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B. CHIARELI |

Why did Columbus order a defensive wall on the site on wich La Isabel;
1 from the near village. as early as January 14947

s only sure that La Isabela had to be abandoned because of the ﬁgh}s ani
ins among the colonists, after realizing that no gold mines were available

- cquse can be traced back toepidemic fevers due to the high concentration
1 a relatively small seitlement. More than a thousand men, with horsc.,
1 hens were living on the tiny promontory, surrounded by 3 or 4 thousand,
atives hecame gradually hostile, since spanish settlers urged them to hur
o which they were no used. Many Taino, after trying to escape, choose (o
ownrelatives and themselves, When Columbus arrived in the island, it was
populated (there were nearly a million inhabitants), according to the
1 sources; inthree decades, only a few survivors certified the first genocide
y the colonist of the New World.

ssary therefore to trace back not only the life and problems of the european
but also the tragedy of Taino people and culture. 1U's a work to he
1ed with the helps of anthropo-ethnological data, compared and integrated
‘orical sources not always in agreement,

1 centenary of the discovery of America seemed to offer a good change (0
study of an historical period relevant also for Italy. Columbus was not the
jan in the expedition: Bernardo da Pisa, Michele da Cuneo, Columbus
Bartolomesw, and son, Diego and perhaps many others crossed the ocea.
of a Mediterrancan sea and of an Europe without frontiers. Unfortunately.
v could not be carried out because local authorities in Florence choose not
heir support to the research.
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RIASSUNTO
Tiltandsia albida Mezel Purpus vive esclusivamente inuna limitita stazione presso
Meztitlan in Messico. Alla Juce di un’alia sterilita del polline prodotio dalla pianta,
che pub essere una delle cause della difficoli di questa epifita ad allargare il proprio
areale, abbiamo intrapreso uno studio ultrastrutturale del tappeto dell"antera, tessuto
importante nella maturazione delle microspore. Sono state identificate tre fasi
funzionali suceessivenellosviluppodel tappeto: la prima comprendedifferenziamento
ematurazione, nellasecondauna secrezione eccrina di sostanze idrofile che interessa
le pareti precede una secrezione di tipo granulocring rivolta alla digestione del
callosio che circonda le tedradi, la terza consiste nella progressiva degenerazione ¢
conseguente secrezione olocrina el loculo. 1 Tappeto di 1. albida risulla essere di
tipo secretorio ¢ si sviluppa rapidamente; inolire il precoce annullamento dei
collegamenti simplastici porta a una perdita della sincronia dello sviluppo delle
cellule del tappeto. L asincronia e le fasi secretorie anticipate rispetto allo sviluppo
delle microspore sono considerate una causa della non vitalit dei granuli pollinici.

SUMMARY

Tillandsia atbida Mee et Purpus subsists exclusively in @ limited station near
Meztitlan, Mexico, The pollen produced by the plant have a high rate of infertility;
this may be one of the reason that the ephiphyte has difficulty in expanding its area
of distribution. In view of this, we have underiaken an ulirasiructural study of the
tapetum of the anther, a tissue that is important for the maturation of the microspore.
Three conscentive functional phases have been identified in the development of the
Lapetum: the first comprises differentation and maturation; in the second, eccrine
secretion of a hydraphilic substance that affects the walls precedes a granulocrine
secretion whose [unction is 1o digest the callose that surrounds the tetrads: the third
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consist of the progressive degradation of the tapetum and its consequent holocri,
secretion into the loculus, The tapetun of T, albide 1 secretory and develop
rapidly; furthermore, the prenature distruption of fhe symplastic conncetions ley,
toalossof syncrony inthe developmen oftheeellsofthe apetum. This developmeny)
asynchrony and shift in the secretory phases, which oceur carly with respect 1o 1)
development of the microspore, are considered a cause of non-viabilir,
of the pollen granules, ‘

Tillandsia is, a significant genus of the Bromeliaccac (Benyi g, 1980; Frangjy
Corti, 1981) a large family of herbaceous monocotyledons, almost excly L-|,J
distributed in the intertropical range of the American continent, The onl yeeeiiy
is Pitcairnia feliciana Harms et Mildred which grows in West Africs.
Owing toits epiphytic choice the axon s the most evolutionarily specializeq o he
Family. This is due to the high morphological and fuctional specialization o the
absorbing trichome, a foliar apparatus which is the peculiar characteristic of 5|
Bromeliacee, and to the absence of absorbing roots,

As of today 414 species of Tillandsia have been identified.

The arge numberof species and the wide diffusion of many of them, as well s theip
vastrange, testify toaremarkable efficiency in the gamic reproduction of the 1o,
Nevertheless. some Tillandsias are not very widely diffused and can only b oung
in 4 restricted habitat,

Forthese, tisreasonable o think that something i their reproduction mechanisms
does notwork properly. This s the case of Tillandsia albida Mez & Purpus. i are
Mexican species which lives only one restricted “station™ the Barranca of
Meztitlan near the homonymous Mexican town. Here the species survives hinks
10 a very active vegetative propagation,

Inanattemptto explainthe reason for s restricted habitat, we addressed oursclies
to-the study of the reproductive organs, taking into consideration that in the
itratore there s no information atallabout the anther tapetum inthe Bromel s,
[n this paper, we report our ultrastructural observations done on the anthertapetum.
a lissue which is very important during the maturation of the male sporogeriots
lissue,

I the anther, the tapetunt i the tissue which divides sporogenous cell. the in7er
most ones in each of the pollen sacs, from the outer tissues which prinvarily crry
out amechanical role.

Tapetumis always presentin terrestrial lans (Pacini 1985). Inthe spermatoph 4
we can distinguish two niin Kinds of tapetum (Davis, 1966): glandular (07
secretory) tapetum typical of almost all of the dicotyledons, and amoeboid (0f

6l

gsive) tapetum, preseiit i almost hall of the monocotyledons.
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tendency of the tissue o reach a greater contact between its cells and the po .,
grains, using three inter-connected modes: 1) intrusion of cells among the sp,,
2)loss of cellular walls, 3) reduction of the anther.

Fig. 2 - The inflorescence (helicoid cime) of T, afbida
Fig. 3~ Detail of a cross section of 1. afbida anther before the deiscence, The gland tapet|
cells which cover the pollen sacs (locule) ure intensively stained. Inside the sacs the fertile cells

are at the stage of tetrads. Stained with toulidine bleu,

MATERIAL AND METHODS - The anthers used in our research were obtined
from Tillanelsia alhida Mez et Purpus plants gathered in Mexico in 1986, during
ascientificexpedition financed by the Deparment of Plant Biology of the University
of Florence, and still living in the Botanical Garden of the above mentioned
University. Tanks to the acropetal development of the Mowers, the simultaeous
collection of buds at different heights permitted the testing of stamens at various
stages of maturity,

Small picces of anthers, about 2mm in lenglh, were fixed in 2,5% ghutaraldchyde
and 4% paraformaldehyde in 0.1 M phosphate buffer at pH 7.4, postfixed 11 lff
0s041in the same buffer, successively dehydrated and embedded in epoxy “'\”.]
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KEY TO LABELING: (C) Callus: (d) dictiosomes (1 5) intercellular spaces (L) locules !

; F = i I B ':: e, (x 2,300, O
mitochondrion: (M T) mecharic tissue; (n 1) middle Tamellae; (n) nucleo: (F) plast .}“ ] J M.'II.;L”)‘ L:“;:;-m-‘m the meiolic prophase of the mother cells of the MICOsPOTCs. Del Ll“[h"
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may be distinguished from the esternal ones which are smaller and flat, by the isodiametn. 3
The sporogenous cels reveal organelles at an early stage of development. Noteworty inthe 14 ”
cells are: the fragmented vacuonie (note the presence of lusion figures), the prominenl’ Job?
siiclews and the plasmodestmata that eonect the eyloplasms, The sporopenous cells are el
wrapped in a thin layer of callose of low electiondensity. (x 3.900)

el coll, Mediuni-sized vacuolesaren cantiguity wiihthe
o wrapped inthe callose s :
e, and the fusion figures thit char

scalh, Note the dense cytoplasin

the side of the mother cells, which i
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- The Lapetum dI.ITiIIg the meiotic pmphuw of the mother cells of the micmspum. Detail i if
2l cell. The RER profiles more numerous near the wall, and the cyloplasm is vers
andense, (x 10,700),

- The tapetum during the tetrad stage. The digestion of the wallis already advenced.
tced by the intracellular electrondense aggregates, The nuclei arc lobate, while the vacuonis
Jominanily composed of large, spherical elements. Note in the eytoplasm a circular 200¢
A oceupied by dense collectin of eleetrondense particles. (x 2,500
- The tapeturm during the tetrad stage, Detail of 4 tapetal cell. Residual segments of (¢
<lamella. whose profiles e marked by the accumulations of clectrondense materials per+i+
iothe radial imtercellular space, together with higly  electrondens
tiles, farrows) (x 11,300,
1~ The tapetum during the teirad stage. The detail shows a plastid containing a conpa
 grouped membranes and black elobules, (x 22,200).

ODUCTIVE ASPECTS IN TILLANDSIA

T;ﬂ_uﬂ, 1961). Ultraihinsectionsobiained using aREICHERT OM U3 ultramicrotome
‘were contrasted with uranile acetate (Gibbons and Grimstone, 1960) and lately
with lead citrate (Reynolds, 1963).

Observations were made using a PHILIPS EM300at 80KV transmission electron
iCrOSCOpe.

RESULTS - The first picture (fig. n. 1) shows a Tillandsia albida. As we can see
(he base is dried and already dead but what remains is in excellent condition and
doesnot show any traces of roots, this is a characteristic of almost all “atmospheric™
Tillandsias.
“The second picture (fig. n. 2) shows a 7. albidainflorescence with a helicoid cime.
The lowest flower is already open, the others have still to bloom.
The next picture (fig. n. 3) shows two pollensacs of an anther of 7. albida, observed
?‘"with an optical microscope and coloured with toluidine blue at 0,1%.
We can aniicipate that the tapetum of the T, albida is of the glandular type. In the
picture fertile cells are still assembled in tetrads inside the wo loculi
“The first picture obtained with an electron microscope (fig. n. 4) shows how the
apelum appears al the moment in which the fertile cells siightly differentiuted
(shown by the thin and non-homogeneous matrix, by the small mitochondria and
5by the intensely contrasted amoeboid plastids) have already formed a first thin
parietal layer of callose that appears electrontrasparent.
“The tapetum cells have a rather isodiametric shape and very thin walls. The radial
ongs are crossed hy a lot of plasmodesmata (ultrathin pores) which maintain the
-~ comnection between their cyloplasms. The cytoplasm is electrondensc due to the
- great numberof ribosomes: mitochondria are small and elongated. The plastids are
i also small containing a fow starch granules, and the system of inner membranes is
restricted (o small vesicles. The nucleus is large and lobate, The vacuome is well
dﬁ\'elopcd but frazmented in numerous elements. In the upper-right comer, the
Outer mechanic tissue cells are flat and elongated in periclinal direction.
The following picture (fg. n. 5) shows the tapetum cells when they are ai the same
Stage of maturation as the mother cells of the microspores characterized by avery
fﬁick:'aﬁo.w shearh. The first thing we notice is that the lapetum cells are elongated
N4 radial direction,

€ greatest phenomenon concerning these cells is connected with the irregular
SWelling of the walls whichremainthin only where plasmodesmatare present. The
Wall swellings are more remarkable in the lower part, or to be more exact, near the
Sporogenous tissue. The cytoplasm is now richer in rihosomes which increase its
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electrondensity especially i the peripheral band. The nucleus has divided as v,
can see inone of the two central cells and this is confirmed by optical MICToscop,
observations, The nucleoli are large, porous and emit swarms of ribosomes, T},
vacuome tends (o collect into two larger clements and shows electronden.,
contents. The dictyosomes (fig. n. 6) bud large clear vesicles which successivcl,
migrate to the periphery and enter into contact with the cell walls. In the lower-l
side is a plastid showing vesicles,

The following pictures show two aspects, which soon become apparent in the.
elongated cells. Here (fig. n, 7) we can see litle vacuoles entering into contact i
the more marked wall swellings: we can easily see an electrondense fibrill
component contrasting with the clectrontransparent mairix,

In the following one (fig. n. 8) the presence of longer or shorter RER profiles is
evident near all walls. This is a generalized aspect.

From these first pictures at the electron microscope we can conclude that afic:
having reached the elongated shape, the tapetum cells start an activity of profeic
(enzymatic) synthesis attacking their own walls, as will be shown in the followin v
pictures,

This is evidenced by the preferential positioning of the RER and by the spatial
contiguity of the vacuoles with the parictal swellings, while the early activity of the
dictyosomes must be considered only destined toward the wall growth,
Therefore, in this primary phase the tapetal cells show a secretory aelivity ol
ecerine Lype.

This secretory process is more cvident in the following pictures. The figure n. Y
shows the alteration taking place in the tapetal cells. Because of the total
disappearance of the inner tangential walls, a locular cavily is formed.
Inside the loculus now there are tetrads sheathed by callose. Even the other walls
(radial and outer tangential) have lost electrondensity and are similar 10
electrontransparent clefis between the eytoplasms. In their interior, there are smal
masses of different shapes butall strongly electrondense. as we can clearly see in
the figure n. 10. Here, the clear transverse sinuous band is the image of one of these
clefis. On the right side there are three small masses of different sizes and
electrondensity: on the leftside, aresidua! line of the middle lamella shows on botl
sides accumulation of electrondense materials.

Obviously the dissolution of the walls brings abou the disappearance of the
ovtoplasmic bridges and it is evidenced by the loss of senchrony during the
development of the tapetal cells, This phenomenon is more evident with the optical
microscope. Now the cytoplasm is less electrondense compared to the previous

- eon(ODUCTIVE ASPECTS IN TILLANDSIA

; i il o tanetal cell. Noteworty in the eytoplast
ng.ig-Th.:|;|.|-,uuumlurmg:hc|ctmdst.nm.llu.nluiai.;p-.nlull ateworty it

the presence of RER long parallel profiles assembled in bundles. The dictyosomes are
and compact, (x 7.9000. o -

Fig. 13- The tapetum during the tetrad stage. Detailof atapelal e
makes contact with the plasmamembrune through mmef s dilated
budding very small vesicles. (x IZ.ﬂ!IH: o
Fig. 14 The tapetum during the young microspore stage, Detail of a tapetal ce R il
intercellularspace. The ER network, whose elements are dil

showing a RER profile whie
fges. Now thedictyosomes

| which demonstrd

the marked sinuousness of the sk
laden with contents of medium electrondensity, also stands out. l.\ h.l.[I . .
Fig. 15 - The tapetum during the young microspores siage. Detail of a tapetal it
and the plasmamembrane profile rey calsseveral pointol gran

complete

wlocril
Tacks the inner tangential wall,

secretion, (x 30000
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Fig, 16

Secretory aetivity are preseal. (x 21 (000)

- The tapetum during the microspores stage, Detail of
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Fig. 18 - The tapetum a1 the microspore stige. Detail showing the presence of small dark hodic: oW 1o ¥
forbicula) ynd similar osmiophilic bodies n e y
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following figure (fig. n. 15 this phenomenon is fully demonsirated. Near 1,
loculus, ER elements come into contact with the plasma membrane and they o) \u
showing a granulocrine secretion clearly visible in the following image ﬁg.'n, i(: T
Going back to the previous picture (fig. n. 15), we also notice 4 reductioy ¢
osmiophilia of the plastidial matrix, Figures of fusion still involve the vucuu;”n.|
In summary, we can say that the eccrine secretive phase, responsible for the ;|
degradation, is followed by a different synthesis phase (bundles of RER pmt‘ié--:
which anticipates a granulocrine secretion o the part of extensive ER ncml‘.‘-k]'
The appearance of a large number of small clectrondense bodies, prcw]u:nh-
located along the radial plasma membranes, characterizes following phase of e
tapetal cells, as we can see in tha next figure (fig. n. 17), The phase .m.‘r;:
sinmultaneously with the end of the tetrad stage, which involves the dissolusion nlf
the calose layer, Small electrondense boies, like the ones described aove, 1o
also present in small peripherical vacuoles (fig. n. 18), which can also coniip
membraneous tangles,
Membraneous tangles which resemble plastids being digested by vacuoles (1is
phenomenon has been noted and published for the Tilandsia caput-mede
!Julilcn) can be seen. In this phase, the entie electrondense membranous conplex
inside the plastids is dissolved. The same is observed for the plastoglobules,
We can see the electrondense cytoplasm divided into small portions of difern
shaQes among the lightest strands of the very extensive ER network.
Abriefconsideration of the phenomena deducible fron theaspects seeninthe e
figures, Tead us to identfy the syl electrondense bodies placed along (he
Pla:smaiemma as orbiculi because o their analogy to images and situations found
inliterature (Echlin, 1971; Heslop-Harisonan [}ickinsonji‘}ﬁ%.Thcirprodua‘lmﬂ
seems connected to the enzymatic activity of the vacuole with respect 10 (he
]3|.£l5lrld$‘ The maturation process of the Lapetum ends with the appearance of chios
\fnlhm lh.e cylfzplusmalic masses (fig. . 19), where a confused heap of tubules 11¢
ltte vesicles isall that emains ofthe ER network and of he Golgi apparatus, The
plastids are no longer seen. The mitochondria (which dre more persistent) become
snllall roundish organelles, delimited by only a membrane and containing fo
cristae; more or lelss decentuated rarefaction areas open within their i
::;I:illcmf;?lgzwlll?%pg:;zure lﬁ:g.ln, llﬂ‘l We can s.r:c‘huw the tpetum FCHS have
+ 11 3pongy aggregates of more or less strongly osmiophyllic masse:-
f\ll‘nund them, in the locular fluid, a flocculent material appears, I the foculus 1l
Microspores have already formed their most external sculptured wall (exine). The
last picture (fg. n. 21) refers to the final destiny of the tapetum, The isue s nov

!hg exine of the pollen grains.

i of the sporogenous tissue), compared 0 the cases found in literature.

‘cells appear encircled by a thick sheath of allosc
* hydrophilic substances: more enzymes estined for the digestion of the wally

 secretion), It starts exactly when the loculus is formed and ends as soon as th

oo firs consideration (hat we can draw from our observations is that n Tillandsia
hida 1hctapelumisglandulurandhusurapiddevalopmcnl[wnhreiercnru lothe
I

s is (0 say that Tillandsia seems to place itself among those monocotyledon
oenera characteized by an inferior stage o evolution {Pm?ini and ulhclr. I98§: and
arugi, 1927) with respect to the functionality ul the c.xummed lissue.
the other hand, since glandular tapetum i the most diffused kind among pll:lnls-
g in xeric enviroments (Pacini and others, 1985). this characterstic of
Tillandsia albida may not be correlated with its evolutive slage, but mslcu(t. wilh
choice of environment. In fact, we can speculate that the liguid, gu}hcrgdm ic
Jus and covered by the elandular tapetum, may have an insulating function
ated o the fertile cells. .
Thi murpholngicalvaria[innsohservcdinlhctupclumdcvulupmcnthuvcpernultcd
WS 0identify three functional phases. o

The first, which can be defined as differentation and maturation, inclused the
aainment by the cells of an clongated shape in a Iradiull dircctiuq and the
‘preparation of arich proteinic (enzymatic) supply sufficient Ior:{ following phase
‘ofsecretory activity. This phase ends approximately when the microspore mother

The second phase is characterzed by aspects comnected wilh fhe secretion of

(eccrine secretion) and other substances introduced into the [oculus (granulocring

Callose sheath around the tetrads (whose microspores have completed their exing
endogenous layer) disappears.

The laststage includes a progressive cellular degencration il
Ofthe cels which s simultaneous with the first phase of maturation of free poller
grains, |

During he firststage the apetumcell rejoined togedher by cytoplasmiaic s@rund
(plasmodesimata) which insure the synchrony of their differentiation. This 51
even when the walls undergo the swelling process. This mndiﬁu.‘min.n‘ derive
Gither from the contribution of new material, through the considerable dictyosom
gctivity, or, at least in part, from the diminished compactness of the umurph@
Matri, as suggested by the untidy disposition of the fibrillar electrondens
companent, does not involve those radial wall tracts which are crossed by group

and a generalized s
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of contiguous plasmodesmata,
Plasmodesmata are also initi;
o u;ll.;ﬁft;hnnulmllypwsenlbﬂwccn!hcmpclum;mdlhc\'purn
s, but, as cells deposit callose, the plas sl
I allose, the plasmodesmata are i )
h‘?h'“m"”"'“hc“"fffﬂrdt‘dbyPucmiandjuni‘ aare ntermupied. Sip
of Olea europea. w
Theirregularand lobe :
£ obate shape " ;
s e e shape of llhE nucleus and its division lestify to the secre
il sand the necessity of rapid and efficen puclous sy
ationships which are realize S-CY
The pnmqj:I: )rglth are realized through an inerease of the exchan ¢ s
SIY Clen| noee Lo b W
. } e_nunlumlarmclss.whlcfuslarﬁu and the swarms of o
granulles they emitarecomected o the e e svamsofletrondens
teeded ’ _ eencrease inthe numberof phosors
i kd h?rlthc marked protci synthess required by the e berof ribosorne
¢ spatial contiguity of some of .
swc”j"gg o bef;. [IJYUI SU"]{‘. ol tlli_‘ m‘-‘“ﬂli‘ﬁ “rflh [hc more mi,ll'kﬂd
e Xphined as a indication of enzymatic getiv ol will
connection with the walls ymatc activiy already in act i
The second frctions ia |
maucruff:] [f””“'ot'}'*” stage s characterized by an early logs of
ael, we observe different degrees of o
b egrees of developme
L)’Iﬂphh.[ll;lll{: asmiomphilia, probab e
connections. The digestion of the

F(1979) inthe secretory tapety,

y
toplasm .

synchrony. As 4
(inthe cells and in the r
_ sandinther
Wh zﬂdue o {!u: d!salppcarumc of the symplastc
st elwmmrm;prl.r:mu:a (}I Which the walls were composed is
- ansparency of the spaces
ek spaces between the radial
s mdlfy the fact that the inner tangential pluxmamclnhrunl'
el .Ni ln ) The enzymatic attack on the walls indicated b '||w.
: ‘ ) ity & ;
Sl n?-”;-]:m Lyllllpl('l.\'m of RER cisterns parallel 1o the pr'::xml
HIDRANES and oF a large quantity of free ribosomes i
i 0somes, causes the appearance of (he
otk mc{cgsc{ l:n.nlcrm]s :Ilwlnbulcd in the intercellular z]:au:eq :’;11:1%.
Pt g‘lﬂj e Kinds of substances involved, carefi nbwrv';[} ) I"]“I
—— .(;f ‘m s lcud S 10 consider most of them g suhﬂtﬁucr;l i
3] e s i o . ¢ . SI &
il dm:jttm‘nl of parietal origin (see diagram A), This bch:;:%:hllm
L ¢ idennedio i : . o |
s yh dL[N.}Sr][Ld on mmiddle Tamella fragmens and (he i Wh
mamingm S, prevailinthe first stage, while Lyer, the quantity of o
@ i ; i : . i Of compact
idue d5es, some of them still diametrically divide i
o ¥ divided by a middle lamells
The degradation of
gradation of the walls ass
P it s Ssxuu.\_; lycosic contribution o h
s the possibility th
i y that mol
11 llltlr‘lllt the callose filter and Southworth
_.hua‘usnj tnthe callose wall which acts as
¢ tertile calls benefit from the pre:
I the tapetum, L

efertilecells, But
uqllcs bigger than 4 triose can
l l‘}?l ) points out the incororation of
i humcr. only later can the cytaplasm of
ler part of the products of pariets hydnlllyui\

QDUCTIVE ASPECTS IN TILLANDSIA

thelocular Muid should beenriched by the glycosic contribution,
ubules near (e plasma membrancs i probubly connected
(0 the necessity of an intra:
ccomes less effective when

ore,nitially
he presence of microt
(o he isippearinee of the walls and therefore
oplasmic cytoskelel alternative, However, this
e gywplasmit masses take up very irregular countours.
',,Acgmibulinnnt‘ihcmicrmuhulcqmlhemmnlcnanccoﬂhcshupcnf[hclupcuﬂucll
A heenreporied by various authors (Steer, 1977 Paciniand Juniper, 1979 Trwari
 Guning, 1986a. 19800 Pacini and Keijzer, 1989)
* The fact tha radial plasmd membranes of the contiguous cells do ot meet can b
1 gxplined by (he persistence on iheirouter sde of esidual wall componens which
arenot suffciently electron-0paque:
The appearance of bundles of entended RER profiles and the modified apperance
ofthe dictyosomes are (he firstsignals of the diferent secrelory activity in which
thetapetal ells will beinvalved. Thisaspectof heRER isaclearsign ofaproteinic
 ynihesis extended (roughout the whole cyloplasm since the bundles are widely
 Gisibuted. This synthess takes place before the appearance of he ER network
(fig, 11) and the successive chromatic modification (darkening) of the mnter-
connected cytoplasm (fig. 14 therefore, it must be connected (0 the auto-lithic
mechanism which possibly gives even (he dictyosomes  partnthe distribution of
enzymes. The granulocrine activity, evidenced by the vesicles which come into
contact with the plasma membranes and subsequently open pouring o their
(ime as the auto-ithic phenomenon and is connected
Isof the fetrads. At the end of this

content, appears al (he same
With he degradation process of the callosic wal
process the microspores are free.
Regarding the calasc synihesis W
{houghis producton by the epetum s becn
(1969) but only the observation of the significant
Juniper, 1979) is reported.

T disappearance of the starch eserves and th
Complete the picture of this intense cellular activity.
Thclhirdfunclinnuislugcn[lhcmpclumisiniliallyuhamctcﬁxcd by the appeardnce
of electrondense bodics located long the plasma membrane. On the basis of thel
morphology and location wedentfy e asorbicules (or sporopolleninicbodics
(Bchlin 1971 Heslop-Harrisonand Dickinson, 1969). Thisappearance s observe
simullaneously with the eduction of the osmiophili of the plastid mratr and (et
corpuscles and with he presence, in the peripheral cytoplasm, of vacuoles s

‘ containing electrondensc smll hodics.

e donotfinduntrasructura proof inthe teruture
demonstrated by Mephamnd Lane
resence of RER (Pacini and

¢ highnumberof the mitochondria




Concerning the orbicules formation, Brooks and Shaw (1968-1971) have PO
out that the carotenoids of plastidial o 2in are precursors of the sporopollen
Thearbicules formation oceursin Tilandsia while thesporogenous tissue concly, Iy
the tetrads stage, as reported in Liliu by Heslop-Harrison and Dickinson (191 )
These authors, moreover, attribute the role ofprecursorsof the sporopollenino o
chloroplast carotenoids of the tissues outside the tapetum and not to (),
tapetum cloroplasts.

The function of the orbicules seemto be to favour the dispersion of the pollen gy
avoiding their adhesionto the intemal surfuce of the anther [ should be g
however thal another possible purpose of the lipids and of the carotenoids of the
tapetum plastids is a conteibution o the formation of (he pollenkitt (Hesse, 191
Echlin, 1969).

Alter the formation o the orbicules and in concurrence with the separation of e
pollen grains from the anther, the degenerative process of the tapetum appe.r
generalized and imeversible. The mitochondria, wich have Jos all of their cristae,
are the most persistent ype of organelle maintaining for a rather long time ¢
delimiting membrane, an aspect which has also becn reported by Lombardo and
Carraro (1976a) in Antirehinum maius: the plastids. instead are rapiqly
absorbed by the cytoplasmatic mass,

This cytoplasm degeneration represents 4 secretion that must be defined 1
holocrine. With the gencralized osmiophilia of the cellular materials, 3 fire
locculent electrondense conte represent the last secretory stage of hydrophilous
material dispersed in the loculus,

When the pollen grains reach complete maturity (the young gametophyte stage),
electrondense residual tapetal heaps of differen shapes and sizes are adheren (0
the mechanic tissue and randomly distributed among the isolated grains, more or
less in contact with the exine,

This material represents the lipophilic residue of the tapetum which, as is well
known, i the main component of the pollenkitt. In conclusion, the tapetum of
Tilandsia albida, in spite of peculiar ultrastrycturyl aspects (suchas the early o
of synchrony inthe functionality of its cell) basicall ydevelops ina similar way 1>
other secretory lapeta. I is important 1o point out the rapidity with which 15
function procedes as compared tothe sporogenetic process, In plants from extrer ¢
environments, a is the examined species. a apid development of the biologic:!
Process is most likely a necessity for survival,

The tapetum has been indicated as the site of a possible cause of sterility by
Chiarugi (1927)in Achillea clavensae (Asteraceae) in which the occasional Jack o'
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QDUCTIVE ASPECTS IN TILLANDSIA

(his tissue (here of a periplasmodial type) causes the digestion of

: qac or in & whole flower,
anes in a pollen suc or i a W T
llen g_mﬂ}? I1I ]-{: ssynchrony ha e obseved Tillandsia albidia aiui the
e clopmentofthe fCI‘lilL’L‘C”S.L‘imbl:C{)Imdcl.".‘d
{ kind of tapetal disfunction which explains the high
ave observed.

qeration of

ases of a differen i Gy
4 (%) of non-vital pollen grains that we h
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wh oy o il 16 1 1 o 1 1 i
Llphyl:mlphen. is a biological entity that is defined (Last, 1955; Ruinen, |t
] o Jhine " 1ol o o i J_
'}'.“E'lm ationships that cxist among the leaves, their exudates, and the epi |m]
o o oy o v i 1 - g
TL;]I orathat grows attheirexpense. Itistheepigeal cqui\'ulcnluflhc”rhi'.ru:] |] .
[l o anne . o 2o pnes Wippd
ok e rool jPP-inltuh. This is particularly true as regards the zone ¢ g
rhizoplane’. R
n this: ic aisine i
|g:; zone, the mn.ruﬂ‘ora is in contact with the roots, For this reason, Ker
l ) pr_oﬁmcd the designation “phylloplane™ to describe both this c-mi't‘v JLI| i
' i - b and the
:-T, ?rfc 01' the relationships between the leaves and the epiphytic microﬂc'am o
¢ factors that d fec 5 .
e T(.: nrqh.u affect the settlement and characteristics of the micro flora arc: i
roOrEanisms : ic in origi oo
e Lamlams that, although telluric 1n origm, are air-borne; the cp"nLI "
et _ _ Y hylie
g |hc0 j:d(ll'llhmblh;:} are intimately associated with the leaf’ the quantity and :1 ; .
+f the exudates produced by the leaf; the f i : S
af: the foliar structure & iti
HE Caslny E cand th sof
microclimate (i.¢:, temperature and humidity) i tecondiion e
The microclimatic conditions :
i ‘hc]eli;?:nlml conditions, such as temperature, humidity, and ventilation. in
af existsassume importance fo : .
rthe outcome of the exchi ;
s : coftheexchungesol energy
i lhc.i:l and l1hf:ennmnkmcnl, Furthermore, they are paniculuriy inﬂucmih
]ngen\c id ;:I"Ae npmcnll of the microflora that populates the ph\rhmphc:lc
o E.m o :;r microclimate doesnot quite correspond withthe en\:irunllmm li
.Evenin the sa i
e mc n:;;t;c leaf, |: can vary in lemperature and humidity according
, central as opposed to margl :
i i m : ‘ marginal).
alco s S i
s ll::mnnsf:l the phyllosphere are influenced by the foliar exuditcs
: | i atcs.
? quantity of the substances released by the leavesare not insignifi
even though they vary considerably fr g o
i siderably from plant o plant. Even in each individual
Suh“unccgrck;;\ dﬁ:n ing on such factors and its putritional state, and climae
e g y lh':. Iea\l;c.snu lude mineral t:umpuunds:nrguniccnmmuﬂd*
sugars: pectic substances; organic i i .
! sug . i ic acids; alkaloids ¢ enolic
:\'-‘ﬂ'_pfunds. gibberellic acid; and vitamins s Pht”“l*
rich microflora s i
micmcgulnu;]ﬂ:}m m.“.le‘\ on this chemical substrate, 1 is influenced by the
Dcpcndin; i L;:Ildlt](lﬂ.‘iﬂ“l]c <oil and on the degree of contamination uI‘II; ir
on the climatic condili is mi p
; ilic ; microflor: i
iy tions, this microflora can develop with
Following th
g the development of this mi
S his microflora, er of i i
s flora, @ number of interactions i1
One may easily |
asily guess the effect of § [
One 5 of such a microbial coati inci
i IIL]ll a |11le0|)1.|| coating on the principi!
el e s, they include assimilation respiration and {ranspiration
m— L‘.‘ n_.r.n}L]lpnI microbes, photosynthetic organismincluded thatis no!
L : i 1] @ 1, A it i i ‘ . ‘
en with appreciable variations fromone plant to another, according

- jpe positio

 qiche coniributes importa

o and age of the leaves. and location.
tion of the phyl\uspheric microbial complex and its ecologic

hension of the relationships

o ;
pearly, 40 appreci
nt elements 10 & compre

petwee? microurgunisms and plants.

E PHYLLOSPHER]C MICROFLORA

af surface 1 colonized both by @ random microflord that is conveyed from the
mwimnment and by epiphytic microorganisms that are intrinsically associated
with the leaves by the utilization of foliar exudates a3 puirients.

The most salient characteristics of the phylinsphcr‘nc microflora are predominance
of chromngcnic bacteria and fungi; presence of Gram-negative bucteria: absence
of scarcity of actinomyceles: and the frequency of bacterial antibiotic producers

whichucpredominmily activeon phympalhogcnic fungi. The microbial colonization

of the leaf occurs hy degrees. The first inhabitants of the phyllosphere are the
bacteria that originate principally from the buds. These are followed by fungi and
yeasts. Among the plants with percnnial Jeaves.the phy!lusphuric population grOWs
with age. Variations &r¢ registered according 1o the season achieving maximal

density in Autumn.
In certain Cases, the bacterial and blastomycelic pupul:niun of the leaf attains &

density greater than {hat found in the oil. Its estimated weight can represent upto
0,19 of that of the leaves (Di Menna, 1939; Stout. 1960). In general, (he foliar
microbial load of plants in  values higher than those of

tropical countries achicve
femperate 20n¢ (Ruinen, 1951).
The abundance of pigmented formsconfersupon theepiph
its distinctive nature. Chromogenic bacteria comprise Mo
microbial population. Specifically, these include species of
Pseudomonas, Xanthomends. and Achromobacier- Similary. the
is composed of pigmented species. Often, 90% of the population is ¢

red and black pigmented species, such as Rhodotoruia and Aureobasidivm
pullulans.

There are, however, exceptions. Unpigmented bacteria

active growth of the Jeaf, and yeasts of the genus € nyptococcus Can.
Cases be more NUMErous than pigmenlcd spccics(Di Menna, 1959; Ruinen, 1966).
Among the fung, speciesof the genera Cladosporium, Alternaria, Epicoccins and
Aureobasidum are particularly widespread.
gmented picrobial species reflects a selective ad
hich eliminates those species thit Jack the protection

ylic microbial population
rc than 90% of the foliar
Flavobacterium,
yeust pnpuhn'wn
omposed of

dominate during periods of
in certain

The predominance of pi aptation
against the effect of light, w
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