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Analomieal obscrvalions al the S.E.M. havc ~n eanied oul Ofl T/'ifolillm bin)/IlI1' 
Guss .. an endemie spccics occurring in northcm Sicil)' anly on Il)'schoid subSlr3lc. 
[n order IO clarify possiblc signs or Ihc piani response IO ecological raclors. Ihc 
research has becn conductcd bolh by analysing thc foliar epidennis and the mor
phology or the rOOI. Thc hll1er SCl!ms to play an imponanl role in delcrmining thc 
piani adaptalion to the environment. 

Tdjhlimn is one of the most importanl genera 01' the Fahaceac farni ly nOI only for its 
agricultural importance. but also for thc great numbcr of spcc:ics inc\uded there (ZOh3ry 
1972). lts dislribUlion concerns the temperate regions of both hemispheres, however. the 
Medilerranean is the largest area whcrc it occurs and probably its centre of origin (Gillel 
1952). On the grounds of morphological, cytological and gcographical si milarities, 
Melchior (1964) eSlablished the tribc Trifolieoe and included there 5 genera. Among Ihese 
TrifuliulI/ is the rnost advaneed and its distribulion eovers extensive arcas ranging from the 
sub-urctic to the sub-lropiea l. tropieal and equatorial rcgions of Africa and South America. 
The species, however. on ly grow in speci lic natural habillllS: al least 2/3 of Ihem occur in 
r.:striclcd habitats such as the top of thc mountains, rocky slopes. forests. loggcd-oll'lands, 
meadows. In Sicily. many spccies are found on thc mounlains and preferably on siliccous 
or ealcarcous substrata. Other spceies occur on claycy substmta (1: cQnge.mllll), wh ile oth
ers grow in forests (1: prOlef/Se) or in grazing, in humid sitcs (7: n:pell$, T. reslIpinaf/llll) 

whilc no species is found along sand)' liuora l. 
Trifa/illlll bil'Qf/oe Guss. is endemie IO northcm Siei ly where it occurs only on Flyshoid 

substrala. It was included in Ihe Sectioll Lotoidea (Coombc 1961). lt is a scaposc 
hemieryplophyte with ephemeral Slell1S, leaves and shoots owing IO thc particular season
al trend. 
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Mltl(',.ill l lt nd methods 

The plallt material eolk"eted from Ihe wild. aficr preliminary staining-fresh obscrvat ions, 
WllS Ih,cd in F.A.A. and lliter dehydrated, eoloured with sll franin and dippcd in paraftin. 

IO- 15? thin sections were oblained usi ng a revolving type lllierotOIllC and were later 
Illotlnted on Canada balsamo Addi liona l tnateria ls were later mounted on JB-4 resin , sec
tioned in 5-T? sheets and coloured wÌlh loluidine blue following Feder and O·Bnen. 

Replications were obtained from Ihe leavcs in order IO high lighl Ihe morphological 
aspects. The observations consisted in delenni ning both the numbcr and size of lhe epider
mal cells. the numbcr and position of Ihe stomala. Ihe prescncc of hairs. the th iekncss and 
numbcr ol'strata forming Ihe upper and lower epidemlis as well as the Ihickness Oflhc Icaf 
on the wholc and beside of lhe mcsophyll , of lhe pa lisade and of lhe spongy parenchyma. 

I n order lo highlight the tine paltem 01' vcins in the Icavcs. the Fuchs Illethod (1963) was 
applied. The tcrminology cmployed for thc pliltern ofveins follows J-l ickey ( 1973). where
as the anatom ical tenns are those employcd by Esaù (1965). The samples were lalcr 
brought to cril ical point. then metal sprayed and linally obscrved al the S.E.M. 

AI/atolli." oj l/w aerial porliml. 
l'he lellf, Ihe stalk. the slem lll1d Ihe inflorescence were seclioncd . 

. Lcaf. 
l'he leuves on Ihe Slcm are ali amphystomatic and thi n (179 1). wbile thc protruding cen
traI ribbi ng is 342 ? thick. The cdgc is roulld and facing upwards. with bu ndlcs of sc lerei
ds and fibrcs pcmleati ng thc mcsophyll under the epidermis. l'he uppcr surfacc oflhc lam
ini! consists ofround and convcx cclls covercd with a grid-like texturc. Fig. 1-3 sh()w thc 
generai aspccl of lhe epidem131 ce ll s and the arrangemenl of lhe ri bbing consisling ofpairs 
or elongated and hollow cells. As fo r the quantitali ve aspect of thc epidennal paramcters 
Ihe table in fig. 7 shows the mean valucs oflile supcrior and inferior caulinar port ions as 
well as of the basai ones. Tiny lll1d hollo", stornata are sprcad in both uppcr and 10wer 
blades (Fig. 4). Thcir numbcr and dimensiono accord ing lo thc diITerenl groups of lcaves. 
arc also given in Ihe above menlioned lable (Fig. 7). 
Thc lower biade is quitc diflèrcnt . The sheath is striped (Fig. 2-5), with clongalcd ccl1s thal 
are larger and !t:ss eonvex. The slolllata. arrangcd more supcrlicially, are dirTerent. larger. 
bu llalc alld mi xcd wilh art iculate veskular hairs. with fans or eUlicic Ihreads branehi ng o rT 
their basis. On the margin. teeth are provided wi th Ihe hydathodes 01 thc apcx (Fig. 6). The 
Iransvers.11 section shows collateml vasc ular bundles provided wilh a sc lerenchymatous 
covering round the libcrian portion. The leaf architecture. according to Hichey ( 1973. 
1979) is cr.lspedodromous (Fig. 8). with sccondary veins nOI rcaching the margin indenta
tion. Thc veins are cladodromous. bei ng bifurcate at the margi no 
In generaI. Ihe discoloured leaf shows a pallem of ccntra l veins and 12 pairs ofsymmelri. 
cal secondary veins which bi fu rcate repcaledly as thcy di verge from thc cenlra l pallem 
(Fig. R). The panels are regu lar, Ihc arcolas largc and irregufar. and there are loose bruneh
es wi th dichotomous branchings. The mosl evident charaetcri stic of the leavcs is Ihe dif-
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Fig. 1. Epidcnll,1I replie,llion, uppt"r leal" b iade 
(opt ical microscopc). 

Fi g. 3. Ep(dcrmis 01' upper biade (S .E. M. ). 

Fig. 5. CUlic1c Lhreads and hairs (S.E.M.). 

177 

Fig. 2. Epid~rmal replication. lo\\'er biade (opt i
l'al microsco)X'). 

Fig. 4. SlomaLa in UPP,' [ blildc. 

Fig. 6. Hydathodcs (S. E.M.). 
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fere nce in size belween the pri mary and the secondary veins, the laller being very thick, 
slrongly lignified and consisting of numerOliS sclereid bu ndlcs running across the bund les 
(Fig. I I ). Add itionally, an extemal sccreting apparalus is ol1en present to wh ich Ihe later
al secondary vci ns are attached togcther with an internai secreting apparalus in Ihe meso
phyll , wilh muci laginous cells often including cryslals (Fi g. 9-10). Vcry often the mucilagi
nous cells are closely connected lO the vascular tissue. By colouring the Icafwith rutheni
um red (Calalano, 1925), the mucilage becomes deep red quite visible under the micro
scope. 

- Stem 
The lransvcrsal scction shows a thin monostratified epidenn is with chlorophyllian cortical 
parenchyma and aboullen open collaleral bundles show ing a Ihick covering of sclerenchi
matic fibres protecting tbe liber (Fig. 12). The xylcm is made up of endarch proloxy1cm 
and exarch rnelaxylern, both digitate towards the pith , which in its tum is made IIp ofla rge 
elongated ccl ls with thi n walls. Among the vascu lar bund1es there lies a slight deuterox
y!em ring, wich docs nOI generale a complele secondary apparatus sinec the prostrate
asccnding stems di e al beginni ng of winter. 

- Flowers 
The head was scctioned and single fl owcrs werc observed in Iheir dill"erent slages of 
growth and ripen ing that always proceed in a centrifugaI direction (Fig. 13). 
Trijòfillm bivolloe has Iypical cleislOgamic flowers not suitable for polli nalion by bees or 
olher insects Ihal has never been recorded. This aspect agrees with the fael thal ali logamolis 
speeies are quite frequent in the Secliall Loloidcac. 

AnMamy afIlle hypogeolls lIpp{lwlus 

- Rool 
The roOl is Ihick and penelrates dceply Into the soi1. reaching 90 cm or more. It has a diam
eteT or abouI 4.5 cm near the collar deereasing down to 0.25 cm at Ihe apex (Fig. 14). The 
roOI devclops perpendicularly to the surface. Seeonndary plagiotrop roots are absent. lt is 
to bc nOlcd Ihm this species is exclusive lo deep soil where the rools ean penetrate without 
coming across any barriers. 
The Iransversal seclion of the rool shows a multi-laycrcd SliberoUS exodenn isolaling Ihe 
rool from Ihe surrounding environment. Bencath Ihal Ihcre is a parenchymal concx wilh 
large funnel-shaped pilh rays due lo large dilalcd rays slan ing al thc furthest areas or Ihe 
conex and becoming thinncr towards Ihe centrai pith passing through Ihe phlocm and Ihe 
xylem. This is undoubledly a seeondary, perennial structuTe where the meta and the 
dculcroxykm elemenls mix with paTenehyma and fibres at regular intervals. 
The seasonal intcrval is quitc evident: al lcast 10-15 seasonal rings C~l1l be cOllnlcd 
although a greater numbcr cou ld be confi rmed in Ihe older portions of Ihe roOI (Fig. 15). 
The number of the seasonal xylem rings is relaled IO Ihe liberian slructure where the sec
ondary elernents overlap al regu lar intervals, Ihal is a layer of fibres a layer of ph locrn wi lh 
annexed cclls alternate. Considcring that there are IWO layers of cel1s fomling during Ihe 
vegelativc pcriods, the eounting ofthe seasona l rings in the xylem is eonfirmcd. 
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Fig. S. Leaf architl't:lurc. Fig 9-10. Muc:i laginous cclls and crys
\;l ls. 

Fig. Il. Sclcrcid!>. 
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Fig. 12. StCI11. 

Fig. 13. FlOlI'cr head. 

Dis(' ussion and condusions 

Th~ anatomie:l! observations sllow thal the ro[iar epidemlal paralllclcrs vary more or 1css 

deeply depending 00 the posilion or the [eaves in the rosette. This is evidentn in the 'xlsa [ 

part or lhe rosette. wherc ao incrcase oumber ofstomata can be are rOtlnd. whosc dimcnsion 

dot."S nOI vary and docs nOI dcpcnd on the leve! ofthc rosette. The So11lle happcns with the 
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Fig. 14. Trifolilll/1 bi."o//(/c: thc rool ncck. 

Fig. 15. Transvcrsc seclion aflhe roOl colourcd by Toluidill11 Blul::. 
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epidermal cclls: their number by mm2 does inerease notieeab[y when thc basai Icaves ofthe 
head are examined. A signilicant decreasc in dimcnsion is observed in the basaI rosette . The 
upper epidermi s of the leaves is gencrally gl abrous, whereas 011 the lower onc g landu[ar 
hairs are founJ more abundant in the apical slcm Icaves and [ess abundant ncar thc base. 
These dala show Ihat the leaves ofthe more superfici al part oflhe rosetta reaellO tne cxter
nal and environmental factors by modifying thc position and tlle numbcr oflhe Slomala and 
by adapting their epidermal eell s. The radieal !caves, on the contrary, show mesophy ll cnar
aeteri slies because they grow in a more protected environment. Tlle mosl interest ing cnar
aeteristies of Trifolium hivonae are clcarly tne signs o f tne seasona[ eyetes found in Ihe root. 
despile ils [ength and ils depth. Il is al so very sensitive to mechaniea[ stresses as il can o nly 
penetrate the soil if there are no sign ificanl obslacles. The Flysch is Iherefore Ihe ideai sub
stralurn for Ille p[anl to pul down rools. As a matter offact. T. bil'ol/ae on[y oceurs on Flysch 
substrate and ils on limestone viearious, T. phy.mde.\· Slevcn, growing on timeslone. has a 
quite dilferent rool apparatus. Ils roots are indeed shorter and fibrous and Ihe pianI has 
scapose Cnaraeteristics whercas T bh'U/we has semi-scapose eharacteristics. Therclore T 
bil'olwe is slrong [y innuellced by the ecology o f ils root. 
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