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EPIDERMAL HAIRS OF ACANTHACEAE
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Plant Anatomy Laboratory, National Botanic Gardens,
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SUMMARY

Structure and distribution of the foliar epidermal hairs of 109 species and two varicties belonging to 39
genera of the family Acanthaceae have been studied. Both glandular and non-glandular epidermal hairs have
been recorded in the investigated taxa. The glandular hairs may be subsessile or long-stalked. The sub-
sessile glandular hairs are of two types: i) Glandular head panduriform, 2-celled, and ii) Glandular head
globular or disc-shaped, 2—8- or more-celled. Subfamilies Nelsonioideae and Thunbergi ideae are character-
ised by the panduriform hairs. while Mendoncivideae and Acanthoideae have glandular hairs with a globular
head. Long=stalked glandular hairs are present only in nine species. Non-glandular hairs are also widely
distributed in the family; they are present in all but ten species. They may be unicellular, or multicellular
uniseriate; rarely they are branched. Though the non-glandular hairs are of diagnostic importance at species
level only, in some genera like Barleria, Ruttya, and Aphelandra, they are quite characteristic. The present
study does not support Bremekamp’s (1965) delimitation of the family Acanthateae, involving the transfer
of Lindau’s (1895) subfamily Nelsonioideae to Scrophulariaceae, and the raising of his subfamilies Thunber-
gioideae and Mendoncioideae to the rank of independent families. Instead, the retention of Nelsonioideae,
Thunbergioideae, Mendoncioideae, and Acanthoideae within the family Acanthaceae is favoured.

INTRODUCTION

The taxonomic and phylogenetic significance of trichomes has long been recognised
by a number of workers (Bachmann, 1886; Solereder, 1908; Cooper, 1932; Cowan, 1950;
Metcalfe & Chalk, 1950; Goodspeed, 1954; and Sporne, 1956). According to Carlquist
(1961), trichomes are, because of their easy accessibility, perhaps the most important
anatomical features which could be used for taxonomic purposes. The study of the tricho-
mes of Rhododendron by Cowan (1950) and of Nicotiana by Goodspeed (1954) showed that
they are excellent characters for making out distinctions at subgeneric and generic levels.
The epidermal hairs of Solanum, according to Roe (1971), provide some of the most
important features for diagnostic purposes as many of the hair forms are characteristic
for a species or a section. Recent studies in Jasminum by Inamdar (1967), in
Compositae by Ramayya (1972), and in Loganiaceae by Bendre (1973) have similarly
demonstrated the significance of trichomes in the systematic studies of these taxa of
flowering plants.

The Acanthaceae are a large family of flowering plants with about 250 genera and over
2500 species spread over the tropics. Though the family has, for many years, been treated
as a distinct taxon, its delimitation and subdivision has been the subject of great contro-
versy and divergent and conflicting views have been expressed regarding the systematic
position of various taxa. Lindau (1895) divided Acanthaceae into four subfamilies: Nelsonioi-
deae, Mendoncioideae, Thunbergioideae, and Acanthoideae on the basis of types of fruits, the
number of ovules, and the presence or absence of retinacula and their shape. Nees (1847)
had eatlier recognised two groups in Acanthaceae: Anechmatacantheae (without retinacula)
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and Echmatacantheae (with retinacula). While Anechmatacantheae has two tribes, Thunbergi-
eae and Nelsonieae, which together include Lindau’s Thunbergioideae, Nelsonioideae, and
Mendoncioideae, the second group Echmatacantheae has nine tribes comprising Lindau’s
Acanthoideae. Bentham and Hooker (1876) divided Acanthaceae into five distinct tribes:
Thunbergieae, Nelsonieae, Ruellieae, Acantheae, and Justicieae. Lindau’s subfamilies Thun-
bergioideae and Mendoncioideae together constitute Bentham and Hooker’s Thunbergieae
while his Nelsonieae is equivalent to the latter’s subfamily Nelsonioideae. The remaining
three tribes of Bentham and Hooker together form Lindau’s subfamily Acanthoideae.
Van Tieghem (1908) constituted the three subfamilies Nelsonioideae, Mendoncioideae, and
Thunbergioideae of Lindau into a new family Thunbergiaceae, and Acanthaceae sensu Van
Tieghem comprised Lindau’s Acanthoideae only. Bremekamp (1953, 1955, 1965) raised
Thunbergioideae and Mendoncioideae to family rank and transferred Nelsonioideae to the
family Scrophulariaceae. Thus, the family Acanthaceae sensu Bremekamp consists only of
Lindau’s subfamily Acanthoideae.

In contrast to many reports of palynological, embryological, and cyto-taxonomic
studies of Acanthaceae, no detailed and systematic investigation has been carried out on
the foliar epidermal hairs of this family. Among relatively early reports of the studies of
foliar trichomes of Acanthaceae may be mentioned the works of Lindau (in Engler &
Prantl, 189s), Solereder (1908), and Metcalfe & Chalk (1950). Kumar and Paliwal (1975)
investigated the epidermal features, including trichomes of six species of Thunbergia, and
Elytraria acaulis and Nelsonia campestris. Singh and Jain (1975) studied the structure and
ontogeny of different types of trichomes present on the floral appendages of 41 taxa of
Acanthaceae. The present investigation, which deals with the structure, distribution, and
taxonomic significance of the foliar epidermal hairs of 39 genera (109 species) of Acantha-
ceae, has been carried out with a view to help in a better understanding of the taxonomy of
this large and complicated family of flowering plants.

MATERIAL AND METHODS

The material of the species investigated consisted of mature and healthy leaves collected
locally, or procured as herbarium specimens from the Botanical Survey of India or from
botanical gardens and herbaria of Sri Lanka, Singapore, Malaysia, Indonesia, and Brazil.
The names of the species (and varieties) investigated are listed in the Table I at the end of
this paper. Epidermal hairs were examined from cuticles separated from leaves by mechani-
cal peeling (scraping with a safety razor blade) or by maceration with 10%—30% nitric
acid. The cuticles were washed with water, stained with aqueous safranin, mounted in
glycerine and the cover slip was ringed with Canada balsam. While trichome types, their
structure, distribution, and range of variation in the family are described under ‘Obser-
vations’, trichome characters of individual species are listed in the Table I.

OBSERVATIONS

Basically two types of hairs are found on the leaf of Acanthaceae: (a) Glandular and
(b) Non-glandular.

(2) GLANDULAR HAIRS

They have been recorded in all investigated species of the family and can be distin-
guished into three major categories: (i) subsessile (short-stalked) hairs, with two-celled,
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panduriform, glandular head; (i) subsessile (short-stalked) hairs, with two~ or more-
celled, globular or disc-shaped head, and (iii) long-stalked hairs with 1- to several-celled
stalk and one- or more-celled, globular or hemispherical, glandular head.

(i) Panduriform hairs (Figs. 1—7 and 36). This term was applied to the glandular
hairs of Thunbergioideae by Hobein (see Solereder, 1908). In this type the two-celled head
is roughly dumb-bell shaped or oblong with a slight narrowing in the middle. In side view
the hair shows a short one-celled stalk with the foot cell embedded in the epidermal
layer (Fig. 36). In the present study, panduriform glandular hairs have been recorded in all
the investigated species of the genera Staurogyne (Fig. 1), Elytraria (Fig. 2), Nelsonia (Fig. 3),
and Thunbergia (Figs. 4—7). The shape of the glandular head while basically remaining
panduriform, may often vary in the same species, e.g. Thunbergia laurifolia (Figs. s—7).
There is comparatively less variation in the size of the glandular head among different
species (Table I).

(ii) Subsessile (short-stalked) hairs with globular or disc-shaped head (Figs. 8—35
and 37, 38). These hairs are recorded in all the investigated genera except Staurogyne,
Elytraria, Nelsonia, Thunbergia, and in Hygrophila except the species H. serpyllum. The
glandular head is globular or disc-shaped and is formed of 2—8 cells. The 4-celled con-
dition is the most common (Figs. 8, 21). In genera like Strobilanthes, Pseuderanthemum,
and Ruellia glandular hairs with 8-celled head are more common (Figs. 9—11). In Ruellia
tweediana, R. lorentziana (Fig. 12), and Ruttya speciosa (Fig. 13) glandular hairs with a more
than 8-celled head are also common. Glandular hairs with 2-celled head are present in
Blepharis maderaspatensis (Fig. 14), Crossandra nilotica (Fig. 15), and C. infundibuliformis.
Glandular hairs with 2—4-celled head are common in Aphelandra tetragona (Fig. 16),
Gymnostachyum latifolium (Fig. 17), Peristrophe tinctoria (Fig. 18), Leptdagathxs purpuricaulis
(Figs. 19, 20), Justicia vahlii (Fig. 22), and Beloperone guttata. In some species, e.g. Asystasia
dalzelliana (Fig. 25), Fittonia verschaffeltii var. argyroneura (Fig. 26), Hemigraphis colorata
(Figs. 27, 28), and Dianthera nodosa (Fig. 31), glandular hairs have a variable number of
cells.

In surface view, the outline of the glandular head is circular but Mendoncia coccinea and
M. velloziana often have glandular heads which are triangular, quadrangular, or thomboid
in shape (Figs. 32—35).

Like the panduriform hairs, these hairs also have a short unicellular stalk with the foot
cell embedded in the epidermal layer (Figs. 37, 38).

The diameter of the globular head varies only slightly in a species. Among species of the
same genus the diameter does not vary more than 1 to 1.5. Thus the variation is 23—34#m
in seven species of Ruellia and 22—34 um in nine species of Strobilanthes. Species with
typically small glandular heads are: Petalidium barlerioides (19 um, Fig. 30), Hygrophila
polysperma (21 um, Fig. 29), Hemigraphis colorata (22 pm, Figs. 27, 28), and Lepidagathis
cuspidata and Strobilanthes scaber (both 22 um). Species with conspicuously large glandular
heads are Graptophyllum pictum (38 um), Justicia procumbens (35 um, Fig. 23), and Barleria
courtallica (35 um, Fig. 24).

(iii) Long-stalked glandular hairs (Figs. 39—53). These hairs consist of a 1—s-celled
uniseriate stalk terminated by a 1—several-celled globular or hemispherical head. The foot
cell may arise from the middle of an epidermal cell (Figs. 41—44, 48, 49, and 51) or may be
surrounded by 2 to several epidermal cells (Figs. 39—40, 45—47, 50). Such hairs occur
intermixed with the short-stalked glandular hairs in several species. In Hygrophila serpyl-
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Glandular hairs (Figs. 1—s53).— Figs. 1—7. Sub-sessile glandular hairs with panduriform head. 1. Staurogyne
longifolia; 2. Elytraria acaulis var. lyrata; 3. Nelsonia campestris; 4. Thunbergia erecta; s—7. T. laurifolia. —
Figs. 8—35. Sub-sessile glandular hairs with globular head. 8. Sanchezia nobilis; 9. Strobilanthes ixiocephalus;
10. Pseuderanthemum malaccense; 11—12. Ruellia lorentziana; 13. Ruttya speciosa; 14. Blepharis maderaspatensis;
15. Crossandra nilotica; 16. Aphelandra tetragona; 17. Gymnostachyum latifolium; 18. Peristrophe tinctoria; 19—20.
Lepidagathis purpuricaulis; 21. L. trinervis; 22. Justicia vahlii; 23. J. procumbens; 24. Barleria courtallica; 25. Asysta-
sia dalzelliana; 26. Fittonia verschaffeltii var. argyroneura; 27—28. Hemigraphis colorata; 29. Hygrophila poly-
sperma; 30. Petalidium barlerioides; 31. Dianthera nodosa; 32—33. Mendoncia velloziana var. sparatteria; 34—35.
M. coccinea. — Figs. 36—38. Glandular hairs in sectional view. 36. Thunbergia grandifiora; 37. Hemigraphis
hirta; 38. Petalidium barlerioides. — Figs. 30—s1. Long-stalked glandular bairs. 30—43. Hygrophila serpyllum;
44. Dyschoriste erecta; 45—48. Dyschoriste vagans; 49—s1. Lepidagathis cuspidata. — Fig. s2. Sectional view of
long-stalked glandular hair of Dicliptera roxburghiana. — Fig. 53. A branched trichome of Dyschoriste vagans
with glandular head on one branch. — Scale 100um for Figs. 39—51; scale soum for Figs. 1—38, 52; scale
2soum for Fig. s3.
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lum, however, short-stalked glandular hairs are absent. The long-stalked glandular hairs
occur densely in Hygrophila serpyllum (Figs. 30—43) and Dyschoriste vagans (Figs. 45—48);
they are quite common in Lepidagathis cuspidata (Figs. 490—s1), Dicliptera roxburghiana
(Fig. 52), and Dipteracanthus patulus. In Dyschoriste erecta (Fig. 44), Justicia tranquebariensis,
Ruellia rosea, and Strobilanthes heyneanus they are sparse and generally restricted to the
veins and the margin.

The length of the long-stalked glandular hairs varies from 25um to more than a
millimeter. They are the longest in Dyschoriste vagans (Figs. 45—48) where they measure
up to 1062 pm in length. In Hygrophila serpyllum (Figs. 41—43) and Lepidagathis cuspidata
(Figs. 49, s1), these hairs commonly arise from a single epidermal cell each, instead of
having a multi-celled hair-base. Branched hairs with one branch glandular and the others
without the glandular head are rarely found in Dyschoriste vagans (Fig. s3).

(b) NON-GLANDULAR HAIRS

Distribution and frequency. Non-glandular hairs are of wide occurrence in Acantha-
ceae. In a majority of species, they are common (+ +, Table I}, in thirteen species they are
found to be dense (++ 4, Table I), and in 21 species sparse (4, Table I). Non-glandular
hairs are generally more numerous on the veins and the margin than in the intercostal
areas, and in some species they are confined to the veins and the margin. In many species,
especially those of the genera Strobilanthes, Eranthemum, and Hygrophila, the non-glandular
hairs on the lower epidermis are confined to margin and veins but on the upper epidermis
they are also common in the intercostal areas. Non-glandular hairs are absent in Thun-
bergia affinis, T. mysorensis, Ruellia tweediana, Eranthemum albo-marginata, Barleria courtallica,
Pseuderanthemum atropurpureum, P. kewense, P. variabile, Odontonema nitidum, and O.
strictum.

Shape and size. The non-glandular hairs vary in shape, size, number of cells, thickness
and ornamentation of the wall, and in the structure of the hair-base. The size variation
within a species may be considerable, e.g. Dyschoriste erecta (12—800 um), Barleria lawii
(106—1416 pm), and Asystasia chelonoides (81—1203 um). But some species have, on an
average, longer hairs than the others. Conspicuously elongated hairs are found in Stro-
bilanthes heyneanus (average length 932 um), Justicia procumbens (Fig. 87, 893 um), Peristrophe
bicalyculata (822 pm), Hygrophila salicifolia (720 um), H. quadrivalvis (654 um), H. auriculata
(637 pm), Barleria lawii (590 um), and Mendoncia velloziana var. sparatteria (590 pm). Short
hairs occur in Pseuderanthemum malaccense (64 wm), P. grandiflorum (Fig. 65, 62 um),
Thunbergia grandiflora (Fig. 56, 73 um), Eranthemum wattii (Fig. 63, 57 um), and Hygrophila
polysperma (55 pm).

The hairs are uniseriate in all the investigated species except Elytraria acaulis var. lyrata
in which they are sometimes biseriate near the base (Fig. 94). Branched hairs are rarely
found in Dyschoriste vagans (Fig. 85) and Pseuderanthemum bicolor (Fig. 93).

Generally, both unicellular and multicellular hairs occur in a species. Unicellular hairs
are, however, predominant in Staurogyne longifolia (Figs. s4—ss), Thunbergia grandiflora
(Fig. 56), T. laurifolia (Fig. 57), T. kirkii, Mendoncia coccinea (Fig. 58), Dyschoriste dalzellii
(Fig. 59), D. erecta (Figs. 60—62), Eranthemum wattii (Fig. 63), E. capense (Fig. 64), Pseude-
ranthemum grandiflorum (Fig. 65), Hygrophila serpyllum (Fig. 70), Lepidagathis trinervis
(Fig. 72), L. cuspidata (Figs. 73—74), L. purpuricaulis (Figs. 75—76), L. incurva (Figs. 77—78),
Barleria cuspidata (Fig. 79), B. lupulma B. prionitis, and Gymnostachyum latifolium. Unicellular
hairs are also quite common in Asystasia dalzelliana (Fig. 66), Justicia betonica (Fig. 67),
J. vahlii (Fig. 68), Dianthera nodosa (Fig. 69), and Rhinacanthus nasuta (Fig. 71).
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Non-~glandular hairs (Figs. §4—101). — Figs. §4—79. Unicellular non-glandular hairs. s4—ss. Staurogyne
longifolia; 56. Thunbergia grandiflora; 57. T. laurifolia; §8. Mendoncia coccinea; 59. Dyschoriste dalzellii; 60—62.
D. erecta; 63. Eranthemum wattii; 64. E. capense; 65. Pseuderanthemum grandifloruny, 66. Asystasia dalzelliana;
67. Justicia betonica; 68. J. vahlii; 69. Dianthera nodosa; 70. Hygrophila serpyllum; 71. Rhinacanthus nasuta;
72. Lepidagathis trinervis; 73—74. L. cuspidata; 75—76. L. purpuricaulis; 77—78. L. incurva; 79. Barleria cuspi=
data. — Figs. 80—98. Multicellular non-glandular hairs, 80. Fittonia verschaffeltii var. argyroneura; 81. F.
verschaffeltii var. pearcei; 82. Gymnostachym febrifugum; 83. Andrographis echioides; 84. Hemigraphis hirta; 8s.
Dyschoriste vagans (branched hair); 86. Ruellia formosa; 87. Justicia procumbens; 88. Hygrophila serpyllum; 89.
Asystasia chelonoides; 90. Adhatoda vasica; 91. Aphelandra tetragona; 92—93. Pseuderanthemum bicolor; 94. Ely-
traria acaulis var. lyrata, 9s. Mendoncia velloziana var. sparatteria; 96. M. velloziana var. sparatteria (stellate
hair-base); 97. Ruttya speciosa; 98. Lepidagathis cuspidata. — Figs. 99—101. Portions of non-glandular hairs
magnified, to show wall ornamentation. 99. Eranthemum purpurascens; 100. Ruttya speciosa; 101. Dyschoriste
vagans. — Scale 10o0um for Figs. 54—84, 86—98; scale 62 um for Fig. 85; scale soum for Figs. g9—101.
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" The unicellular hairs vary a great deal in shape and size. They may be small
conical or papillose (Figs. 54—s6, 59—63, 65, 66, 68, 71), small and stout, or slender
needle-shaped (Figs. 70, 73, 74), or comparatively large, stout, and erect (Figs. 72, 78, 79).
They are typically thick-walled lanceolate in Barleria cuspidata (Fig. 79), B. lupulina, and
B. prionitis. Generally, the hairs have a several-celled hair-base but in some cases they
arise from the middle of an epidermal cell (Figs. s4, 62, 64, 70—71, 73—77).

The multicellular hairs (Figs. 80—95, 97—98) are generally 2—6—celled.
They may be up to 12-celled in Pseuderanthemum bicolor (Figs. 92, 93) and up to 15-celled
in Elytraria acaulis var. lyrata (Fig. 94). As in the case of unicellular hairs, the shape of the
multicellular hairs varies greatly. They may be short and conical (Figs. 80—81), long and
slender (Fig. 92), or long and stout (Figs. 82—83, 86—89, 95).

The non-glandular hairs of some species are characteristic. In Aphelandra
tetragona (Fig. 1) the hair is built of two or more small basal cells surmounted by a much
elongated apical cell. The hairs of Ruttya speciosa (Fig. 97) are similar but the apical cell
here lies at right angles to the basal part and has a thicker wall than the basal cells. In
Adhatoda vasica (Fig. 90) the hairs are sometimes T-shaped. Lanceolate thick-walled hairs
occur in several species of Barleria (Fig. 79). Thick-walled uniseriate hairs with bulgmgs
at the nodes are recorded in Mendoncia velloziana var. sparatteria (Fig. 9s).

The hair-base is generally multicelled, with polygonal, isodiametric, straight-
walled cells. However, small and slender, or more rarely long and stout non-glandular
hairs often spring from the middle of an epidermal cell (Figs. 84, 90, 98). Hygrophila
serpyllum has both these types: 1—2-celled, small, slender hairs emerging from a single
epidermal cell (Fig. 70) and 2—4~celled, longer, and stouter hairs with a multicelled hair-
base (Fig. 88). In species with sinuous-walled epidermal cells, the hair-base cells are less
sinuous or straight-walled. In Mendoncia coccinea and M. velloziana var. sparatteria, non-
glandular hairs of the upper epidermis have a typically stellate hair-base with 2—several
arms (Fig. 96).

The non-glandular hairs are moderately thick-walled. In species of Barleria the thickness
of the wall is considerable and the hairs consequently have narrow lumina. The wall
ornamentation generally consists of round, oval, elliptic, or linear tubercles (Figs. 60—62,
99—101). Sometimes, the wall ornamentation can be used for diagnostic purposes.

DISCUSSION

The study of the foliar epidermal hairs of 39 genera (109 species) of Acanthaceae reveals
that various features of the epidermal hairs, like their shape, size, the number of cells
comprising them, thickening and ornamentation of the wall, type of hair-base, etc. play
a very useful role in the systematic consideration of various taxa. The glandular hairs of
the three types mentioned earlier occur intermixed with the non-glandular ones. While
the glandular hairs are more important at the higher level (subfamily, tribe etc.), the non~
glandular hairs are of diagnostic value at lower levels such as genus, species, and variety.

Hobein (see Solereder, 1908) observes that the panduriform glands are characteristic
of the Thunbergioideae, whilst the disc-shaped glands occur in the rest of the Acanthaceae.
The present investigation, however, shows that the panduriform glandular hairs are
uniformly present in Nelsonioideae as well, and they are characteristic of these two sub-
families of the Acanthaceae. Kumar and Paliwal (1975), who studied the foliar trichomes of
six species of Thunbergia (subfamily Thunbergioideae) and Elytraria acaulis and Nelsonia
campestris (subfamily Nelsonioideae) have recorded long-stalked glandular hairs in Nelsonia
campestris. However, they have not reported the presence of subsessile panduriform glandu-
lar hairs in the species investigated by them.
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In the genera of the subfamily Acanthoideae and Mendoncioideae (of Lindau, 1895)
presently investigated, the glandular hairs have only a globular or disc-shaped head. This
is in conformity with the observations of Solereder (1908). In Mendoncia (sub-family
Mendoncioideae), while the heads of glandular hairs are basically globular or disc-shaped,
they may frequently be modified and appear quadrangular or triangular in surface view.

While the diameter of the head of glandular hairs does not vary appreciably, it can
sometimes be used for distinguishing one species of a genus from the other, e.g. Thunbergia
erecta (42 pum) and T. kirkii (31 um); Strobilanthes scaber (22 pm) and S. scrobiculatus
(34 pm); Justicia diffusa (26 pm) and J. procumbens (35 um). The number of cells comprising
the glandular head is quite important and can be used as a taxonomic character. In some
cases it is constant for a sub-family or a genus. All the investigated genera of the sub-
families Thunbergioideae and Nelsonioideae have only 2-celled glandular heads. The nine
species of Strobilanthes presently studied uniformly show 4—8~celled glandular heads.
Similarly, the seven species of Barleria have 4—8 (mostly 4)-celled glandular heads. All the
six species of Pseuderanthemum have 4—8 (mostly 8)celled glandular heads. On the other
hand, within a genus, some species can easily be distinguished from the others by the
difference in the number of cells comprising their glandular heads. According to Santapau
(1951), the differences between Dyschoriste dalzellii and D. vagans are minute and relate
only to the size of the anther spurs. However, the present investigation shows that they
can easily be distinguished from each other by their epidermal hairs. D. dalzellii has
subsessile glandular hairs with a 4-celled head, but in D. vagans the head is 8-celled; D.
;algans also has a dense covering of long-stalked glandular hairs which are lacking in D.

alzellii.

The long-stalked glandular hairs have been recorded only in nine species of subfamily
Acanthoideae and not in the other subfamilies. However, according to Kumar and Paliwal
(1975), they are present in Nelsonia campestris (subfamily Nelsonioideae) also. While their
taxonomic significance at higher level appears to be limited, as they are present in widely
different taxa, they are nevertheless important from diagnostic point of view at species
level. For example, such hairs occur in Hygrophila serpyllum, Dyschoriste erecta, D. vagans,
Strobilanthes heyneanus, Dipteracanthus patulus, Lepidagathis cuspidata, and Justicia tranque-
bariensis, but are absent in the other investigated species of the genera.

Non-glandular hairs play a very significant role in the taxonomic consideration of
various taxa as they show considerable range of variation in their shape, size, wall thicken-
ing, and hair-base structure. However, as pointed out carlier, unlike glandular hairs, the
non-glandular hairs are more useful at species level; rarely they are also useful in distin-
guishing some genera from the others.

The species of Barleria have very characteristic non-glandular hairs which are uniceliuiar
(rarely 1- to several-celled) with thick walls and a narrow canal-like lumen having a
spherical enlargement at the base of the hair (Fig. 79). According to Hobein (see Solereder,
1908) these hairs are present in most genera of the tribe Barlerieae investigated by him.
Metcalfe and Chalk (1950) have also characterised various tribes of Acanthaceae by various
types of non-glandular hairs. However, the present investigation shows that in Lepidaga-
this, which belongs to the same tribe, uniseriate hairs with unthickened walls occur. The
same view is expressed by Solereder (1908).

The genus Strobilanthes is quite uniform in its non-glandular hairs which are 1- to
several-celled, stout, with a several-celled hair-base of polygonal cells forming a rosette
around the foot or basal cell. Their distribution pattern is also quite characteristic as they
are generally confined to costal and marginal areas.

A number of species are characterised by their typical non-glandular hairs. These
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include: conical unicellular hairs on the upper epidermis of Dyschoriste dalzellii (Fig. 59),
branched hairs of D. vagans (Fig. 85) and Pseuderanthemum bicolor (Fig. 93), conical unicel-
lular hairs of Lepidagathis trinervis (Fig. 72), and typical hairs of Adhatoda vasica (Fig. 90),
Aphelandra tetragona (Fig. 91), and Ruttya speciosa (Fig. 97). These have been described
under ‘Observations’.

The hair-base is also an important diagnostic character. The two species of Mendoncia
are characterised by typically stellate hair-bases on the upper epidermis (Fig. 97). Rizzini
(1948) divided Mendoncia into four subgenera on the basis of the characters of the hair~
base. The two species investigated here have non-glandular hairs with a conspicuously
stellate hair-base on the upper epidermis; on the lower epidermis the hair-base cells,
though basically indistinguishable from the other epidermal cells, frequently form
rosette or stellate pattern.

In many species, e.g. Hygrophila serpyllum (Fig. 70), Dipteracanthus patulus, Lepidagathis
cuspidata (Figs. 73—74), L. purpuricaulis (Fig. 75—76), non-glandular hairs frequently
arise from the middle of an epidermal cell and this feature is very characteristic for those
species.

The density of the non-glandular hairs often varies considerably within a genus and
is not an absolutely reliable character for diagnostic purposes. However, the size of the
hair and the number of cells comprising it, are important features and several species of a
genus can be distinguished from each other on the basis of these characters (Table I).

Non-glandular hairs often show a wide range of variation within a species, but where
they are of a characteristic form they can serve as a means of distinction among the
species. Stace (1965, p. 52) remarks: ‘The most usual division, between glandular and
non-glandular types (of trichomes), suffers from the same disadvantages as other systems
in that there is no sharp distinction between the two groups, and in any case the division
separates obvioulsy very closely related types’. Dyschoriste vagans illustrates strikingly the
transition between glandular and non-glandular hairs. Except for the terminal gland,
there is little difference between the long-stalked glandular hairs and the non-glandular
hairs of this species. Where the hairs are branched, one branch may be non-glandular and
the other terminated by a gland (Fig. 53).

The delimitation of Acanthaceae by Nees (1847), Bentham & Hooker (1876), Lindau
(1895), Van Tieghem (1908) and Bremekamp (1953, 1955, 1965) has been explained
earlier (see ‘Introduction’). The present study shows that Lindau’s (1895) four subfamilies
namely: Nelsonioideae, Mendoncioideae, Thunbergioideae, and Acanthoideae, have broadly
similar non-glandular hairs. While Nelsonioideae and Thunbergioideae have glandular
hairs with panduriform head, those of the Acanthoideae and Mendoncioideae have globular
or disc-shaped heads. This character, however, does not justify Bremekamp’s (1965)
transfer of Nelsonioideae to Scrophulariaceae as the glandular hairs in the latter are not
panduriform (Metcalfe & Chalk, 1950). In this respect Nelsonioideae is more close to
Thunbergioideae. Also, members of the Mendoncioideae have glandular and non-glandular
hairs basically similar to those of the Acanthoideae.

In the light of the present investigation, therefore, the transfer of Lindau’s subfamily
Nelsonioideae to Scrophulariaceae and raising of his subfamilies Mendoncioideae and Thun-
bergioideae to family rank as suggested by Bremekamp (1953, 1955, 1965) in his delimita-
tion of Acanthaceae is not justified. This view is also supported by evidence from the
stomata (Ahmad, 1974, 1974a; Paliwal, 1966, 1967; Kumar & Paliwal, 1975) and embry-
ology (Johri & Singh, 1951). The present study, therefore, lends support to the treatment
of Nelsonioideae, Mendoncioideae, Thunbergioideae, and Acanthoideae, either as subfamilies,
or as tribes under the family Acanthaceae.
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TABLE 1. EPIDERMAL HAIRS OF ACANTHACEAE

Explanation of abbreviations. — D: average diameter of glandular head; Glob: globular head of subsessile
glandular hair; L: length of long-stalked glandular and non-glandular hairs (minimum, average, and maxi-
mum in that order); Low: trichomes on lower epidermis; Ls: long-stalked glandular hairs; Pand: panduri-
form head of sub-sessile glandular hairs; Rhomb: rhomboid or quadrangular head of glandular hairs; Ss:
subsessile glandular hairs; St: stalk of the long-stalked glandular hairs; U: trichomes on upper epidermis.
+: sparse; + +: common; + ++: dense.

The source of the material from which the voucher specimens are taken is indicated in abbreviated form
and is given within brackets. The following internationally accepted abbreviations have been used: BLAT,
Blatter Herbarium, St. Xavier’s College, Bombay (India); BOG, Lembaga Biologi Nasional, Bogor
(Indonesia); BSI-North, Botanical Survey of India, Northern Circle, Dehra Dun (India); BSI-South,
Botanical Survey of India, Southern Circle, Coimbatore (India); BSI-West, Botanical Survey of India,
‘Western Circle, Poona (India); CHAMOL, Parsari Farm, Chamoli, U.P. (India); CNH, Central National
Herbarium, Botanical Survey of India, Calcutta (India); DE, Dr. Anima De, Bose Research Institute,
Calcutta (India); DUN, Dehra Dun, U.P. (India); LUCK, Lucknow, U.P. (India); LWG, National Botani-
cal Gardens, Lucknow (India); MALAY, Waterfalls Garden, Penang (Malaysia); POND, Medical College,
Pondicherry (India); PDA, Royal Botanical Gardens, Peradeniya (Ceylon); RIO, Herbarium Museu
Nacional, Rio De Janeiro (Brazil); SING, Department of Botany, University of Singapore, Singapore.



(! g6z1—8LS—PzT )

‘N 2 "MOT ‘pa[e-r—=2 “moas ‘Juof ‘++ +
(11 {(wn o¥1—6L—0F ) ') B ‘MO ‘PI[[d
~z—1 ‘1opudls ‘uoys ‘+ ++ (1 :53d41 om3 30

(! 9g¥1—0ZL—001 d PIPI9—T ‘++

(arr! g€01—+S9—9€Z ) “Poer-9—7 ‘+ ++
(wr’ Szg—oLz—oz 1) "A[uo 'n

‘PINRI~E—T1 ‘+ + + (11 {(ward LE1—SS—oz :])
*Ayuo *mo7 ‘mdrewr 0) pauyuod ‘Tedruod (pafed
=z A[a1e1) yemypeorun ‘a30ys ‘+ + (1 53d£1 om3 30

(wr/ oLS T—LE9—OLY ) PI[92-9—2 *++
(mrd SEE—SS1—S¥ 1) "paffer-f—1 4+

(wr! Lg1—68—2F 1) *pafaa~(1 Apsowr)f—I1 ‘+ +
(EvL—¥SS—So1 1) "paypa-(1 Apsowr)-f—1 ‘+
(wr S11—EL—oV ) “payea-(1 Apsomn)f—1 ‘+ +
(wr!

r6—rev—ziz 1) ‘poqrea~(1 Apsomr)f—i1 ‘+ +
(o323 £194) *poeo~(1 Apsour)f—r1 ‘+

(wr Lzh—161—O08 ) *pofeo-(I Apsowr)f—I1 *+ +

BLUMEA — VOL. 24, No. 1, 1978

(wr! ¥€£1—065—28 :7) *PI-9—1I ‘+ 4+

(w7l 9zg—o0tE—LY ])

*areypass “30ddn wo aseq-arEy po[e2-9—I ‘+ +
(w7l ¥ 101—9Lr—901 :7) Pafer-6—72 ‘+ +

(wrn 615—poz—6$

) *9jeLIasIq uYyo ‘paqro-51 01 dn ‘+ +

(wr! ¥¥6—6v€—oL 1) *payer-€—1 ‘+ +

(un 661—65—L1 ) *pa[eo~(L 03 dn)z—1 ‘4 +

(war/o¥z—z01—S7Z &)
‘PAMR-E—1 18 ST+ + +

(mrl gz ) "porRI-8—¥ “qofO) “3§

(wr'lz q)
*paIRo-(8 Apsow)g—? “qo[o 5§

(urf 12 *(q)

pafrea-(¥ Apsowr)g—+ “qoro “s§
(wr Sz -()

*PaIP-~(8 Apsour)g—F “qolD “s§
(wmriz q)

*pafeo~{¥ Apsour)g—z “qo[9 “sg
(wrl o€ *(q) *parro0-T “pueg “sg
w7/ g€ *(q) "pa[reo-z “pued 5§
(wn 1€ () *par[eo-z “pued “sg
(w7 SE ) *poqes-z “pueq “ss

(mr! g€ * ) *payeo-z “pueq “s§
(wr'z¥ *q) ‘payP>-z “pued “sg
(uriob *Qq) "pa[eo-T *"pued “'s§
(wrg€ *q) "paI2-7 “purq “s§
(wrof (1)

*pAMRO-§—¢ “quory “qoro) “'s§
(wrd €€ ()

*pII-§—¢£ “quoyy ““qo[o) “s§
(mr/¥€ *() “pafao-z “pued “'s§

(wn z€ *(q) *paqe0-z “pueq “s§
(wmn'z€ -q) "paqeo-T “pueq “'sg
(wrd 6€ () “payao-z “pueq “s§

(oM

1S9 %) 9299L IS
(quoN

-ISd x3) LSLzv asd

(ynog-1sg x9)

(ynog-1Sg x3)
(IDNT *3) L19v9 OMT

GIDNT*9) S19Y9 OMT
(AVIVIN X3) 295¥9 OM'T
(AVIVIN x9) £9S¥9 OMT

(3IDN1 x3) 065¥9 OMT
(IDNT %) 6579 OMT

(310NT %9) 685%9 OMT
(3IDN7T x9) 609%9 OMT
(IDNT X3) Lo9h9 M T
(310N71 %3) 909¥9 OMT

(Org xo) fzeg€ g

(Ond x3) go6-+11 g
GIDNT X3) £65¥9 OMT

(ONIS *3) o¥St9 OMT
IDNT x3) ¥19v9 OMT
(ONIS x3) 19579 OM T

s13puy °J, wnjjhdias ‘| ot
N ([92A) vHofioyes ‘H 61
$30N ('weH~yang) stajparponb ‘[ ‘g1

swopuy I, (‘qxoYy) puusadshjod “fy L1
SuLH
(goewnydg) vyvpnatiny viydosSAE] ~91

[ *YOOY sifiqou »zayruvg St
*SIOpUY I, Stsuasoshus -f “¥1
‘[pury pyofianvy v, €1

o oOH 1y L, ‘el

QX0 peolfipuvid ' 11

‘qxoY] supiSvaf " -

SISpUY T, 012243 °f, *

suntg x2 wlog vy, -

2100\ 'S smfo vidiaqunyf *
$OIN] (MreW) proyvavds

*JeA SN (‘IeW) puvizojjaa ‘W 9

~ew O
-

TRA Pau1202 DIUOPUIN °S
*1g N swysaduvy viuosiaN ¥

yowaxg (s39N]) pIvsd] “1eA synoow g £
nepury (1) stynvaw vy T
37y *O (S9N pijofiduo) audSoinvsg -1

sarey sempue(3-uoN

sney sepue(o

uamads IDYINoA

saadg

112




113

K. J. Aumap: Hairs of Acanthaceae

(wr/ zgz—Soz—L¥1 1)

“pof-(t—z Apsowm)g—r1 ‘+

(w121 1—S9E—EST &)

*pafea-(b—=z Apsour)g—r1 ‘+ +

(urd yg9—S6r—ee =)

*paN-(r— Apsom)g—I ‘++

(tur? oS S—o¥€—SLY ) *PIfod-[e19A3s 03 -1 ‘+
(rd LS €—LzTz—06 ) "Po[[9o-eI2A3s 03 =1 ‘+ +
(7 §6Z1—E£19—9€7 ) *PI[[33-Te10A3s 03 =T ‘+ +
(r oo¥—zLz—SST +]) *pPI[92-[e13A3s 03 -1 *+

(w161 1—2£6—S5 €9 :77) "Pa[[O-Te19A3s 03 -1 *+ +
(w7 ogb—S61—SS :7) "pa[3-[eI2A35 03 -1 *+ +
(wr! #$ €—00z—F6 :T) "Pa[[o-[e19A3s 03 -1 *+ + +
(uar! $62—891—¥6 ) *pPo[[30-[€12A35 03 -I ‘4 +
(w1 LEQ—~EQT—GIT ) "PI2I-[EI2A3S 03 -1 “+ +
(w7 06¥—+oz—0S ) "pa[e2-(1 UINJO)S—T ‘+ +

(w7 109—9Lz—H6 ) *PAI2>-S—2 ‘++
(wir! Soz—L91—O11 ) "po[30-§—T ‘+

(w7l 6¥8—162—¥6 :7) "payoueiq
Appaex ‘poeo~(b—~z Apsown)6 03 dn ‘+++

Qu:..oow.l.«muﬁﬁ 1) *pofpeo-¥—I ‘+ +

(w7 co1—$g—729 ) *A[uo *) ‘[ev1u0d
‘remyeorm “10ys ‘+ + (1 {(mn'oz6—I1£S—I1v1 27)
*A[uo Mo ‘pa[-r—T1 ‘+ + (1 :59d3 om1 3O

(wun z1z—901—72¥ ) ‘PoQ-S—1 ‘++

(mriz€ Q) "paypeo-g—+¥ “qo[o “sg
(wrl 9z *) “parpo-(3
uey3 10w uyo)g—¥ “qofo) “sg

(mn Lz -q) ‘paro-8— ““qo[D “s§
(wn¥€ *q) "pa3o-g—+ “qopO “sg
(wrizz Q) *pafa-8—¥ “qo[Dd “sg
(wn/ Sz - Q) *payrao-g—F “qoIO “'sg
(wr Lz Q) *PANP3-8—F “qOID “s§
(wr 0SL ) “pafa-r—¢ 115
47+ (it (wrl Lz @) *payId
-g—%¥ “qo[o “sg (1 :sad£1 om1 30
(m Sz *q) "pa120-§— “qo[O “s§
(wr9z Q) "paqI-8— “qo[D) “5§
(wrl Lz Q) "pa112>-8—F “qo[O 5§
(w Sz -q) “pape-g—+ “qo[ 5§
(ur'¥z -Qq) *papjeo-s—¥ “qolo “s§
(wr'zz Q)

*paIre-g—+F “qo19 “sg

(wri Sz ) "po[a-§—¥ “qoID “'s§
(wmr/zgo1—¥gE—901 :7) N 2 "MOT
‘paqRR-s—e 1§ 5T+ ++ (1
{wmn'9z *q) " 2@ *MOT ‘P8
“qopD “sg ‘++ (1:59dK1om1 30

© (mr Li1—9o1—LL ) "A[uo
"MOT ‘pI[[P-T—T I8 ST ‘+ (1
‘(' £z Q) "N 29 "MOT ‘paT-¥
“qo[9 “s§ “+ + (1 :sadks om3 30

(urd Lz ) *parrea-¥ “qolD) “s§
(wrf 61 () "porre2
~(8—¥ Apsow)g—z “qo[O “sg

(A *3) 85SY9 OMT
(IDNT x3) 085Y9 OMT

(Fa x°) 655%9 OMT
(Lv1d x3) ¥SE Lv1d
(IONT %9) L9S+9 OMT
(1soM\-1SH x) Z86FL I1SH
(Lv14 x?) o6¥ 1vId

(IDNT %) 98579 OMT
(504 %9) 8859 OMT
(s M-1SH %9) 896 IST
(s -1S9 X9) SS66L IS
(TOWVHD x3)

(IDNT x2) £85¥9 DMT

(XVIVW x3) 6¥5v9 oM
(ONIS *3) 87579 OM'T

(oM -1Sd X3) LSBE I1SH
(som
~IS4 x3) Y0999 1S

(om
-1Sd %) 68¥99 1S4

(IDN1%3) £19Y9 OMT

wewu2Is) vukadsovpous -y “6€
*QOSIID) pupizINaL0) Y “8E

*xpay vsousiof vyjany LE
*Z[eQ Smwinalqons °S 9t

SOON] 42qvs °§ *SE

oyxeD) sisuakaupnd °g vE
pusg smprydanoxy °g €€

saaN] snuvaulay °g *z€
swmg (“7) sndsuo °s 1€
. $33N snsojpa °S *of
SIN] snpqvg °S 6T

SN %2 ‘T[EM\ SWVIP sayup[iqo4s 8T

*SIpUy "I, vt 'H LT

f *IeH viviogor 'H 9%
SRy 1, vivsizy sydviSuIH ST

7Y QO suvdva *q ve

"y O v ‘fT

323y *O MijaR1op Astioyosd(y “ze

$90N] saptoLafaoq wmpsoRd *1

sarey rempue]S-uoN

sateq Tempue[D

uswads 1yonop

sopadg




BLUMEA - VOL. 24, No. 1, 1978

114

(wrrd 1€L—Eg¥—Lbz ) *pofemM=-3Oy3 ‘PI[IId-I ‘+

(wy £PL—o1¥—gg1 ) *PIY[O-JEI2AS 0) =1 “+ +

(' SLI—611—8S =) *poe-1 *+ +

(wr € Q)

“pafeo-(¥ Apsour)g—¥ “qo[o “sg
(wr 9z *()

*pafeo-(¥ Apsowr)g—+ “qoro) “5g
(mr'S€ )

*pafpo~(¥ Apsour}-g—¥ “qo[o “sg
- (w92 *(@) pafreo-¥ “qoro *sg

(pnos
-ISq X3) z0SZI HW

(IDNT x3) 865¥9 O M1

(12 -1S9 %9) 00098 1S
(1oM-1S9 x3) go¥1L ISq

S9N X2 SukSp] pwpidsms g 6§

“uury owise °g 'gs

SN P3jjp1anod vuapvg LS
SON X2 "[lEAN S1asouLy *T 95

(il S€EL—S$07~—0S ) *poa-I ‘+++  (wrllz ') po[eo-r—z “qo[o “s§  (un-ISq x3) Lyzo¥ sq $ON] synoapundind -1 °S$
(wr/z1S—zb1—2T 1) "PIIeo-1 ‘+ + (wrf £z °q) ‘poqea-F “qo[n) “s§ (oM -ISH X3) 0£S6L IS ‘uo(J " pasnaus =T “¥$
(wnoff—SE1—LT
1) 'PIIR-S—T 1§ 5]
4+ (1t H(wr'zz () porEo-g—F
(wrloS¥—Lo1—S1 ) "paEoF—1 ‘+ + “qopo “sg (1:s2ddromizo  (NNAX9) ZI9Y9 DT SON %2 e, viopidsny -7 €S
(wrfoob—zlz—LI1 ) "pIfeo-1 ‘+ + (' vz Q) "porea-¥ “qo[o s (32 M-ISg X°) £L6ZL IST P vIvssie swyivSopydaT T8
(wn Lz1—LS—7zzT ) "pafa~b—1 ‘++ (wrd $z ) " po13-¥ “qofo “sg (ONIS x3) L¥SH9 OMT -3deag syvm g 1§
(! $61—z01—LS 1) "pafo-+—I ‘++ (wrf 9z *(q) *paya-¥ “qo[D) 5§ (ANOd x3) 1 ([yeA) wnasos *g oS
(' z91—Lg—ES ) *poj-F—I ‘+ + (wn'v€ ) 'porer-¥ “qo[o “s§  (3IDNT X3) 019¥9 OM T sON] suassvandind *g 6%
(wr $€z—o01—727 ) ‘po[PR-+—1 ‘++ (wrigz @) ‘paqEo-¥ “qo[ “ss  (BIDN'T *3) QSGAUBA 3 Y ([qeA) wnsodson g gy
qnos
(mn'oL1—o0l—Lz 1) "paf[r-F—1 *+ + (w7 $z ) *pa[1eo-¥ “qo[o “'s§ -ISg X°) 108€T HW ‘wavy asuadvs g Ly
(mr/of *q) :
*PR[[23-910WI 10 -8 “qO[) “'5§ (aNOdg x?) WEW PIuISivuioqy wniayusg ov
(mr oor—oty—z1z 1) "poqea-¥—I ‘++  (wrlz Q) "pafo-g—P “qo[D) **s§ (HND x3) fo9v9 OHMT SRN (“1104g) smwvysoad ~q S¥
(mrozz ) "pafIIr-€—2 1§ “'s1
“++ (1 i(wr'lz -q) "popeo-s—F
(wn ogz—¥o1—2g ) ‘poO-t—I *+ + + “qoro) “sg (1:5odfa omi 30O (ANOJ X3) zo9¥9 OMT SON] (‘boe[) smmwd smpuvwvindyq -vr
(mn'vE -q) *paye0
(8 ueyy 30w uYJo)g—¥ “qo[D 5§ (DNT X3) S09¥9 OMT *qISID) vupipasmy Y €Y
(wr! Szz—991—g¥1:7)
Po[o-(r—z Apsoun)g—1 ‘+  (wn'¥z @) POO-8—F “qoID 5§ (IDNT X3) Yogr9 OMT “UwY psosaqmy Y TV
(ur/oS9—LEE—TFI =) (wr’9z *q)
pI[e-(r—z Apsow)g—I1 ‘+ s '+ ipofeo-g—¥ “qo[o) “s§ (GIDNT X9) 965¥9 OMT [SWISH] vasos Yy *1¥
(' Szh—SpT—LET )
paqed~(—z Apsown)g—1 ‘++  (wrd £z °(Q) *pI[e-8—F “qo[D) “5§ (ONIS %3) 095¥9 OMT wur] suadas vy o¥
satey sempue(S-uoN SIfEY JEMpuUE) wowrads 13YIMOA sd1adg




115

K. J. AuMAD: Hairs of Acanthaceae
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K. J. AHMAD: Huirs of Acanthaceae
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