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A b s t r a c t

Resin-secreting, sunken, glandular trichomes have been 
described from the vegetative organs of Maxillaria and certain 
related taxa.  However, until now, these hairs have not been 
recorded for Maxillaria flowers, nor have they been examined 
at the ultrastructural level for any part of the plant.  Here for the 
first time, these hairs are described using LM, SEM and TEM, 
and their possible functions discussed.
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INTRODUCTION

Extra-floral, resin-secreting, glandular hairs 
have long been known to occur in Orchidaceae.  Al-
most a century and a half has passed since Möbius 
(1887) first described reduced, glandular hairs in Max-
illaria Ruiz & Pav.  Since then, similar sunken hairs 
have been described for many other orchid genera, in-
cluding Bulbophyllum Thouars, Epidendrum L., Stan-
hopea Frost ex Hook. and Dendrobium Sw., as well as 
Pleurothallidinae (S o l e r e d e r  and M e y e r , 1930; 
P r i d g e o n , 1982; S t e r n  and M o r r i s , 1992; 
M o r r i s , S t e r n  and J u d d , 1996). In each case, 
these bicellular trichomes cover small areas of the leaf 
surface. However, reports do not always agree on the 
number of cells that constitute these trichomes. In fact, 
the hairs are multicellular in juvenile leaves, but at ma-
turity, the trichome apex becomes broken off or is dis-
solved (H o l t z m e i e r , S t e r n  and J u d d , 1998).  
Furthermore, S o l e r e d e r  and M e y e r  (1930) re-
ported and figured unsunken “hair bodies” comprising 
four mucilage-secreting, stalked cells on the adaxial 
leaf surface of Maxillaria picta Hook. (now Brasil-
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iorchis picta (Hook.) R. S i n g e r , S. K o e h l e r  & 
C a r n e v a l i ).  H o l t z m e i e r  et al. (1998), how-
ever, on examining that same species, failed to find 
them.

The distribution of foliar, resin-secreting, bicel-
lular, glandular hairs in caespitose Maxillaria species 
assigned to Senghas’s Group XI (cushion plants; Sen-
ghas, 1993, 1994) is variable.  H o l t z m e i e r  et al. 
(1998) have reported that they occur both adaxially and 
abaxially in most species [and are particularly numer-
ous on the abaxial leaf surfaces of M. aff. callichroma 
Rchb.f. and M. cucullata Lindl. (Camaridium cucul-
latum (Lindl.) M.A. Blanco)], but are confined to the 
adaxial leaf surface of M. porphyrostele Rchb.f. (Bra-
siliorchis porphyrostele (Rchb.f.) R. Singer, S. Koeh-
ler & Carnevali), and are completely absent from the 
leaves of M. picta.  Although the pseudobulbs of these 
last two species were reported to be glabrous, those 
of all other Maxillaria spp. examined were reported 
to bear trichomes, but only sporadically.  These were 
solitary, multicellular structures with bulbous tips and 
were sunken in crypts.  Birefringent, anastomosing 
bands of thickening were present in walls of crypt cells 
surrounding hair bases of M. endresii Rchb.f. and M. 
cucullata.

Similar sunken, but often paired hairs have also 
been recorded from both foliar surfaces and pseudob-
ulbs of other taxa assigned to sub-tribe Maxillariinae 
Benth., including Anthosiphon roseans Schltr. (Cryp-
tocentrum roseans (Schltr.) A. D. Hawkes), Crypto-
centrum gracillimum Ames & C. Schweinf., Cyrtidi-
orchis frontinoensis (Garay) S. Rauschert ( S t e r n 
J u d d  and C a r l s w a r d , 2004), Mormolyca ringens 
(Lindl.) Gentil and Trigonidium obtusum Lindl. 
(H o l t z m e i e r  et al. 1998).  Moreover, sunken hairs 
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also occur amongst representatives of Cryptarrheninae 
Dressler, Zygopetalinae Schltr., Lycastinae Schltr. and 
Telipogoninae Schltr.  Glandular, sunken hairs, how-
ever, are confined to Lycastinae (including Bifrenari-
inae Dressler and Xylobium Lindl.) and Maxillariinae 
(S t e r n  et al., 2004).   

  The exudate produced by these trichomes 
usually contains terpenes and essential oils (Dell 
and McComb, 1978) and may function primarily as 
a repellent and deterrent to herbivory (L e v i n , 1973; 
W a g n e r , 1991). Another function attributed to exu-
dates copiously produced in some desert plants, is the 
increased reflection of light and resultant reduction of 
leaf temperature.

Although resin-secreting trichomes are fairly 
common on vegetative organs, they have only infre-
quently been recorded for flowers; mainly members of 
Clusiaceae (Hochwallner and W e b e r , 2006), Eu-
phorbiaceae (A m b r u s t e r  and W e b s t e r , 1979) 
and occasionally, Orchidaceae (Singer and K o e h -
l e r , 2004).  Here, we report on the occurrence and 
structure of resin-secreting, floral trichomes in the 
Neotropical orchid, Maxillaria dichroma Rolfe. 

MATERIALS AND METHODS

Flowers of Maxillaria dichroma Rolfe (Ac-
cession No. S19990297; det. E. A. C h r i s t e n s o n , 
2009) were obtained from Swansea Botanical Com-
plex, Swansea, UK and voucher material deposited at 
the herbarium of the National Museum of Wales, Car-
diff, UK (NMW V.1999.042.005).  

The position of resin-secreting trichomes in in-
tact flowers was determined using an Olympus SZX12 
stereo-microscope and Nikon Optiphot II fluorescence 
microscope. Hand-cut sections through tepals were 
tested for starch and lipids using IKI and a saturated 
alcoholic solution of Sudan III, respectively.  The tis-
sue was also stained with ruthenium red to test for the 
presence of pectin and mucilage, and with alcoholic 
phloroglucinol + concentrated hydrochloric acid for 
lignin.  Fluorescence microscopy using UV light was 
used to detect polyphenols (V a u g h n , 1987; R o -
s h i n a , 2003).   

Samples of tepal tissue were fixed in 2.5% glu-
taraldehyde / 5% sucrose in phosphate buffer (0.075M; 
ph 6.8) for 4h at 20oC, washed in phosphate buffer and 
post-fixed in 1% osmium tetroxide at 0oC for 2h.  The 
fixed material was then dehydrated using a graded 
ethanol series, infiltrated and embedded in Spurr resin.  
For general histology, semi-thin sections (approx 1 
μm thick) were stained using 1% (w/v) toluidine blue 
O (TBO) in 1% (w/v) aqueous sodium tetraborate so-
lution (O ’ B r i e n , F e d e r  and M c C u l l y ,  1964; 
V a u g h n , 1987) and examined using light microsco-

py (LM).  Micrometry and photomicrography of hairs 
were accomplished using a Nikon Eclipse 600 micro-
scope with Screen Measurement version 4.21 software.  
For transmission electron microscopy (TEM), sections 
were cut at approx 60 nm thickness using a glass knife 
and a Reichert Ultracut-S microtome.  Sections were 
stained with uranyl acetate and lead citrate and exam-
ined using a TESLA BS 340 transmission electron mi-
croscope. Fixed pieces of tissue were also dehydrated 
in acetone, subjected to critical-point drying using 
liquid CO

2
, sputter-coated with gold and examined 

by means of a TESLA BS-300 scanning electron mi-
croscope (SEM).

RESULTS

Floral, resin-secreting trichomes are located 
upon both surfaces of all tepals of Maxillaria dichro-
ma, including the labellum.  The adaxial surface of 
the latter has a prominent callus, whose cells contain 
dark polyphenols.  Sunken trichomes are sparsely dis-
tributed abaxially upon the tepals (Fig. 1) at a mean 
density of 2.5 per mm2 epidermal surface, whereas the 
adaxial surface bears trichomes only sporadically (Fig. 
2). Stomata also occur on both epidermal surfaces, in-
termingled with secretory hairs. 

The bicellular, epidermal trichomes comprise 
a basal cell and a glandular, apical cell (Figs 3-8, 10, 
14).  The former is sunken into an epidermal crypt, 
whereas the latter is exserted (Figs 3-5, 8, 10, 14).  The 
basal cell is smaller than adjacent epidermal cells and 
contains darkly-staining, granular cytoplasm (Figs 4-5, 
7) that is more opaque than that of underlying paren-
chyma (Figs 6-8).  Testing with IKI did not indicate the 
presence of starch in trichomes, nor other epidermal 
cells, but did reveal the presence of prominent, intra-
vacuolar protein bodies in adaxial epidermal cells and 
underlying parenchyma (Fig. 9).  The cuticle and cell 
wall, but not the secreted material, stained with Sudan 
III (Fig. 6) and large accumulations of lipid droplets 
were observed in bundle sheaths.

The apical cell is oval to ellipsoid with mean di-
mensions of 34.0 μm x 18.85 μm (Figs 3-8, 11-12, 14).  
Its wall is greatly C-thickened on the cuticle side (Figs 
3-5, 14) and both cuticle and wall stain blue-green with 
TBO, indicating the presence of polyphenols (Figs 4-
5). Fluorescence of the apical cell wall and secretion, 
when exposed to UV light, confirmed the presence of 
polyphenols (Fig. 3), whereas treatment with acidified 
phloroglucinol failed to reveal the presence of lignin in 
cell walls.  Neither cuticular layer, nor secreted mate-
rial, stained with ruthenium red (Fig. 10).  The cuticle 
is reticulate and a loose arrangement of elements can 
be recognized towards the innermost edge (Fig. 15).  
Droplets of secretory material were observed at the in-
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Figs 1-10. Structure and histochemistry of resin-secreting trichomes (LM).
Fig. 1. Transverse section of lateral sepal with resin-secreting trichome (arrow) located on abaxial surface. 
Fig. 2. Resin-secreting trichome (arrow) on adaxial surface of lateral sepal. Secretory residues are visible on abaxial surface.
Fig. 3. Secretion and cell wall of secretory trichome showing blue autofluorescence under UV light. 
Fig. 4. Secretory trichome composed of basal cell and apical cell; the cell wall stained blue-green with TBO indicating presence of 

polyphenols. 
Fig. 5. Secretion, both inside and outside apical cell, stained dark blue-green with TBO indicating polyphenolic composition.
Fig. 6. Secretory trichomes stained with Sudan III. The cuticle covering the apical cell and tepal epidermis, as well as cell walls, are 

stained, indicating presence of lipids, whereas the rest of the section remains unstained.
Fig. 7. Section treated with IKI. Here, cytoplasm of apical cell and basal cell of trichome, as well as that of epidermal cells, stains 

intensely. However, the secretion remains unstained and there is no evidence that the secretory hair contains starch. 
Fig. 8. Protoplasts of secretory trichome and tepal epidermis stain more intensely with IKI than those of underlying parenchyma. 
Fig. 9. IKI also stains protein bodies in adaxial epidermal cells and some parenchyma cells. Fig. 10. Section treated with ruthenium 

red showing that only a very narrow region of the secretory trichome wall contains pectin (stained red), whereas the wider, 
outer cuticular layer and the secretion remain unstained.
Scale bars = 50 μm (Fig. 1) and 20 μm (Figs 2-10). 
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Figs 11-13. Abaxial epidermis of tepal (SEM).
Fig. 11. Almost spherical, apical cell of secretory hair with no visible pores in the overlying cuticle. 
Fig. 12. Secretory residues upon the secretory hair and surface of adjacent epidermal cells (arrows). 
Fig. 13. Stoma bearing lipid droplets (arrows). Such droplets occur only infrequently on stomata. 

Scale bars = 8.5 μm (Fig. 11.), 22 μm (Fig. 12.) and 5.5 μm (Fig. 13.), respectively.
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Figs 14-19. Ultrastructure of resin-secreting trichome (TEM). 
Fig. 14. Photographic reconstruction of whole trichome. Note apical cell with granular secretion upon its surface and flocculent 

precipitates in the basal cell and underlying parenchyma cells. 
Fig. 15. Cell wall of apical cell with associated cuticle. The innermost region of the latter is reticulate, whereas the outer is lamellate. 

Between the cell wall and cuticle occur droplets of secretion (asterisk). 
Fig. 16. Secretion (asterisk) occurs between cell wall and cuticular layer. It also occurs in granular form on the surface of apical cell. 
Fig. 17. Cytoplasm with remains of organelles and secretion (asterisk). The latter is found in the periplasmic space and also at the 

interface between the cell wall and cuticular layer.  
Fig. 18. Secretory granules on surface of apical cell. 
Fig. 19. Detail of secretion showing electron-dense contents surrounded by an electron-translucent sheath. 

Scale bars = 4.5 μm (Fig. 14.), 0.5 μm (Fig. 15.), 0.5 μm (Figs 16, 17.), 1.0 μm (Fig. 18.) and 0.5 μm (Fig. 19), 
respectively. 
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Figs 20-24. Ultrastructure of resin-secreting trichome and epidermal cells (TEM). 
Fig. 20. Secretion (asterisk) at interface between cell wall and cuticular layer. Note electron-translucent cytoplasm. 
Fig. 21. Inner tangential wall of apical cell (adjacent to basal cell) with secretion (asterisk)  visible in periplasmic space. 

The plastid envelope is disrupted. 
Fig. 22. Basal cell and adjacent epidermal cell. The darkly stained, granular cytoplasm contains plastids and mitochondria, 

whereas the vacuole of the basal cell contains osmiophilic precipitates. Arrows indicate secretory vesicles near 
cell wall.  

Fig. 23. Cell wall and parietal cytoplasm of basal and epidermal cell.  Vacuole contains dark precipitates that are also visible 
along the tonoplast and within small enclaves of the large, central vacuole. 

Fig. 24. Electron-translucent cytoplasm of basal and epidermal cells, whose plastids have an osmiophilic stroma.
Scale bars = 0.5 μm (Figs 20, 21), 1.0 μm (Fig. 22), 0.5 μm (Figs 23, 24), respectively.
Key to figures
AC = apical cell
BC = basal cell
Cu = cuticle
CW = cell wall
E = epidermis
m = mitochondrion
P = plastid
Se = secretion
V = vacuole
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terface between cell wall and cuticle, and these were 
also present both in the periplasmic space and the cell 
wall itself (Figs 15-17, 20-21).  Secreted material oc-
curred in close proximity to glandular hairs (Figs 3-7, 
12, 14), but not usually stomata (Fig. 13).  The secretion, 
as observed using TEM, has a granular appearance, and 
these granules are surrounded by an electron-translucent 
sheath (Figs 18-19).  Granules were predominantly as-
sociated with the trichome apex, but were also observed, 
on occasion, some distance from the latter as a thin film 
covering areas of the epidermis.   

The cytoplasm of the apical cell is electron-
translucent and contains membrane profiles, vesicles 
and the remains of plastids (Figs 14, 16-18, 20, 21).  
The large, central vacuole contains dark, polyphenolic 
precipitates (Fig. 14).  Conversely, the cytoplasm of the 
basal cell is much more electron-opaque and contains 
numerous mitochondria and starchless leucoplasts, 
each plastid containing osmiophilic globules and rela-
tively few membranes embedded in a darkly stained 
stroma (Figs 22-24).  Profiles of smooth endoplasmic 
reticulum (SER) and vesicles were seen near the plas-
malemma.  Dark, flocculent precipitates are present in 
the central vacuole, as well as in the vacuoles of adja-
cent epidermal and parenchyma cells (Figs 14, 22, 23).  
Smaller vacuoles with dark precipitates also occur in 
the parietal cytoplasm (Figs 22, 23). 

DISCUSSION

The floral trichomes of M. dichroma are identi-
cal to those described for vegetative organs of other 
Maxillariinae and Lycastinae in that they are sunken 
and bicellular, comprising a basal cell, which is not 
exserted, and an apical glandular cell that secretes res-
in.  Furthermore, they are sparsely distributed on both 
adaxial and abaxial tepal surfaces. 

Trichome cell walls and cuticle contain 
polyphenols and lipoidal compounds.  The latter were 
seemingly absent from secreted material, which also 
failed to stain with ruthenium red, indicating that it is 
not mucilaginous, as proposed by some authors.  The 
trichome cells have an organelle complement typical 
of secretory cells, and the abundance of SER and intra-
vacuolar polyphenols is indicative of cells involved in 
lipid metabolism. 

It has been suggested that resin-secreting hairs 
may deter herbivory and indeed, it has been shown that 
other polyphenolic compounds, such as tannins, are 
able to precipitate salivary proteins (F e e n y , 1976; 
S w a i n , 1979; H a s l a m , 1981).  Nevertheless, their 
precise role remains conjectural (S h a r m a  and V a n -
g a n i , 1987).  M u l l e r  (1969), for example, argued 
that such compounds are waste products or “accidents 
of metabolism” and are sequestered in harmless form 

within mature tissues or ephemeral organs, such as 
leaves.  The toxins are then dissipated following ab-
scission.  Another possibility is that polyphenolic com-
pounds can inhibit growth induced by gibberellins and 
may be implicated in growth regulation (C o r c o r a n , 
G e i s s m a n  and P h i n n e y , 1972; C o r c o r a n  and 
G r e e n , 1975).  However, some of these explanations, 
at least in this case, are problematical. For example, 
the proposal that the presence of resin-secreting hairs 
alone discourages herbivory seems näive in that leaves 
of many Maxillaria spp. are coriaceous, have a thick 
cuticle, well developed hypodermal sclerenchyma, is-
lands of sclerenchyma scattered throughout the photo-
synthetic mesophyll and sclerotic bundle caps.  They 
also contain tannins, idioblasts with stegmata (silica 
bodies) and raphides (H o l t z m e i e r  et al. 1998; 
D a v i e s  1999; S t e r n  et al. 2004).  In Maxillaria, 
resin-secreting hairs are very sparsely distributed and 
at best would contribute only marginally to such an 
arsenal of herbivore-deterring characters. Likewise, it 
is unlikely that so few hairs could make a significant 
difference to the regulation of excretory products, es-
pecially when there is evidence that large quantities of 
polyphenols are sequestered in vacuoles elsewhere in 
the plant body.  It is, however, possible that these hairs 
may, to a limited degree, reflect light and thereby pre-
vent leaf scorch, especially in immature leaves. The 
possibility that viscous resin secretions may physically 
impede insect movement also poses problems. The 
flowers of M. dichroma, like many members of the M. 
grandiflora (Kunth) Lindl. alliance, are relatively large 
(4 cm from tip to tip of lateral sepals), mainly white 
with pale yellow farina on the mid-lobe of the label-
lum and marked with red. They are highly fragrant.  
Furthermore, like certain other Maxillaria spp., they 
produce floral-food rewards in the form of protein-
rich pseudopollen (D a v i e s  and W i n t e r s , 1998; 
D a v i e s , W i n t e r s  and T u r n e r , 2000, D a v -
i e s , T u r n e r  and G r e g g , 2003a; D a v i e s  and 
T u r n e r , 2004; M a t u s i e w i c z , S t p i c z y ń s k a 
and D a v i e s , 2004; D a v i e s  and S t p i c z y ń s k a , 
2008; D a v i e s , 2009) and this is thought to be gath-
ered by stingless bees (Meliponini).  As such, the flow-
ers are susceptible to damage by insects and molluscs.  
The presence of secretion could perhaps physically im-
pede insect movement, or noxious chemicals present 
in the secretion could perhaps discourage herbivory or 
irritate molluscs. However, since the secretion, once 
exuded, remains close to the trichome, this is unlikely.  
Besides, some species of the former Maxillaria (now 
assigned to Rhetinantha M.A. Blanco and Heterotaxis 
Lindl.) produce floral resin as a food-reward for pol-
linating insects (D a v i e s , T u r n e r  and G r e g g , 
2003a, b; D a v i e s  and T u r n e r , 2004; F l a c h  et 
al., 2004; D a v i e s  and S t p i c z y ń s k a , 2008; 
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Davies, 2009), although this, unlike that produced 
by resin-secreting hairs, stains intensely with Sudan III 
(D a v i e s  et al., 2003a, b; D a v i e s  and T u r n e r , 
2004).  

In attributing a function to these hairs, perhaps 
the best clue is that in juvenile leaves, they are multi-
cellular (H o l t z m e i e r  et al., 1998).  It is thus specu-
lated that prior to expansion of the lamina, they would be 
more densely distributed upon the leaf surface affording 
the young organ a degree of pubescence.  This in turn, 
would perhaps reduce transpiration and protect the young 
leaf from desiccation.  Furthermore, before the cuticle is 
fully developed, secreted resin would render the juvenile 
leaf surface waterproof.  Therefore, regardless of whether 
they occur on leaf or floral bud, it is quite possible that the 
main role of these hairs is the protection of developing 
organs.  This, perhaps, also explains why such trichomes 
occur predominantly upon the abaxial surface of tepals.  
On maturation of the organ, the hairs perhaps become 
redundant, or at least have limited function.  How the 
chemical composition of their secretion differs from the 
resinous food-reward produced by the labella of certain 
Maxillaria spp. has yet to be investigated fully.
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Włoski żywiczne w kwiatach
Maxillaria dichroma Rolfe

(Orchidaceae: Maxillariinae)

S t r e s z c z e n i e

Włoski gruczołowe wydzielające żywice wy-
stępują na wegetatywnych organach u roślin z rodzaju 
Maxillaria oraz u pokrewnych taksonów. Dotychczas 
nie stwierdzono występowania zagłębionych wło-
sków żywicznych w kwiatach Maxillaria, nie są zna-
ne również szczegóły budowy tego rodzaju włosków. 
W niniejszej pracy udokumentowano po raz pierwszy 
ich budowę na poziomie mikroskopu świetlnego oraz 
elektronowego skaningowego i transmisyjnego, a tak-
że dyskutowane są ich funkcje.
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