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STUDIES ON F'OLIAR
EI]PHORBIACEAE

Introduction
The importance of epidermal features in taxonomy and
phylogeny of flowering plants is widely known. Foliar
epidermal features of some euphorbiaceous ta,xa have heen

investigatedt's. The present authors extended
observations on 17 unstudied genera of this family; the
results ofwhich are being presented here.
Material and Methods
The plants were collected ftom various places atNakane
Dam, Harsul Forest, Radhanagari, and Dajipur Forest in
Maharashtra state. They werd also obtained from
Govemment Botanical Garden, Ootakamund (Iamil Nadu).
Healthy herbarium materials were received from S I N U
Botanical Herbarium, Singapore and Rancho SantaAna
Botanic Garden, Claremont U. $ A. Preserved plant
materials were obtained from Auckland War Memorial
Museum Auckland, New Zealand.

Forthe stomatal and epidermal tissues, the fresh,
preserved and herbarium materials were used. In case of
herbarium materials, the leaves were boiled in water for
about 5 -10 minutes. The chemical method was followed
for the separation of peels. Diluted nitic acid and ckomic
acid (5 -107o) were used in different proportions. In some

cases using Three Acid Treatment (TAT) Method6,
epidermal peels were stained in safranin (17d and mounted
in glycerin and made semi - permanent slides by ringing
with nail paints. In case of exceptionally hairy leaves, the
hairs were removed prior to separation of epidermal peels

by covering the leaf surface with "Stick Fast" @nelbee
Compary Jogeshwary, Mumbai) and gently peeling off
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the gum dried. Similarly, Wellcol, a synthetic gum, and
rubber solution were used foi getting the peels. In some
cases Favicol @idillite Industries, Mumbai) was gently
applied on the leaf surface and allowed to dry for 2 -3
minutes and gentlypeeled offthe Favicol fi1m7.

The temrs used for describing stomata are that
of Metcalfe and Chalkt, and Stacd. The typification of
subsidiary cells followed is that ofRamayyaand Rajgopale.

C -Type (common subsidiary): Collalo- subsidiary which
abutes on one ormore adjacent stomat4 butnot any other
cells; F-Type(free subsidiary): subsidiary neither abutes
on another stomata for allo - subsidiaries; Fc - Foot cell
oftrichome; G-Giant stomata;Gl-Gland; P- Papillae; S.

I. - Stomatallndex; Str. -Stiations.

stomata.
Observations
Stomatal index, frequency and size were recorded and
presented in Tables l-3.
I. Acalryha indicaLivr.
Leaves hypostomatic
Leaf - Adacial: Epidermal cells chlorophyllous, sides
mostly 5 - 6, rarely 4, undulatg sinuses mostly U-- shaped
(Fiel).
kaf - Abaxial: Stomata mostly paracytic, distribution
random, orientation on intercostal region. S. I. - 10.64.
subsidiaries mostly C - type, walls undulate, sinuses
mostlyU- shaped, sides mosfly 4- 5. Guard cells elliptical,
pore - wide. Epidermal cells undulate, sides 6 - 8, rarely 5

(Fis2).

t'n
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Thble 1. Observations : stomatal index:
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Jr. No Name ofPlants Upper Epidermis LowerEpidermis

On /Around
Vein

Intercoastal On /Around
Vein

Intercoastal

I
2
J

4
5

6
7

8

9
l0
ll
12

B
t4
15

l6
t7

Acalypha indica
Actephila excelsa
Aporosa lindleyana
Breynia nivosa
Bridelia stipularis
Chrozophoru rottleri
Dimorphoca$x lawianus
Drypetesvenusta
Euphorbia leucocephala
Glochidion ne il gherrens e
H oma I ant hus p op u I ifo I iu t
Hura crepitans
Macaranga pelnn
Sapiurn insigne
Simmondsia chilrcnsis
Tragia involucrata
Trewia polycarpa

A
A
A
A
A
34
?.4
A
A
A
A
A
A
A

3.41

A
A

A
A
A
A
A
84
A
A
A
A
A
A
A
A

7U3
A
A
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A
9.4
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9A
8.qt
1035
A
A

10.@

6.78

9.35

n25
9.78

837
A

8.96

10.@

14.73

t3i
1223
1423
t3.75

t493
D.Tl
1235
l33t
n.t7
12.?8

16.78

16.%
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1224
14.&

Table 2. Observations : stomatal frOquency (per sq. cm.).

]r.No NameofPlants Upper Epidermis LowerEpidermis

On /Around
Vein

Intercoastal On /Around
Vein

Intercoastal

I
2
3
4
5

6
7
8

9
l0
ll
l2
13

t4
l5
t6
t7

Acallpha indica
Actephila excelsa
Aporosa lindleyano
Breynia niyasa
Bridelia stipularis
Chrozophora rottleri
D imorp hocalyx law i anus
Drypetesvenusta
Euphorbia leucocephala
G lochidion ne ilgherrense
H o ma lant hu s p op u I ifo I iu
Hura crepitans
Macaranga peltata
Sapium insigne
Simmondsia chinensis
Tragia involucrata
Tiewia polltcarpa

A
A
A
A
A
13
0.9
A
A
A
A
A
A
A
1.5

A
A

A
A
A
A
A
25
A
A
A
A
,A
A
A
A
A
A
A

A
t2
0.9

A
A
2
I
A
A
r3
0.9
A
A
0.7

i
I

A
I

1.5

3.4
)')
0.9
1.8

2.8
l3
IA
1.1

3
2i
2.4

2.5

zs
z6
22

The figures relate to a mean of ten counts; A-Absent.
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Thble3. Size ofstomata( p).
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Figs.l-16. Acalyphaindical -2;Actephilaexcelsa3-4;lpoyosa lindleyana;5 -6;EreynianivosaT -E:Eridelia

stipularisg - $ibhrozoplora roitleriil. - n; ni*rrphocalyx lawiaruus 13 '14; Drypetesveilusta 15 - 16'

15

t o"4mm '
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Figs1782. Euphorbia tercoeptwta l7-l8t; Glochidign neilghenense L9-20; Homalanttrus populifolius 2l-22; Hura
qAWsnA4; Mauro'rgapefuata25-26;$qiumilairyTT-z*;Stwnondsiachinensii2g-3\;Tlagiaiwoluoaa3l-32;,
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F igs. Trew ia p olycarpa 33 - 34.

2. Actephilaexcelsa @alz.) Muell. -Arg.
Leaves hypostomatic.
I*aJ- Aduial: Epiderd cells chlorophyllus, sidds 4-6,
mostly 6, mostly straigh stightly crrved, thick, tefagonal,
penta to hexagonal (Fig.3).
Lea/- Abuial: Stomata anomocytic, rarely anisocytic;
orientation randorq distibution diffirse, mostly on laminar
region. S. [ - 14.73. Subsidiaries r,nostly4-5, F-type, rareg
C - tpe. Walls straight, slightly curved, sides mostly 5- 6,
rarely 4. Guard cells elliptical, pore wide, outerwall thick.
Epidermal cells staight, slightly curved, sides mostly 5{,
rarely4 - 8 (Fig.a).
3. Ap orosa lindleyana (Wieht.).Bailloh
kaves hypostomatic

' Leaf - Adaxiali Epidermal cells chlorophyllous, sides
rirostly 4 ''0, rardli 7-8, few epidermal cells are broad and
straight pentato octagonal, few isodiametric. (Fig.s)
I*al - Abacial: Stomata hexacytic, rarely anomocytic,
orientation random, distribution rnostly on lamiria and
around the midvein and veinlet. S. L - 19.3. Subsidiaries
mostly 2-4, mostly F - type, rarely C - t,rpe. Guard cells
elliptical, chlorophyllous. Epidermd cells chlorophyllous,
sides 5-8, straight slightly curved, sinuses mostly V -
shaped (Fig.6).
4. Breynis nivosa @ull.) Small
Leaves hypostomatic.
Leaf - Adaxial: Epidermd cells chlorophyllous, sides
mostly 5 -6, rarely4, sbaight pentato hexagonal (Fig.7):
Leaf - Abaxial: Stomata mostly anomocytic, rarely
paracytic, orientation random, distribution generally
laminar. S. I. - 12.23. Subsidiaries mostly 5 - 6,rwely 4,
mostly F - Epe. Guard cells elliptical, pore nanow.
Epidermd cells undulde, sinuses mostly U- shaped, sides

5 -1',iately 4,many secretary cavities present along lamina

lt
' o.4nim '

(Fis8).
5, B ri de I ia s t ipul ari s Bhtme
Leaves hypostomatic.
I*af - Admial: Epidermal cells chlorophyllous, sides
mostly 5 - 6, rarely 5, sfiaigh! pentato hexagonal (Fig 9).
I*af- Abmial Stomata mostly anomocytic; orientation
random, distribution intercostal region. S, L -14.23.
Subsidiaries mostly 4-6, rarely 5, mostly F- type, rarely C -
type, Guard cells elliptical, pore narrow. Epidermal cells
chlorophyllous, sides 5 -7, rarely 6, straight, slightly
curved, sinuses mostly V-shaped, elongated papillae
present. (Fig. l0).
6. Chrozophora rottleri (Geis.) Juss. ex Spreng.
Leaves amphistomatic.
Leaf- Adaxial : Stomata mostly anomorytic, orientation
random, distibution mainly on intercostal region. S. L-
7. 15. Subsidiaries mostly 5, rarely 6 Mostly C-type, rarely
F- type, sides 5-6, rarely 4. Guard cells elliptical, pore
narrow. Epidermal cells sides 5 -6, rare$ a @ig. I 1).

Leaf- Abaxial: Stomata mostly anomocytic, orientation
random, distribution in-tercostal region. S. I. - 12.46.
Subsidiaries mostly 5, rarely 4, mosfly F - type, rarely
C - type. Epidermal cells, sides mostly 6, rarely 4 -5,
straight. Few foot cells oftrichomes on intercostal region.
(Fig12)
7 . Dimorphocallx law ianus Hook.
Leaves amphistomatic.
Leqf -Adaxial Stomata mostly anomocytic, orientation
random, distribution along the midvein and veinlets only.
S. I. - 7.44. Subsidiaries mostly 5, mostly F - type, walls
staigh! sides 4 - 6. Epidermal cells sides.mostly 5 -6,
rarely 4 -8, cells variable in size, sides mostly straight,
rarely undulate (Fig. 1 3).
Icaf - Abacial: Stomata moslly hexarytic, orientation

34
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laminar, distribution around midvein and veinlet,
orientation- random. S. l.-14.93. Subsidiaries mostly 6,
mostly F- type sides mostly 5 -6, undulate. Guard cells
elliptical pore wide, inner wall thiclg sinuses mostly Y rarely
U-shaped(Fig. la).
8. Drypetes wnusta (Wigtt.)Pax & Hoffin.
Leaves hypostomatic
LeaJ-Adaxial Epidermal cells chlorophyllous. Sides 4-
6, undulate, sinuses U - shaped, rarely V - shaped (Fig. 1 5).
Led= Abaxial: Stomata mostly anisocytic, Orientation
randorn, distribution laminar. S.l. - 12.77. Subsidiaries
mostly 2, rarely 4 -6, predominantly F- type, straight, cells
4 -5. Gu'ard cetrls elliptical, pore wide. Epidermal cells side
4 4,rue$ 7,waHs straight (Fig.16).
9. Euphorbia leucocephala l,otsy
Leaves hypostornatic
Leaf - Adaxial: Epidermal cells chlorophyllous, sides
mostly 5 - 6, rarely 4, sfaight, penta to hexagonal, some
elonpted fi.nger - like papillae seen (Fig.17).
Leaf - Abaxial: Stomata mostly anomocytic, rarely
paracytic, orientation random, distribution generally
laminar. S. I. - 12.35. Subsidiaries mostly 5 -6,rarely 4,
mostly F - Upe. Guard cells elliptical, pore Rarrow.
Epidermal cells undulate, sinuses mosfly U- sh4ped, sides
5 - 7, rarely 4,dense elongated finger - like papillae present
(Fis;18).

10. Glochidion neilgherrense Wiglrt
Leaves hypostomatic.
Icaf- Afuxial: Epidermal cells clrlorophyllous, sides- 6 -
7, ruely 4, mostly penta to hexagonal, few isodiarnetric
(Frglg). :

Leaf- Aboxial Stoma{a mosfly anomocytic; not clearly
distinct orientation randorq distibution mostly on larnina.-
S.I. - 13.3 l.Subsidiaries rnosfly 4 -5, F -typg sides mostly
5 - 5, mostly undtr,late. Guard cells ellipticd, pore wide,
i,nner wdl *riclg sinuses rnostly U shaped. Epidernml cel,ls

sides 6 -8, undulde (Fig. 20).
I l. Homalanthus p opulifolius Gratram
lraves hypostomatic
Izaf- Adaxial: Epidermal cell chlorophyllous, sides 4 - 6,
undulate, sinuses mostlyU - shaped (Fig. 2l).
Leaf - Abaxial: Stomata mostly anomocytic, rarely
paracytig rarely gahrt stomata found on lamina, orien0ation
random, dishibution mosfly on lamina midvein and veinlet.
S.I.- 11.17. Subsidiaries mostly4- 5, rarely2, mosflyF-
type, undulate, sides mostly 5 - 6 rarely 3. Guard cells
e[iptical, pore naxrow. Epidarmal cells undulate; sinuses
U- shryed, sides mosfly 5 - 6, rarely 4 (Fig.22).
12. HuracrepitansLim.
leaves hypostomatic

Leaf - Adaxial: Epidermal cells chlorophyllous, sides
mostly 5 - 6, straight, penta to hexagonal, few isodiamehic
(Fis.23).

Leaf - Abaxial: Stomata mostly anomocytic, rarely
paracytic, orientation random, distribution diffi,rse, mostly
laminar. S. I. - 12.78. Subsidiaries mostly 5, rarely 4, mostly
F - type, rarely C - type. Walls straight, few slightly
curved, sides mostly 5 - 6,rwely 4. Guard cells elliptical,
few pores wide. Epidermal cells shaight, slightly undu,late,
sides mostly 4 - 6, rarely 4 (Fig.24).
13. Macaranga Beltata Muell - Arg.
Leaves hypostornatic
Leaf- Admia* Epidemtal cells chlorophyllous, sides 4 -
6, undulate, sinuses rnostly U - shaped (Fig. 25).
Leaf- Adaxial Storaoata mostly anornocytic, orientation
random, distribution in{ercostal region. S. I. - 16.78.

.Subsidiaries nirostly 4 -6, rarely 5, mostly F - type, rarely
C - type, Guard cells el,l,iptical, por€ narow. Epidermal cells
chlorophyllous, sides 5 -7, ra,rely 6, straight, slightly
curved, sinuses rnostly V - shaped, dense elongated
papillae present surrounding the glands on intercostal
region(Fig.26).
I 4. S apium ins i gne Benth
Leaves hypostomatic.
Leaf - Adaxial: Epidermal cells chlorophyllous. Cells
undulate, sides mostly 5 - 7, sinuses mostly U - shaped

Gis.27).
Leaf Abaxial: Stomata mostly anomocytic, rarely
paracytic, orientation random, distribution on laminar
region. S. L - 16.96. Subsidiaries mostly 4 -5, raely 6,
sinuses mostly U - shaped, sides mostly 6, ruely 4.
Epidermal cells undrdate, sides 6 -7, rarely 5 (Fig.28).
15. Simmondsia chinensis (Lirlr..) C. K. Schneid
Leaves amphistomatic.
Leaf - Adaxial.' Stomata mostly anisocytic; orientation
random, distribution mostly on lanina and veinlets. S. I. -
7.28. Subsidiaries 4 - 5. F as well as C -type, walls sraighg
sides 4 -5, rarely 6. Guard cells elliptical pore wide, outer
wall thick. Epidermal cells sides mosfly 4 - 6,rwely 4 - 5,
walls staight thick. Few foot cells oftrichomes present
(Fig.29).
Inaf -, Abaxial: Stomata mostly anisocytic, mostly
contiggous, orientation random, distibution laminar. S. I.: 11.35. Subsidiaries mostly 4-- 6, rarely 7, Mostly
F - type, rarely C - type, walls straight, sides 4 - 6, thick.
Guad cells elliptical pore wide. Epidermal cells mostly 4 -
6, rarely 5, *rick. (FiS.30)
I 6. Tra gia inv o lucr a t a Smith
Leaves hypostornatic.
kaf-Aba,rial Epidermal cells chlorophyllous, sides 3 -
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d.curved, tetragonal, cross walls oblique, cells striated
(Fig3l.).
Leaf - Abmiol: Stomata mostly p*uiyi., orientation
random, distibution mostlyon taminarregion,S.l. - tZ.Z+.
Subsidiarie_s mostly 4 - 5, rarel1,3, mostl-y F _ type, rarely
C - tpe. Guard cells ellipticail, por6 nuoo*.-UnOuf"te,
srn]:es mostly U - shaped, sidej mosfly 6 _ g, rarely 5.
Epidermal cells undulate, sides mostly S _7 (Fig.32). 

-

7 7 . Trew i a p o ly c arp a B enth.
Leaves hypostomatic.
kal 

-- Adaxial: Epidermal cells chlorophyllous, sides
mostly 4 - 5, rarely 4, straight, tetra to pe;tagonal. Some
cells elongated as well as tapering at one enOI prominent
foot cells oftrichomes present feG:El.
Le aJ- Abaxial: Stomda mostly anqmocytic, contiguous,
orientation random, distribution intercostal region. S. L _

l+.!+. 
Clarf cetts eltiprical, pore wide. Subsidifues mostly

4 -5, rarely 3, nosdy F - type, rarely C - t]"e. Sides mosfly
5 - !, r.arylV 4. Epidermal celts moitty straight sides 5 _C
rarely4 (Fig.34).
Discussion
Epidermal features of t7 euphorbiaceous species
belonging to I 7 generahave been investigated. The leaves
are mostly hypostomatic, except few e.g. Chrozophora
rottleri, Dimorphocalyx la:wianus uid Si**ond,fo
chinensis. The stomata predominantly anomocyic inthe
species studied. The other stomatal typej such as
paracytig anisocytic and hexacytic are found on the same
foliar surface in some taxa. The number of subsidiary cells
range from 2 to 5, rarely 6. The cell walls in majoirty of
species arc straight. They are wavy to undulate ori ada:rial
surface in case of Macaranga peltata and Tragia
involucrata, whereas they are undulate on abaxiall/in
c-ase of Breynia nivosa, Drypetes venusta, Euphorbia
leucocephala, Glochidion neilgherrens", uid Huro
crepitans. In case of Sapium insigne, Dimorphocallx
lawianus epidermal cells are undulate on botlr-surfaces.
Cuticular papillae are noticed on either si des e.g. Breynia
nivosa, Euphorb ia leucocephala, Macaran ga pe lnn.
They are more frequent on the abaxial foliar surface than
the adaxial ones. Stomatal abnormalities are also observed
in few taxa. They belong to the category ofcontiguous
stomata. Two to three adjacent stomata about each other
laterally e.g. Simmondsia chinewis. Out of 17 species
studied only two species uiz., Breynia nivosa.and
Macaranga peltata shew presence of glands on aba:rial
foliar surface. The presence offonner is unnoted, whereas
they are doctnnented in the taxonomic accountsro,u. The
glands present in case of Macaranga pehata are very
conspicuous and disc - shaped.

- - Generally, the guard cells are elliptical in outling
rarely they are circular e.g. Tewia polycirya, the guarj
cells are chtorophyllou.. rn, *ait "rr ir*Jali. *"
y_evenly thick. In few cases the innenualls are usually
S,:\ In few cases the innerwalls of guard cetts are ue.y
thick e.g. Dimorpihocatyx lawiinus, Glochidion
neilgherrence. The outerwall ofguard cells are verythick
viz. Actephilabxcelsa afi Simmonasia chinensis, The
subsidiaries are generally.4 - 5, these nurnber are, however
encountered especially in case of anomocytic type of
slomata. RaTly, they are more than 6 e.g. BreWiq iiosa,
Dimoryhoca$x latieus, Gtochidioi hotrenckBri, and
Simmondsia chinensis. Ramayya and Rajagopal,
recognised different seven tlpes of subsidiar-ies cells.
TheyBelong to exclusivelyl -6,pe, rerely,exAusively C
- type are also noted e.g. Actephila exelsa, Apor-osa
lindleyana, Breynia ntvosa; Chiozqhora roileri, Hura
ctepitarc, Simmondsia chitensis, Tragia il*olucrata and
Trewia polycarpa. However, in some cases, both t5pes
occur on the same surface v a. Agrostistactrys indica.T\e
walls of subsidiaries are staight, rarely othenvise e.g.
Dimorphocalyx low ionus, Drypetes venusta, Huia
crepitans md Simmondsia chinensis.

The highest stomatal index is 16.96 found in
Sapium insigne,whereas it is the lowest 10.64 in case of
Acallpha indica.The biggest stom atal3.9 p is observed
in Chrozophoro rottleri, whereas the smaliest stoma on
the same adaxial surface is 7.l p, in Dimorphoca$a
lawianus. The biggest stomata ti.Z p is oUr'.r""a on
aba,xial surface in Tiagia iwolucrata, vthere,asthe smallest
on the same abaxiat surface is 4.g p nAcafuha indica.

Vesquer2 conceived stomdal chari&oirti" *or"
valuable in systematic deductions. HoweveB subsequent
studies revealed different stomatal tlpes occurring on the
same side of organ. Still, the predominant condition of
stomatal type may be conveniently employed for
taxonomic delineations. Occunence ofmore than one tlpe
ofstomata is thought as a reflection ofprecarious balance
between the influences operating at alevel ofmeristemoid
which tend to cause the formation ofstomatal mother cells
on the one hand and the influence operating at the level
of organ involved in the orientation of cell division on the
other.hand.r3'ra The present authors also end to support
to this viewpoint. These investigations confirms theirobservations .

Metcalfe and Chalkt recorded cuticular striations
radiating from the two sides of the stomate on abaxial
surface of Exacecaria agallocha, Raju and Raoa observed
striations in the species of Antidesma, Bischofia,Croton,
Dalechampia, Excaecaiia, Homonoia, Huro, Jotropha,
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Ricinus, Sebastinia, kagia and Trew ia. Raolt also noted
them in the genas' Heyea.These authors critically observed
the distribution of striations. Inamdar and Gangadharas,
noted striations in case of Cra ton bonplandianum, Tiragia
cannabina, T mollurina, Trewia pity"orpo, Jatropha
panduraefolia and Dalechampia scadens. These are

shown in their illustration, however, they made no reference

about their occurrence. They are likewise noted by
Dehgan2 and Rao and Rajur6'r7.
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