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A B S T R A C T  

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 as projected by gross-morphological features. Nevertheless, these do provide 
characters of systematic 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, 196% 1969, 
1983) studied the Indian Clematis for a 
taxonomic revision utilising, besides gross 
morphological characters, the cuticular and 
pollen 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, I 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 synopsis (Table I )  includes data 
on Naruvelia zeylanica (Lnn.) DC. also, 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 possible I x I cm 
pieces of lamina were cut from each leaf 

C . .  , , 

Date of receipt : 7.10.85. Date of acceptance : 5.12.86 

from middle region including midrib and 
from marginal regions excluding midrib. 
These were soaked in warm water for 15 
minutes to enable tissues to swell to n o d  
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 water. Two stains were 
used for staining : I .  Sudan IV, 2. aqueous 
safranin I O/d' The stained cuticles were 
mounted in pure glycerine followed by seal- 
ing with Canada balsam or wax. 

OBSERVATIONS 
The salient cuticular features are present- 

ed in Table I to enable visual comparison, 
and the details are described below ; the 
taxa are arranged section-wise according to 
Tamura's ( I  956, I 967) classification of 
Clematis. 
Section Viorna (Reichb.) Prantl subsection 

Covt~atae Koehne 



Clematis c d a  DC. Prodr. I : 4. 1824. 
(Between Rielkot and Bagudiar, Almora, 

I 3.1 I .  1958, J .  G. Srivastava 53567, 53583, 
LWG). 

Epidermal cells on adaxial surface poly- 
gonal to irregular, at places hexagonal ; on 
abaxial surface irregular, sinuous. 

Stomata confined to abaxial surface, 
irregularly arranged, anomocytic, at places 
paracytic, I 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 
on veins, small, papillae-like, bases small, 
round. 

Clematis acumbta DC. Syst. I : 148. 1818. 

Clemwtia, 8cnmimb subsp. acudmta 
(Gamble 27451, acc. no. 454, CAL). 
Epidermal cells on adaxial surface poly- 

gonal, straight-walled ; on abaxial surface 
(fig. I 7) highly irregular, sinuous. 

Stomata confined to abaxial surface, 
sparsely distributed, anomocytic, 26-32-36 x 
1e12-13 p m, stornatal 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. 

Clemrtis ru-a subsp. cdWdmensb (Hk. 
f. et Thorns.) Briihl Ann. Roy. bot. Gdn.  
Calc. 5(2) : 75. 1896 (excl. var. undersonit). 

Clematis a c u d a  subsp. dl&immk var. 

(On way to Rewa, Madhya Pradesh, 
14.12.1953, Kaul & Party 5058, acc. no. 
53'49, LWG). 

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

Stomata confined to abaxial surface, 4-5 

cells apart, anomocytic, 26-29-33 x I e I 3 - I  7 
~ r n ,  stornatal index 27-2g-35, frequency of 
stomata 141 per sq. mm. 

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

Clematis acumhata subsp. d e m - 4  (Bruhl) 
Kapoor, Bull. naf. bot. Gdn. Luck. 124 : 
1 0 - 1  I .  1966. 
(Yunnan, 1 8 ~ 5  D. 1. Anderson 1811, arc. 

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 
celh apart, at places giant stomata observed 
(fig. 24), generally 23-28-33 x I ~ I  1-1 3 p m, 
stomata1 index 22-24-29, frequency of 
stomata 106 per sq. mm. 

Trichomes on both surfaces, usually on 
the veins, long or short, unicellular. 

Clematis roylei Rehd. in J. Am. Arb. 22 : 
575. '94'. 

Clematis roylei var. roylei 
(G. S. Pz~ri I O Z S I ,  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 ~ r n ,  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. 

C h r i s  mylei var. Mns (Haines) Kapoor, 
Bull. nat. bot. Gdn. Luck. 124 : 63-65. 
t. 4. 1966. 
(Sundi Buru, Singbhum, 750 m, 27. n ,1902, 
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H .  H .  Haines, s.n,, acc. no. 86707, MH). Epidermal cells on adaxial surface poly- 
Epidermal cells on both surfaces similar gonal to irregular ; on lower surface irregu- 

as seen in var. roylei. lar, slightly sinuous, striated on both 
Stomata relatively sparsely distributed as surfaces. 

compared to var. roylei, otherwise similar, Stomata confined to abaxial surface, 
23-28-33 x 1 0  I 2-13 m, stomatal index irregularly distributed, anomocytic, at places 
29-31-33. frequency of stomata 160 per sq. paracytic, 30 x 13 pm, stomatal index 
mm. 22-27-33, frequency of stomata 136 per 

Trichomes on both the surfaces, longer sq. mm. 
than those on corresponding surfaces in var. Striations arising from trichome bases, at 
roylei, otherwise similar. places on abaxial surface arising from sub- 

sidiary cells. 
Clem* wattii Drummond et Craib, K m  Trichomes on both surfaces abundant, 

Bull. 1915 : 421. 1915. more so on the veins, unicellular, bases 
(Tider Ngingzon, Chin Hills, Burma, hexagonal, thick-walled. 

21.12.52, PO Khant 2659, DD). 
Epidermal cells on adaxial surface penta- Clematis ~ w i i l i o r a  DC. Syst. I : 140. 1818. 

or hexa-god, straight-walled, on abaxial 
surface irregular, slightly sinuous. Clematis gmwiiflom var. grewiMora 

Stomata confined to abaxial surface, (Assam, March 1891, King's Collector s.n., 
irregularly distributed, 3-4 cells apart, mostly acc. no. 74, BSIS). 

anomocytic, 3~~32-36 x 12-14-1 7 p m, stoma- Epidermal cells on adaxial surface poly- 

tal index 20-25-34, frequency of stomata 122 gonal to irregular, straight-walled, on abaxial 
surface irregular, slightly sinuous, occasion- 

per sq. mm. 
Trichomes numerous on both the surfaces, ally striated on both surfaces. 

bases hexagonal. Stomata confined to abaxial surface, 
irregularly distributed, anomocytic, rounded, 

Clema~ tortoocwu (Wall. ex Hk. f. & Thorns.) contiguous stomata observed frequently, 
Fischer in Kew Bull. 1929 : 4. 1929. 26-28-30 x 13-14-15 p m, stomatal index 

262933, frequency of stomata 166 per sq. 
(Da jee l in~  K. Biswas 8711, acc. no. 2212, mm. 

LWG) . 
Epidermal cells on adaxial irregu Striations arising from trichome bases. 

lar, slightly sinuous ; on abaxial surface T&homes numerous, unicellular, long, 

irregular, sinuous. bases hexagonal, frequently bases united, 
Stomata confined to abaxial surface, t h h m e s  on abaxial surface longer and 

irregularly arranged, anomocytic, usually I frequency much h i s e r  as compared to 
to 2 cells apart, 3034-36 x 1014-1 7 p m, those on adaxial surface. 
stornatal index 28-31-36, frequency of Section Mt?~latb (Spach) Tarnura 
177 per sq. mm. Orien tales Prantl 

Trichomes on both the surfaces, long or 
short, bases hexagonal. Chmatb orientalis Linn. Sp.  PI. 543. 1753. 

Clem~tig but- DC. Syst. I : 140. CIematis orientalis var. l ~ u d a t a  (Ledeb.) 

18 I 8 t'buchaniana?. Boiss. F1. Or. r : 4. 1867 ('longecaudata'). 
\ I 

(Massoorie, 17.12.1956. Mbhajan 10779. (Tibet, T. Thornson s, n., act, no, 626r5, 
BSI). MH). 
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Epidermal cells on both surfaces hexa- 
or penta-gonal, straight-walled, walls thick. 

Stomata present on both surfaces, irregu- 
1 arly distributed, anomocyt ic, frequency 
much higher on abaxial surface, occasionally 
one subsidiary cell on one side of stomata 
distinct whereas rest (on the other side) 
similar to other epidermal cells (fig. 18), 
30-34-36 x I 7-19-23 1r rn, stomata1 index on 
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 I 12 per sq. mm. 

Trichomes absent. 

Clematis odedab var. ebtdolia Hk. f. & 
Thoms. FE. Znd. g. 1855. 
(Chamba, Punjab, Lace 530, ace. no. 58. 

l3 SIS). 
Epidermal cells on adaxial surface hexa-, 

penta- or poly-gonal, straight-walled, walls 
thick ; on abaxial surface irregular, slightly 
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, 
30-34-3640 x I 3-18-23 m, stomatal index 
-on adaxial surface 7- 10- I I, on abaxial surface 
19-22-25, frequency of stomata on adaxial 
surface 52 per sq. mm. and on lower 105-1 I I 
per sq. mm. 

Domatia present on abaxial surface. 
Trichomes absent. 

Clamtie grsveolem Lindl. in J. Hort. Soc. 
r : 207. 1846. 
(Sides of ravines, Mashobra, Hazara, 

29.9.1889, Duthie 7423, acc. no. 147 I ,  BSI). 
Epidermal cells on adaxial surface hexa-, 

or penta-gonal, straight-walled ; on abaxial 
surface irregular, slightly sinuous. 

Stomata confined to abaxial surface, 
anomocytic, irregularly distributed, 3033-36 
x I 7-18-21 m, stomatal index 14-18-20, 
frequency of stomata I I I per sq. mm. 

Small papillae seen at places on abaxial 
surface. 

Clematis ~~ Wall. (Cat. 4674 nom. 
nud.) ex Wight & Am. Prodr. I : 2. 1834. 
(Nilgiri, 1860, H.F.C. Cleghorn s.n., acc. 

no. 58, MH ; E.  Vajravelu 43657, W). 
Epidermal cells on adaxial surface poly- 

gonal, straight-walled ; in Vajravelu 43657 
slightly sinuous (figs. 6 & 16) ; on abaxial 
surface irregular, slightly sinuous (fig. I I), in 
Vajravelu 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 m, stomatal 
index 20-24-26, frequency of stomata 161 per 
sq. mm. 

Striations arising from trichame bases, on 
abaxial surface also originating from guard 
cells. 

Trichomes present on both surfaces, abun- 
dant on veins, relatively sparser on general 
surface, uniceIlular, Iong (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 subsection Tunguticae 
Schneider. 

Clematis vernayi Fischer, K m  Bull. 1937 : 
35. '937. 
(Tibet, T Thorns. s.n., acc. no. 869, UL). 
Epidermal cells on adaxial 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, 3q2-33 x 17-20 ~ m ,  
stomatal index on adaxial surface 10-1 2-1 3 
and on abaxial surface 19-2 1-23, frequency of 
stomata on adaxial surface 54 per sq. mm. 
and on abaxial surface 94 per sq. mm, 

Domatia present on abaxial surface. 
Minute papillae at places on abaxial sur- 

face, bases small, round. 
Section Bebaenthera Edgew. 

Clematis acutangula Hk. f .  et Thorns. F2. 
Ind. I : 5. 1855. 
(Rupa and surroundings, 30.9. 1 964, J .  

Joseph 40385, ASSAM). 
Epidermal cells on both surfaces irregular, 

sinuous. 
Stomata confined to abaxial surface, 

anomocytic, outer wall of guard cells usually 
thickened, twin stomata observed at places, 
30-32-33 x I 7-20 ~ m ,  stomatal index 33-35-37, 
frequency of stomata 205 per sq. mm. 

Trichomes on adaxial surface on veins, 
scattered, quite long with pointed ends, 
unicellular, base hexagonal, small ; on 
abaxial surface at places, small, unicellular, 
papillae-like with rounded apex. 
Clematis barbellata Edgew., in Trans. Linn. 

SOC. 20 : 25. 1851. 
Clematis barbellata var. barbenata 

(Kaul & Party 48275, LWG). 
Masobra, 15 miles from Simla, Himachal 

Pradesh, 25.9.1968. 
Epidermal cells irregular, on adaxial sur- 

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

Clematis mpuleasis Wall. (Cat. 4680, nom. 
nud.) ex DC. Syst. I : 164. 1818. 
(Deoban, 25.4.22, Jog Dhyan Sharma s.n., 

acc. no. 5274, BSI). 
Epidermal cells on adaxial surface small, 

irregular, smooth-walled ; on abaxial surface 
irregular, slightly sinuate. 

Stomata confined to abaxial surface mostly 
anomocytic, at places paracytic, 17-18-20 x 
10-1 1-13 p m  (some about half of the normal 
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 mwtana Buch.-Ham. ex DC. Syst. 
I : 164. 1818. 

Clematis montana ssp. m n h  var. montana 
(N.W. Himalaya, 180300 m, T. ~homs.  

s.n., acc. no. 62604, MH : Liddar Valley, 
Kashmir, 1o.5.1go0, 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 (brachyparacytic), twin stomata 
occasionally present, contiguous laterally, 
33-34-36 x 17-18-20 m, stomatal index 
16-18-20, frequency of stomata 74 per 
sa. mm. 

sinuous. 1 

Striations on abaxial surface arising either 
Stomata confined t o  abaxial surface' from subsidiary cells or in some cases from 

'anomovic,  3 to 4 cells apart p a r d  cellR on external face. 
scattered on surface) 3-32-33 x I 2-1 4-1 7 pm, 

stomatal index 14-17-22, frequency of stomata Clematb mantam ssp. molltamt var. q& 
I ~ T  per -sq. mm. &rekip ~ r i i h l .  Ann. Roy Bot. Cdn. 5(1) : .. 
Sectioh Cheiro~sis DC. 74 t. lo3: f. 3. 1896. ' 

26 
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(Sirohifurar, Manipur, I 2.4.82, George 
Watt. s.n., acc. no. 62599, MH). 

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

Stomata confined to abaxial surface, 
paracytic, occasionally anomocytic, zh8-2g 
x I 3-14-1 7 m, 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 
veins, on abaxial surface only on veins. 

At places on adaxial surface domatia 
present. 

Clematk modam ssp. praecox Ktze. Verh. 
bot. Ver. Brandenb. 26 : 142. I 885 (incl. 
var. berbacea). 

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

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

Stomata confined to abaxial surface, 
paracytic, scattered, almost of uniform size, 
at  places twin stomata observed, contiguous 
laterally, 26-28-30 x 12-13 p rn, stomafa1 
index 26-28-30, frequency of stomata 144 per 
sq. mm. 

Trichomes on adaxial surface numerous 
on veins and scattered all over surface, short 
as well as long, trichame bases small, 
rounded ; on abaxial surface mostly short. 

C I e h  ~ c u l i f l o r a  Franchet, P1. Delav. 
I : 5. 1889. 

(Yunnan, 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, 
anomocytie, 3 '0 4 cells, apart, those near 

veins slightly elongated, 33-38-43 x I 2-1 4-1 7 
~ r n ,  stomatal index 20.22-24, frequency of 
stomata 97 per sq. mm. 

Striations arising from guard cells. 

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

Clematis tongllreasis var. tongluensis: 
(Tonglu, Darjeeling, 3000 m, July 1881, 

Gamble 9442, acc. no. 62601, MH). 
Epidermal cells on adaxial surface penta-, 

hexa-, or poly-gonal, thick-walled, walls 
arched or straight ; on abaxial surface 
usually polygonal, straight-walled, at places 
striated. 

Stomata confined to abaxial surface, 
usually anomocytic, occasionally paracytic, 
26-28-30 x 12-14-17 m, 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, papillae-like, scattered all over surface. 
Section Clematis subsection Pierotianae 
(Tamura) Tamura. 

Clellntis flammula Linn. S p .  Pl. 7766. I 753. 
(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. 22), or end to end 
and twin stomata observed, more or less of 
uniform size, 26-30-33 x I 7-18-20 m, a few 
quite large (3638-40 x 23-24-26 m), stoma- 
tal index 24-26-28, frequency of stomata 106 

per sq. mm. 

ClemJb Mloba Heyne in Roth Nov. $p. 
251. 1821. (Ratraz Ghat, Pune, ~8.xo.$3. 
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Fig. 1-12 : I. I:. A~&-fu1icr, qidcrml d l s  bn aur fsa  strP;&t*&l\dx 108, 2. C. miludi&a 

mrtaciJtia var. smilari/olia, epiderrn~l cells on adaxial surf* gtrai~ht-walld walls arched x 108. 3. C, 
Irdysarifalia, epirl-:m~l cclEs o,l &axial surface sinuous X 108. 4- C, kdYfaGfolb, e idtrmal cells on adaxial d a c e  
irregular a d  dighdy ainuo* X 108. 5. C. a r ~ h i f ~ f h ,  8to-t. 011 rdaxig s u r h X  IQ8. 6. C. t u ; g h k ,  
tprd=rrn%l cclls o r ad~xial  surrse slightly sinuous x 108. 7. C. grab, epidermal cells on abaxisl surtaceainuou 
x 108. 8. C. arpknqdia, cpidcrrnal cells oa  abaxial ~ h c e  straight-walled x 108. 9- C. epidermal e l l a  on 

sdurial surface irregular and slightly r i n u o ~  X 108. 10. C* beuFia ,  epidermal at118 on ablxial surface eaigh- 
wallad X 108. 1 1. C. wighlirma, + d c d  ulla an a b d d  s r ~ r h e  dighdy ainuour x 216. 12. C. E+,  pi 

dcrml cells on &=id n ~ r f a e  rip-, ~Mmta  p r t l ~ ~ t  X 2 16. 
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S.  C .  Tavakari T2058, BLAT ; Agumbe, 
Karnataka, I 8. I 0.1~62, R. Sundara Ragho- 
van 83326, acc. no. 81805, BSI). 
Epidermal cells on adaxial surface poly- 

gonal or irregular, smooth-walled ; on 
abaxial surface irregular, slightly sinuous, at 
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 20-23-26 p m, 
stornatal index 24-26-29, 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 trichornes, one cell thick, 
distributed all over surface, bases of papillar 
trichomes very small. 
Section Clematis subsection Vitalbae (Prantl) 
Tamura 

Clem& p u b d a  Hk. f. & Thorns. in Hk. f.  
FZ. Brit. Ind. I : 4. 1872. 
(Clarke 405608, acc. no. 329, CAL) 
Epidermal cells on both surfaces irregular, 

slightly sinuous. 
Stomata confined to abaxial surface, 

anomocytic, at places paracytic, sparsely 
distributed, 23-29-36 x I c I 2- I 3 m, 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. 

C l e h  grata Wall. (Cat. 4668 nom. nud.) 
P1. Asiat. Rar. I : 83. t. 98. 1830. 
(Monali-nagar, Lahul, 2250 m, 23.7.1938, 

N. L. Bor s.n., BLAT ; Simla, 20.4.183 I ,  
Lady Dalhousie s.n., acc. no. 62610, MH ; 
Vaishno Devi Hills, Jammu-Kashmir, 10.7. 

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

Epidermal cells on adaxial surface quite 
irregular, slightly siouous (fig. g) ; on abaxial 
surface irregular, sinuous (fig. 7), at places 
striated. 

Stomata confined to abaxial surface, 
anomocytic, I to 2 cells apart (fig. 7), 
304046 x 17-19-21 m, stomatal' index 
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 one-celled papillae 
interspersed with long trichomes throughout 
the surface ; on abaxial surface long tricho- 
mes present on veins, short ones distributed 
throughout the surface, bases hexagonal. 

C. vitalba Linn. Sp. P1. I : 5 ~ .  1753. 
Epidermal cells on both the surfaces 

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 15-1 7-20 rm, stomatal index 
19-25-30, frequency of stomata I 2 I per 
sq. mm. 

At places striations arising from guard 
cells. 

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

Clematis i~~~urirrna Roxb. (Cat. Hort. Beng. 
43. 1814 nom. nud. ; Wall. Cat. 4673 @om. 
nud.) ex DC. Syst. I. 138, 1818. 
(Coonoor to Burlyar, Dec. 30, Barber 5391, 

MH ; Slopes below Vazirgadh Fort, 29.12. 

1945, H. Santapau 8332, BLAT ; s.1. coll. no. 
397'7, MH). 

Epidermal cells on adaxial surface irregu- 
lar, slightly sinuous (fig. I 3) ; on abaxial 
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Figs. 13-25 : 13. C. gouriana, epidermal cells slightly sinuous x 130. 14. C. hcdyuri$lia, epidermal cells on 
&axial surfam $inuow X 67. 15. C. Iheobromina, epidermal cells on ahaxial surface straight-walled X 67. 16. C. 
wighhiana, epidemal cels on adaxial surface slightly sinuous X130, 17. C. ~curninaia subsp. acuminata, epidermal 
cells on &axial surfacesinuo~s X 130. 18. C. &tdb var. lottgkaudata, stomata with one subsidiary cell different 
from the rcstX 130. 19. C. smilaci olia subsp. a n d a d u ,  epidermal cells On abaxial surface sinuous X67. 20. C. 
thobrrninn, epidermal cells on a d axial surface straight-walled, walls thlckx 130. 21. C. hed~sarifolia, epidermal 
cells on abaxial surface sinuous, stomata coherirlg pole to pole x67. 22- C. $-A, cytoplasmic connection 
kt- the stomata an &axial surface X 130.23. C. gourianu, epidermal cells on abaxial surface s t r a ige t -~~ l l~d  x 
130. 24, C. anmrinda subsp. andcrso~ii, giant stomata on a$xial surface !30. 25. C. mtana subep. monta~  gar. 
montuna, epidermal cells on obaxial surface with parxytlc stomata, strlatlons arlung fkom subsidiary cells x 130, 
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surface variable : in Barber 5391 cells 
irregular, large, sinuous (fig. 12), in coll. no. 
397 I 7 polygonal, smaller, straight-walled 
(figs. 10 & 23) or slightly sinuous, in H. 
Santapau 8332 large, hlghly sinuous. 

Stomata confined to abaxial surface, 
anomocytic, contiguous stomata observed, 
frequency and size variable : in Barber 
5391 stomata r to 2 cells apart (14-17 in the 
microscopic field), in coll. no.  39717 smaller 
(22-26 in microscopic field), and in H. 
Santapau 8332 large (1014 in microscopic 
field), generally 3032-36 x 13-15-1 7 ~rn, 
stomatal index 2 I -23-26, frequency of 
stomata 125 per sq. mm. 

Trichomes on abaxial surface numerous on 
veins, long, unicellular, bases small, rounded. 

Clematis k e n h a  Drumm. et Craib, Kew 
Bull. 1914 : 122. 1914. 
(0. Riley 1887, acc. no. jz4, CAL ; 

Collett 1887, acc. no. 314, CAL). 
Epidermal cells on adaxial surface penta- 

to hexa-gonal, at places irregular, slightly 
sinuous ; on ahxial  surface irregular, 
sinuous. 

Stomata confined to abaxial surface, 
anomocytic, 26-293 I x IWI  1-1 3 m, stomatal 
index 37-4 I -46, frequency of stomata 2 I 7 
per sq. mm. 

Trichomes on both surfaces, more abun- 
dant on veins, unicellular, long, or short 
papillae-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. 

Clematis aplcdata Hk. f. & Thorns. in Hk. f .  
F1. Brit. India I : 4. 1872. 
[Khasi Hills, Botanical Garden Collector 

s.n. @resented by Dr. King 1882), DD]. 
Epidermal cells on adaxial surface hexa-, 

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

Stomata confined to abaxial surface, 
irregularly distributed, anomocytic, 2-3 cells 
apart, 26-29-30 x I m, stornatal 
index 24-27-32, frequency of stomata lag 
per sq. mm. 

Trichornes unicellular, long, on adaxial 
surface on the veins, on abaxial surface 
common on entire surface. 
Sect. Clematis subsect. Rectae Prantl 
Clematis asplenifolist Schrenk, Enum. PI. 

Nov. Alt. 68. Boiss. Fl. Or. I : 3. 1867. 
(Gilgit, South of Hindukush, G. M. Giles 

r885, acc. no. 610, GAL). 
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 3634-36 x 13-15-1 7 p m, con t ipou~  
stomata observed, stomatal index on adaxial 
surface 8-1 I - I 4, on abaxial surface 19-23-27, 

frequency of stomata on adaxial surface 39 
per sq. mm. and on abaxial Be120 per sq. 
mm. 

Trichomes absent. 
Section Naraueliopsis Hand.-Mzt . 
Clematis hedysarifdia DC. Syst. I : 148. 

1818. 
[Gira Hill, Khandala, Olct. 1918, H. Santa- 

pau 27623, BLAT ; Pune-Bhimshankar 
Road (7 I st mile), 8.10.1962, K. P. Janar- 
dhnnan 81694, acc. no. 49053, BSI]. 

Epidermal cells thick-walled, on adaxial 
surface penta-, or hexa-gonal, straight-walled 
in H. Santapau 27623 (fig. I), irregular and 
slightly sinuous in Janardhanan 81694 
(fig. 4) ; on abaxkil surface irregular, sinuous 
(figs. 3, I4 & 21). 

Stomata confined to abaxial surface, 
anornocytic, irregularly distributed, at places 
contiguous stomata observed cohering pole 
to pole, 26-30-33 x 13-16-17 ~ r n ,  stomatd 
index 32, frequency of stomata 138 per 
sq. mm. 
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Trichomes absent but rarely small papillae guous stomata seen occasionally, 30-35-43 x 
observed on veins on abaxial surface in 17-18-20 pm, stornatal index 18-zoz4, fre- 
Janardhanan 81694 (fig. 3). quency of stomata I 18 per sq. mm. 

Trichomes absent. 
Clematis sdlacifolia Wall. As. Res. I 3 : 402. 

I 820. Clematis aadersd (Cl. ex Ktze.) Hj. Eichler, 
Bibl. bot. Stuttgart. 124 : 47. 1958. 

Clematis smilacifolia subsp. smilacifolia var- ( W .  W ,  Smith 547, acc. no. 152, CAL) 
smilacifolia Epidermal cells on adaxial surface penta- 
(Dhabraghat, Bastar, I I .2.1$161, N .  gonal, straight-walled ; on abaxial surface 

Balakrishnan & A. M .  Henry 12071, acc. no. irregular, slightly sinuous. 
23775, MH : Minumuburu, Vishakha- Stomata confined' to abaxial surface, 
patanam, 300 rn, 23.12.1967, G. V .  Subbarao irregularly distributed, anomocytic, 31-34-36 
29614, MH). x I 7-18-2 I m, stomata1 index 22-24-26, frc- 

Epidermal cells on both surfaces hexa-, or quency of stomata I 18 per sq. mm. 
penta-gonal, smooth and thick-walled (fig. 2). Small papillae uniformly distributed on 

Stomata confined to &axial surface, the abaxial surface, base rounded and thick- 
anomocytic, irregularly distributed, 3O-36-50 walled : trichomes absent on adaxial surface. 
x 10-13-15 pm, stornatal index 20-22-25, £re- 
quency of stomata 141 per sq. mm. Clematis munroiana Wt. Ill. I : 5. t. I. 1840. 

(Akkamalai, Coimbatore Distt., 1595 m, 
Clematis ~milacif0I.h ssp. ~dmnanim Kapoor, 23. I . I 962, 1. Joseph I 3759, acc. no. 2701 g, 

Kew Bull. 19 ( 2 )  : 331-33. 196.5. MH). 
(Balakrirhnan & Nair 4784, PBL). Epidermal cells on both surfaces irregu- 
Epidermal cells on both surfaces irregular, lar, slightly sinuous, on abaxial surface 

sinuous or slightly sinuous (fig. 19). striated at places. 
Stomata confined to abaxial surface, mostly Stomata confined to abaxial surface, 

anomocytic, at places paracytic (fig. 19)~ irregularly distributed, anomocytic, 36-39-43 
contiguous stomata frequently observed, x I 7-19-2 I m, stomatal index 22-25-28, fre- 
30-34-36 x 15-17-20 m, ~ f ~ m a t a l  hdex quency of stomata 106 per sq. mm. 
17-20-21, frequency of stomata 99 per Striations arising from guard cells. 
6q .  mm. Small papillae distributed all over the 

Small papillae at places, on adaxial surface abaxial surface ; trichomes absent on 
mainly on veins, on abaxial surface distri- adaxial surface. 
buted all over surface. 

aelm* theobromina Dunn, Kew Bull. 
~ematisfulvicomaRehd. Sr Wils. in Sarg. 1914: 181. 1914. 

PI. Wils. '(3) : 327. 1913. (Avalanche, Nilgiri Distt., 600 m, 29.12. 
(Kachin Hills, Upper Burma, Shaik 1970, B. V .  Sheny 37635, MH). 

Mukina 1898, CAL) Epidermal cells on upper surface (fig. 20) 
Epidermal cells on adaxial surface hexa- penta-, or hexa-gonal, small, straight- and 

or poly-gonal, straight-walled ; on abaxial thick-walled ; on abaxial surface (fig. 15) 
surface polygonal, straight-walled, elongated irregular, straight-walled. 
on veins. Stomata confined to abaxial surface, 

Stomata confined to abaxial surface, anotnocytic, some surrounded by a number 
irregularly distributed, anomocytic, conti- of cells, contiguous stomata seen at places, 
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3034-43 x 13-15-17 m, stomata1 index 
19-23-25, frequency of stomata 130 per 
sq. mm. 

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

f 

Clematis c a d h  Buch.-Ham. (Wall. Cat. 
4669, nom. nud.) ex Hk. f. 81 Thorns. FI. 
Ind. 5.  1855. 
(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). 

Epidermal cells on adaxial surface irregu- 
lar smooth-walled ; on abaxial 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), 26-3~~36 x 10-1 3-1 7 m, stomatal 
index 17-29-32, frequency of stomata r 4 I per 
sq. 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 
~ a p b o r  (1962, 1966 and 1983). These exhibit 
a reticulate pattern in as much as the closely 
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 tam 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. acuminata (its 3 s u b  

species) and C. tortuosa have on abaxial 
surface sinuous epidermal cell walls, the 
other species, viz., C. roylei (both vars.), C. 
wattii, 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- 
nkna it is hexagonal. The striations are- 
present only in two species of this section, 
i.e., C. 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 
on adaxial surface. This is confirmed in the 
present study hut 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. wightiana (sect. Meclatis), C. 
nnpaulensis and C. montana (sect. Cheirop- 
sis), C. puberula (sect. Clematis) and C. 
smilacif olk ssp. andamanica (sect. ~ a r a a e -  
liopsis) ; t h e i  are absent in other three 
species of sect. Meclatis (C. orientalis, C. 
graveolens and C. vernayz), two of sect. 
Cheiropsis (C. fasciculiflora and C. tongluen- 
ST>), eight of sect. Clematis (C. flammula, C. 
triloba, C. grata, C. gouriana, C. vitalba, C. 
keniana and C. apiculata), and six taxa of 
sect. Naraveliopsis (C. hedysarifolia, C. 
smilacifolia ssp. smilacifolia, C. f ulvicoma, 
C. andersonii, C. munroiana and C. theobro- 
minu.). The two subspecies of C. smilaci- 
folia, viz. sso. smilacifolh-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 thc 
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latter. Paracytic stomata, though present Tensis and C. m~ntana ssp. praecox it reaches 
in the three infraspecific taxa of C. montana, up to 30. 
are equally common along with anomocytic The frequency of stomata also varies irrw 
ones in C. montana ssp. montana var. pective of the sectional groupings bawd on 
montanu, paracytic ones more common and a cornbibation of gross morphological 
anomocytic only occasional in ssp. montana features which are more or less common 
var. rnani+rensir, and paracytic taking over within the taxa of each group. It is of a 
completely in ssp. pmecox. The ssp. man- high order (above 200 per sq. mm) in C. 
tana var. m o n t m  possesses brachyparacytic acutangula (sect. Bebaenthera), C. nu@ulm- 
type also. sis (sect. Cheiropsis), and C. grata and C. 

The striations are present in species fall- kerriam (sect. Clematis). I t  is of a low 

ing. in different sections. Besides the two 
order (less than loo per sq. mm) in C. bur- 

species of sect. Viorna as mentioned above. bellassect.  Bebaenthera, C. montana ssp. 

they are present in C. wight* (sect. montana var. montana-sect. Cheiropsis, 
and others. 

Mecatis) ; all the taxa, except C. montana 
ssp. wecox of sect. Cheiropsis ; C. tdoba Stomata are generally present only on 

(sect. Clematis subsect. Pierotianae) ; C. abaxial surface but in C. orierttalis and C. 
grata and C. witalba (sect. Clematis subsect. vernayi-both of sect. Meclatis, and C. 

wtalbae) ; and C. munroiana (sect. Narave- asp~~ifolia-sect .  Clematis, they are present 
liopis). They are absent in the remaining on both the surfaces. In other taxa belong- 
four taxa of Meclatis, C. fEarrclnula (sect. ing to sects. Meclatis and Clematis they arc 
Clematis subsect Pierotianae), four of sect. ,not present on adaxial surface. T h e  stomata1 
ClernatG subsect. Vitalbae and five of sect. index as well as frequency of  stomata, on 

Narave2iopsis. Their presence in all the taxa adaxial surface is higher in C. orientalis var. 
of sect. Cheiropsis with the exception of C. obtudfolia (7- I 61 I and 52 respectively) than 
montana ssp. paccox confirms the closer on the corresponding surface in C. orientalis 

affinity between them. C. moflmna ssp. var. longicaudata (3-5-7 and 27 respectively). 
montana var. montana is conspicuous in The presence of domatia in, C. mantanu 

having sttiations on both the surfaces, ssp* mmtana var. nmnlana (on adaxial 
ssp, praecox is conspicuous by their surface), and C. winttalb vai. 0btusifo1G 

absence. Contrasting to sect. Cheiropsis, the and C. v e m y i  On both on abaxial slfdace), 
sect. Naravelivis is marked out for the distinguishes these from all the other taxa 
absence of striations in all its taxa except of C1matis- 

C. munroha which has them on abaxial The infraspecific taxa of .C. rorlei, viz., 
surface. var. roylei and var. @tens are hard to be . - 

The range of stomatal index may be distinguished from each othir e x ~ p t  in 
width of stomata which ranges from 7 to nearly same in all the species of a section 
12 p m in the former and from ror m in 

eg. ,  those of sect. Vioma, or'different in the the latter ; being overlapping. evm this 
various species of the same section. In sect* 
Bebaenthera, it is of a hiah order in C. 

character is of little taxonomic significance. 

acutangula (33-35-37) and o<a low order in C. cadmio (sect. ~iticella), which :is the 
C. barbellab (14-17-22) ; in sect. Cheiropsis, only Indian species having beaked acheneb 
of a high ordo in C. turpaulensis (33-35-37)~ all the rest having achenes with long feathery 
and in other$ mostly around z+2s--Only persistent sty~es-does not exhibit any re- 
in C. ntontm ssp. matma var. mnip* markable distinguishing kuticular f h a m .  
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'Pype -She $ (m) st6m%td ind% SIbmatal frequency Epidernul cells Triehomes skiations 
(aver a s )  (average) (per sq. ma) - 

Abaxial Adaxial Abaxial Adaxial Abaxial Adaxial Abaxial Adaxiil Abaxial Adaxial Abarial Adaxial - i---------r- -- 
1 . 2 3  4 5 6 -  7 ' 8  10 11 12 13 I4 9. 

1. C. CID6R.I(I DC. '&. 34x14 - 26 - 135 - irregular, polygonal to abundant on as on abaxial - - 
-Pa. sinuous irregu!ar, vei4p,+l, 

-tunes illael~ke, 
hexagonal Ee small, 

m d  

DC. ssp. An. 32X 12 - 29 - 150 - - 
sU1UOUS base 

h=xwnal 

3. C. cfcnnirrata asp. An. 29x13 - 49 - 1 - w, polygonal, absent, or as few restricted - - 
dkmmis (Hk. f. et s~nuous stra~ght on adaxial to veins 

An. 28x11 - 24 - 106 - "regular, polygonal, long or short, as on abaxial - - 
unuous straight unicellular - 

S.C.roJbiReMvvar. A n . . B X 9  - 31 - 164 - hytdac, polypnil, more common,long, - - 
Jer*i ~'?ghtly straqht abundant u n i d -  

Slnuoua 

S.C.raJldw.* An. 2 8 X 1 2 . i  31 - I60 - -t,polypnal, - - 
Kapo0r s9htly straqht long, unicel- 

slnuob 

d-t slightly thick 

7.C..lanlliiDflunm.ct An. 32x14 - !?5 - 122 - -, penta-,or amtunon, ason a W  - - 
orpi W ~ Y  h--iwd, b a = b -  

unuatr straight g-1 



Table I (wntd.) (ii) - 
V) 

8. C. tortuosa (Wall. ex An. 34X 14 - 31 
Hk.f. et Thoms.) 
C. E. C. Fischer 

9. C .  b u c h i y a  DC. An. 30 X 13 - 27 
var. buctumamma Pa. 

10. C. grewiiflloa DC. var. .4n. 28 X 14 - 29 
g r u i i f h a  

Sect. Meclatis (A. Spach) Tamura subsect. Orimfdez Prantl 

11. C. mhtalis Linn. var. An. 34X 19 - 26 
longiiaudotn (Ledeb.) 
Boiss. 

12. C. micntalis Linn. var. An. 36 x 18 - 22 
o b l ~ ~ o l i a  Hk.f. et 
Thoms. 

13. C. grawnle~ Lindl. .in. 33 x 18 - I8 

14. C. uightiano W'all. An. 33 X20 - 24 
Pa. 

- 177 - i~regular, penta-, m abundant, as on abaxial - - 
sinuous hexago-aal, long or 

irregular, short, base XL 
s!ightly hexagonal 
slnuous 8 

% 
- 136 - irregular, polygonal abundant, as o . ~  abaxial + 

s!ightly to irregular unicellular, + 
sinuous base hewgo- B 

nal, thick- ? 

walled 
. . 
L- 

- 166 - irregular, polygoaal, lo.ager, fre- numerous, + + 5 
slightly to irregular, quency much unicellular, 
sinuous straight higher than long, 

adaxial bases hexago- 
S 
C 

nal, frequently -I 
base united ii 

P m 
5 112 27 hexa-, or as 0.1 abaxial absent, or at absent, o: few - - + 

penta-gonal, times present scattered 
'4 

straight C! 
walls thick g 

C 
- k7 

10 105-1 11 52 irregular, hexa-, poly- absent, or absent - 
slightly gonal, strai- few scattered 
s~nuous, ght walls &- 

(some cells thick 
thick-walled) 5 z 

111 - irregular, hew-, penta- small papillae, as on abaxial - - I! 
slightly gonal, strai- sparse, or 
sinuous ght absent L i? 

s 
8 

- 161 - irregular, polygoaal, more abun- commo.?, + + 
slightly straight, or dant, as on long, unl- 
sinuous, o: sFghtly adzxial cellular, apex 
highly slnuous pointed, base 
irregular, hexa- or penta- 
sinuous g o d ,  slightly 

thick 
U, - 



T.bic i (awl.) (iii) 

Sat. Abdutis suhscct. I- s&,eiQa: 

15- C. &C. E. C. An. 32x17 - 21 12 94 54 polygonal, haa-, or minute papi- absent - - 
F i  straight pen?-gonal, Ilae, bases 

s t ,  &,-a, 
thick 

c d t e d  

16. C. 8mhgda~Hk.f. &. 32x17 - 3!i - 205 - i?regular, ason abpxial d , u n i c e l -  unicell!ar, - - 
a ~honrr. ~ m n m  I*, papillae 1 9 ,  wth 

wth round- pomted ends, 
ad- bare hexagonal 

17.C.krrkh~Edgew. An. 32x14 - 17 - 71 - slightly irregular, absent, or absent, or - - 
sinuous ~ r l i g h t I y  few, scattered few, scattered 

sinuous 
Scet. ckimpds DC. 

18.C.nopPJauirDC. An. 18x11 - 
Pa. 

19.C. fasd&%ra Fmnchct An. 38X 14 - 

20. C.NVR&UWB~~~. -  An. SIX18 - 
Ham-aDC-ssp. Pa. 
~ v a r . m a c t a A c r  Bps. 

21.C.m1mtana9- Pa. 28x14 - 
tawwr.lMnrgcarnnr An. 
BrShl 

22. C.mo&mslp.e Pa. 28x12 - 
Ktze. 

35 - 218 - ilcgular, irregular, short, uniccl- short, uniccl- + - 
eghtly smooth lular,many, Ida~,.mastly 
SII~UOUI~ baseround- o n ~ n s  

ed 

22 - 97 - sinuous irregular, few,scattered few, scattered. $. - 
slightly 
SlllUOUJ 

18 - 74 - polygonal, penta-, or ~t mae  prc~eftmorc + + 
smooth haa-gonal, onvem on wma 

thick, smooth 

26 - 107 - irregular, iyeguk& shortglan- numexous, + - 
djt~htly *&fly dular, base short, g h -  
r ~ ~ ~ n r s  +uoua, small,hexa- dular,base 

th~ckened go+ only d , h w  
. on- -1, *Y 

onverns 

28 - 144 - imgdar, ~~ mostly short andlong' - - 
W t l y  elongated short both, base 
~ U O ~  rounded 



I 2 3 4 5 6 ' 7. 8 9 10 11 12 . 13 14 

23.~.&kimsk(B11ihl) An. 28x14 - 22 - - - u~uslly penta-,he=, unioeUul*r on veiar, + - 
Tomura var. tang- p31ygolal, 0: p o l ~ d ,   papilla^ s ~ a t t d ,  
&usis straight thick, arched scattered all apex r~undcd, 

0: straight over surfaoe base rounded 

k t .  C h d ~  pub&. P h t h ~  (Ta-) Tamura 
9 

24. Linn. An. 3 0 ~  18 - 26 - 106 - 7 p?lyp;1d, usually scatiered or f~w~sgttcred - - 
shghtly polygomI absent % 
sinuous sm~)th, .. 

slightly thick 
3 

25.C.bil0baHyne An. 38x23 - 26 - 112 - irrq&r,  polygonalo or long,uaial- long,unicel- + - 
S ! ~ Y  I*,w? lular,ba~ 
SrnuOuY sm+, pap1l- m,.circu- 

lac-lllte 
rC 

lar, thtdr- 
walled 8 

C h d s  flibsect. P i  (Prantl) Tamuca 

26. C.pdarlrrHk. f. et An. 29x12 - 21 - 106 - irregular, as oa abuial unicellulsr, a~onabaxial - - P 
Thapr. Pa. diehtl~ dmrt,basc but more 

aiuuow bcxa-gonal, abundant 
thick-walled 

C 
n 
5 

25. C. grata Wall. An. 40x19 - 3 9 2 8 4 -  iyregulor, quite irrcgu- 
smuow Ifl.,sligMy 

smuow 

28. C.-Room. An. 32x15 .- 23 - 125 - 
&DC i e ,  irreeulr, 

~ u o l n ,  slightly 

slightly 
sinw 

low, on veins, long, -1- + - 
ShortdiLtCi- lulu,ba?e 
buttd all % 
cna,bess ~ k t ,  
i y g o l d  smallone- 

celled papillae 
E z 

numerouson asondmxid, - - 
w+, long, scattad few 
ua~cellular, or absent - 
base small. 
"Un& 8 



30. C. kmiaM Drumm. Ax. 29x 11 - 4 l 
et Craib 

31. C'. nphlata Hk. L: ct .in. 2 9 ~  13 -- - 27 
Thorns. 

Sect. Clematis subscct. Itectoc Prantl 

32. C. asplmifdia Schrcnk .\I&. 34% 15 33 x 26 23 

Sect. Naraveliogsis Hand.-Xlzt. 

33. C.  ~ s a r i f o l i a  DC. .\n. 30x 16 - 32 

34.. C. smi&cifdia Wall. .L1. 3 6 ~  13 - 22 
ssp. &ifdin var. 
& i i  

- 217 - irregula-, jxnta-, to as 0.1 adaxial unicellular, ,- 

sinuous hexa-go~al, lor~g or short, 
a t  places papillae-like, 
irregular, base hexa- 
slightly gonal, thick- 
sinuoi~s walled, more 

ah,undant on 
vetns 

bt. 
- 129 - irregular, I~exa-, or ur~icellnlar. unicellular: -. .- 

slightly penta-go.~al, long long, on ve~ns 
stnilous straight only 

11 80-120 $9 hcia-, o; a5 0.1 abaxial absent abserrt -- 
pentago.ta1, 

3 
straight is' 

& 
0 g 

- 138 - irregular, ycnta- or rarely small absent - -  - 
slnumlr hexa-go-tal, papillae o : ~  

straight o; veins 
irregular, 
s!ightly 
s ~ n u w s  

- 141 - baa-, o: a.i o I ahaxial absent o; few absent - - -  - 
penta-go- scattered 

8 
nal,.smwth, 
thick 

fi 
!? 

35. C. snu'lon'foqlia ssp. .in. 3 4 ~  17 - 20 - 99 - irregula-, 
adamama Kapoor Pa. sinuous or 

slightly so 

36. C.f.!vicoma Rehd. .in. 3 5 ~  18 - 20 - 118 - 
et Wilson 

pdyponal. 
stra~ght, 
elo-agated 
02 veins 

37. .C. &sonii (Clarke An. 34x 18 - 24 - 118 - irregular, 
ex Ktze.) Hj. Eichler sl.ightly 

slnuous 

a.c 0.1 ahaxial small small papil- - - - 
papillae lae m+ly 

on velns 

hexa-, or absent absent - - 
ply-gonai, 
straight - 

C 
0 

pentagonal, small papillae, absent -- - ? 
straight base rounded u 

thick-walled 



Table I (contd.) (vi) 

38. C. munroiana R.  Wight '4%. 39x 19 - 25 - 106 - irregular, as on abaxial small papillae, absent + - 
s!ightly distributed 
s~nuow all over 

39 C. tfuobromina Dunn An. 3 4 ~  15 - 23 - 130 - irregular, penta-, or abrent absent - - 
straight hexagonal, 

straight, 
thick 

Sect. Viticclla DC. emmd. Tamura subsect. Viticclla 

40. C. cadmia Buch.- .in. 30x13 - 29 - l+t - irregular, irregular. present present - - 
Ham. ex Hk. I: et slightly smooth 
Thorns. sinuous 

41. .\'aravdia zcylanica A?. 39x 15 --- 26 -- 121 - irregular, as on abaxial common or1 as on abaxial - -- 
Linn.) DC. slightly margin only, 

sinuouq small papillae, 
baqe small, 
hexa-gonal 

.\.I.. anon~c~cytic ; Rpa.. brachypa~.acytir : I'd.. paracytic ; +, present : - .  atrjcnl 



226 BULLETIN OF THE BOTANICAL SURVEY OF mu 

la Striations present 
2a Striations present on both surfaces 

3a Paracytic stomata absent . . C. grmCWtif1wa var. 
grm'ifkrr a 

3b Paratytic stomata present 
4a Brachyparacytic stomata and the contiguous ones present . . C. mntwra ssp. 

nwntana var. mqntana 
4b Brachyparacytic stomata and the wtiguow ones absent 

5a Width of stomata 13 pm, frequency 136 per sq. rnm . . C. bucIwwziana vat-. 
b u c h i a n a  

5b Width of stomata 17-20 q, frequency 161 per sq. mm -D C. wightiana 
2b Striations present only on abaxial surface 

68 Paracytic stomata present 
7a Epidermal cell walls on abaxial surface straight, stomatal index not more than 24 C. tongluensis var. 

tonglmis 
7b Epidermal cell walls on abaxial surface sinuous or slightly so, stomatal index usually 

more than 24 
8a Frequency of stomata 2 18 per sq. mrn, dimensions 17-18-20 x 10-1 1-13 
q, index 33-35-37, anomocytic common, paracytic occasional domatia 
absent . . C. nafmhwis 

8b Frequency of stomata 107 per sq. mm, dimensions 26-28-29~ 13-1417 
pm, index 24-26-28, paracytic common, anomocytic occasional, domatia 
present on adaxial surface . . C. montana ssp. 

montana var. mani- 
purm's 

6b Paracytic stomata absent 
9a Stomata1 index above 35, frequency 284 per sq. mrn . . C. grata 
9b Stomatal index not more than 30, frequency not more than 125 per sq. mm 

10a Twin stomata present . . C. ttifoba 
lob Twin stomata absent 

I la Trichomes absent on adaxial surface . . C. muiroiana 
1 lb  Trichomes present on adaxial surface 

12a Collapsed guard cells in stomata present, frquency 12 1 per sq. mm C. 'vitalba 
12b Collapsed guard cells absent, frequency 97 per sq. mm . . C. fasGicufa~ora 

l b  Striations absent 
13s Paracytic stomata present 

l4a Anomocytic stomata absent . . C. monha ssp. prmox 
14b Anomocytic stomata present 

158 Twin stomata absent . . C. #$etala 
15b Twin stomata present 

16a Stomatal index 22-26-29, frequen c46135 sq* mm 
. . c. GORWU 

16b Stomata1 index 17-20-2 1, frequency per sq. mm . . C. smi&fbfia 
13b Paracytic stomata absent ssp: e n w n i c a  

17a Stomata present on both s u r f i , ~ ~ ~  
18a Twin stomata present 

19a Domatia ahsent, frequency of stomata on adaxial surface 39 per sq. mm . , C. osj!btt@olia 
1% Domatis resent on abaxial surface, t:equency ofstomata on adaxial P 

. . 
surface 5 per sq. mm . . C. 6riCntblis var. 

ob'hutydia 
18b Twin stomata absent 

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

20b Stomata1 index on adaxial surface 10-12-13 ; domatia and trichomki longicaudata 
present on abaxial surface, frequency of stomata on adaxial surface 54 
per sq. mrn . . C, , m a p S  

17b Stomata present only on abaxial surface 
21s Twin stomata present 

22a Cytoplasmic conntctions between stomata at places . . C. f10mmula 
22b C oplasmic connection between stomata not present 4" 2 a Trichomes on adaxial surface with base hnragonal . . C. tzcufm&a 

23b Trichomes on adaxial surface absent, lf present then with base round 
24a Tricho- on abaxial surface long, numerow on veins C. gorrnorrnan4 
24b Trichomes on 8b& surface ahent, if present then small *apiiiae 

25a Epidermal *cells on abaxial surface sinuous, stornatal 
index 32 . . C. LduJtt@lia 
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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 . . C. tbbromina 
26b Stomatal frequency 118 per sq. mm, width of stomata 

17-18-20 pm. .'. c. JihhnuJ 
21b Twin stomata absent 

27a Stomata1 index not more than 20 (except for the highest figure of the range 
22 in C. barbcllata) 
28a Epidermal cell walls on adaxial surface straight, stomata 17-18-21 
C, wide, frequency 11 1 per Sq. mm 

28b E idermal cell walls on adaxial surface slightly sinuous, stom& 
lf-1417 pm wide, frequency 7 1 per sq. mm . . 

27b Stomata1 index more than 20 (except for the lowest figure of the range 
being 20 in C. wattii and C. smtlacIfolia ssp, smilacifolia) 
2ga Trichomes present on entire adaxial surface 

30a Stomatal index 37 or more (37-41-46}, frequency 2J7 per sq. 
mm . . 

30b Stomatal index less than 37(29-36), frequency much less than 
200 per sq. rnrn 
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 . 
32b Frequeacy of stomata 160-164 ner sq. mm . . 

29b Trichomes on adaxial surface absent, or present on veins only except 
rarely on entire surface in C. acuminata ssp. andsrsonii or also on margins 
in C. cadmia 
33a Epidermal cell walls on abaxial surface sinuous 

34a Giant stomata present, stornatal index 22-2429, frequency 
106 per sq. mm . . 

34b Giant stomata absent, stomatal index 
26-29-35, frequency above 140 per sq. mm 
35a Frequency of stomata 141 per sq. mm . . 
35b Frequency of stomata 150 per sq. rnm . . 

33b Epidermal cell walls on abaxial surface slightly sinuous 
36a Frequency of stomata of the order of 140 r sq mm 

37. Stornatal index 20-22-25, Length 3 6 3 E 0  (un . . 
37b Stomata1 index 27-29-32, length 26-30-36 pm . . 

36b Frequency of stomata of the order of 130 per sq, rnm 
38a Trichomes absent on adaxial surface, small apillae 

present on abaxial surface, stomatal index 21124-26, 
fr uency 118 per sq. mm, dimensions 31-3436x 7 17- 8-21 pm . . 

38b Trichomes long, present on both surfaces, stomatal index 
24-27-32, frequency 129 per sq. mm dimensions 26-29-30 
3 10-13-15 pm . * 

C. wattii 
C. rqviie 

C. rrclrminaco ssp. 
andmsonii 

C. anmrinato ssp. 
sikkimmis 

C. acuminatcr ssp. 

c. &yolia ssp. 
S?nl-lac@ia 
C. cahia 
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The same is true of Naravelia zeylanica 
(cuticular data included in Table I only) 
which is characterised by twisted achenee 
and leaflet-tendrils. Incidentally both of 
these are regarded as advanced taxa. 

I t  has been endeavoured to present in 
Table 2 an artificial key based on exclusively 
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. hedysarif olia 
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 
on adaxial and abaxial surfaces are straight 
and slightly sinuous respectively, but in that 
from another locality they are respectively 
slightly sinuous and distinctly sinuous. In 
C. fEammula the dimensions of stomata are 
highly variable in the same specimen. The 
common ones are 26-30-33 x 17-1 8-20 p m  
whereas the occasional ones are 36-38-40 x 
23-24-26p m ; the transition in dimepsions is 
gradual and, therefore, the latter kind cannot 
be termed as giant stomata. 

It may thus be concluded that the cuti- 
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