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Importance of Leaf Epidermal Characters in the Asteraceae Family 

i 
I ADEDEJI O.l', JEWOOLA O.A." 

Abstract 

A comparative study of thc leaf cpidcrmis of nvelve species in the Conpositfie (~sms?ctar) family was undertaken in order 
to documcnt charactcrs that arc important in the taxonomy of the f a d y  It was observed that trichomcs can be successfully 
used for thc dclirnitation of gcncra \\"thin the family. Within each spccles however, thcrc are v,aried assortment of rrichorncs 
with occasional transitions among them. Laumea taraarifalia was uniquc in being thc only specics without any trichornc. 
Stellate trichome typc and K-shaped or tctraradiatc trichomes wcrc observed in T ~ p r o c u m b e n s  only. The gcnus Vmonia 
can be delimited from the other gcncra by thc possession o f T  - shaped trichomes which are absent in the other genera, while 
amoeboid-shaped trichomcs can be found in the genus Chromolaena only. Within the same genus, the species can also be 
delimited on the basis of  posscssion of unique trichome typypcs, for ewamplc in the genera 14tnonia and Emilia. Cuticular 
striations occur in only two specics out of the nvelve audcd ,  on rhc abaxial surface of 1Canzygdafina and on both surfaces 
of Bidens pilosa. Four stornatal types werc recorded for the family, anomocytic, brachyparacyt~c, anisocytic and hacyric. 
Scomatal type was observed to delimit not only at generic levcl, but also at spec&c or species level. Ageratzrm conjaoides and 
Synedrelfa nodijora are' the only two spccics with occasional clacytic sromatal types. Rcsults of the statistical correlation 
analysis for stomatal size and stomatal index at the 0.05 and 0.01 levcls revealed high posirlve correlation for spccics in the 
same tribe, as well as for spccics in different tribcs Arming  closc interrelationship and ovcrlap ofthe values ofstomatal indices 
and sizes within the family. Foliar anatomical charactcrs that justify the separation of l'monia anzygdalina and Vernonia 
cinerea into separate tribes are highlighted. 

Keywords: taxonomy, trichomcs, stomata, Asteraceae 

Introduction 

Thc family Conzpositae (Asteraceae) is a vcry largc cos- 
mopolitan family. It is rcprcscntcd by 13 tribcs, 84 gcncra 
and ovcr 240 spccics, (Adams, 1963). Thc family is highly 
advanccd, easily rccognizcd and with worldwide distribu- 
tion. Thc mcmbcrs of rhc family arclargely woody herbs or 
shrubs, a fcw arc trccs and climbing hcrbs (Olorodc, 1984). 
Thc lcavcs arc simplc, pinnately lobed in sornc spccics, al- 
tcrnatc or  oppositc and prickly in sornc gcncra. Thc inflo- 
rcsccncc is a capitulum, thc flowcrs arc cithcr actinomor- 
phic or zygomorphic. Thcy may bc hermaphroditic, malc, 
fcmalc or  ncutcr. The inflorcsccncc is surrounded by an 
involucre of  one (in Emifia and Crassoc~phalum) or morc 
scrics of frcc or connate bracts. 

Many plants in thc family Asteraceae arc economically 
important as wccds, ornamcntals, medicinals and grccn 
vcgctablcs. Important wccd spccics in chis family includc 
Chromofaem odorata Linn. (which is widcsprcad in thc 
disturbcd arcas of forests), li-idru procunzbens Linn., Ag- 
eratum conyzoides Linn., Aspilia sp. (Pcrs.) C. D. Adams, 

Mekznthera sp. (Schurn and Thonn). Thc ornamental spc- 
cics includc Zinnia, Tagtes (marigold) and Hefiunthus an- 
nuw (sunflowcr). Somc of thc important vcgctablc spccics 
are cultivated whilc othcrs grow in thc wild. Thcy includc 
Vernonia amygdalina (bictcr Icaf), Launaea taraxac$dia, 
Crassocephalum mepidiodes and Luctuca satiua (Icttucc). 
Thc sccds of Helianthus annuw yicld oil. Sornc members 
of thc family arc also known to bc of cchnomcdicinal uscs 
in Nigcria. 

The taxonomic valuc of  lcaf cpidcrmal charactcrs is wcll 
documcntcd (Pdmcr and Gcrbcth-Joncs, 1986; Jaycola ct 
al., 2001; Adcdcii and Illoh, 2004; Adcdcii, 2004). Mct- 
calfc and Chalk ( i950) gavc a sparsc dcscriGion of ihc gcn- 
cral anatomy of thc family A s t e r a m .  Givcn chc available 
information, thc rcporr on thc family Asteraceae in Nigcria 
is vcry scanty. The prcscnt stud!. is thcrcforc aimcd at idcn- 
d y i n g ,  describing and documcncing thc Icaf cpidcrrnd 
charactcrs chat arc diagnostic and taxonomically important 
in thc family Asteraceae occurring in Nigcria. 
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Materials and methods 

For thc purposc of this work, twclvc spccics in thc fam- 
ily Asteraceae wcrc studicd: Ageratum conPoides Linn.. 
Aspilia Afi-irana (Pcrs.) C.D. Adams, Bidenspilosa Linn., 
C/3romokzena odorata (Linn.) R.M. King and Robinson (= 
Eupatorirrm odorntuva L.), Enzilia coccinea (Sims) G. Don, 
Emilia praetennissa Milnc-Rcdhcad, Launaea t a r a x m i -  
lia (Wllld.) Arnin cx C. Jeffrey., Synedrella nodgora (L.) 
Gacrtn., Tithonia diversrfolia (Hcmsl.), Tridaxprorunzbens 
Linn., 14rnonia av9gdalina Dcl., l kxonia  cinerea Lim.  
Thc plant matcrials uscd for this investigation wcrc col- 
Icctcd from thc wild in Ilc-Ifc, Osun State, Nigeria. Fully 
matured lcavcs on plants at the flowering stagc wcrc col- 
lcctcd for study. To obtain cpidcrmal surfaccs for studies, 
portions of chc lcaf bladc wcrc boilcd for about 25 min- 
utcs in 90% alcohol and placcd in thc oven at 60°C to rc- 
movc thc chlorophyll. Thc lcafportions wcrc thcn washcd 
in 4 to 5 changcs of watcr aficr which chcy wcrc boilcd 
in 5% Sodium Hydroxidc Solution for about 20 rninurcs 
as thc materials bccamc dccolouriscd, Thcy wcrc washcd 
thoroughly in watcr to rcmovc thc akalinc solution. ?hc 
partly clcarcd portions of thc lcavcs wcrc finally clcarcd in 
5% solution of domestic bleaching agent (Jlk) for about 
30 minutcs. Thc lcafportions wcrc finally washcd in 3 4  
changcs of watcr. Thc cpidcrmal surfaccs wcrc stained In 
1% aqueous safranin and mountcd in glyccrinc for micro- 
scopic study. Tcrminologics of thc stomatal complcx typcs 
uscd in this study arc thosc of Dilchcr (1974) and Mct- 
calfc and Chalk (1988). Stornatal sizc was the product of 
thc lcngth and brcadth of thc stoma. Stomata1 Indcx was 
dctcrmincd as numbcr of stomata pcr squarc millimctcr/ 
number of stomata + numbcr of cpidcrmal cclls per squarc 
millimctcr X 100 (Dilchcr, 1974). Trichomc description 
was according to  Metcalfe and Chalk (1979) and Inamdar 
ct al., (1970). 

Results and discussion 

I fmonia n'nerea Linn. 
Epidermal cclls polygonal to slightly irrcgular in shapc 

with undulatine to waw anticlinal ccll walls on adaxial - 
surface (Figurc lA), irrcgular to polygonal with sinuous 
anticlinal walls on thc abaxial surfacc (Figurc 2A). Leaf 
surfacc amphistomatic, stomata anomocytic to brachy- 
paracytic and anisocytic, largcly elliptic to circular in 
shapc; stomatal sizc - adaxial 564.5 - 823.2pn2, abaxial 
392.0 - 768.3pm2, stomatal indcx - adaxial 6.5-13.7%, 
abaxial 11.5-1 9.6%. Cuticular striations abscnt on both 
surfaccs. 

Trichomes (Figures 3C, P; 4 G; 5 H, J, K; 6D, K) 
Glandular and non-!glandular trichomc typcs prcscnt. 

Non-glandular arc the uniccllular and thc multicdlular 
typcs, somc ccll scgmcnts occasionally shriveled and rcgu- 
lar T-shapcd types oftcn occur too. Glandular trichomcs 

Figure 1 Adwd c~idcrmal surfacc in the spccics of the fmily 
Asccraccac 
A. T'ernovia ci~~t=rc,z G.  Eidarproctmmbc~rr 
8. l 'er,~oni~ nnzygdalina H .  Chr-on~olfi~~m odovzta 
C. Aspilia africat~'r I.  A,.osltrrm corz~yzoides 
D. Bidcnspilos~ J. Sy~,cdrclkz uod!JTora 
E TitBopiia di11ersfoIia K. Emilizz coccinca 
F. Larmne'z mml-ncijblia L. Emiliapr~ctcrnrissnsa 

arc oficn scssilc, occasionally capitatc with uniccUular head 
and multiccllular stalk. 

lbnonia anygdalina Dcl. 
Epidermal cclls polygonal to irregular to occasionally 

rectangular with waw to undulating anticlinal walls on 
adaxial surfacc (Figure IB), largely irrcgular with deeply 
sinuous anticlinal urds  on thc abaxial surfacc (Figurc 
2B). Lcafsurfacc amphistomatic, stomata largcly anorno- 
cytic, occasionally brachyparacytic (Figures 1B and 2B), 
elliptic to circular in shapc, stomatal sizc - adaxial 768.3 
-1058.4prn2, abaxial 564.5-896.8p2, stomatal indcx - 
adaxial 5.6-10.2%, abaxial 13.9-21.796. Cuticular nria- 
tions abscnt on adaxial surfacc, prcscnt on abaxial surfacc. 

Tn'chomer (Figurcs 3 J ;  4 H, I; 5 I; 6 J, K) 
Glandular and non-glandular trichomc types prcscnt. 

Non-glandular arc biccllular, multiccllular and irrcplar 
T-shaped. Glandular trichomcs arc scssilc largely, occa- 
sionally capitatc with uniccllular hcad and multiccllular 
stalk. 



Tl.lblc 3 Statistical corrclation andysis for scotnatal indcx (Adaxial Surface) 

X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 XI2  X13 
X2 -0.008 0.106 0.502' -0.267 -0.161 0.307 0.434 -0.102 0.461' 0.631" 0.41 3 

x 3  -0.313 -0.166 0.42s -0.057 -0.076 -0.111 0.167 -0.371 -0.139 0.352 

; X4 0.488' -0267 0.348 -0.166 0.001 0.018 0.222 -0.058 0.121 

x 5  -0.342 0.321 0.469' 0.555' 0.012 0.219 -0.201 0.542' 
I X6 0.002 0.048 -0.123 0.255 0.467' -0.047 -0.019 
! I X7 -0.31 5 0.103 0.044 -0.176 0.282 -0.305 
! X8 0.158 0.656' 0.095 -0.003 -0.335 

x 9  0.317 0.151 -0.239 0.121 
XI0  0.107 -0.027 0.103 
x 1 1  -0.1Sl 0.313 
X I 2  -0.158 

X13 

T ~ b l c  4 Statistical corrclation analysis for stornatal indcx (Abmial S~~rfncc)  

X2 X3  X4 X5 X 6  X7 X8 X9 XI0  X l l  X12 X13 
X 2  0.266 -0.297 -0.277 0.41 4 0.195 -0.296 0.181 0.234 0.482' 0.124 0.117 

x 3  0.054 -0.214 0.446' 0.045 0.009 0.111 0.335 -0.241 0.068 0.228 

X4 I -0.138 .0.195 -0.262 0.107 0.501' -0.343 0.014 -0.113 -0.103 
xs .0.109 0.334 -0.096 0.394 -0.n44 0.067 -0.001 -0.393 
X6 0.347 -0.376 -17.201 -0.186 0.156 0.221 -0.058 ! 
x 7  -0.343 -0.221 0.449' 0.054 0.464' -0.328 

I x 8  -0.24s 0.258 -0.395 -0.049 0.607" 
X9 .0.104 -0.1 I I 0.136 -0.063 

I X10 0.484' 0.498' 0.111 

X11 -0.081 -0.264 

X12 0.244 

X2 - Agcnzt~cm co~~yzo~der  X8 - Lnrrnaen tnrnxnciilin 
X3 - ilspilin 4f;icnnn X9 - Synedrelln nod$o,u 
X4 - Bidens pilosn X10 - Tithnnin divers$olin 
X5 - C/~romolnenn oclorntn XI1  - Eidmpmcumbens 
X6 - E7nilin cnccincn X 12 - !/ernonin nmygdnlina 
X7 - Emilia p,nefrnnism X 13 - l+rnonin cincren 
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Fig~uc 1 Adaxial cpidcrmal siufacc in the spccics of chc family 
Astcraccac 
A. Ch,nonia cinerea G .  Eida.sp,acrintberu 

B.  l*'Erttonia ant-ygdnlina H .  Cl~ramohena odorata 

Aspilia afitcana (Pers.) C.D. Adams 
Epidcrmal cclls polygonal to slightly irregular and rect- 

angular with deeply undulating to sinuous anticlinal ccll 
walls on adaxial surfacc (Figure lC),  largely irrcgular with 
anticlinal walls sinuous on  the abaxial surfice (Figure 2C). 
Lcaf surfacc amphistomatic, stomata largely anomocytic, 
occasionally brachyparacytic and anisocydc (Figures 1 C  
and 2C), elliptic to circular in shape, stomatal sizc - adax- 
i d  313.6-768.3wwpm2, abaxial 295.0-658.6pm2; stomatal 
indcx - adaxid 8.5-13.3%, abaxial 19.2-22.8%. Cuticular 
striations. abscnt on  adaxial and abaxial surfaccs. 

TricI~omes (Figurcs 3 D, F, G, L, R; 4 J; 5 A, C )  
Glandular and non-glandular trichomc rypcs prcscnt. 

Non-glandular arc biccllular to multiccllular, often with 
long thin and pointcd apical cclls, occasionally short and 
pointcd too. Uniquc tetraradiate K or H-shapcd non-glan- 
dular trichomes observed. Glandular trichomes abscnt. 

Bide~zspilosrz Linn. 
Epidcrmal cdls rectangular to irrcgular shape with sin- 

uous anticlinal ccll walls on  adaxial surface (Figurc ID),  
irregular to polygonal with sinuous anticlinal walls on 

Figurc 3 Non-glandular trichomc typcs in rhc f d y  Astoi~ceae 

A. Uniccll~~lar (long and narrow) 
B. Spine-likc 
C-H. Diffcrcnt unicellular rypcs (H is hookcd) 
I-N. D ficrcnt biccllular types 
0-T Diffcrcnt rnddce~idar rypcs 

thc abaxial surface (Figurc 2D). Leaf surfacc amphistom- 
atic, stomata largely anisocytic to anomocycic, occasion- 
allv brachyparacyuc (Figurcs 1D & 2D), largcly elliptic in 
shape; stomatal sizc - adaxial 658.6-1 176.0Fm2, abaxial 
431.2 - 8 7 8 . 1 p 2 ;  stomatal indcx - adaxial 10.0-22.3%, 
abaxial 17.4-23.4%. Cuticular striations prcscnt on both 
adaxid and abaxial cpidcrmal surfaccs. 

Tn'chomes (Figures 3 B, C ,  J, 0, T; 4 D-F; 6 D-F) 
Glandular and non-glandular trichomc types prcscnt. 

Spine-Ikc, unicellular, biccllular, multiccllular non-glan- 
dular types prcscnt, onc or two cclls occasionally shriveled. 
Glandular types arc largdy capitatc with multiccllular 
stalk, unicellular head. 

Tithonia diveufolia (Hcmsl.) 
Epidcrmal cclls polygonal to irrcgular in(shapc with 

undulating antidinal walls on adaxial surface (FigurelE), 
irregular with sinuous anticlinal walls on the abaxial sur- 
face (Figurc 2E). Lcaf surfacc amphistomatic, stomata 
largcly anisocytic, oficn anomocytic, occasionally brac- 
hyparacytic (Figurcs 1 E and 2E), dliptic, occasionally 
circular in shape; stomatal sizc - adaxial 658.6-940.8pmZ, 
abaxial 431.2 - 713.4pmZ; stomatal indcx - adaxial 6.5- 
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10.0%, abaxial 17.3-20.4%. Cuticular striations absent on 
both surfaces. 

Tn'chomes (Figures 3 B. C, I-K, M, Q, T; 4 K; 6 J) 
Glandular and non-glandular crichomc types present. 

Non-glandular are spine-likc, unicellular, biccllular and 
mulciccllular. Glandular crichomcs arc few and scssilc 

Launaea taraxacffolia (Willd.) Amin, ex C. Jeffrey 
Epidermal cclls polygonal to rcctangular in shapc with 

undulating anticlind walls on  adaxial surfacc (FigurclF), 
irregular with undulating to sinuous anticlinal walls on 
abaxial surfacc (Figurc 2F). Lcaf surfacc amphiscomacic, 
stomata largely anomocytic, okcn anisocytic and brachy- 
paracycic (Figures 1F and 2F), cUiptic to circular in shapc, 
stomacal size - adaxial 392.0 - 7 6 8 . 3 p 2 ,  abaxid 282.2 
- j17.4pm2; stomacal indcx - adaxial 8.2 -12.8%. abaxial 
13.8-18.4%. Cuticular striations abscnt on both surfaccs. 

Trichomes: Absent. 

Tridaxprocrrmbens Linn. 

Epidermal cclls polygonal to rcccangdar and occasion- 
ally slightly irregular with wavy to undulating anciclind 
walls on  the a d ~ ~ i a l  surfacc (Figure lG), irrcgular to oc- 
casionally rectangular with sinuous anticlinal wall on the 
abaxial surfacc (Figurc 2G). Lcaf surfacc amphistomatic. 
Stomata largely anisocyric to bra~h~paracytic ,  occasion- 
ally anornocytic (Figures 1G and 2G), circular co elliptic 
in shape o n  adaxial surface, elliptic to circular on  abaxial 
surfacc; stomacal sizc - adaxial 1379.8-2195.2p2, abaxial 
823.2 - 181 l.0pm2; stornard index - adaxial 8.1-13.0%, 
abaxial 22.0-27.8%. Cuticular striations absent on both 
surfaces. 

Trichomer(Figurcs 3 R, T, Q; 5 A, B; 6B) 
Boch glandular and non-glandular trichomc types 

present. Glandular crichomcs arc capitace, oken with bi- 
cellular scalk uniccllular hcad. Non-glandular are largely 
criccllular, occasionally stellate. 

Chromolaena odorata (Linn.) R.M. King Sc Robinson 
Epidermal cclls polygonal to irregular to rectangular in 

shapc; anticlinal walls dceply undulating to slightly sinu- 
ous on adaxial surfacc (Figure l H ) ,  irregular with sinuous 
anticlinal walls on  abaxial surfacc (Figurc 2H). Lcaf sur- 
face amphistomatic, stomata anisocydc to bra~hyparac~tic 

Figurc 4 Mudticcllular non-dandular crichomc typcs in the fam- 
ily Astemcrae 
A. .4pa pointed G. Apical ccll shrivded 
8. Apcx sickle H. one cd] slighdy shrivdcd Figure 5 Additional non-glandular crichomc rypcs in the family 

C. With one shrivclcd cell I. Onc ccll shrivclcd .4strraceae 
D. 2 apical cells shrivdcd J. Apical ccll adcular A. Tricclltdar/ Mulcicclludar F. Amoeboid shaped 

K. Apical cell poinrcd to slight- Stdlacc G. Amocboid shaped 
E. Apical ccll globular 

ly round C. K-shaped cetraradiacc H,J.K:. RcgularT-shaped 
F. Apical ccll acicular toward L. Apical cell pointed co round, D. h o c b o i d  shaped I. Lrcgular T-shaped 
chc cnd cells bulbous one cell bulbous E. V-shaped 

and anornocytic 
in shapc on hot 
1 0 5 8 . 4 p 2 ,  ab: 
adaxial 2.9-7.64 
abscnc on both 

Eichomer (1 
Glandular a 

Glandular occl: 
lular to bicdul  
head, uniccllul; 
lar, spine-like a: 
amocboid [rich 

Agernturn co 
Epidermal c 

sinuous wall on 
ly polygonal w11 
21). Lcaf surfac 
hyparacytic an( 
stornatal sizc - 
70 5.6p-n'. sror 
23.4-34.7%. CL 

Fiprc6 G h d d  
A - B - Capitar 
C - F - Capitat 
G - Capitate wr 

H - Capitatc WI 

I - K - Scssllc 
I 
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and anomocytic (Figures 1H and 2H),  circular to clliptic Glandular and non-glandular trichome cypcs prcscnt. 
in shapc on both surfaces; stornatal sizc - adaxial 7 1 3 . 4  Stalked glandular types arc capitatc with biccUular st* 
1058.4tun2, abaxial 470.4-752.6p2;  sromatal indcx - unicellular hcad, capitate with multiccllular s tak  unicd- 
adaxial 2.9-7.6%, abaxial 16.3-21.1%. Cuticular striations lular hcad. Some of the glandular trichomcs are sessile. 
absent on borh surfaces. Non-glandular trichomes arc largely rnulticellular. 

T,-irhonzer (Figurcs 4 A, K; 5 D-G; 6 A, H) 
Glandular and non-glandular trichomc rypcs prcscnt. 

Glandular occur vcry occasionally, capitatc with uniccl- 
lular to  biccllular stalk, unicellular hcad and unicdlular 
hcad, uniccllular srak. Non-glandular oficn multicellu- 
lar, spinc-likc and unicellular types abscnt. V-shaped and 
amoeboid trichomc types occur. 

Ageratum conyzoides (Linn.) 
Epidermal cclls irregular to rectangular in shape; wirh 

sinuousu.all on adaxid surfacc (Fig. 11). irrcgular to slight- 
ly polygonal with sinuous walls on the abaxial surfacc (Fig. 
21). Lcafsurfacc amphisromatic, stomata anisocytic, brac- 
hyparacytic and anomocytic; clliptic to circular in shapc; 
sromatal size - adaxial 61 5.2-1 199.51trn2, abaxial 313.6- 
705.GFm2, stornatal index - adaxial 9.2-15.7%, abaxial 
23.4-34.7%. Cuticular striations abscnt on both surfaccs. 

Trichomes (Figures 3 H ,  S, T; 4 K, L; 6 A, C ,  D, I) 

Fiprc6Glanddaruichomc types in chc familyAs~erace~e 
A - B - Capitarc with bicellular st&, uniccllular head 
C - F- Capiratc with multiccllular stalk. unicdlular head 
G - Capitatc wich uniccllularsralk, multiccllular head 
H - Capitatc with unicellular h a d ,  unicellular stalk 
I - K - Sessile glandular uichomcs 

Synedrella nod$bra (L.) Gacrm. 
Epidermal cclls irrcgular to polygonal, occasionally 

rectangular; anticlinal ccll wall deeply undulating to sinu- 
ous (Figurc IT),  irrcgular to polygonal wich sinuous anti- 
clinal walls on the abaxial surfacc (Figure 2T), Lcafsurfacc 
amphistomatic, stomatal type largely anisocyric, occasion- 
ally diacytic, anomocytic and brachyparacytic, largely cir- 
cular, occasionally elliptic in shape; stomacd size - adaxial 
352.8 - 6 5 S . 6 p 2 ,  abaxial 282.2 - 564.5p2 ,  srornatal in- 
dex - adaxial 3.8 - 9.3%, abaxial 14.0 - 20.0%. Cuticular 
striations abscnt on both surfaces. 

Trirho~nes (Figurcs 3 A, E, G, H, N; 4 B) 
Glandular and non-glandular trichornes prcscnt. 

Stalkcd glandular trichome types arc sparse, capitarc with 
mulriccllular stalk, uniccllular hcad. Non-glandular arc 
largcly uniccllular and biccllular wich vcry pointed ends. 
Multiccllular is vcry rare. 

E772ilia coccinca (Sims) G .  Don 
Epidcrrnal cclls polygonal to rectangular with straight 

to slightly wavy anticlinal walls on adaxid surfacc (Figure 
lK) ,  polygonal to irregular with sinuous anticlinal walls 
on abaxial surfacc (Figure 2K). Lcafsurfacc amphistomat- 
ic, stomata largely anisocytic okcn anomocytic; okcn cir- 
cular in shape with small protrusions at the polar cnds in 
some stomata, stomatal size - adaxial 564.5 - 815.4pLm', 
abaxial 470.4 - 611.5ttm2, stornatal index - adaxial 2.5- 
9.0%, abaxial 28.1-36.9%. C u d c d a r  striations abscnt on 
both sur€accs. 

Trichomes (Figurcs 3 B,  J, P) 
Only non-glandular trichomc rypcs prcscnt. They arc 

spine-like, bicellular and multiccUular types, occasionally 
with one ccll shrivclcd. 

Enzilinpraetomissa Milnc-Redhead 
Epidermal cclls largely polygonal, occasionally rcct- 

angular with straight to slightly wavy anticlinal w d s  on 
adaxial surfacc (Figure IL), irrcgular wirh deeply undulat- 
ing ro sinuous anticlinal walls on the abaxial surfacc (2L). 
Leaf surface amphistomatic, stomata anisocytic occasion- 
ally anomocytic or  brachyparacytic, elliptic in shapc, oc- 
casionalIy irrcguIarly shaped appearing malformed (Figwc 
2L), ofrcn with small protrusions at the polar ends in some 
of thc stomata; stomatal sizc - adaxial 752.6 - 1254.4trmi, 
abaxial 588.0 - 987.8pn2; stomatal index - adaxial 7.9 - 
13.5%. abaxial 19.0-23.8%. Cuticular striations abscnt on - .  . 
both surfaccs. 
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Trichomes (Figurcs 3 S, T: 4 C: 6 G) 
Scalkcd glandular and non-glandular trichomc typcs 

prcscnc. The stalked glandular is capicacc with mulciccl- 
lular hcad and unicellular stalk. Non-glandular crichorncs 
arc csscntially multiccllular. 

Ac the specific Icvcl, scudics of crichorncs havc bccn 
found to be of valuc by many workers (Faust and Joncs 
1973; Rollins and Shaw, 1973; Adcdcji. 2004; Adcdcji 
ct al., 2007). According to Mcccalfc and Chalk 1979, the 
prcscncc of a particular cypc of crichomc can frcqucndy 
delimit spccics, gcncra or cvcn whole families. Isawumi 
(1989) in his study on the gcnus Yernonia found the 
crichomcs to  bc rnorc uscful taxonomically in the discrimi- 
nation of the spccics into sections chan any of  chc ochcr 
epidermal characters. 

The distribution of  crichomcs is amazingly complcx. 
Complexity rcsulcs from, firstly, the divcrsicy in typcs of 
crichorncs, secondly, m a r h d  diffcrcnccs in chc dcnsicy of 
crichornc cypcs takcn individually and collcctivcly, and 
thirdly, diffcrcnccs in thc distribucion of trichornc types 
on different parts ofa givcn plant. Within the space limica- 
tion of chis prcscntacion, Figurcs 1 - 6 provide illustrarivc 
cxamplcs of crichornc types found on chc leaf cpidcrmal 
surhccs of thc spccics ofchc family Asrcraccac studicd. 

Uniquc uniccllular trichomc cypcs wcrc obscmcd in 
Synedrella nodijlora, Bidens pilosa, Ethonia diuersiJolia 
and Einifia roccinen. Synedrefk nodffiora is chc only spc- 
cics with very long, thin and narrow uniccllular types. 
Spine-like uniccllular typcs wcrc obscrvcd in Bidens pi- 
fosa, Titl~onia diurrsiflia and Emilia co~cinea only. Uniccl- 
lular trichomc cypcs wcrc complctcly absent in l/ernonia 
am-Ygdafina, Z idax  procu~nbe~zs, Cl~roi~zolaena odorata 
and E. prfietermissa. 

Biccllular non-glandular typcs wcrc obscrvcd in I&- 
nonia anrygdalina, Aspilia afiicana, Bidens pifosa, Etho- 
nia diuernfoiia, Synedrella nod$ora and E~nif ia coccinea.. 
Long, thin and pointed apical cclls occasionally short 
and poinccd wcrc obscrvcd in /Ispilia ajicana. Uniccllu- 
lar and biccllular crichomc cypcs wcrc cornplctcly abscnc 
in Tridax procumbcns, Chromolaena odornta and Emifia 
prnetemissa. 

Occasional shrivclcd cclls in the non-glandular mul- 
ticcllular ccll trichornc typcs wcrc cncountcrcd in Agera- 
tum conyzoides, Bidens pilosa, Ymon ia  c i n m ,  Vernonia 
amygdalina, Ageratum conyzoides, Emilia coccinca and 
Emzlia praetmmissa. 

Forglandulartrichomcs, uniccllularstakwirhuniccllu- 
lar hcad was cncountcrcd in Chromolaena odorata, uniccl- 

I lular stalk with rnulciccllular hcad in Emiliapraetennissa, 
unicellular hcad with rnulticcllular stalk in Trdaxprocum- 
bens, Chromolaena odorata and Ageratum conyzoides. 

Scssilc glandular trichorncs wcrc obscrvcd in Yernonia 
cincrea, Ve?zonia amygdalina, Tithonia diuersifolia and 
Ageratum conyzorder. Lacrnaea tararacifolia was uniquc 

I in bcing chc only spccics without any trichomcs. Stcllatc 

crichornc and K-shaped or cccraradiacc crichomc were ob- 
scrvcd in TridaxprocumCens only. 

Thc gcnus 14rnonia can be separated from chc othcr 
gcncra in thc family by the possession of various cypcs of 
T-shaped crichomcs, regular in K cinerea, irregular in J! 
amygdalina. This can bc uscd to scparacc the two spccics 
of Vmonia  from cach ochcr. Chromolaena odorata can 
be scparaccd from all chc orhcr species in the family stud- 
ied on thc basis of  posscssion of V-shaped and amoeboid 
shaped crichornc cypcs. 

Abscncc of unicellular and biccllular non-glandular 
crichomc rypcs in E. praetmissa separates it from E. 
coccinea which has spinc-like uniccllular and biccllular 
crichorncs. This supports thc report of Adcdcji (2004) on 
thc lcafcpidcrmal studies of  the spccics ofEmifia Cass. in 
Nigcria. 

Thc stornacal apparatus in Astcraccac consists of two 
guard cclls bounding a Icnticular pore, thc orientation of 
which is largely parallel to  thc guard cclls. This apparatus 
is surrounded cichcr by typical epidermal cclls or  by onc or 
rnorc subsidiary cclls. Four stornacal cypcs wcrc recorded 
in thc spccics of thc hmily Astoaceae studied: anomocyt- 
ic, brachyparacyric, anisocyric and diacytic. 

It is largely anomocycic occasionally brachparacycic 
in Vernonia a7nYgdalina, largcly anisocycic occasionally 
anomocytic or  brachyparacycic in Emilia praetermissa, 
h'gerahmz conyzoides, Synedrelln nod~@orn, Chra~nofuelza 
odorata, Tridax procrrmbens, Tithonia diuersffofia, Bide~zs 
pilosa, nnomocytic to anisocycic and brachyparacytic in 
VPmonia cinerea and Launnea tnrasactfolia, largely ano- 
mocycic occasionally brachyparacytic and anisocycic in 
Aspilia afi-icana, largcly anisocyric ofccn anomocytic in 
~JAif ia ciccinea. 

O n  the basis of stornatal typc, Yernonia cinerea can bc 
delimiccd from Yernonia amygdalina in the samc gcnus by 
chc prcscncc of  anisocytic scornacal typcs, E~nilia praerer- 
missa can bc delimitcd from E. rocrinea by chc prcscncc 
of brachyparacycic stornacd cypcs. Agaratum conyzoides 
and Synedrella nodgora arc chc only two spccics with oc- 
casional diacytic stornatal cypcs. 

The outlinc of chc pair of guard cclls as sccn in surface 
view, i.c.scomacal shapc is of  taxonomic imporcancc as cm- 
phasizcd by Adcdcji (2004). Stomacal shapc of chc spccics 
studicd varied bcmcen dlipcic and circular. 

It is largcly clliptic ofccn or  occasionally circular in 
14rnonia cinerea, l/ernonia amygdalina, Aspilia afi-i- 
cana, Titbonia diuersifolia, Launaea tarmacifilia, 7j-ida.x 
procumbens and Ageratum conywides, circular to clliptic 
in Chromolnena odorata, elliptic shapc only was found in 
Bidenspilosa and Emifia praetcrmissa, circular shapc only 
inEmilia corcinea, thus stornard shapc can bc uscd to scpa- 
rate chc cwo spccics of Emilia. It is largcly circular to  oc- 
casionally cllipcic in Synedrella nodr9ra. 

Stornatalsize, although quancitativc is also noteworthy. 
O n  the adax~al surfacc, it was highcsr in Tridax procum- 
6ens and lowcst in Synedrela nodzfira and Aspilia a j i -  i 
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cana. O n  the abaxial surfacc it was also highcst in Tridax 
procunzbens and lowest in Lar4naea tariac$lia and Syn- 
drella nodzjZora. Stomata1 sizc was consistently higher on 
the adaxial surfacc than on the abaxial surfacc in all the 
spccics studicd. 

Based on  the statistical corrclation analysis carried out, 
scomatal sizc showcd relationship among spccics in the 
same tribe, for example, Synedrella nod$ora and Aspilia 
af-icana of thc tribe Helianthem. 

Howcvcr, spccics which arc not of the samc tribc also 
showcd somc closcncss, affirming thcir intcr-relationships 
based on  stornatal sizc, for examplc, Launaea taraxarifo- 
lia and l/emonia anYgdalina, Emilia coccinea and Tridrr 
pronrmbens, Chromolaena odorata and Tithonia diversi- 
folia, Aspilia aficana, 147nonia a7nygddina and Vmonia 
cinerea show correlation on thcir adaxial surfaces, while 
Chrontokzena odorata showcd relationship with Emilia 
coccinea, Tridav proru7tzbens and Vmonia cinerea on the 
abaxial surfacc. l/enzonia cinerea with Etnilia coccinea, 
Bidens pilosa with Ageratunz conyzoides also showed rela- 
tionship on chc abaxial surface. 

The observation of a wide range of stomatal sizc in the 
spccics studied agrcc with the observations of W i k n s o n  
(1 97 1) in his study of somc families. According to Olatun- 
ji (1983), stomatal index can be uscd for spccics dclimita- 
tion. O n  the adaxial surfacc, ir was highest in Bidenspilosa 
and lowest in Enzilia coccinea and Chrotnolaena odo?-ata 
while on chc abaxial surfacc, it was highcst in E7ttilia coc- 
cinea and lou.csc in l~knzonia rinerea. 

Statistical corrclation analysis of thc stomata1 indcx of 
thc spccics studicd revealed h a t  somc spccics of the samc 
tribe showcd relationqhip (high corrclation), for example, 
on thc abaxial surface, Synedrella nodtfora and Bidenspi- 
losn of the tribc Heliantheae; on thc adaxial surfacc, Ag- 
eratrrm conyzoides and Chro7nolaena odorata of thc tribc 
Eupatorieac. 

In addition, somc spccics which arc not of thc same 
tribc also showcd some corrclation which indicate close 
inccrrclationship among thc spccics in chc family, for ex- 
ample on thc adaxial surfacc, Chromohena odorata with 
Ageratum conyzoides, Badens pilosa, Launaea tariacfo- 
lia, Synedrella nodgora and l h o n i a  cinerea; Ageratum 
conyzoides with Tr& procumbens and l'monia atnygd- 
alina; Tithonia diverstfolia with Launaea taraxacfolia; 
Tridpr proctrmbens with Emilia cocrinea. O n  thc abaxial 
surface, Emilia coccinea with Aspilia afi-lcana, Tithonia 
divers$lia with Emilia praetennissa; Tridax procumbetu 
with Ageratunz conyzoides; 14monia cinerea with Launaea 
tarn-acgolia. Anciclinal cell wall pattern on the adaxial 
surfacc can be uscd to scparatc the spccics. 

It is straight to slightly wavy in both spccics ofEmilia, 
this scparatcs thc genus from the other gencra in the farn- 
ily. It is undulating to wavy in both spccics of Yernonia and 
Tridaxpronrmbetts, undulating in Tithonia divers$lia and 
Launaea taraxacifolia, deeply undulating to sinuous in As- 
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pilia aficana, Chromolaena odorata and Sjydrella nodi- 
jora; sinuous in Brdetzspilosa and Ageratuni conyzoides. 

O n  thc abaxial surfacc, the anticlinal cell wall pattcm 
is largely sinuous except in two spccics, Launaea taraxaci- 

folia and Enziliapraetmissa whcre they arc undulating to 
sinuous. Isawumi (1989), Adcdcji and Illoh (2004) uscd 
thc prcscncc or absence of cuticular striations for the dc- 
limitation or  scparation of somc spccics in thc gcnus Ver- 
nonia and Hibiscus rcspcctivcly. 

Cutin folds occur as striations in the epidcrmidcs of 
only nvo spccics of the twelve spccics studicd. This can bc 
uscd to scparatc the two spccics in two dficrcnt gencra 
from the othcrs. It is prcscnt on the abaxial surface of T'er- 
nonia amygdalina, but absent on the adaxial surfacc, while 
it is prcscnt on both surfaces of Bidenspifosa. They radi- 
ate from the guard cells of the stomata and from trichomc 
bascs. 

Thc prcscncc of cuticular striations on thc abaxial sur- 
face of l'monia am.1'gdali7za in addition to the presence 
of irregular T-shaped trichomcs in this taxon and abscncc 
of anisocycic stomaca earlier mentioned, scparatcs it from 
Vexonia cinerea in thc same gcnus which tend to conform 
with somc classification systems where 14nzonia cinerea 
has consisccntly been put in section Tcphrodcs, while 14r- 
nonin at~yRdnlinn has at different times been proposcd for 
section Dccaneurum (Kingham, 1976), section Orb~vcstus 
(Joncs, 1981) and seccion Strobocalyr (Isawumi, 1995). 
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T ~ h l c  1 Statistical correlation a~~ i lys i s  for srornatal sizc (Adaxial S~wfacc) 

X2 X 3  X4 X5 X6 X7 SX X9 XI0 XI 1 X 12 X I 3  

X2 0.084 -0.056 0.023 -0.352 -0.107 0.272 -0.309 -0.113 -0.014 0.061 0.082 

x 3  -0.106 -0.091 0.349 -0.402 -0.093 0.494' -0.118 0.082 0.47fi' 0.521' 

X4 -0.133 0.042 0.154 -0.357 -0.207 0.008 0.354 0.281 -0.283 

x 5  0.072 0.021 0.221 -0.107 0.591' 0.245 -0.437 0.374 
X6  -0.172 -0.386 0.124 0.238 0.46.S 0.412 0.194 

X7  0.001 0.299 -0.338 0.123 -0.161 -0.101 

X8 0.056 -0.146 -0.022 0.474' 0.141 

x 9  -0.071 0.059 -0.299 -0.231 

XI0  0.342 -0.256 -0.134 

X I 1  -0.132 0.151 
X12 -0.235 

Tahlc2 Statistical correlation analysis forsrornatal sizc (Ahxial  Surface) 

I XZ - A,onrnnr ronyzoidcs XX - Lnsnncn tnmmr~filin 
I X3 - .drpiGn dfiicnnn XY - Syncdrclln nodijlonr 
, . X4 . Bidens pilmn Xln - Erhonin dirrrrr[fih 
i XS - Chmmolnmn ohrnrn XI I - nidarp~arr~mbrnr 
i X6 - En,rrrIm rorcincn XI2 - lbnonin nnqgddlim 
I X; - firi/in prnerrmzim XI 3 - I'r,.nanin rinorn 


