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Leaf Architectural Studies in the Asteraceae-II

Ravindranath, K. and J. A. Inamdar
(Department of Biosciences, Sardar Patel University, Vallabh Vidyanagar 388 120, Gujarat, India)

ABSTRACT

Leaf architectural studies have been made in 15 genera and 25 species belonging to
6 tribes of the Asteraceae. Major venation pattern conforms to pinnate craspedodromous
(simple and semi), pinnate camptodromous with festooned brochidodromous secondaries,
acrodromous and actinodromous. Qualitative leaf features and numerical data regarding
the venation pattern are charted. Areoles of different sizes and shapes are observed.
Tracheids occur either solitary or in groups. Grouped tracheids are either uniseriate,
biseriate or multiseriate. Isolated free vein endings are observed in Centratherum phyl-
lolaenum. Bundle sheath is prominent in Xanthium strumarium. Secretory cavities are

observed in the lamina of Tricholepis amplexicaulis.
INTRODUCTION

Asteraceae is one of the largest dicotyledonous families comprising 950 genera and
20, 000 species (Willis, 1973), Banerjee and Deshpande (1973). Banerjee (1978a, 1978b)
and Ravindranath and Inamdar (1982) studied leaf architecture of some Asteraceae. The

present work describes leaf architecture in 15 genera and 25 species of the Asteraceac.
MATERIALS AND METHODS

The material of the 15 genera and 25 species of the Asteraceac was collected from
different localities of Gujarat State (see Table 1). Leaves were cleared following the
method of Rao et al. (1980). Direct photographs of cleared leaves were taken on an
enlarger., The size of the leaves was measured on a graph paper. The average of 5 readings
of different leaves was taken with the help of Carl-Zeiss photomicroscope I using ORWO

NP 15 film. Terminologies as defined by Hickey (1973) and Hickey and Wolfe (1975)
were followed.

OBSERVATIONS

Leaf morphology. Leaves simple or compound. Shape ovate, oblong, elliptic and filiform.

Base acute, obtuse or cuneate. Apex acute or obtuse. Margin entire, serrate or erose,
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Texture chartaceous, coriaceous or membranaceous. The average, size of the fully mature
leaf is vary from species to species. Secretory cavities are observed in the lamina of
Tricholepis amplexicaulis (Pl. 2:E).

Major venation pattern. Major venation pattern is pinnate craspedodromous, pinnate
camptodromous with festooned brochidodromous secondaries, acrodromous or actinodromous.
In pinnate craspedodromous type single primary vein originate from base of the leaf lamina
and traverse towards its apex. The thickness of the primary vein gradually decreases from
base to the apex. The primary vein gives rise to secondary veins on either side in opposite,
sub-opposite or alternate fashion. Secondaries after originating from the primary traverse
towards the margin. If the secondaries directly terminate at the margin the venation pattern
is simple craspedodromous (Pl. 1 C). Secondaries branch just inside the margin, with
one arm terminating at the margin and the other join the super-adjacent secondary. This
is called semicraspedodromous (Pl. 1 A). In pinnate camptodromous type secondaries do
not terminate at the margin, but join together in a series of prominent arches. Primary
loops having a set of secondary loops outside and forms festooned brochidodromous type
(PL. 1 D). In acrodromous type (Pl. 1 B) single primary vein gives rise two strongly
developed secondaries which run in convergent arches. Arches are not recurved at the
base. In actinodromous type (Pl. 1 E) 3 primary veins originating from a single point
and run towards the apex in divergent fashion. Secondary veins give rise to tertiary veins.
The origion of angle and the distribution is different in different species and even within
the same species. Species-wise details of angle of origion are given in Table I. Intersecon-
dary veins are present which are thinner than the secondaries and thicker than the tertia-
ries which originate from the primary (Pl. 1 A,D, at arrows).

Minor venation pattern. Tertiary veins give rise to quartarnaries (4° veins) and quar-
tarnaries to quintarnaries (5° veins). Highest vein order is noticed upto 6°.

Higher order veins after their ramification fuse to form a fimbriate vein (Pl 2 C, at
arrows) which runs just inside the margin. Fimbriate vein is observed in Bidens biternata.
In Artemisia vulgaris higher order veins join together to form looped type of margin (Pl
2 B, at arrows). In remaining species, the marginal ultimate venation is incomplete (Pl
2 A, at arrows).

Areoles (Pl. 2 D) are the smallest area of leaf blade surrounded by prominent veins.
The areoles are well developed. The shape of the areoles may be triangular, quadrangular
or irregular. The size of the areoles varies from species to species and even within the
same species.

Vein endings. Higher order veins after their ramification end either blindly or with
terminal tracheids. The number of veinlets entering into the areole is not constant feature.
Vein endings may be simple or branched. Simple vein endings are either linear or curved.
Branched once are devided dichotomously once or twice symmetrically or asymmetrically.

Vein endings form loops (Pl. 2 G,H,I) which are formed by the union of ultimat
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vein endings or the union of terminal tracheids.

Tracheids. Tracheids which show an increase in cell diameter and which are variable
in shape normally present on the vein tips. They may be solitary or in groups. Solitary
tracheids are narrowly elongated (Pl. 3 A,C,E) or broadly isediametric (Pl 3 B).
Grouped tracheids are arranged in uniseriate (Pl. 3 F), biseriate (Pl. 3 G) and multi-
seriate (Pl. 3 D, H) fashion. They may be either juxtaposed (Pl 3 H) or superimposed
(Pl. 3 F,G).

Isolated free vein endings. Isolated free vein endings which are disjunct from the veins
are observed in Centratherum phyliolaenum (Pl. 3 I).

Bundle sheath. Bundle sheath (Pl. 2 F) is observed in Xanthium strumarium which
ensheaths all category of veins including tracheids. The parenchymatous bundle sheath cells

are arranged in a direction parallel to the veins.

DISCUSSION

According to Hickey and Wolfe (1975) in the Asterales venation pattern conforms to
pinnate brochidodromous type. According to Banerjee and Deshpande (1973) and Banerjee
(1978a, 1978b) the venation pattern is craspedodromous in Launea, Sonchus and Amberboea.
The latter authors are of the opinion that Sonchus and Launea represent extremely open
type of venation pattern. However, it is rather difficult to say that Launea and Sonchus
are starting plants since open craspedodromous type of venation is exhibited by many
members of the Asteraceae. Ravindranath and Inamdar (1982) reported pinnate craspedodro-
mous, pinnate camptodromous with festooned brochidodromous secondaries, acrodromous
and palinactinodromous type of venation pattern in some members of the Asteraceae.
During the course of present studies five types of venation pattern is noticed. The venation
types observed are pinnate craspedodromous (simple and semi) pinnate camptodromous
with festooned brochidodtomous secondaries, acrodromous and actinodromous.

Leaf characters such as the number of secondaries on one side of the primary, the size
and shape of the areoles, number of veinlets and vein terminations entering into the areole
are vary from species to species and even within the same species. Gupta (1961) reported
that the vein-islet number and vein termination number are inversely proportional to the
area of the lamina. Nicely (1965) observed significant variations within the leaf as regards
the size and shape of the areoles and number of vein endings in each vein-islet. Sehgal
and Paliwal (1974) also concluded that no direct correlation could be established between
the size of the areole and the number of vein endings and their tips per areole. The present
observations also supports those of Nicely (1965) and Schgal and Paliwal (1974).

Kasapligil (1951), Foster and Arnott (1960) and Hebest (1972) reported the presence of
isolated veins. Isolated free vein endings disjunct from the veins are observed in Artemisia
vulgaris. Bundle sheath is observed in Xanthium strumarium.



Vol. 28 No. 1

Korean J. Bot.

62

€ o¥ 8G9 v 899 ¥ €eo € o1 € o Gh~o0F G~¥ 98¢1 ] wntivwndls wnmyuvy  Gg
1 o¥ c¥9°g €0V "0 { 14! 9 1 002~ ST 9 e0v “dig-qog Su2IspLaUII DIMONIIN BT
T Y 65 '8 cey 'l T 9 € 1 0S¥~ 0¥ Al cevt Zle( vnu4d2 A €C
T o€ 0°¢ ¢0 I 01 L 1 098~,02 8~9 002 'SSBD) DIoIRILinD podtA T
1 " 4 Se1 v 29°1 €¢0 6~9 € € o Gh~,0F 1~9 25 synvaxaldun sigaoysni] 1z
[ ¥ ¥8E°0 8210 c'0 9 4 4 002~ 8T y~¢€ ¥9 TieM vavpnouvd saquvpidy  0F
1 ] ¢'C €9°0 g0 L G 4 .0¢ S~¥% g1t ] snaspup snyquviavyds 61
T o9 99°g 820 T 0¢ L 1 o GF~, 0F y~€ €8¢ "Ae) sypow vexsvIvy Q1
g o¥ ¥¥8°0 (44 al] T 1A L T 09¢~,02 L~9 (447 wunpaopo wniowdny /1
1 oF 9111 610 1 9 ¥ 1 o GF y~¢€ 981 (uoq ‘@) va4ndund sunpoyhk) 91
1 09 v e LL°0 S0 6 8 [4 0 GE~, 08 8 98e (D) wenusvioiyd wniaywaua) 1
1 oF c6°L 861 g0 8 9 4 o08~,8C eI~11 066 qX0Y srvqpxy vynsav)  yl
1 o7 911 8¥¢ 0 €e0 01 9 € 09E~, 08 8~L 911 "0Qq vwmopokro g €1
T ¥ 8¢ T 8ET 0 1 01 9 I 00G~, 0¥ L~9 8¢T BN (woq () sHpow ‘g 21
T ¥ 20°¢ GE°0 1 9 € ! 0G€~,0E L~9 gre 0 vavuviquidw g 11
T N4 ¥€9 ¥ €99 0 I L L ! 0 08~,G2 G~F 299 7 H (10) wjooppue g 01
! oS 9% S 16°0 T 9 S T i 8~L 016 0a ('3 'wing) o] g 6
T ¥ 1 1210 T 8 4 1 00€~,02 ¥ 1.1 0q (qxoy) owtupny g g
T o 96 ¢ 4V} S 0 01 9 4 058~ .02 0I~6 9s¢ 0d vyt g )
1 o 90T 1120 I g 6 1 o0~ 6€ g 1Te 0q vwnofg g 9
T oS 8€¢ ¢ c6v T A 9 ¥ ¥ 007 ~, 8¢ 8~2 €le '0Qq vuvssaBuviaq g ¢
I o¥ ¥0 1°0 g0 8 [ [4 i 4 0s 0 suvprarduw vaunlg y
T oV G99°0 ¢.0°0 1 6 € T 0GE€~,0¢ 9~ G cL (1) vwuudyg suaprg ¢
1 P 91570 8820 g0 4 01 4 008 p~€ 44 spavdma. visuuslly g
I o 62°C g0 T L S I oST S 0ze "] vmedav) vumaisouspy
o sopro Tur oy PUSIOW U T fopeg ! oy gmm wen  RESE g on
wwﬁ.ﬂm um%mwm anwm%_“m SIO[SIUIPA  JO 9218 m.wmw”ww Suiayue s3[0aIE  UAMIAQ MNMM vale BXE} 9} jO SmEN ‘g
: oIn[osqy anjosqy  adersAy N SUI?A  JO "ON  9[uy .23 0 oN jea]

I1 9vddeIRSY JO uIsned UONEUSA Iy UO BIEp [EOLIDBWNN ‘g I[qR]



March 1985  Ravindranath & Inamdar: Leaf Architectural Studies in Asteraceae 63

ACKNOWLEDGEMENT
Ravinpranath thanks the University Grants Commission for financial assistance.

REFERENCES

Avita (Sr.), N.V. Rao, and J.A. Inamdar. 1981. Studies on the leaf architecture of the Ranuncu-
laceae. Flora 171. 280-292.

Banerjee, G. 1978a. Foliar venation of Somchus arvensis. Curr. Sci. 47: 26-27.

Banerjee, G. 1978b. Foliar venation and leaf histology of certain members of Compositae IL Members
with combination craspedodromous. Amberboa romosa Roxb. Wagner (Syn. Volutarella ramosa
Roxb.). J. Indian bot. Soc. 51. 338-342.

Banerjee, G. and B.D. Deshpande. 1973. Foliar venation and leaf histology of certain members of

compositae. Flora 162: 529-532.
Foster, A.S. and H.]. Arnott. 1960. Morphology and dichotomous vasculature of the leaf of Kingdonia

uniflora. Amer. J. Bot. 47 684-698.

Gupta, B. 1961. Correlation of tissues in leaves 1. Absolute vein-islet numbers and absolute vein-islet
termination numbers. Ann. Bot. 25. 65-70.

Herbest, D. 1972. Ontogeny of Foliar venation in Eupholbia frobessii. Amer. J. Bot. 69: 843-850.

Hickey, L.J. 1973. Classification of the architecture of dicotyledenous leaves. Amer. J. Bot. 60: 17-
33.

Hickey, L.J. and J.A., Wolfe. 1975. The bases of angiosperm phylogeny-vegetative morphology.
Ann. miss. Bot. Gord. 62. 538-589.

Inamdar, J.A. and G.S.R. Murthy. 1978. Leaf architecture in some Solanaceae. Flora 167: 265-272.

Inamdar, J.A. and K.N. Shenoy. 1981a. Leaf architecture in some Convolvulaceae. Phyton (Austria)
21: 115-125.

Inamdar, J.A. and K.N. Shenoy. 1981b. Leaf architecture of Merremia Dennst Ex Hallt. Flora 172:
92-100.

Kasapligil, B. 1951. Morphological and ontogenetic studies of Umbeleularia california Nutt. and
Laurus nobilis L. Univ. Calif. Publ. 25. 115-240.

Lalita S. and G.S. Paliwal. 1974. Studies on the leaf anatomy of Euphorbia II. Venation pattern.
Bot. J. Linn. Soc. 68: 173-208.

Mohan, J.S.S. and J.A. Inamdar. 1982. Leaf architecture of Apocynaceae. Proc. Indian. Acad. Sci.
(Plant Sci.) 91. 189-200.

Lersten N. R. and A.C. Kathryn. 1974. Leaf anatomy of Ocofillo (Fouquieria splendens: Foupu-
ieriaceae) especially vein endings and associated veinlet elements. Can. J. Bot. 52 2017-
2021.

Nicely, K.A. 1965. A monographic study of Calycanthaceae. Castenea 30: 38-81.

Ravindranath, K. and J.A. Inamdar. 1982. Leaf architectural studies in the Asteraceae-1. Pak. J.
Bot. 14: 143-154.

Rao, N.V. and J.A. Inamdar. 1983. Leaf architectural studies in the Brassicaceae. Bot. Mag. Tokyo



64 Korean ]. Bot. Vol. 28 No. 1

96: 15-28.

Rao, V.S., K.N. Shenoy and J.A. Inamdar. 1980. Clearing and staining technique for leaf architec-
tural studies. Microscopica acta 83. 307-310.

Singh, V., D.K. Jain and M. Sharma. 1978. Leaf architecture in Berberidaceae and its bearing on
circumscription of the family. J. Indian bot. Soc. 51: 272-281.

Willis, J.C. 1973. A Dictionary of flowering plants and ferns. 8th ed. Cambridge University Press.

(Received December 1, 1984)
EXPLANATION OF PLATES

Plate. 1 (A-E). Direct photographs showing the venation patterns of cleared leaves:

A. Blumea eriantha 1.6 x
B. Eupatorium odaratum 1.8 x
C. Bidens bipinnata 3.75x
D. Splianthes paniculata 4.5 X
E. Xanthium strumarium 1.6 x
Plate. 2 (A-I). Photomicrographs showing the various aspects of leaf architecture:
A. Vernonia cinerascens 200 x
B. Eupatorium odaratum 385 X
C. Bidens bipinnata 100 x
D. Artemisia vulgaris 40 X
E. Tricholepis amplexicaulis 100 x
F. Xanthium strumarium 240 X
G. Blumea blengeriana 260 x
"H. Blumea blengeriana 360 X
1. Tricholepis amplexcaulis 250 X

(AL: Areole; Sc: Secretory cavity; BS: Bundle sheath; N: Loop)

Plate. 3 (A-I). Photomicrographs showing the various types and arrangements of tracheids:

A. Blumea bifoliata 600 X
B. Blumea bifoliata 600 X%
C. Blumea bifoliata 600 X
D. Blumea bifoliata 500 X
E. Vernonia cinerascens 500 X
F. Tricholepis amplexicaulis 600 X
G. Tricholepis amplexicaulis 600 X
H. Blumea blengeriana 400 X
1. Centratherum phyllolaenum 400 X

(T: Tracheid; IFV: Isolated free vein ending)
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Plate 1)
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(Plate 3)




