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ABSTRACT

The paper appraises the characteristics of leaf cuticle of 40 taxa of Clematis, representing

32 species.

The cuticular features exhibit a reticulate pattern with little correlation with
arrangement asg projected by gross-morphological features,

vaprfhalpu these do nrn‘ndp

characters of systcmatlc value to be taken use of in distinguishing the various taxa.

INTRODUCTION

The importance of cuticular features in
taxonomy and .phylogenetic considerations
has been well demonstrated time and again.

Kapoor (1958a, b, 1962, 1965, 1966, 1969,
1983) studied the Indian Clematis for a
taxonomic revision utilising, besides gross
morphological characters, the cuticular and
poilen features also.

In this work the characteristics of the leaf
cuticle of 40 taxa belonging to Clematis (34
occurring within the present-day boundaries
of India, 1 cultivated in Indian gardens and
5 occurring outside India but having bear-
ing on taxonomy of Indian Clematis),
representing 32 species, have been presented
with appraisal of their taxonomic signi-
ficance. The synopsxs (Table 1) includes data
o1l 1vdm‘v‘ena zeytamca (unn) JJ\A
closely related taxon.

MATERIAL AND METHODS
The material was procured from different
herbaria as cited, along with details, under
each taxon, As far as posbele I x 1 cm

RPN
call

alan

aiso, a

l-uCLCb OI lamina were cut II'Um

o
[
o
a

R

Date of receipt : 7.10.85.

Date of acceptance : 5.12.86

from middle region including midrib and
from marginal reglons excluding midrib.
These were soaked in warm water for 15
minutes to enable tissues to swell to normal
and then placed in maceration mixture
composed of 10% chromic acid and con-
centrated nitric acid, in equal parts.
Macerated pieces were thoroughly washed
with water and treated with dilute ammo-
nium hydroxide to dissolve the oxidised
tissues between adaxial and abaxial epider-
mis. The two layers were carefully
separated with the help of needles, cleaned,
and washed with Two stains were
used for staining : 1. Sudan IV, 2. aqueous
safranin 19%. The stained cuticles were
mounted in pure glycerine followed by seal-
ing with Canada balsam or wax.

P

OBSERVATIONS

The salient cuticular features are present-
ed in Table 1 to enable visual comparison,
and the details are described below; the
taxa are arranged section-wise according to

Tamura’s (1956, 1967) classification of
Clematis.

water.

Section Viorna (Reichb.) Prantl subsection
Connatae Koehne
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Clematis connata DC. Prodr. 1 : 4. 1824.
(Between Rielkot and Basrudlar Almora,

13.11.1958, J. G. Srwastava 53567, 53583,
LWG).
Epidermal cells on adaxial surface poly-
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cells apart, anomocytic, 26-29-33 x 10-13-17
pm, stomatal index 27-2¢-35, frequency of
stomata 141 per sq. mm,

Trichomes on upper surface, few, restrict-
ed to veins.

abaxial surface irregular, sinuous.

Stomata confined to abaxial surface,
irregularly arranged, anomocytic, at places
paracytic, 1 to 2 cells apart, quite large,
twin stomata observed at places, 30-34-36 x
12-14-17 pm, stomatal index 22-26-29, fre-
quency of stomata 135 per sq. mm,

Trichomes on both the surfaces, abundant
mall

nNnn vnlhc noni]]nn ]1]19 }‘\ere cmn"

Jik \rlllﬂ, Ulllall tlull ALCAN T, .lll‘\r uuuuuuuuuuu
round.

Clematis acuminata DC. Sysi. 1 : 148. 1818.
Clematis acuminata  subsp. acuminata

(Gamble 27451, acc. no. 454, CAL).

Epidermal cells on adaxial surface poly-
gonal, straight-walled ; on abaxial surface
(fig- 17) highly irregular, sinuous.

Stomata confined to abaxial surface,
sparsely distributed, anomocytic, 26-32-36 x
10-12-13 pm, stomatal index 26-29-35, fre-
quency of stomata 150 per sq. mm.

Trichomes on both surfaces on veins, long
or short, sparsely distributed ; bases hexa-
gonal.

Clematis acuminata subsp. sikkimensis (Hk.
f. et Thoms.) Brithl Ann. Roy. bot. Gdn.
Calc. 5(2) : 75. 1896 (excl. var. andersonti).

Clematis acuminata subsp. sikkimensis var.
sikkimensis

(On way to Rewa,
14.12.1953, Kaul & Party 3058, acc.
53149, LWG).

Epidermal cells on adaxial surface poly-
gonal, straight-walled ; on abaxial surface
irregular, sinuous.

Stomata confined to abaxial surface, 4-5

Madhya Pradesh,
no.

Clematis acuminata subsp. andersonii (Briihl)
Kapoor, Bull. nat. bot. Gdn. Luck. 124 :
10-11. 1960.

(Yunnan, 1875, D. J. Anderson 1811, acc.
no. 470, CAL).

Epidermal cells on adaxial surface poly-
gonal, straight-walled ; on abaxial surface
irregular, sinuous.

Stomata confined to abaxial surface,
irregularly distributed, anomocytic, 2 to 3
cells apart, at places giant stomata observed

(fig. 24), generally 23-28-33 x 10-11-13 M,
stomatal index 22-2429, frequency of

stomata 106 per sq. mm
Trichomes on both surfaces, usually on
the veins, long or short, unicellular.

Clematis roylei Rehd. in J. Arn. Arb. 22 :

575 1941.

Clematis roylei var. roylei
(G. S. Puri 10151, BSI).

Epidermal cells on adaxial surface poly-
gonal, straight-walled ; on abaxial surface
irregular, slightly sinuous.

Stomata confined to abaxial surface,
irregularly and compactly arranged, anomo-
cytic, 23-28-33 x 7-9-12 ym, stomatal index
28-31-33, frequency of stomata 164 per sq.
mm.

Trichomes on adaxial surface numerous
on veins and general surface, long, unicellu-
lar, apex usually pointed, base hexagonal,
slightly thickened, on abaxial surface more
abundant than on upper.

Clematis roylei var. patens (Haines) Kapoor,
Bull. nat. bot. Gdn. Luck. 124 : 6365.
t. 4. 1966.

(Sundi Buru, Singbhum, 750 m, 27.11.1902,
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H. H. Haines, s.n., acc. no. 86707, MH).

Epidermal cells on both surfaces similar
as seen in var. royles.

Stomata relatively sparsely distributed as
compared to var. roylei, otherwise similar,
23-28-33 X 10-12-13 p m, stomatal index
29-31-33, frequency of stomata 160 per sq.
mm.

Trichomes on both the surfaces, longer
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Clematis wattii Drummond et Craib, Kew

Bull, 1915 : 421. 1913.

(Tider Ngingzon, Chin Hills, Burma,

Khant 2659, DD).

Epidermal cells on adaxial surface penta-
or hexa-gonal, straight-walled, on abaxial
surface irregular, slightly sinuous.

Stomata confined to abaxial surface,
irregularly distributed, 3-4 cells apart, mostly
anomocytic, 30-32-36 x 12-14-17y m, stoma-
tal index 20-25-34, frequency of stomata 122
per sq. mm.

Trichomes numerous on both the surfaces,

bases hexagonal.

21.12.52, Po

Clematis tortuosa (Wall. ex Hk. f. & Thoms.)
Fischer in Kew Bull. 1929 : 4. 1929.
(Darjeelingy K. Biswas 8711, acc. no. 2212,

LWG).

Epidermal cells on adaxial surface irregu-
lar, slightly sinuous ; on abaxial surface
irregular, sinuous.

Stomata confined to abaxial surface,
irregularly arranged, anomocytic, usually 1
to 2 cells apart, 30-34-36 x 10-14-17 p 0,
stomatal index 28-31-36, frequency of stomata
177 per sq. mm.

Trichomes on both the surfaces, long or
short, bases hexagonal.

Clematis buchananiana DC. Syst. 1 :
1818 (‘buchanianda’).
(Massoorie, 17.12.1956. Muahajan 10779,
BSI).

140.

LEAF CUTICLE OF INDIAN CLEMATIS

199

Epidermal cells on adaxial surface poly-
gonal to irregular ; on lower surface irregu-

lar, slightly sinuous, striated on both
surfaces.
Stomata confined to abaxial surface,

irregularly distributed, anomocytic, at places
paracytic, 30 x 13 pm, stomatal index

22-27-33, frequency of stomata 136 per
sq. mm.

se on corresponding : s arising from trichome bases, at

places on
sidiary cells.

Trichomes on both surfaces abundant,
more so on the veins, unicellular, bases
hexagonal, thick-walled.

Clematis grewiiflora DC. Syst. 1 : 140. 1818.

Clematis grewiiflora var. grewiiflora

(Assam, March 1891, King’s Collector s.n.,
acc. no. 74, BSIS).

Epidermal cells on adaxial surface poly-
gonal to irregular, straight-walled, on abaxial
surface irregular, slightly sinuous, occasion-
ally striated on both surfaces.

Stomata confined to abaxial surface,
irregularly distributed, anomocytic, rounded,
contiguous stomata observed frequcn‘dy,
26-28-30 x 131415 pm, stomatal index

26-29-33, frequency of stomata 166 per sq.
mm.

Striations arising from trichome bases.

Trichomes numerous, unicellular, long,
bases hexagonal, frequently bases united,
trichomes on abaxial surface longer and

frequency much higher as compared to
those on adaxial surface.

Section Meclatis (Spach) Tamura subsection
Orientales Prantl

Clematis orientalis Linn. Sp. PL g43. 1753,
Clematis orientalis var. longicaudata (Ledeb.)
L= 1€

Roice F’_ Or' I 4' 18U
(Tibet, T. Thomson

MH).
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Epidermal cells on both surfaces hexa-
or penta-gonal, straight-walled, walls thick,
Stomata present on both surtaces, 1rregu-
larly distributed, anomocytic, frequency
much higher on abaxial surface, occasionally
one subsidiary cell on one side of stomata
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or penta-gonal, straight-walled; on abaxial
surface irregular, slightly sinuous.

Stomata confined to abaxial surtace,
anomocytic, irregularly distributed, 30-33-36
x 17-18-21 pm, stomatal index 14-18-20,
frequency of stomata 111 per sq. mm.

distinct whereas rest (on the other side)
similar to other epidermal cells (fig. 18),

an-14-26 stomatal index on
VAT S5V

CiLviaaiatiaa  daavavar Waad

X 171923 u 10,
adaxial surface 3-5-7, on abaxial surface
23-26-29, frequency of stomata on adaxial
surface 27 per sq. mm. and on abaxial sur-
face 112 per sq. mm.

Trichomes absent.

Clematis orientalis var. obtusifolia Hk. f. &
Thoms. Fl. Ind. 9. 185s.
(Chamba, Punjab, Lace 530, acc. no. s8.
BSIS)

Epidermal cells on adaxial surface hexa-,
penta- or poly gonal stralght-walled walls
thu.k ; on abaxial surface 11‘i‘eg‘u1a1, ausuﬂ'y‘
sinuous, at places walls thick.

Stomata present on both surfaces, irregu-
larly distributed, anomocytic ; frequency
more on abaxial surface, in some a distinc-
tive subsidiary cell on one side of stomata,
at some places more than one subsidiary
cells parallel to the stomatal axis on one side
of the stomata and on other side subsidiary
cells like normal epidermal cells; conti-
guous stomata (with one subsidiary cell
common to two stomata) seen at places,
30-34-36-40 x 131823 y m, stomatal index
-on adaxial surface 7-10-11, on abaxial surface
19-22-25, frequency of stomata on adaxial
surface §2 per sg. mm. and on lower 105-111
per sq. mm.

Domatia present on abaxial surface.

Trichomes absent,

Clematis graveolens Lindl. in J. Hort. Soc.
I : 207. 1846.
(Sides of ravines, Mashobra, Hazara,
29.9.1889, Duthie 7423, acc. no. 1471, BSI).
Epidermal cells on adaxial surface hexa-,

Small papillae seen at places on abaxial
surface.

Clematis wightiana Wall. (Cat. 4674 nom.
nud.) ex Wight & Arn. Prodr. 1 : 2. 1834.

(Nilgiri, 1860, H.F.C. Cleghorn sm., acc.
no. 58, MH ; E. Vajravelu 43657, MH).

Epidermal cells on adaxial surface poly-
gonal, straight-walled ; in Vajravelu 43657
slightly sinuous (figs. 6 & 16) ; on abaxial
surface irregular, slightly sinuous (fig. 11), in
Vajravely 43657 highly irregular and sinu-
ous, striated on both surfaces.

Stomata confined to abaxial surface,
irregularly distributed, anomocytic, at places
paracytic, 30-33-36 x 17-20-23 4 m, stomatal
index 20-24-26, frequency of stomata 161 per
Qﬂ mm.

Stnatxons arising from trichome bases, on
abaxial surface also m'iginating from guard
cells.

TrichArios nracas ) RPN P, DU
1 TITnoIncs tu.cacul, Oon ootn bulldLCh dbDull-

dant on veins, relatively sparser on general
surface, unicellular, long (fig. 6), small
papillae also interspersed and distributed
throughout the surface, trichome bases hexa-
or penta-gonal with slightly thickened wall,
at places trichome bases united.

Section Meclatis
Schneider.

subsection Tanguticae

Clematis vernayi Fischer, Kew Bull. 1937 :
35- 1937.
(Tibet, T Thoms. s.n., acc. no. 86g, CAL).
Epidermal cells on adax1a1 surface hexa-
or penta-gonal, straight- and thick-walled ;
on abaxial surface poly-gonal, straight-
walled.

Stomata present on both the surfaces,
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irregularly distributed ; frequency more on
abaxial surface, anomocytic, in some a
prominent distinctive subsidiary cell on one
side and normal epidermal cells surrounding
stomata on other side, 30-32-33 x 1720 p M,
stomatal index on adaxial surface 10-12-13
and on abaxial surface 19-21-23, frequency of
stomata on adaxial surface 54 per sq. mm.
and on abaxial surface g4 per sq. mm.
i ial surface.
Minute papillae at places on abaxial sur-
face, bases small, round.

Section Bebaenthera Edgew.

Clematis acutangula Hk. f et Thoms. FI.
Ind. 1 : 5. 1855.

fan and surroundings,

\ - e T <

Joseph 40385, ASSAM).

Epidermal cells on both surfaces irregular,
sinuous.

Stomata confined to abaxial surface,
anomocytic, outer wall of guard cells usually
thlckened twin stomata observed at places
30-32-33 X 17-20 pm, stomatal index 33-35-37,
frequency of stomata 205 per sq. mm.

Trichomes on adaxial surface on veins,
scattered, quite long with pointed ends,
umcellular base hexagonal, small ; on
abaxial surface at places, small, umcellular,

papillae-like with rounded apex.

Clematis barbellata Edgew., in Trans. Linn.
Soc. 20 : 25. 1831.

mafic lnov'hn“al-a var. l\ﬁl‘l’lﬁ“ﬂ"ﬂ

wlwulauu AFERL AW/ AE

(Kaul & Party 48275, LWG).

Masobra, 15 miles from Simla, Himachal
Pradesh, 25.9.1968.

Epidermal cells irregular, on adaxial sur-

slightly sinuous, abaxial surface
slightly (more than the adaxial ones)
sinuous.

Stomata confined to abaxial surface,
‘anomocytic, 3 to 4 cells apart (distantly
scattered on surface) 30-32-33 x 12-1417 pI0h
stomatal index 14-17-22, frequency of stomata
71 per 'sq. mm.

Section Cheiropsis DC.

26
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Clematis napaulensis Wall. (Cat. 4680, nom.
nud.) ex DC. Syst. 1 : 164. 1818.
(Deoban, 25.4.22, Jog Dhyan Sharma sn.,

acc. no. 5274, BSI).

Epidermal cells on adax face small,
irregular, smooth-walled ; on abax1al surface
irregular, slightly sinuate.

Stomata confined to abaxial surface mostly
anomocytic, at places paracytic, 17-18-20 x
10-11-13 ym (some abou
ones), stomatal’ index 33-35-37, frequency of
stomata 218 per sq. mm.

Striations at places observed arising from
subsidiary cells.

Trichomes short, unicellular, base round-
ed, on adaxial surface confined mostly on
veins, on abaxial surface frequency higher,

Clematis montana Buch.-Ham. ex DC. Syst.
1: 164. 1818.

Clematis montana ssp. montana var. montana

RRACVIERLS AR X2 e aa v e AR TEISR=SS

(N.W. Himalaya, 180-300 m, T. Thoms.
$.n., acc. no. 62604, MH ; Liddar Valley,
Kashmir, 10.5.1900, s.l. 4223, acc. no. 1469.
BSI).

Epidermal cells on adaxial surface penta-,
or hexa-gonal, thick-walled, walls smooth,
faintly striated ; on abaxial surface poly-
gonal, smooth-walled, heavily striated (fig.

25), cells on veins elongated, striations
parallel in direction of veins.
Stomata confined to abaxial surface,

anomocytic and paracytic, at places more
than 2 subsidiary cells parallel to stomatal
apparatus (brachyparacytlc) twin stomata
occasionally present, contiguous laterally,
333436 x 17-1820 ,m, stomatal index
16-1820, frequency of stomata 44 per
sq. mm.

Striations on abaxial surface arising either
from subsidiary cells or in some cases from
guard cells on external face.

Clematis montana ssp. montana var. mani-
purensis Briihl. Ann. Roy Bot. Gdn, 5(2)

74. t. 103. £. 3. 1896,
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Wait. s.n., acc no. 62599, MH)

Epidermal cells on both surfaces irregular,
slightly sinuous, walls slightly thickened ;
abaxial surface commonly striated.

Maplpnr 12.

Stomata confined to abaxial surface,
paracytic, occasionally anomocytic, 26-28-29
X 13-14-17 pm, stomatal index 24-26-28, fre-

quency of stomata 107 per sq. mm.
Striations arising from subsidiary cells.

Trichomes short, glandular, bases small,
hexagonal ; on adaxial surface mostly on
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veins slightly elongated, 33-38-43 x 12-14-17
J O 7 IOJ IT T L
i, stomatal index 2022-24, frequency of

stomata g7 per sq. mm.
Striations arising from guard cells.

Clematis tongluensis (Briihl) Tamura, Acta
Phytotax. Kyoto 19 (2-3) : 77. 1962.

Clematis tongluensis var. tongluensis
(Tonglu, Darjeeling, 3000 m, July

Gamble 9442, acc. no. 62601, MH).

1881,

Epidermal cells on adaxial surface penta.,
hexa-, or poly-gonal, thick-walled, walls
arched or straight; on abaxial surface

At places on adaxial surface domatia
present.

Clematis montana ssp. praecox Ktze. Verh.
bot. Ver. Brandenb. 26 : 142. 1885 (incl.
var. herbacea).

(Bijani, King’s collector 1888, acc. no. 626,
CAL ; On way to Phalut, Distt. Darjeeling,
29.5.1962, S. P. Bhatnagar & Party 73614,
LWG).

Epidermal cells irregular, slightly sinuous,
on adaxial surface large, rarely elongated.

Stomata confined to abaxial surface
paracyut., scatterEu almost of uniform size,
at places twin stomata observed, contiguous
laterally, 26-28-30 x 12-13 p m, stomatal
index 26-28-30, frequency of stomata 144 per
$q. mm,

T";f“\n‘l\‘\ﬂn
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on veins and scattered all over surface, short
as well as long, trichome bases small,
rounded ; on abaxial surface mostly short.
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(Tlemaﬂs fasciculifiora Franchet, Pl. Delav.
: 5. 1880g.
(Y unnan, China, George Forest 471, CAL).

Epidermal cells irregular, on adaxial sur-
face slightly sinuous, on abaxial surface
sinuous, those near veins striated.

Stomata confined to abaxial surface,
anomocytic, 3 to 4 cells, apart, those near

usually polygonal, straight-walled, at places
striated.

Stomata confined to abaxial surface,
usually aHOITiOCytiC, occasionally parathic,
26-28-30 x 12-14-17 pm, stomatal index
19-22-24.

Striations arising from guard cells.

Trichomes on adaxial surface on veins,
scattered, base rounded, one-celled broad,
apex rounded ; on abaxial surface unicellu-
lar, papillaelike, scattered all over surface.

Section Clematis subsection Pierotianae

(Tamura) Tamura.

Clematis flammuia Linn. Sp. Pl. 766. 1753.
(National Botanic Gardens, Lucknow,

cultivated, 6.6.1957, A. L. Gupta 7313,
LWG).
Epidermal cells on adaxial surface usually

polygonal, smooth-walled, walls slightly
thickened ; on abaxial surface polygonal,
slightly sinuous.

Stomata confined to abaxial surface,

anomocytic, at places cytoplasmic connection

either side to side (fig.

and twin stomata observed, more or less of
uniform size, 26-30-33 x 17-1820 ,m, a few
quite large (36-38-40 x 23-24-26 y m), stoma-
tal index 24-26-28, frequency of stomata 106
per sq. mm.

Clematis triloba Heyne in Roth Nov, Sp.
251. 1821. (Katraz Ghat, Pune, 18.10.58,

23 or end tn and
44/ A7 S L2 iy LV iiwe
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Figs. 1-12 : |, (. hedysarifolia, epidermal cclls oa adaxial surface straight-walled % 108, 2. C. smilacifolia subsp.,
smilacifolia var. smilacifolia, epidermal cells on adaxial surface straight-walled or walls arched X 108. 3. C.
hedysarifolia, epid=-m sl cells 04 abaxial surface sinuous X 108. 4. C. hedysarifolia, epidermal cells on adaxial surface
irregular and slightly sinuous X 108, 5. C. asplenifolia, stomata on adaxial surfaceX108. 6. C. wightiana,
epid=smal cells 0 ad xial surface slightly sinuous X 108. 7.C. grata, epidermal cells on abaxial surface sinuous
X 108. 8. C. asplenifolia, epidermal clls 0a abaxial surface straight-walled X 108. 9. C. grata, epidermal cells on
adaxial sucface irregular and slightly sinuous X 108. 10. C. gouriana, epidermal cells o abaxial surface straight-
walled X 108. 11. C. wightiana, epidermal cells on abaxial surface 9Eshtly sinuous X 216. 12, G. geuriana, epi

dermal cells on abaxial surface sinuous, contiguous stomata present X 216.

203
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8. C. Tavakari T2058, BLAT ; Agumbe,
Karnataka, 18.10.1962, R. Sundara Ragha-
van 83326, acc. no. 81805, BSI).
Epidermal cells on adaxial surface poly-
gonal or irregular, smooth-walled ; on
abaxial surface irregular, slightly sinuous, at
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Epidermal cells on adaxial surface quite
irregular, slightly sinuous (fig. ) ; on abaxial
surface irregular, sinuous (fig. 7), at places
striated.

Stomata confined to abaxial surface,

anomocytic, 1 to 2 cells apart (fig. 7),

places striated.

Stomata confined to abaxial surface,
anomocytic, evenly distributed. 2-4 cells
apart, twin stomata coherent by polar region
observed at places, 33-38-43 x 202326 pm,
stomatal index 242629, frequency of
stomata 112 per sq. mm.

Striations on abaxial surface arising from
guard cells.

Trichomes on adaxial surface distributed
sparsely throughout, frequency higher on
veins, long, unicellular, bases small, circular,
thick-walled ; on abaxial surface as described
above, besides large trichomes there are
small papillae-like trichomes, one cell thick,
distributed all over surface, bases of papiliar
trichomes very small.

Section Clematis subsection Vitalbae

Section Clematis su n Vitalbae (F

Tamura

Clematis puberula Hk. f. & Thoms. in Hk. {.
Fl. Brit. Ind. 1 : 4. 1872.
(Clarke 40560B, acc. no. 329, CAL)
Epidermal cells on both surfaces irregular,

glichtlv sinuous

;614 \-J.I CALA AL WD e

Stomata confined to abaxial surface,
anomocytic, at places paracytic, sparsely
distributed, 23-29-36 x 10-12-13 I, stomatal
index 15-21-26, frequency of stomata 106 per
sq. mm.

Trichomes present on both surfaces but
less frequent on abaxial, unicellular, short,
bases hexagonal, thick-walled.

Clematis grata Wall. (Cat. 4668 nom. nud.)
Pl. Asiat. Rar. 1 : 83. t. ¢8. 1830.
(Monali-nagar, Lahul, 2250 m, 23.7.1938,

N. L. Bor smn., BLAT ; Simla, 20.4.1831,

Lady Dalhousie s.n., acc. no. 62610, MH ;

Vaishno Devi Hills, Jammu-Kashmir, 10..

1963, K. N. Kaul & Party, 86522, LWG).

304046 x 17-19-21 M, stomatal 1ndex
36-39-42, frequency of stomata 284 per
sq. mm.

Striations emanate from guard cells and
trichome bases.

Trichomes on adaxial surface sparsely
distributed all over surface ; numerous on
veins, long, unicellular (fig. g), bases hexa-
gonal, thick-walled, small onecelled papillae
interspersed with long trichomes throughout
the surface ; on abaxial surface long tricho-

2248

throughout the surface, bases hexagonal.

C. vitalba Linn. Sp. Pl 1: 544. 1753.

~alla ~a— 1. +n
CCLd L11C
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Epidermal
irregular, sinuous, on the veins elongated,
smooth-walled, striated on abaxial surface.

Stomata confined to abaxial surface,
anomocytic, 3-4 cells apart, outer wall of
guard cells thickened, stomata on the veins
elongated with collapsed guard cells,
30-34-40 X 151720 pm, stomatal index
19-25-30, frequency of stomata 121 per
Sq. mIn.

At places striations arising from guard
cells.

Trichomes on adaxial surface, small,
papillae-like, present sparsely and only on
the larger veins.

A
Uil pouLl

Clematis gouriana Roxb. (Cat. Hort, Beng.
43. 1814 nom. nud. ; Wall. Cat. 4673 nom.
nud.) ex DC. Syst. 1. 138. 1818.

(Coonoor to Burlyar, Dec. 30, Barber 5391,
MH ; Slopes below Vazirgadh Fort 29.12.
1945, H. Santapau 8332, BLAT ; s.l. coll. no.
39717, MH).

Epidermal cells on adaxial surface irregu-
lar, slightly sinuous (fig. 13); on abaxial
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Figs. 13-25 : 13. C. gouriona, epidermal cells slightly sinuous X 130. 4. C. hedysarifolia, epidermal cells on
abaxial surface sinnous X67, 15. C. theobromina, epidermal cells on ahaxial surface straight-walled X67, 16. C.
wightiana, epidemal cels on adaxial surface slightly sinuous X130. 17. C. acuminaia subsp. acuminata, epidermal
cells on abaxial surfacesinuous X 130, 18. C. orientalis var. longicaudata, stomata with one subsidiary cell different
from the rest X 130. 19, C. smz’laﬁ'foléa subsp. andamanica, epidermal cells on abaxial surface sinuous X67. 20. C.
theobromina, epidermal cells on adaxial surface straight-walled, walls thick X 130. 21. C. hedysarifolia, epidermal
cells on abaxial surfacesinuous, stomata cohering pole to po_le><67. 22. C. flosmmula, cytoplasmic connection
between the stomata on abaxial surface X 130. 23. C. gouriana, ep)dermal cells on abaxial surface straiget-walled X
130. 24. C. aguminata subsp. andersonii, giant stomata on abaxial surface X 130. 25. C. montana subsp. montana var.
montana, epidermal cells on obaxial surface with paracytic stomata, striations arising from subsidiary cells X 130,
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surface variable : in Barber 5391 cells
irregular, large, sinuous (fig. 12), in coll. no.
39717 polygonal, smaller, straight-walled
(fgs. 10 & 23) or slightly sinuous, in H.
Santapau 8332 large, highly sinuous.
Stomata confined to abaxial surface,
anomocytic, contiguous stomata oObserved,
frequency and size variable : in Barber

N o

rAanr ot tn <«
:,.):,l Stviiata 1 W

- o neane

2 Cus apart (14-17 in the
microscopic field), in coll. no. 39717 smaller
(22-26 in microscopic field), and in H.
Santapau 8332 large (10-14 in microscopic
field), generally 3032-36 x 131517 pm,
stomatal index 21-2326, frequency of
stomata 125 per sq. mm,

Trichomes on abaxial surface numerous on

veins, long, unicellular, bases small, rounded.

Clematis kerriana Drumm. et Craib, Kew
Bull. 1914 : 122. 1914.
(O. Riley 1887, acc. no. 324, CAL;
Collet: 1887, acc. no. 314, CAL).

.
Enidermal celle an adavial enrfare nenta-
ur SRACAR W ALD Vil CALLACA N AL VLAl AtA WwAALWA

AvAWw A

to hexa-gonal, at places irregular, slightly

sinuous ; on abaxial surface irregular,
sinuous.
Stomata confined to abaxial surface,

anomocytic, 26-2g-31 x 10-11-13 m, stomatal
index 37-41-46, frequency of stomata 217
per sq. mm.

Trichomes on both surfaces, more abun-
dant on veins, unicellular, long, or short
papillac-like, base hexagonal, thick-walled.

Note : Collett 1887 has stomatal fre-
quency low (12-15 stomata in the microscopic
field), stomata smaller; Riley 1887 has
stomatal frequency high (25-30 stomata in
the microscopic field), stomata larger.

Ciematis apiculata Hk. f. & Thoms. in Hk. f.

l?' Raat Tardnn -« . . 2 Qun
Kb Db, 16 1, 4. 1074,

[Khasi Hills, Botanical Garden Collector
s.n. (presented by Dr. King 1882), DD].

Epidermal cells on adaxial surface hexa-,
or penta-gonal, small straight-walled ; on
abaxial surface irregular, slightly sinuous.

BULLETIN OF THE BOTANICAL SURVEY OF INDIA
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Stomata confined to abaxial surface,
irregularly distributed, anomocytic, 2-3 cells
apart, 2629-30 x 10-13-1§ pm, stomatal
index 24-27-32, frequency of stomata 129
per sq. mm.

Trichomes unicellular, long on adaxial
surface on the wveins, on abaxial surface
common on entire surface.

Sect. Clematis subsect. Rectae Prantl
Clematis asplenifolia Schrenk, Enum. Pi.
Nov. Alt. 68. Boiss. Fl. Or. 1 : 3. 1867.

(Gilgit, South of Hindukush, G. M. Giles
1883, acc. no. 610, CAL).

Epidermal cells on both surfaces hexa-, or
penta-gonal, straight-walled (figs. 5 & 8).

Stomata present on both surfaces, irregu-
larly distributed, anomocytic, 4-5 cells apart
on adaxial surface and 2-3 cells apart on aba-
xial surface, on adaxial 33 x 26 m, on aba-
xial 30-34-36 x 13-15-17 pm, contiguous
stomata observed, stomatal index on adaxial
surface 8-11-14, on abaxial surface 19-23-27,
frequency of stomata on adaxial surface 39
per sq. mm. and on abaxial 8o-120 per sq.

mm
A11iAkie

Trichomes absent.
Section Naraveliopsis Hand.-Mzt.

Clematis hedysarifolia DC. Syst. 1 :

1818.

[Gira Hill, Khandala, Oct. 1918, H. Santa-
pau 27623, BLAT ; Pune-Bhimshankar
Road (71st mile), 8.10.1962, K. P. Janar-
dhanan 81694, acc. no. 49053, BSI].

Epidermal cells thick-walled, on adaxial
surface penta-, or hexa-gonal, straight-walled
in H. Santapay 27623 (fig. 1), irregular and
slightly sinuous in Janardhanan 81694
(fig. 4) ; on abaxial surface irregular, sinuous
(figs. 3, 14 & 21).

Stomata confined to
anomocytic, irregularly distributed, at places
contiguous stomata observed cohering pole
to pole, 263033 x 13-16-17 pm, stomatal
index 32, frequency of stomata 138 per
sq. mm.

148.

.
ahnavial QIIV'FQI‘D
avaasaial TLil LA wy
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Trichomes absent but rarely small papillae
observed on veins on abaxial surface in
Janardhanan 81694 (fig. 3).

Clematis smilacifolia Wall. As. Res. 13 : 402.
1820.

Clematis smilacifolia subsp. smilacifolia var.
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guous stomata seen occasionally, 30-35-43 X

17-18-20 yxm, stomatal index 18-20-24, fre-

quency of stomata 118 per sq. mm.
Trichomes absent.

Clematis andersonii (Cl. ex Ktze.) Hj. Eichler,
Bibl. bot. Stuttgart. 124 : 47. 1958.
(W. W. Smith 547, acc. no. 152, CAL)

smilacifolia Epidermal cells on adaxial surface penta-
(Dhabraghat, Bastar, 11.2.1961, N. P. gonal, straight-walled ; on abaxial surface
Rl b olicirne Rr A AL LITonra anrr NN 1esenarrlase olialele. olanizmzaco
vaiarionnar X (1. (vi. L1ciel IAU/I, acc. no, iitgulal, Sliglitly aux.uuua.
23775, MH : Minumuburu, Vishakha-  Stomata confined to abaxial surface,
patanam, 300 m, 23.12.1967, G. V. Subbarao irregularly distributed, anomocytic, 31-34-36
29614, MH). x 17-18-21 y m, stomatal index 22-24-26, fre-

Epidermal cells on both surfaces hexa-, or

nanta_annal cmnnth and r]-nr‘]z_\uanpr] fﬁo‘ n\
ptiiia-gonai, SIMICOUN ana WUlita-ywa:nalx

Stomata confined to abaxial surface
anomocytic, irregularly distributed, 30-36-50
X 10-13-15 pm, stomatal index 20-22-25, fre-
quency of stomata 141 per sq. mm.

Clematis smilacifolia ssp. andamanica Kapoor,
Kew Bull. 19 (2) : 331-33. 1965.
(Balakrishnan & Nair 4784, PBL).
Epidermal cells on both surfaces irregular,

sinuous or slightly sinuous (fig. 19).

Stomata confined to abaxial surface, mostly
anomocytlc at places paracytic (ﬁg 19)
contiguous stomata frequently observed,
30-34-36 x 15-17-20 p m, stomatal index
172021, frequency of stomata 99 per
Sa. mm,

Small paplllae at places on adaxial surface
mainly on veins, on abaxial surface distri-
buted all over surface.

Clematis fulvicoma Rehd. & Wils. in Sarg.
Pl. Wils. 1(3) : 327. 1913 .
(Kachin Hills, Upper Burma, Shaik

Mukim 1898, CAL)
Epidermal cells on adaxial surface hexa-
or poly-gonal, straight-walled ; on abaxial
surface polygonal, straight-walled, elongated
on veins.
Stomata confined to
irregularly distributed,

surface,
conti-

abaxial
anomocytic,

quency of stomata 118 per sq. mm.
r‘:cl-r:]'\*lifarl Fasal

uidtii1vuilvu vis

the abaxial surface, base rounded and thick-
walled : trichomes absent on adaxial surface.

Cmall nanillaa niformlsr
Ooiadil papiiac uuu.unuu.y

Clematis munroiana Wt. Ill. 1 : 5. t. 1. 1840.
(Akkamalai, Coimbatore Distt., 1595 m,
23.1.1962, J. Joseph 13759, acc. no. 2701q,
MH).
Epidermal cells on both surfaces irregu-
lar, slightly sinuous, on abaxial surface

striated at places.
Stomata

S ARNL Y St

confined to

confine abaxial surface

irregularly distributed, anomocytic, 36-39-43

X 17-19-21 pm, stomatal index 22-25-28, fre-

quency of stomata 106 per sq. mm.
Striations arising from guard cells.
Small papillae distributed all over the

abaxial surface; trichomes absent on
adaxial surface.
Clematis theobromina Dunn, Kew Bull.

1914 : 181. 1914.

(Avalanche, Nilgiri Distt., 600 m, 29.12.
1970, B. V. Shetty 37635, MH).

Epidermal cells on upper surface (fig. 20)
penta-, or hexa-gonal, small, straight- and

thick-walled ; on abaxial surface (fig. 15)
irregular, straight-walled.
Stomata confined to abaxial surface,

anomocytic, some surrounded by a number
of cells, contiguous stomata seen at places,
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303443 X 13-15-17 pm, stomatal index
192325, frequency of stomata 130 per
sq. mm.

Trichomes absent.

Section Viticella DC. emend. Tamura sub-
section Viticella.

I'4

Clematis cadmia Buch.-Ham. (Wall. Cat.
4669, nom. nud.) ex Hk. f. & Thoms, FL
Ind. 5. 185s.

(Gorakhpur, Sakhai Forests, 20.3.1920,
Shri Ram 2692, DD ; Bishenpur goo m,
Manipur State, 1.3.1944, N. L. Bor 18362,
DD; Assam Masters s.n., MH)

lar smooth—walled on abax1a1 surface
irregular, slightly sinuous, marginal cells
elongated, smooth-walled and slightly thicker
than remaining epidermal cells.

Stomata confined to abaxial surface,
anomocytic, sparsely arranged (however,
Shri Ram 2692 shows stomata 2-3 cells
apart), 26-30-36 x 10-13-17 p, m, stomatal
index 27-29-32, frequency of stomata 141 per
$q. mm.

DISCUSSION AND CONCLUSION

A critical appraisal of the observations
reveals that cuticular features in Indian and
related Clematis do not conform or correlate
to the variation pattern projected by gross
morphological features as studied earlier by
Kapoor (1962, 1966 and 1983). These exhibit

a raticnlafrs nattarn in ae Mich ac f}\P r]ncp]v
a Itutulalt Palitvill Il ad Iulll &5 L LAUSLA Y

related taxa in several cases possess diffe-
rent cuticular characteristics, and relatively
distant ones, nearly similar. This kind of
pattern, nevertheless, facilitates in distin-
guishing various taxa from one another
utilising the characters of trichomes, stria-
tions, domatia, type of stomata stomatal
index and frequency as well as dimensions,
and the epidermal cell walls. To illustrate
the above points we may discuss some of
the cuticular features as presently studied.

Among the species of section Viorna,
whereas C. connata, C. acuminatg (its 3 sub-

OF THE BOTANICAL SURVEY OF INDIA

[Vol. 27

species) and C. tortuosa have on abaxial
surface sinuous epidermal cell walls, the
other species, viz., C. royle: (both vars.), C.
wattiy C. buchananiana and C. grewiiflora
have only slightly sinuous walls. All the
species of this groups except C. tortuosa
have, on adaxial surface, straight walls ; in
the latter the walls are slightly sinuous.
Among these species, C. connata and C.
buchananiana are, however, closer in having
paracytic stomata but the two have different
kind of trichomes; in C. connata the tri-
chome base is round whereas in C. buchana-
nianag it is hexagonal. The striations are

buchananiana and C. grewiiflora,
whereas, the remaining nine are devoid of
these.

Metcalfe & Chalk (1957) described stomata
in Clematis to be generally anomocytic, con-
fined to abaxial surface, occasionally present

re., C.

on adaxial surface. This is confirmed in the
present study but further elaboration of this
fact is necessary. The paracytic stomata are
present, besides the two species of sect.
Viorna, in taxa belonging to other sections
also, viz., C. wightz’ana (sect. Meclatis) C.
mpauaen.szs and C. montana (sect. Cheirop-
sis), C. puberula (sect. Clematis) and C.
smilacifolia ssp. andamanica (sect. Narave-
liopsis) ; they are absent in other three

species of sect. Meclatis (C orientalis, C.
and f‘

oraveolenc
b (22240 §

had g A £ 2 ]

tuwrr

~F
Cheiropsis (C. fasciculiflora and C. tongluen-
s1s), eight of sect. Clematis (C. flammula, C.
triloba, C. grata, C. gouriana, C. vitalba, C.
kerriana and C. apiculata), and six taxa of
sect. Naraveliopsis (C. hedysarifolia, C.
smilacifolia ssp. smilacifolia, C. fulvicoma,
C. andersonii, C. munroiana and C. theobro-
mina.). The two subspecies of C. smilaci-
folia, viz. sso. smilacifolia—the one that is
widely distributed and ssp. andamanica—
the one that is endemic to Andaman &
Nicobar Islands—are thus distinguishable,
the paracytic stomata being present in the

1080 rtara)

aant
vernayt), SCCu.
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latter. Paracytic stomata, though present
in the three infraspecific taxa of C. moniana,

.
nomocvtic
B LV,

.
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camMmnn
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are equally
ones in C. montana ssp. montana var.
montana, paracytic ones more common and
anomocytic only occasional in ssp. moniana

var. manipurensis, and paracytic taking over

completely in ssp. praecox. The ssp. mon-
lan, var smmamiann rachv ara_(‘vfic
vwivde VAl e ITsirivie g

are pr
ing in different sections. Besides the two
species of sect. Viorna as mentioned above,
they are present in C. wightiana (sect.
Meclatis) ; all the taxa, except C. montana
ssp. praecox of sect. Cheiropsis ; C. triloba
(sect. Clematis subsect. Pierotianae); C.
grata and C. vitalba (sect. Clematis subsect.
Vitalbae) ; and C. munroiana (sect. Narave-
liopsis). They are absent in the remaining
four taxa of Meclatis, C. flammula (sect.
Clematis subsect Pierotianae), four of sect.
Clematis subsect. Vitalbae and five of sect.
Noaraveliopsis. Their presence in all the taxa
of sect. Cheiropsis with the exception of C.
montana ssp. praccox confirms the closer
affinity between them. C moniana  ssp.
montana var. moniana 18 COnspicuous in
having striations on both the surfaces,
whereas ssp. praecox is conspicuous by their
absence. Contrasting to sect. Cheiropsis, the
sect. Naraveliopsis is marked out for the
absence of striations in all its taxa except
C. munroiana which has them on abaxial
surface.

The range of stomatal index may be

nearly same in all the species of a section
o thasa nf carnt Vinrma ar A;#&m“f "ln the

"5., LAIUDL Vi Uw\L L, V AUL ARy VA RS TRESE TES

various species of the same section. In sect.

Bebaenthera, it is of a high order in C
acutangula (33-35-37) and of a low order In
C. barbellata (14-17-22) ; in sect. Cheiropsis,
of a high order in C. napaulensis (33-35-37)
and in ~thaows smnetler arnzind nn_or__,—-—gnlv
“’advl 11l UL UUQUy QAlVULIu w4V 4y J

AL
in C. montana ssp. moniana var. manspu-

27

rensis and C. montana ssp. praecox it reaches
up to 3o.

The freguen
NS

A LIV AAN i

Y
pective of the sectional

rer
-~

e groupings based on
a combination of gross morphological
features which are more or less common
?v.itzﬁn the taxa of each group. It is of a
high order (above 200 per sq. mm) in C.
acutangula (sect. Bebaenthera), C. napaulen-
sis (sect. Cheiropsis), and C. grata and C.
kerriana (sect. Clematis). It is of a low
order (less than 100 per sq. mm) in C. bar-
bellata—sect. Bebaenthera, C. montana ssp.
montana var. montana—sect. Cheiropsis,
and others.

Stomata are generally present only on
abaxial surface but in C. orientalis and C,
vernayi—both of sect. Meclatis, and C.
asplenifolin—sect. Clematis, they are present
on both the surfaces. In other taxa belong-

ing to sects. Meclatis and Clematis they are

-not present on adaxial surface. The stomatal

index as well as frequency of stomata, on
adaxial surface is higher in C. orientalis var.
obtusifolia (7-10-11 and 52 respectively) than
on the corresponding surface in C. orientalis
var. longicaudata (3-5-7 and 27 respectively).

The presence of domatia in C. montana
ssp. montana var. montana (on adaxial
surface), and C. orientalis var. obtusifolia
and C. vernayi (in both on abaxial surface),
distinguishes these from all the other taxa
of Clematis.

The infraspecific taxa of -C. roylei, viz.,
var. roylei and var, patens are hard to be
distinguished from each other except in
width of stomata which ranges from 7 to
12pm in the former and from 10-13 pm in
tl‘ue latter ; being overlapping * even this
character 1s of little taxonomic significance.

C. cadmia (sect. Viticella), which is the

only Indian species having beaked achenes—
he rest having achenes with long feathery
stvles—dones

VLY AWUTTERAU
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Table a :. A synopsis of the éuticular features

Name of specics O . M A T A
Type -Sizei m (:nn) Stomatal index Stomatal frequency Epidermal cells Trichomes Striations
(average) (average) (per sq. mm) .

QI

Abaxial Adaxial Abaxial Adaxial Abaxial Adaxial Abaxial Adaxial Abaxial Adaxial Abaxial Adaxial

i . 2 3 4 5 6 7 8 9 i0 ii i2 13 i4

Secfion Viorna (Reichb.) Prantl subsect. Connataz Koehne

1. C. connata DC. > %n. 34x14 —_ 26 — 135 — irregular, polygonalto abundanton asonabaxial — —
a HEemvsnris erralan un--.s ama
-Pa. wous  irregular, ing, small,
sometimes ﬁapillaclilne,
hexagonal ase small,
round
2. C. acuminata DC. ssp. An. 32X12 — 29 — 150 — highly polygonal, sparsely as on abaxial — —
acuminata irregular, straight distributed,
sinuous bage
hexagonal
3. C. acuminata ssp. An. 29X13 — 29 — 141 — irregular, polygonal, absent,or as few restricted — —_
sikkimensis (Hk. f. et sinuous ls)t:a);gzt on adaxial  to veins
Thoms.) Briihl var.
sikkimensis
4. C. acuminata ssp. An. 28Xx11 — 24 — 106 —  irregular, polygonal, long orshort, ason abaxial — -
andersonii (Brihl) sinuous  straight unicellular
Kapoor
5. C.roylei Rehder var.  An.. 28X9 — 31 —_ 164 —  irregular, polygonial, more common, long, — —
roylei ; slightly  straight abundant unicell-
ginnous ular, apex
pOmt.ed, bﬂe
hexagonal ’
slightly tluck
B. C. roylei var. patens An. 28X12 ° — 31 — 160 — irregular, polygonal, long, unicel- numerous, — -
. (Haines) Kapoor slightly straight lular, 5 apex }o?g, unicei-
anuscus uu.w, Sast 1UaaT, aplx
ﬁv gomtcd base
more abun- exagonal,
dant slightly thick

7. C. waltii Drumm. et An.  32X14  — 25 — 122 —  irrcgular, penta-,or common, ason abaxial — —
Craib . slightly  hexa-gonal, bases hexa-
sinuous  straight gonal

VIQNI 40 XTAUNS TVOINVIOg THL 4O NILITING
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Table 1 (contd.)

(ii)

=
23
1 2 3 4 5 6 7 8 9 10 11 12 13 14 -
8. C. tortuosa (Wall.ex  An. 34X14 — 31 — 177 —  irregular, pepta-,or abundant, as on abaxial — —_
Hk.f. et Thoms.) sinuous hexagonal, loag or
C. E. C. Fischer irregular, short, base f
slightly hexagonal z
sinuous o
=
9. C. buchananiana DC.  An. 30X13 — 27 — 136 —  irregular, polygonal abundant, asoa abaxial + + a
var. buchananiana Pa. slightly ~ toirregular upicellular, ™
sinuous base hexago- S
nal, thick- :
walled
S
10. C. grewiiflora DC.var. An. 28X14 — 29 —_ 166 —  irregular, polygoaal, longer,fre-  numerous, + + é
grewiiflora slightly to irregular, quency much unicellular, g
sinuous  straight higher than long, =
adaxial bases hexago- c
nal, frequently o
base-united S
Sect. Meclatis (A. Spach) Tamura subsect. Orientales Prantl -
e
11. C. orientalis Linn. var. An. 34X19 — 26 5 112 27 hexa-,or aso:abaxial absent, or at absent, or few — — ;
longicaudata (Ledeb.) penta-goaal, times present scattered _
Boiss. straight =
walls thick =)
a
<
12. C. orientalis Linn. var. An. 36X18 — 22 10 105-111 52 irregular, hexa-, poly- absent, or absent —_ — °
obtusifolia Hk 1. et slightly gonal, strai- few scattered Lt
Thoms. sinuous, ght walls —
(some cells thick é
thick-walled) I~
Z
13. C. graveolens Lindl. An. 33X%X18 — 18 — 111 —  irregular, hexa-, penta- small papillae, as on abaxial -— — g
’ slightly gonal, strai-  sparse, or &
sinuous ght absent E
&
14. C. wightiana Wall. An.  33X20 — 24 — 161 —  irregular, polygoaal, mo:zeabun- commoa, + +
Pa. slightly straight, or dant,ason loag, uni-
sinuous, o- slightly adaxial cellular, apex
highly sinuous pointed, base
irregular, hexa- or penta-
sinuous goaal, slightly O
thick -



Table i (contd.) (iii)

oY

straight  penta-gonal, llae, bases
straight, small, round,
thick :&ars:ly

istributed

s DB ___al___ T -4
OETT, LEUGERIGTG KUZEW. (=4
16. C. acutangula Hk. {. An, 32X17 — 35 —— 205 —  irregular, asonabaxial small, unicel- unicellular —_ —_— E
et Thoms. sinuous lula.r,’papillae long, with S E
with round- inted ends,
ed apex e hexagonal g
17. C. barbellata Edgew. An. 32X14 — 17 — 71 — slightly irregular,  absent, or absent, or — — E
sinuous  veryslightly few,scattered few, scattered
sinuous -]
Sect. Cheiropsis DC. S
18. C. napaulensis DC. An. 18XI11 — 35 —_ 218 - irregular, irregular, short, unicel-  short, unicel- -+ - E
Pa. slightly  smooth lular, many, lalar, mostly S
sinuous base round- on vemns v
” g
L <
19.C. fasciculiflora Franchet An. 38%X14 — 22 — 97 —  sinuous irrcghular, few, scattered  few, scattered < — L]
slightly A
sinuous 1
20. C. montana Buch.- An. 34Xx18 =~ 18 — 74 — polygonal, penta-, or present more  presentmorc -+ + g
Ham. ex DG. ssp. Pa. smooth hexa-gonai, on veins on veins -
montana var. moniana  Bpa. thick, smooth
21. C. montana ssp. mon- Pa. 28X14 — 26 — 107 —  irregular, irreguiar, short gian- numerous, + —_
tana var. manspurensis  An. slightly  slightly dular, base short, glan-
Brihl : sinwous  sinuous, small, hexa- dular, base
thickened gonal, only small, hexago-
. on veins nal, mostly
on veins 2
o
22, C. monianassp. prascox Pa. 28X12 — 28 — 144 —  irregular, sometimes  mostly shortandlong — — T
Ktze. : slightly = clongated  short both, base ©
sinuous rounded ~



Table ! (contd.) (iv) S
&
1 2 3 4 5 [ 7 8 9 10 1 12 13 4 =
23, C. tongliensis (Brihl) An. 28x14 — 22 — — —~  usually penta-, hexa, unicellular  on veins, + -
Tamura var. fong- polygoaal, o polygoaal, papillae, scattered,
luensis straight thick, arched ed all apex rounded E
N orstraight  over surface base rounded S
Sect. Clematis subsect. Pi (Tamura) Tamura E
24, C.flammols Linn.  An. 30XI18 — 26 — 106  —  polygoaal, usually scattered or few,scattered — — o
slightly polygoaal nt =~
sinuous smooth, .
slightly thick -
25, C. triloba Heyne An. 38x23 — 26 — 112 — irregular, polygonalor long,unicel- long,umicel: + - %
slightly ’ irregular, ’, some lulax,', base é
sinuous smooth small, papil- small, circu- =
lae-like ) ick- =3
walled L]
Sect. Clemalis subsect. Vitalbae (Prantl) Tamura E
26. C. puberila Hk.f. et An. 29%x12 — 21 — 106 —_ irregular, asoa abaxial unicellular ason abaxial — —
‘Thoms. Pa. slightly short, basc’  but more g
sinuous hmtl‘.i&m-waﬂ L abundant 8
&
27. C. grata Wall. An. 40x19 — 39  _— 284 — irregular, quiteirregu-  loag, on veins, Jong, unicel- + — &
sinuous lar, slightly shortdistri-  lular, o
sinuous buted all hexagonal, =
over, base thick-walled, =1
hexa-gonal small one- g
: celled papillae E
28, C. Roxb. An., 32x15 —~— 23 — 125 — irregular, irr numerouson  as on abaxial, — —
ex % sinuous, sl tly’ vei‘n.s,' ‘lo,ng, scatt&red few E
or ;:v.,,,::- i or absent g
sometimes , rounded g
slightly '
sinuous
29. C. vitslbe Linn. An. 34x17 — 25 - 1zt — irregular,  as on abaxial — onlarger + —
sinuous veins oaly,
sparse, smal
papill;c -
(1S



"Table 1 (coatd.) ) '
- B £
1 2 3 4 "5 7 8 9 10 11 12 13 14
30. C. kerriana Drumm. An. 29x11 ~— 41 — 217 ~=  irregular, penta-, to as o adaxial unicellular, - -
ct Craib sinuous hexa-go.aal, loag or short,
at places papillae-like,
irregular, base hexa-
slightly gonal, thick-
sinuous walled, more
abundant on
veins -
3L. C. apiculata Hk. f.ct  An.  29x13 - 27 — 129 - irregular, hexa-, or unicellular. unicellular, - — g
Thoms. slightly penta-goaal, loag 101, Of1 VEins E;;
sinuous straight only g
Sect. Clematis subsect. Rectae Prantl &
32. C. asplenifolia Schrenk  An.  34x15 33x26 23 11 80—120 39 hexa-, 0r  as oa abaxial absent absent - - g
pentagoaal, 5
straight &
Sect. Naraveliopsis Hand.-Mzt. g
33. C. hedysarifolia DC. An. 30x16 — 32 — 138 — irregular, penta- or rarely small absent -~ — §
sinuous hexa-goaal, papillae oa Z
straight or veins g
irreguiar, n
slightly =3
sinuous é
»”
34. C. smilacifolia Wall.  An. 36x13  — 22 — 141 — hexa-, or as 01abaxial absent o: few absent . - ]
ssp. smilacifolia var. peata-go- scattered -
smilacifolia nal, smooth, z
thick g
35. C. smilacifolia ssp. An.  34x17 — 20 — 99 — irregular, as 01 abaxial small small papil- - —
andamanica Kapoor Pa. sinuous or papillac lae mainly
slightly so on veins
36. C. fulvicoma Rehd. An. 35x18  — 20 — 118 — polygonal, hexa-, or absent absent —_ -
et Wilson straight, poly-gonal,
clongated  straight
oa veins "'<":
o
37. .C. andersonit (Clarke  An. 34x18 — 24 — 118 —- irregular, pentagonal, small papillae, absent —— — el
ex Ktze.) Hj. Eichler slightly straight base rounded o
sinuous thick-walled ~3



Table 1 (contd.) (vi) S
&
1 2 3 4 4 6 7 8 9 11 12 12 13 14
D Wiohs A 20+, 10 or 1ne ) FIPSU U PR W | crriall o o b s €
N vvignt Aa STRK 1T -— o3 — UG — HTCEUIar S Ol avaxial STau papiuac, aosent T -_— »
slightly distributed >
sinuous all over 3
g
S
39 C. theobromina Dunn An. 34x15 — 23 — 130 — irregular, penta-, or absent absent —_ - ;
straight hexagonal, =~
straight,
thick
Sect. Viticella DC. emend. Tamura subsect. Viticella
40. C. cadmia Buch.- An. 30x13 ~ 29 — 141 — irregular, irregular. present present — @ —
Ham. ex Hk. 1. et slightly smooth
Thoms. sinuous
Genws ¢ NARAVELIA
+1. Narav:lia zeylanica An.  39x15 —- 26 —- 121 — irregular, as on abaxial  common on as on abaxial — --
‘Linn.) DC. slightly margin only,
sinuous small papillae,

A1 anomocytic ;

Bpa.. brachyparacytic :

Pa.. paracytic; +, present: -, absent

base small,
hexa-gonal

SIZVWET) NVIONI 40 FIOLLAD avil IHL 40 AAALS Y

“Sig



216 BULLETIN OF THE BOTANICAL SURVEY OF INDIA [Vol. 29

Key based on characteristics of leaf cuticle

la Striations present
2a Striations present on both surfaces

3a Paracytic stomata absent .. C. grewiiflora var.

. grewiiflora
3b Paractytic stomata present

4a Brachyparacytic stomata and the contiguous ones present o C. montana ssp.

. montana var . montana
4b Brachyparacytic stomata and the contiguous ones absent

5a Width of stomata 13 um, frequency 136 per sq. mm .. C. buchananiana var.
buchananiana
5b Width of stomata 17-20 pm, frequency 161 per sq. mm - C. wightiana

2b Striations present only on abaxi e

6a Paracytic stomata present =~ . o .
7a Epidermal cell walls on abaxial surface straight, stomatal index not more than 24  C. tongluensis var.
tongluensis
7b Epidermal cell walls on abaxial surface sinuous or slightly so, stomatal index usually
more than 24

8a Frequency of stomata 218 per sq. mm, dimensions 17-18-20x 10-11-13
pm, index 33-35-37, anomocytic common, paracytic occasional domatia
absent . C. napaulensis

0L Teannance of atamata 107 nar et. mm. dimensions ‘)R_‘)R_ng 12_14_17

U FiCTUYULIIVY Ul StViliawe SU/7 Ul OYe $3aiily WBMIAVILSAVILS &V-aU 4L AVTaZ=r

pm, index 24-26-28, paracytic common, anomocytic occasional, domatia

present on adaxial surface . C. montana ssp.
montana var. mani-
purensis

6b Paracytic stomata absent

9a Stomatal index above 35, frequency 284 per sq. mm . C. grata
9b Stomatal index not more than 30, frequency not more than 125 per sq. mm
10a Twin stomata present . C. triloba
10b Twin stomata absent
11a Trichomes absent on adaxial surface - C. munroiana
11b Trichomes present on adaxial surface
12a Collapsed guard cells in stomata present, frequency 121 per sq. mm C. 'vitalba
12b Collapsed guard cells absent, frequency 97 per sq. mm .o C. fasciculiflora
Ib Striations absent
13a Paracytic stomata present
14a Anomocytic stomata absent «« C. montana ssp. praecox
14b Anomocytic stomata present
15a Twin stomata absent e C. puberula
15b Twin stomata present '
16a Stomatal index 22-26-29, frequency 135 per sq. mm .o C. connata
16b Stomatalindex 17-20-21, frequency 99 per sq. mm . C. smilacifolia
13b Paracytic stomata absent ssp. andamanica
17a Stomata present on both surfaces . andt
18a Twin stomata present
19a Domatia absent,frequency of stomata on adaxial surface 39 per sq. mm ., C. asplenifolia
19b Domatia present on abaxial surface, frequency of stomata on adaxial o
surface 52 per sq. mm . C. orientalis var.
obtusifolia

18b Twin stomata absent .
20a Stomatal index on adaxial surface 3-5-7, domatia and trichomes absent,
frequency of stomata on adaxial surface 27 per sq. mm C. orientalis var,

20L Sismatal index on adaxial surface 10-12.13 ; domatia and tninho n

in PN
LU JWULILGLAL LilvuAnA .\lll AL MIGE Sl v SVl S -u.a.u Witnomes lon Wailaal(l
present on abaxial surface, frequency of stomata on adaxial surface 54 ¢
per sq. mm . C. vernay!
17b Stomata present only on abaxial surface
21a Twin stomata present
22a Cytoplasmic connections between stomata at places .. C. flammula
22b Gg'toplasmic connection between stomata not present -
23a Trichomes on adaxial surface with bage hexagonal .. C. acutangula
23b Trichomes on adaxial surface absent, if present then with base round
24a Trichomes on abaxial surface long, numerous on veins C. gouriana

24b Trichomes on abaxial surface absent, if present then small papiil.ae
25a Epidermal 'cells on abaxial surface sinuous, stomatal

index 32 . C. hedysarifolia
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25b Epidermal cells on abaxial surface straight, stomatal index
less than 26
26a Stomatal frequency 130 per sq. mm, width of stomata
13-15-17 pm ..
26b Stomatal frequency 118 per sq. mm, width of stomata
17-18-20 pm. .
21b Twin stomata absent

97, Qinmatal indev not more than 20 (ex en
i G WWVLILGLAL LILWUL N LIV E L12AVE S w2Qimia = (a3

22 in C. barbellata) )
28a Epidermal cell walls on adaxial surface straight, stomata 17-18-21
pm wide, frequency 111 per sq. mm ..
28b Epidermal cell walls on adaxial surface slightly sinuous, stomata
12-14-17 um wide, frequency 71 per sq. mm .
27b Stomatal index more than 20 (except for the lowest figure of the range
being 20 in C. wattii and C. smilacifolia ssp. smilacifolia)
29a Trichomes present on entire adaxial surface
30a Stomatal index 37 or more (37-41-46), frequency 217 per sq.

t for the highedt Go
1or the hugnest igur

mm ..
30b Stomatal index less than 37(29-36), frequency much less than
200 per sq. mm
31a Epidermal cell walls on abaxial surface sinuous, frequency
of stomata 177 per sq. mm
31b Epidermal cell walls on abaxial slightly sinuous, frequency
of stomata less than 170 per sq. mm
32a Frequency of stomata 122 per sq. mm ‘e
32b Frequency of stomata 160-164 per sq. mm

29h Trichomes on adaxial surface absent, or present on veins only except
rarely on entire surface in C. acuminata ssp. andersonii or also on margins
in C. cadmia B -
33a Epidermal cell walls on abaxial surface sinuous
34a Giant stomata present, stomatal index 22-24-29, frequency
per sq. mm .o
34b Giant stomata absent, stomatal index
26-29-35. frequency abovae 140 ner sa. mm

BUECCy AL WVAVY UYL aGV UL SNV. il

35a Frequency of stomata 141 per sq. mm
35b Frequency of stomata 150 per sq. mm .

33b Epidermal cell walls on abaxial surface slightly sinuous
36a Frequency of stomata of the order of 140 per sq mm
37a Stomatal index 20-22-25, length 30-36-50 um

37b Stomatal index 27-29-32, length 26-30-36 um
36b Frequency of stomata of the order of 130 per sq. mm

38a Trichomes absent on adaxial surface, small papillae
present on_ abaxial surface, stomatal index 22-24-26,
frequency 118 per sq. mm, dimensions 31-34-36x
17-18-21 pm ..

38b Trichomes long, present on both surfaces, stomatal index
24-27-32, frequency 129 per sq. mm dimensjons 26-29-30
% 10-13-15 ym

C. theobromina
C. fulvicoma

C. graveolens
C. barbellata

C. kerriana

C. tortuosa

C. wattii
C. roylie

C. acuminata ssp.
andersonis

C. acuminata ssp.
stkkimensis
C. acuminata ssp.
acuminata

C. smilacifolia ssp.
smilacifolia

C. cadmia

C. andersonii

G. apiculata
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The same is true of Naravelia zeylanica
(cuticular data included in Table 1 only)
which is characterised by twisted achenes
and leaflet-tendrils. Incidentally both of
these are regarded as advanced taxa.

It has been endeavoured to present in
Table 2 an artificial key based on exclusively
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cuticular features, to distinguish the various
taxa of Clematis studied here. These charac-
ters are to be used, however, with caution
as have been found variable within the same
species. For instance, in C. hedysarifolia
collected from two different localities the
epidermal cell walls on adaxial surface have
been seen to be respectively straight and
slightly sinuous. In C. wightiana collected
from one locality the epidermal cell walls

collections,
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