seed-coat of
polygonal + isodiametric cells or tangentially elongated
0-06 — 0-2x 0-04 — 0-10 mm, with anticlinal walls from
slightly to remarkably deep, evenly or unevenly thick-
ened, and with a narrow trough marking the wall junc-
tures between cells, sometimes just evident at the vertex;
inner periclinal wall perforate (Figures 3(c)-(f)). Em-
bryos are 0.08 — 0.19 x 0.04 — 0.09 mm in size, seed
volume by embryo volume is 1.30 — 3.55 mm?, free air
space 23.2 — 71.8% (Table 1). Among the examined spe-
cies, seeds of D. parishii, D. williumsonii, D. densiflo-
rum and D. nobile had these seed characteristics.

Seeds from Tropical region species: Occurring at 100 -

Figure 3. Patterns of testa cell wall thickning in representative
species of Dendrobium belonging to different phytogeographi-
cal regions. In temperate region species, the wall of the testa

cells were smooth without any reticulation as characterized in
(@) D. chrysanthum, and (b) D. hookerianum . In sub-tropical
region species, the testa cell wall thickenings may be characte-
rized into two types. First, the raised testa walls of some sub-
tropical species such as (c) D. densiflorum, and (d) D. nobile
were sculptured with bead-like structures giving an appearance
of beads on strings. Second, the testa cell wall thickenings of
some subtropical species such as (e) D. parishii, and (f) D.
williumsonii were also observed to be covered with cotto-
ny-white substances as evident in characteristic features of
these two species. In tropical region species, the testa cells were
raised with or without bead like structure as evident in (g) D.
crepidatum, and (h) D. farmeri.
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1000 meters altitude, seeds are 0-29 — 0-39 x 0-07 — 0-10
mm in size, elliptical to ovoid, twisted and fusiform in
shape, color orange yellow to golden yellow, 0.47 — 1.0
mm? seed volume. Testa cells 89.0 — 112.5 x 9.5 — 13.9
pum. Epidermal seed coat cells more or less isodiametric
to tangentially elongated, anticlinal walls of medium
depth and evenly thickened, with a narrow trough that is
noticeable all around the edge of the cells or just at the
vertices (Figures 3(g),(h)). Embryos are 0.15 — 0.19 x
0.07 = 0.09 mm in size, seed volume by embryo volume
1.20 - 1.40 mm?®, free air space 22.0% - 28.5% (Table 1).
Among the examined species, seeds of D. crepidatum, D.
farmeri, D. formosum, D. fimbriatum, D. heterocarpum,
D. moschatum and D. primulinum had these seed charac-
teristics. Data suggested that seed micromorphometric
characters had varied significantly between temperate to
sub-topical species whereas less variation was observed
in tropical species.

4.3. Seed Characters Acquired in Response
to Climatic Preferences

Previous observations have clarified that seed quantit-
ative characters such as seed length, seed width, embryo
length, embryo width, testa cell length and testa cell
width were important to deduce phylogenetic relation-
ship among species of the genus Dendrobium and was
comparable to rDNA ITS-2 based phylogeney [10]. Such
characters are largely governed by genomic changes or
get modulated according to ecological adaptations. To
explore the potential of latter, a novel comparative anal-
ysis of seed micromorphology and ultrastructure was
performed in twenty species of the genus Dendrobium
(Orchidaceae) from well-defined altitude based phyto-
geographical realms i.e. temperate, subtropical and trop-
ical regions (Figure 2). The studied characters included
seed volume, free air space, seed coat ornamentation of
the periclinal walls and seed coat sculpturing those could
easily be used to distinguish groups of species based on
defined climatic regions. However, genetic relatedness
derived with these characters among all studied species
from different geographical regimes showed non-signi-
ficant correlation (R®= 0.168) with the phylogeny de-
duced earlier based on seed quantitative characters
(Figure 4) [10]. Based on these results, therefore, it may
be concluded that such traits are the direct signatures of
adaptation according to climatic preferences rather than
their selection during speciation.

4.3.1. Seed Characters Showing Negative
Correlation with Climatic Preferences
The seed shape and color of mature seed coat of dif-
ferent species of Dendrobium did not exhibit large varia-
tions (Table 1). Previously these characters had been
considered as distinguishing characters in species identi-
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Figure 4. A representative graph drawn based on the ratio of
seed volume and embryo volume (SV/EV) showing non-sig-
nificant correlation between group of different Dendrobium
species belonging to tropical and sub-tropical regions. Seed
characters such as SV/EV could isolate different phylogeneti-
cally related species of genus Dendrobium exhibiting their
altitudinal based climatic preferences during speciation.

fication and their subsequent evolution into other mor-
photypes with adaptive strategy [10,18]. However, in the
present study no significant contribution of these traits
was observed in establishing the positive correlation with
different altitude based phytogeographic region of the
species. In parallel, seed length/width ratios also exhi-
bited a differential variation among all studied species
(Table 2). The patterns of seed growth during maturation
suggested that the seed elongated as a result of an elon-
gation in testa cell and not in numbers, thus increases
buoyancy of seed beneficial for wind dispersion [20].
Although the relative degree of truncation of the seeds
has been utilized as a good taxonomic parameter for spe-
cies identification, yet it could not distinguish among
species from different climatic regions [20]. Therefore,
seed length, width and their ratio were also observed to
be non-significant in relation to phytogeographical dis-
tribution of the species.

4.3.2. Precise Seed-Specifics and
Ultra-Structures Showing Positive
Correlation with Climatic Preferences

Testa cells: These cells had a significant variation in
their length as well as in orientations; however, different
species could easily be grouped based on different phy-
togeographical regions irrespective to their genetic rela-
tionship. The testa cells in Dendrobium species were
observed to be long, sub-quadrate, oblong, sub-elliptical
or irregular in outline and fusiform in shape as also
shown earlier [18-21]. The testa cells had discrete length
and width parameters in species from temperate and
sub-tropical regions; however, species from tropical re-
gion had overlapping dimensions (Table 1). Their size
may also be uniform but often varied within the areas
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39

Table 2. Correlation among seed micromorphometric traits observed to be important for altitudinal based distribution of Dendrobium
species; and is highly correlated among themselves and also significantly distinct from other seed-based traits important for deducing
phylogeny [10]. Correlation marked in bold shows the high correlation-coefficient among seed micro-morphological traits highlight-

ing adaptive species-diversification of the genus Dendrobium.

SEL SEW SEV EML EMW EMV ROV TCL TCW ASP
Pearson Correlation 1.000 0.632° 0910 0.698™  0.745"  0.755" 0.353 -0.063 0.400 0.451"
SEL Sig. (2-tailed) 0.003 0.000 0.000 0.000 0.000 0.127 0.792 0.081 0.046
N 20 20 20 20 20 20 20 20 20 20
Pearson Correlation ~ 0.632" 1.000 0.850"  0.664"  0.834”  0.834" 0.226 -0.188 0.112 —0.092
SEW Sig. (2-tailed) 0.003 0.000 0.001 0.000 0.000 0.338 0.427 0.639 0.701
N 20 20 20 20 20 20 20 20 20 20
Pearson Correlation ~ 0.910™  0.850™ 1.000 07317 0825~  0.921" 0.100 -0.071 0.272 0.216
SEV Sig. (2—tailed) 0.000 0.000 0.000 0.000 0.000 0.676 0.766 0.246 0.360
N 20 20 20 20 20 20 20 20 20 20
Pearson Correlation ~ 0.698™  0.664"  0.731 1.000 0.864™  0.830™  -0.159 0.083 0.432 -0.150
EML Sig. (2-tailed) 0.001 0.001 0.000 0.000 0.000 0.504 0.728 0.057 0.527
N 20 20 20 20 20 20 20 20 20 20
Pearson Correlation ~ 0.745"  0.834™  0.825"  0.864" 1.000 0.866"  —0.008 -0.136 0.441 0.009
EMW Sig. (2—tailed) 0.000 0.000 0.000 0.000 0.000 0.974 0.569 0.052 0.970
N 20 20 20 20 20 20 20 20 20 20
Pearson Correlation ~ 0.755™  0.834™  0.921" 0.830 0.866™ 1.000 -0.107 0.026 0.262 -0.073
EMV Sig. (2—tailed) 0.000 0.000 0.000 .000 0.000 0.654 0.914 0.265 0.760
N 20 20 20 020 20 20 20 20 20 20
Pearson Correlation 0.353 -0.226 0.100 -0.159 —-0.008 -0.107 1.000 -0.145 0.340 0.927™
ROV Sig. (2-tailed) 0.127 0.338 0.676 0.504 0.974 0.654 0.541 0.143 0.000
N 20 20 20 20 20 20 20 20 20 20
Pearson Correlation ~ —0.063  -0.188  -0.071 0.083 -0.136 0.026 -0.145 1.000 0.353 -0.074
TCL Sig. (2—tailed) 0.792 0.427 0.766 0.728 0.569 0.914 0.541 0.127 0.756
N 20 20 20 20 20 20 20 20 20 20
Pearson Correlation 0.400 0.112 0.272 0.432 0.441 0.262 0.340 0.353 1.000 0.273
TCW Sig. (2—tailed) 0.081 0.639 0.246 0.057 0.052 0.265 0.143 0.127 0.244
N 20 20 20 20 20 20 20 20 20 20
Pearson Correlation 0.451 —0.092 0.216 —-0.150 0.009 -0.073 09277 -0.074 0.273 1.000
ASP Sig. (2-tailed) 0.046 0.701 0.360 0.527 0.970 0.760 0.000 0.756 0.244
N 20 20 20 20 20 20 20 20 20 20

“Correlation is significant at the 0.01 level (2-tailed); “Correlation is significant at the 0.05 level (2-tailed).

such as the median region and on the chalazal end [17].
The micropylar and the chalazal cells were much shorter
and stouter than medial cells which enveloped the emb-
ryo in all species. The medial cells were elongated in
length and encased the embryos in the seeds. The number
of testa cell per seed was examined highest in temperate
species and lowest in tropical species with an exception
of D. transparens which was a sub-tropical species with
higher number of testa cells.

Seed volume and embryo volume: Earlier, it had been
hypothesized that during speciation any variation in the
volume of embryos in orchid seeds is due to their in-
creased length rather than their width [19]. This may be
because the orchid seeds are extremely small and thin,
having ellipsoid to oblongoid shapes and could only lead
to elongated embryo cells. This postulation was even
evident from the present investigation measuring seed
and embryo volume data representing the fact that spe-
cies from temperate region had the highest ratio followed
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by sub-tropical and tropical region species (Table 1); and
high correlation was observed between two traits (Table
2). This data though showed incongruence with phylo-
genetic relationship derived from other numeric seed
micromorphometric traits as well as rITS-DNA se-
quences [10]. Hence, genetically related species had dif-
ferent seed volume/embryo volume ratio highlighting the
preference of any particular species for a climatic region
as their prime habitat (Table 1, Figure 2). However, as
an exception species D. transparens was observed to
have the lowest embryo volume and lowest seed vo-
lume/embryo volume ratio making it most buo- yant
among all studied species. This improbability is very
prominent as this species is distributed throughout cli-
matic regions as well as in some other parts of the coun-
try depicting this adaptive change in buoyancy for op-
timal seed dispersal.

Free air space: Statistical analyses revealed that varia-
tion in percent free air-space in seeds of Dendrobium
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species had a significant variation among all species stu-
died from different climatic regions. Data suggested that
species from temperate region had the highest % free
air-space followed by species from sub-tropical and
tropical regions (Table 1). Some of the species which
grow in the transit climatic zones also showed an over-
lapping pattern in terms of free air-space (data not
shown). It is therefore, assumed that the higher percen-
tage of free air-space would be required in the species
from temperate region with relatively low atmospheric
pressure that had greater buoyancy for optimal seed dis-
persal. Highly significant correlation between % free
air-space and seed volume/embryo volume supported the
assumption of increased seed buoyancy in temperate
region species (Table 2). Thus it was concluded that %
free air-space of the seeds was highly correlated with the
distribution of species into different climatic regions.

Seed ultra-structures: The usefulness of micromor-
phological studies on seeds of Dendrobium for differen-
tiating of taxa has earlier been demonstrated [17]. Cha-
racters of epidermal seed coat cells have been proved to
be very helpful in this aspect. Ornamentation of the pe-
riclinal walls could be used to discriminate selective
morphological types. In the present study light and scan-
ning electron microscopy was used to examine the seeds
from 20 species of genus Dendrobium. The Dendrobium
seeds have elongated, thick medial testa cells with rela-
tively high anticlinal cell wall without an abrupt transi-
tion zone. SEM studies revealed that the thickening of
testa cells was well developed and strongly raised in all
studied species. Moreover, testa cells in selected tempe-
rate region species such as D. chrysanthum, D. hookeria-
num were rather longitudinally folded (Figure 3(a),(b)).
Anticlinal walls frequently appeared to be strongly raised
whereas the outer periclinal surface was generally sun-
ken or concave providing a tessellate appearance to the
surface of a seed. However, the cell lumens in majority
of species were almost obliterated due to extensive de-
velopment of the cell wall thickenings. These observa-
tions revealed the simple form of testa cells arrange-
ments, however, in orchid simpler forms were suggested
to be typical to terrestrial taxa, and spiral from epiphytic
taxon [18]. The observations from Dendrobium species
suggested that the testa cells arrangement may vary sig-
nificantly within genera irrespective to plant habit.

In temperate species, the testa cell walls were smooth
and without reticulations as characterized in D. chrysan-
thum and D. hookerianum from morphological section

Dendrobium (Figures 3(a),(b)); and D. clavatum (syn. D.

denneanum) from section Holochrysa. Since the mem-
bers of two different morphological sections were avail-
able from this region, therefore, it could indeed be ascer-
tained that such traits are specific to the temperate region
species. In sub-tropical species testa cell wall thickenings
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were most prominent and may be characterized into two
morphotypes. First, the raised testa cell walls of species
such as D. densiflorum (section Densiflora; syn. Callista),
and D. nobile (section Dendrobium) were sculptured
with bead-like structures giving an appearance of ‘beads
on strings’ (Figures 3(c),(d)). Second, the testa cell walls
in D. parishii (section Dendrobium), and D. williumsonii
(section Formosae) were covered with cottony-white
substances (Figures 3(e),(f)). Both types of testa cell
walls are characteristic features of the concerned species,
however, these species are phylogenetically distant spe-
cies belonging to different morphological sections [28].
These results, therefore, indicated that such characters
have been evolved as per the climatic preferences of spe-
cies rather than during speciation. In tropical region
species, the testa cells were raised with or without
bead-like structure as characterized in D. crepidatum
(section Dendrobium) and D. farmeri (section Densif-
lora) (Figures 3(g),(h)). Interestingly, in a single seed
some cells were sculptured with bead-like structures and
some cells were without any sculpture, for example, D.
aphyllum, D. primulinum (syn. D. polyanthum) (section
Dendrobium) and D. formosum (section Formosae). The
anticlinal cell walls may also be sculptured forming
ridges, reticulations, perforations or scattered varicosities,
and could be fairly consistent within genera or sub-tribe
[17]. In the present study, it was also ascertained that
structure “beads on strings” is a quite common and in-
teresting feature across morpho-sections of species stu-
died. A gradual transition of this structure through reduc-
tion of beads number was observed from tropical region
species (D. formosum from section Formosae) to sub-
tropical region species (D. infundibulum from section
Formosae; and D. transparens, and D. wardianum from
section Dendrobium) to temperate region species (D.
chrysanthum from section Dendrobium; and D. clavatum
and D. hookerianum from section Holochrysa). However
it could also be assumed that “beads on strings” structure
was originally developed into the sub-tropical region
members and gradually become obsolete into tropical
and temperate region species. Occasional presence of
these beads in D. farmeri (temperate region species) and
D. wardianum (tropical region species) supported this
assumption. Since these structures were not restricted
within members of any defined section and therefore,
could be concluded that such traits are not related to
speciation, but evolved according to climatic preferences
of a species. These data will provide support to the hy-
pothesis for the adaptation of phylogenetically related
species in different climatic regions during their adaptive
diversification.

5. CONCLUSION
The results of the present study highlight, to certain

OPEN ACCESS



B. Chaudhary et al. / Open Journal of Ecology 4 (2014) 33-42 41

extent, the importance of the morphology of orchid seeds
in relation to their ecological adaptations required for the
dispersal or to the establishment of new plants. Thus, due
to their small size, Dendrobium seeds can be regarded as
“dust-seeds” that are mainly dispersed by wind with pa-
rasitic or hemiparasitic representatives in the family
Orchidaceae. The great distance traversed by the orchid
seeds is generally attributed to its light weight and buo-
yancy due to high percentage of air space. This assump-
tion is well reflected among Dendrobium species where
the embryo volume and percentage air space is directly
related to the climatic preferences of the species reflected
through ultra-structure of the seeds. The lower seed vo-
lume and higher percentage of free air space in the tem-
perate species suggested an ecological adaptation for
proper dispersal in relatively low atmospheric pressure.
The ultra structural features also suggested a gradual
expansion towards tropical and temperate regions from
the subtropical region. Fusiform tessellate seeds are a
characteristic feature of the genus Dendrobium. In tem-
perate species the testa cell walls were smooth and
without reticulations; in sub-tropical species testa cell
wall thickenings were either with bead-like structures or
covered with cottony white substances; whereas in trop-
ical species the testa cell walls ornamentation is not that

prominent and may be with or without bead like structure.

Therefore it is clear that the seed volume, free air space,
and seed coat ornamentation in Dendrobium species are
directly related to climatic preference of the species ra-
ther than its phylogeny.
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