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Abstract 

Adedeji 0.. 2004: Leaf epidermal studies of Emilia Cass. (Senecioneoe. Asleraceae) 
species in Nigcria [Nigcrijojc paplitusiy E~nilia Cass. (Senccio~ietre, A.r~cruc~coc,) gcn- 
ties augalq lapq epidcrmio tyrimai]. - Botanica Lithuanica, 10(2): 121 - 133. 

A taxo~lolilic study of E~iiiliu Cass. in Nigcria was conductcd in scarch of uscful and stab- 
le anatomical characters for the identification of the species. Stomatal typc and index 
indicates that Emilia prarirrn~issa is a hybrid bctwccn E. coc,c,i~rc.a and 1:'. .vo~ic~lri/olro 
Larger cell size in all studied size attributes supports E. pruclo.n~i.s.su as an allotctra- 
ploid. Trichome typc, stomata typc, stomata shape and sizc attributes arc all charactcrs o f  
E. sonchifolia and E. pracicr-missa that were consistcntly closc in rcscmblance and va- 
lues to suggest E. sonchifolia as thc closer parent of E.pructerrni.c.sa exerting gcnc domi- 
nance. This would also suggest introgrcssion between E. .sonch~fi)liu and E.praetermis.sa. 

Keywords: anatomical characters, stomata1 type, allotetraploid, trichome, gcne dominance. 

INTRODUCTION 

The genus Emilia Cass, is distributcd in different parts of  the world, for cxamplc in 
Ghana, Western Polyncsia, Hawaii and Thailand ( A L I I ~ I W ,  1900: WHIS.I.I.I:I<, 1988; WA(~NI: I<  
et al., 1999; NAKAHARA et al., 2002). According to HUTCHINSON & DALZIEL (1 954-1 972), 
three species occur in West Africa and in Nigeria. They are E. coccinea (Sims) G.  Don, 
E. so~~ctlijbliu (L.) DC. and E, prucfermis.su Milnc-Rcdhcad. Thc  spccics of  thc gcnus arc 
regarded as  weeds (WAGNER el  al., 1999; WHISTLER, 1988). They are also edible and can be 
used for medicinal purposes (ABBIW, 1990; AZUINE, 1998). 

OLORODE & OLORLJNFEMI (1 973) reported a chromosome number of  2n = 10 for E. co- 
ccinea and E. sonchifolia, 2n = 20  for E. praetermissa from the study of  the chromosome 
dynamics in the genus. They concluded that E. praetermissu is an allotetraploid hybrid 
between E. sonchifolia and E. coccinea. Allopolyploids are species o f  hybrid origin combi- 
ning the karyotypes o f  two or more ancestral species (WHITE, 1973). 



Fig. 1. Areas of collection of Emilia species used for the study in southwcstcrn Nigeria 

There is no published anatomical information on the genus. BASS (1 978) pointed out 
that leaf anatomical characters deserve more attention in the analysis of naturally occur- 
ring or artificially produced h'ybrids. This study thercforc aims to analysc thc cpidcrmal 
anatomy of the genu's in order to establish the taxonomic and evolutionary relationships 
among the three species of the genus in Nigeria. 

MATERIALS AND METHODS 

Fresh leaf material was collected from 15-20 acccssions pcr specics from wild po- 
pulations in the southwestern part of Nigeria, encompassing Osun, Oyo, Ogun, Ondo and 
Kwara States (Fig. 1). The leaf material was preserved in formalin-acetic acid-alcohol 
(FAA). Voucher specimens are dcpositcd in the Herbarium of thc Department of Botany. 
Obafemi Awolowo University, Ile-Ife, Osun State, Nigeria. 

Portions of the leaves were taken from the median part (midway between the tip and 
the base) from fifteen accessions of each species. For the purpose of studying the venation 
patterns, the portions were decolourised by boiling in 90 % ethyl alcohol for 15 minutes, 



then washed in 4-5 changes of water to remove traces of alcohol. The washed portions 
were transferred to 5 % sodium hydroxide and boiled for 20 minutes for furthcr decolouri- 
sation after which they were washed thoroughly to remove the alkaline solution. The par- 
tially cleared leaves were further cleared in 5 % domestic bleach (Parozonc) for about 2 
hours. The leaf portions were again washed in 4-5 changes of water and stained in 1 % 
safranin 0, rinsed thoroughly with water and temporary mounts made in 25 % glycerol. 

For the purpose of studying the epidermal structures, hair types and stomata, por- 
tions of the leaves were again taken from the standard median part from fifteen accessions 
of each species. These were put into Jeffrey's maceration mixture (I 0 % chromic acid and 
concentrated hydrochloric acid) and kept in oven at 60 OC for about 15 minutes. Each sam- 
ple was then washed thoroughly in 5 changcs of watcr. 

The adaxial and abaxial epidermes were separated by mcans of dissecting needle and 
forceps. The epidermal surfaces were stained in 1 % safranin 0 for about five minutes, wa- 
shed with 4 changes of water to remove cxcess stain and thcn temporary mounts were 
made in 25 % glycerol. Stornatal index was calculated according to DILCIIEK (1974). 

All processed materials were preserved in 50 % ethyl alcohol until when required. 
Illustrations were made with camera lucida fitted to M20 Wild microscope. All measure- 
ments were made with the aid of ocular micromctcr and final figure obtairlctl with ocular 
constant. 

RESULTS 

Eniilia coccinea (Sirns) C. Don. (Fig. 2, Tablc I) 
Epidermal cells polygonal to irregular in shape with wavy anticlinal walls 61.60- 

95.20 pm long and 28.0042.00 prll wide on the adaxial surfacc (Fig. 2 a), irrcgular with 
sinuous anticlinal walls 58.90-92.67 pm long and 25.20-42.00 pm widc on the abaxial 
surface (Fig. 2 b). Costal cclls of adaxial and abaxial surfaccs clongatc and polygonal, 
occasionally rectangular, 95.20-173.60 pm long and 28.0044.80 pm wide on the adaxial 
surface, 13 1.60-254.80 pm long and 22.40-36.40 pm wide on the abaxial surface, end 
walls often oblique on both surfaces (Fig. 2 c). Stomata amphistomatic, largely anisocy- 
tic, often also anomocytic, no brachyparacytic type obscrvcd (Fig. 2 a, b), circular in sha- 
pe, rarely elliptic, small protrusions at the polar ends in some of the stomata, parallel con- 
tiguous stomata occasionally present on the abaxial surface (Fig. 2 d), stomatal size - ada- 
xial 627.20-940.80 pm2, abaxial 470.40-776.16 pm2; stomatal index - adaxial 3.37- 
13.68 %, abaxial 26.20-33.40 %. 

Trichomes. Only the eglandular trichomes present (Fig. 2 f-k) on the abaxial surface 
only, sparse in distribution, normal (Fig. 2 f-i) or shrivelled on some of the cells segments 
(Fig. 2 j-k) 98.00-176.40 pm long and 11.20-22.40 pm widc. 

Venation. Major veins pinnate camptodro~nous cladodrotnous. Areolcs polygonal to 
rectangular in shape, 7izes variable, veinlet endings vary from O to 2 appearing singly to 
occasionally bifurcated or forked (Fig. 2 e). 

Eltiilia sonchifolia (L.)  DC (Fig. 3, Table 2) 
Epidermal cells polygonal to irregular in shape with straight to slightly wavy anticli- 

nal walls 72.80-168.00 pm long and 30.80-56.00 pm wide (Fig. 3 a), irregular with si- 
nuous anticlinal walls 72.80-170.80 pm long and 16.80-58.80 pm wide on the abaxial 



Fig. 2. Emilia coccineo: a - adaxial cpidcrmis of lamina, b aboxial cpidcrmis of lamina, 
c - costal cells, d - parallel contiguous stomata (with arrow), e - venation pattern 
(arrow indicates veinlet ending), f-j - eglandular trichomes (f  - unicellular, g - 
bicellular, h and i - multiccllular with normal cells, j and k - m~~lticellular with 
normal and shrivelled cells (arrows indicate shrivelled cells) 



Fig. 3. Emilia sonchifolia: a - adaxial epidermis of lamina (arrow indicates brachyparacytic 
stomata), b - abaxial epidermis of lamina, c -costal cells, d - parallel contiguous 
stomata, e - venation pattern (arrows indicate veinlet endings), f - glandular tri- 
chome, g-i - eglandular trichomes, g and i - multicellular with normal and shriv- 
elled cells (arrows indicate shrivelled cells), h - multicellular with normal cells 



Table 1. 

Simple descriptive statistics of leaf epidermal attributes of Emilia coccirzea 

- - absent 

X 1 Length of epidermal cells (pm) X7 Length of head. stalked glandular trichome (pm) 
X2 Width of epidermal cells (pm) X8 Width of head, stalked glandular trichonie (pm) 
X3 Stomata1 Index (%) X9 Length of stalk. stalked glandular tricholne (pni) 
X4 Stornatal size (prn') X I0 Width of stalk. stalked glandular trichome (pm) 
XS Length of costal cells (pm) XI 1 Length of eglandular trichome (pni) 
X6 \4'idth of costal cclls (pm) X 12 Width of eglandular trichome ( p m )  

Variable 
X 1 
X2 
X3 
X4 
X5 
X6 
X7 
X8 
X9 
X I 0  
XI 1 
XI2 

Standard Error 
Adaxial 

4.07 
2.09 
1.12 

30.88 
7.78 
1.89 

Maximum 
Abaxial 

4.29 
1.93 
0.8 1 
33.90 
1 1.62 
1.32 

7.34 
1.10 

Minimum 
Adaxial 
95.20 
42.00 
13.68 

940.80 
173.60 
44.80 

Adaxial 
6 1.60 
28.00 
3.37 

627.20 
95.20 
28.00 

Abaxial 
92.67 
42.00 
33.40 
776.16 
254.80 
36.40 

176.40 
22.40 

Abaxial 
58.90 
25.20 
26.20 

470.40 
13 1.60 
22.40 

98.00 
1 1.20 

Mean Standard Deviation 
Adaxial 

77.00 
35.56 
8.90 

752.64 
153.44 
33.88 

Adaxial 
12.88 
6.61 
3.54 

97.64 
24.62 
5.97 

Abaxial 
78.01 
33.88 
29.24 
63 1.90 
193.48 
28.84 

127.68 
16.80 

Abaxial 
13.55 
6.1 1 
2.57 

107.19 
36.76 
4.18 

23.21 
3.49 



Table 2. 

Simple descriptive statistics of leaf epidermal attributes of Emilia sonchfolia 

- - absent 

X 1 Length of epidermal cells (pm) X7 Length of head, stalked glandular trichome (pm) 
X2 Width of epidermal cells (pm) X8 Width of head, stalked glandular trichome (pm) 
X3 Stornatal Index (%) X9 Length of stalk, stalked glandular trichome (pm) 
X4 Stornatal size (pm') X 10 Width of stalk. stalked glandular trichome (pm) 
X5 Length of costal cells (pm) X 1 1 Length of eglandular trichome (pm) 
X6 Width of costal cells (pm) X 12 Width of eglandular trichome (pm) 

Variable 

X 1 
X2 
X3 
X4 
X5 
X6 
X7 
X8 
X9 
X10 
X11 
X12 

Standard Deviation 
Adaxial 
29.94 
9.22 
3.39 

90.49 
47.69 
4.90 
4.17 
1.98 
4.27 
4.85 
97.69 
16.10 

Standard Error Minimum 
Abaxial 
30.12 
13.01 
2.39 

178.85 
47.32 
3.55 
2.39 
1.75 
2.26 
3.83 

92.46 
5.64 

Adaxial 
9.15 
2.92 
1.07 

28.61 
15.08 
1.55 
2.95 
1.40 
2.47 
2.80 
56.84 
5.09 

Adaxial 
72.80 
30.80 
16.18 

820.80 
13 1.60 
19.60 
58.50 
39.20 
30.80 
28.00 
137.20 
19.60 

Abaxial 
9.52 
4.12 
0.76 

56.56 
14.96 
1.12 
0.75 
0.55 
0.7 1 
1.2 1 

53.38 
1.77 

Maximum 
Abaxial 
72.80 
16.80 
33.78 

658.56 
13 1.20 
19.60 
52.80 
36.90 
30.40 
24.20 
190.40 
12.60 

Adaxial 
168.00 
56.00 
25.37 

1 146.88 
280.00 
36.40 
64.40 
42.00 
39.20 
36.40 

392.00 
67.20 

Mean 
Abaxial 
170.80 
58.80 
40.86 

999.60 
279.00 
30.80 
63.10 
42.05 
36.50 
35.50 

375.20 
28.80 

Adaxial 
118.16 
42.56 
21.08 

1002.82 
199.92 
3 1.36 
6 1.45 
40.60 
34.53 
33.60 

363.16 
44.24 

Abaxial 
104.08 
35.28 
37.76 

740.10 
198.91 
25.60 
51.18 
38.61 
32.54 
29.68 

284.67 
20.41 



surface (Fig. 3 b). Costal cells of adaxial and abaxial surfaces elongate and polygonal. 
occasionally rectangular, 13 1.60-280.00 pm long and 19.60-36.40 pm widc on the ada- 
xial surface, 13 1.20-279.00 pm long and 19.60-30.80 pm widc on the abaxial surface, 
end walls oblique to perpendicular on both surfaces (Fig. 3 c). Stomata amphistomatic, 
largely anisocytic, occasionally anomocytic and brachyparacytic (Fig. 3 a, b), often elliptic 

' t in shape, occasionally circular, small protrusions at the polar ends in some of the stomata, 
parallel contiguous stomata occasionally present on the abaxial surface (Fig. 3 d), stomatal 
size- adaxial 820.80-1 146.88 pm2, abaxial658.56-999.60 pm2; stomatal index - adaxial 
16.18-25.37 %, abaxial 33.7840.86 %. 

Trichomes stalked glandular (Fig. 3 f) and eglandular trichomes (Fig. 3 g-i) prcsent 
on both surfaces. Stalkcd glandular head - 58.50-64.40 pm long and 39.20-42.00 prn 
wide on the adaxial; 52.80-63.10 pm long and 36.9042.05 pm widc on thc abaxlal surf'acc; 
stalk-30.80-39.20 pm long and 28.00-36.40 pm wide on the adaxial surfacc; 30.40-36.50 prn 
long and 24.20-35.50 pm widc on thc abaxial surfacc; cglantlular- adaxial 137.20-392.00 pm 
long and 19.60-67.20 pm widc, abaxial 190.40-375.20 pm long and 12.60-28.80 prn 
wide; glandular trichomes less frequent than eglandular trichomes, both sparse in distribu- 
tion, eglandular trichomes can be normal (Fig. 3 h) or shrivelled on some of the cells seg- 
ments (Fig. 3 g, i). 

Venation pinnate ca~nptodromous cladodromous. Arcoles variablc in s i x ,  polygonal to 
rectangular in shape, veinlet cndings 0 to 3 diverging singly, bifurcated or forked (Fig. 3 c). 

Entilia praetermissa Milne-Redhead (Fig. 4, Tablc 3) 
Epidermal cells polygonal to irregular in shape with straight to slightly wavy anti- 

clinal walls 117.60-254.80 p ~ n  long and 30.80-75.60 pm widc on thc adaxial surfacc 
(Fig. 4 a), irregular with sinuous anticlinal walls 84.00-204.40 pm long and 22.40-44.80 pm 

I 

wide on the abaxial surface (Fig. 4 b). Costal cclls of adaxial and abaxial surficcs clon- 
gate and polygonal, occasionally rectangular, 196.00-397.60 pm long and 30.80-56.00 pm 
wide on the adaxial surface, 224.0043 1.20 pm long and 22.40-28.00 pm wide on thc 
abaxial surface, end walls oblique to perpendicular on both surfaces (Fig. 4 c). Stomata 
amphistomatic, largely anisocytic, occasionally anomocytic or brachyparacytic (Fig. 4 a, 
b, e), often elliptic in shape, occasionally irregularly shaped appearing more or less mal- 
formed; small protrusions at the polar ends in some ofthe stomata, parallel contiguous sto- 
mata occasionally present on the abaxial surface (Fig. 4 d), stomatal size - adaxial 846.72- 

. . 1724.80 pm2, abaxial713.44-1066.24 pm2, stomata1 index - adaxial 13.16-22.95 %, aba- 
xial 30.77-37.18 %. 

Trichomes stalked glandular present on the abaxial surface only (Fig. 4 g), cglandular 
present on both surfaces (Fig. 4 h-j). Stalked glandular hcad - 70.20-8 1.50 prn long and 
38.8048.20 pm widc on thc adaxial, 70.50-79.40 p~ i i  long and 30.5042.00 ptn widc on 
the abaxial; stalk - 53.20-56.80 pm long and 40.5042.60 pm widc on thc adaxial, 55.20- 
56.50 pm long and 38.5043.40 pm wide on thc abaxial; cglandular - adaxial 329.60- 
544.00 pm long and 30.80-58.80 pm wide, abaxial 310.00-524. 20 pm long and 28.40- 
56.50 pm wide. The eglandular can be normal (Fig. 4 h, i) or shrivelled on some cell seg- 
ments (Fig. 4 j). 

Venation pinnate camptodromous cladodromous. Arcoles variablc in sizes, rnorc 
polygonal than rectangular in shapc, vcinlct endings 0 to 4, diverging singly, occasionally 
bifurcated or forked (Fig. 4 f). 



Fig. 4. Emilia praeternlissa: a - adaxial epidermis of lamina (arrow indicates malformed 
stomata), b - abaxial epidermis of lamina (arrow indicates malformed stomata), c - 
costal cells, d - parallel contiguous stomata, c - brachyparacytic stomata, f - vcna- 
tion pattern (arrow indicates veinlet ending), g - glandular trichome, h-j - eglandular 
trichomes (h and i- multicellular with normal cclls, j - multiccllular with normal 
and shrivelled cells; arrow indicates shrivelled ccll) 



Table 3. 

Simple descriptive statistics of leaf epidermal attributes of Emilia praetermissa 

- - absent 

X 1 Length of epidennal cells (pm) X7 Length of head, stalked glandular trichome (pm) 
X2 Width of epidem~al cells (pnl) X8 Width of head, stalked glandular trichome (pm) 
X3 Stornatal Index (%) X9 Length of stalk, stalked glandular trichome (pm) 
X4 Stornatal size (prn') X 10 Width of stalk, stalked glandular trichome (pm) 
XS Length of costal cells ( j ~ n ~ )  X 1 1 Length of eglandular trichonle (pm) 
X6 Width of costal cells (pnl) X 12 Width of eglandulrlr trichome (pm) 

Standard Error 
Adaxial 

17.09 
5.15 
0.97 
76.89 
22.43 
2.34 
1.37 
1.23 
0.45 
0.28 
56.84 
8.55 

Standard Deviation Variable 

X 1 
X2 
X3 
X4 
X5 
X6 
X7 
X8 
X9 
XI0 
XI 1 
XI2 

Abaxial 
12.17 
2.76 
0.59 

49.08 
21.74 
0.8 1 
1.22 
0.8 1 
0.43 
1.17 
16.89 
2.49 

Adaxial 
54.06 
16.30 
3.07 

243.16 
70.92 
7.40 
4.33 
3.90 
1.42 
0.90 
98.45 
14.82 

Mean 
Abaxial 
38.49 
8.74 
1.87 

155.20 
68.75 
2.57 
3.85 
2.57 
1.36 
3.69 
53.40 
7.87 

Adaxial 
206.08 
50.12 
16.82 

1401.79 
323.40 
41.72 
76.52 
41.74 
54.47 
41.13 
399.47 
47.60 

Maximum 
Abaxial 
132.72 
34.16 
33.72 
854.08 
3 15.52 
25.76 
74.23 
39.91 
54.47 
39.83 

383.44 
39.03 

Adaxial 
254.80 
75.60 
22.95 

1724.80 
397.60 
56.00 
8 1.50 
48.20 
56.80 
42.60 
544.00 
58.80 

Minimum 
Abaxial 
204.40 
44.80 
37.18 

1066.24 
43 1.20 
28.00 
79.40 
42.00 
56.50 
43.40 
524.20 
56.50 

Adaxial 
1 17.60 
30.80 
13.16 

846.72 
196.00 
30.80 
70.20 
38.80 
53.20 
40.50 
329.60 
30.80 

Abaxial 
84.00 
22.40 
30.77 

713.44 
224.00 
22.40 
70.50 
36.50 
55.20 
38.50 

310.00 
28.40 



DISCUSSION 

The data recordcd in this study are sufficient for establishing the taxonomic and evolu- 
tionary relationships among the three Emilia species in Nigeria. Each species showed mar- 
ked consistency for the anatomical characters examined. 

Many authors have used leafanatomy as a taxonomic tool. These include CHANDRA & 
KHARE (1 980), ILLOH & INYANG ( I % @ ) ,  ADEDEJ~ & FAr.r~v1 (200 1 ). A survey of literature on 
leaf anatomy shows that the data obtained can be used for the clarification of taxonomic 
and phylogenetic relationships. The commonly used characters like venation patterns and 
epidermal structures (including stomata and trichome types) are largely employed in this 
study. 

The cpidcrn~al cells arc gcncrally polygonal, occasionally irregular on thc adaxial 
surface and generally irregular cells on the abaxial surfaces in all thc studicd species. The 
anticlinal walls are wavy to slightly wavy on the adaxial surface and sinuous on the aba- 
xial surfaces. Costal cells are generally polygonal, occasionally rectangular with obliquc 
to perpendicular end walls. Sizes of epidermal cells and costal cells arc largest in E. pru- 
etermissa followed by E. sonchifilia and smallest in E. coccinea. Major veins are pinnate 
camptodromous cladodromous, veinlet endings divcrgc singly and are bifurcatcd or forked. 

OLORODE & OLORUNFEMI (1973) established that E. praetermis.sa is an allopolyploid 
or tetraploid hybrid of E. sonchifblia and E. coccinea. Allopolyploids will generally ex- 
hibit a mingling of the parental characteristics (SWANSON, 1960). Stomatal type is of taxo- 
nomic value. It is largely anisocytic, occasionally anomocytic and brachyparacytic in 
E. sonclzifolia while it is only anisocytic and anomocytic in E. coccirlcrr. E. pruerrrn~i.v.su, 
as a hybrid, inherited the three stomatal types with E. .sonch~jdiu cxcrting some domi- 
nance. According to OLATUNJI (1983), stomatal index is highly constant for a ccrtain spe- 
cies and can be used for species delimitation. In this study, stomatal index is the lowest in 
E. coccirzeu and highest in E. sonclzifolia with E, praetermis.~~ having intermediate values 
on both adaxial and abaxial epidermal surfidccs. This suggcsts the hybridisation of thc sto- 
 natal indices of the putative parents in which this attributc is the lowest and highest. Sto- 
mata shape is largely elliptic in E. sonchifolia and E. praetermi.ssa, but circular in 
E. coccinea. Some irregularly shaped stomata, appcaring malformed, arc found occurring 
in E. praetermissa. According to SWANSON (1968), in many instances though not always, 
polyploidy causes changes in shape of organs as morphological or anatomical characters 
are the products of gene action. 

The presence of a particular type of trichome can frequently delimit species, gcncra 
or even whole families (METCALFE & CHALK, 1979). The glandular trichome is present in 
E. praetermissa and E ,  sor~chifolia but absent in E. coccinea. Eglandular trichomc is prc- 
sent in all the three spccics. Unicellular and bicellular cgland~~lar types arc present in E. o)- 
ccinea only. E. sorlch~olia and E. praetermissa have largely the multicellular type. Some 
of the eglandular trichomes in the three species have shrivelled cells. They are longest in 
E,  praetermissa and E. sor~cllifolia, shortest in E. coccinea. The trichomes are sparse in all 
the studied species. 

According to SWANSON (1968), the most immediate and universal effect of polyploi- 
dy is an increase in cell size. E.praetermissa exhibits an increase in cell size when all the 
size attributes are considered with E. sonchifblia having closer values to i t  than E. cocci- 
nea. A consistent closeness in an array of anatomical attributes would suggest introgre- 



ssion between E. sonchifolia and E. praetermissa, while retrogression could be the reason 
why E. coccinea and E.praetern~issa are less close. SNEATLI (1 968) suggests that the phene- 
tic position of a hybrid in relation to its parents is largely determined by gene dominance; 
if most characters of one parent are dominant, then the hybrid will lie close to it. This opi- 
nion was supported by WHITE (1973). The findings in the present study support the obser- 
vation of OLORODE & OLORUNFEMI (1973) that E. praetermissa is the tetraploid hybrid of 
E. coccinea and E. sonchfilia. Furthermore, the study has revealed that out of the two pa- 
rents, E. sonchifolia is closer to E. praetemissa than E. coccineu. 
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