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WATER ACQUISITION STRATEGY SHIFTS IN THE 
HETEROPHYLOUS SAXICOLOUS BROMELIAD, 

VRIESEA GENICULATA (WAWRA) WAWRA 

FERNANDA REINERT* AND S. T. MEIRELLES 
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ABSTRACT. Vriesea geniculata produces two distinct morphological forms during its life cycle. Juveniles 
exhibit non-impounding rosettes composed of succulent narrow leaves bearing numerous elaborated tri­
chomes. Adults possess an impounding rosette featuring flat broad leaves with nearly glabrous blades. 
Trichomes with a 4+8+ 16+32+64 shield cell pattern cover 80% of juvenile foliage. Trichomes with a 
reduced shield cell arrangement (4+8+32) cover less than 14% of leaf base in the adult form. Stomatal 
density increases distally while trichome density increases towards the leaf base in both life forms. There 
are no adaxial stomata. Both atmospheric and tank forms show C3 photosynthesis. 

The Bromeliaceae, with more than 2,000 spe­
cies, is widely distributed in the N eotropics, from 
exposed areas to tropical rain forest understories, 
both at high altitudes in the Andes and at sea 
level (Medina et al. 1977, Gilmartin 1983, Utley 
& Burt-Utley 1983, Smith 1989). This wide range 
of distribution is partially explained by the high 
structural and physiological diversity found 
within the Bromeliaceae (Medina et al. 1977, 
Griffiths & Smith 1983, Utley & Burt-Utley 
1983). The family is characterized by species with 
water-impounding or non-impounding leaf ro­
settes with different degrees of succulence bearing 
various types and densities of foliar trichomes. 
The so-called terrestrial species produce a well 
developed root system functioning in water and 
nutrient uptake, whereas epiphytes basically 
produce roots which primarily attach the plant 
to a substrate. Bromeliads also differ in relation 
to CO2 fixation patterns, showing either Cras­
sulacean Acid Metabolism (CAM) or the C3 

pathway, which may be related to modes of water 
and nutrient procurement (Pittendrigh 1948, 
Griffiths & Smith 1983). 

Some members ofthe Tillandsioideae subfam­
ily exhibit two distinct developmental forms, 
which represent the extremes of the range of ad­
aptation to epiphytism within the Bromeliaceae. 
Juvenile foliage has some of the characteristics 
of adult atmospheric epiphytes, and adult leaves 
are morphologically similar to adult tank-form­
ing epiphytes (Adams & Martin 1987). This het­
erophyllous condition was reported long ago by 
Morren (1873), Mez (1904) and Lieske (1914). 
It was seven decades later, however, that Adams 
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and Martin (1 986a, 1986b) studied structural and 
functional aspects of heterophylly in the epi­
phytic Tillandsia deppeana Steudel. Hetero­
phylly is also present in two other genera of Til­
landsioideae, Vriesa and Guzmania (Lieske 
1914). 

The present study aims to investigate some 
structural and physiological aspects of the het­
erophyllous species, Vriesea geniculata (Wawra) 
Wawra, a saxicolous bromeliad that colonizes 
steep granite outcrops along the Southeast coast 
of Rio de Janeiro, Brazil. Individuals are dis­
tributed among different sized vegetation islands 
on bare rock. Sympatric species include mem­
bers of the Cactaceae, Orchidaceae, Melasto­
mataceae, and Veloziaceae. Adult V. geniculata 
produce rosettes up to 2 m in diameter that bear 
inflorescences of similar height from November 
to February. Juveniles produce a non-impound­
ing rosette featuring small succulent narrow leaves 
densely covered with trichomes. Conversely, 
adults produce an impounding rosette composed 
of flat broad leaves covered with wax-bearing 
trichomes mainly within the tank. Soil water and 
nutrients are rarely available under natural con­
ditions, and must be obtained through the leaves. 
The sclerified root system is predominantly me­
chanical, affixing the plant to the substrate. Bear­
ing two different strategies of water and nutrient 
uptake, each life-form will be under very differ­
ent microenvironmental conditions (Utley & 
Burt-Utley 1983, Martin et al. 1985, Smith et al. 
1986a). 

MATERIAL AND METHODS 

Samples of Vriesea geniculata were collected 
in Pedra da Urca (22°57' 13"S and 43°59' 13"W) 
and Pedra de Itacoatiara (22°58'39"S and 
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43°01'31"W), both in the State of Rio de Janeiro. 
The climate of both sites is wet tropical with low 
precipitation in June and July (Nimer 1989). 

The leaf anatomy of 39 plants was examined, 
includingjuvenile, intermediate and adult forms. 
Leaves were divided into six regions: apex (A), 
middle (M) and base (B) for both abaxial (AB) 
and adaxial (AD) surfaces. Epidermal sections 
were cut by hand with a razor blade and stained 
with eosin. The number of stomata and tri­
chomes were counted and the area occupied by 
the latter was measured in 1 mm2 with a light 
microscope and an ocular graticule. In order to 
determine the trichome shield patterns, the leaf 
surface was scraped with a razor blade and tri­
chomes stained with eosin. The area oftrichomes 
was estimated geometrically assuming an ellipti­
cal base and using a light microscope with an 
ocular micrometer scale. Thirty trichomes were 
examined in each of the six regions of the leaf. 
Because of their small size, seedlings were only 
divided into base and apex. The adult and in­
termediate leaf areas were estimated using the 
triangle area formula. Since the juveniles have 
linear leaves, we considered only their leaflength. 

Micrographs offoliar surfaces were taken with 
a Scanning Electron Microscope JEOL 25-S-II. 
Samples were prepared according to Sabatini et 
at. (1962). For light microscopy, fresh sections 
oflongitudinal tissue were obtained with a razor 
blade and stained in Safrablau (Bukatsch 1972). 

Plant material for 013C determination was col­
lected in both localities in June 1988. Samples 
were dried at 60-70°C and ground in an electric 
mill. Samples were combusted in an oxygen at­
mosphere. Carbon isotope analysis was carried 
out using a DELTA E Finnigan Mat triple col­
lector according to Moreira (1988). 

Colorimetric determination of daily acid fluc­
tuation in seedlings were carried out following 
Medina (1961). Ten samples were collected in 
November 1987 and May 1988. Adult plants 
were not used because oftheir large size. Samples 
were maintained under a 12 hr photoperiod of 
natural sun light. 

Leaf samples from ten plants at each of the 
three stages of development were collected in 
December 1987 and July 1988 at dawn and dusk 
for acid titration analysis. Plants were macerated 
and then acid titrated to pH 7 with a pH meter 
with 0.01 M NaOH. 

Five juvenile plants and two leaves offive in­
termediates and adults were collected in Septem­
ber and December 1989 were used for chloro­
phyll analysis. Samples were separately 
homogenized in 80% acetone. The homogenates 
were vacuum filtered and analyzed spectropho­
tometrically, according to Amon (1949). 

Voucher specimens were deposited at Jardim 

Botiinico, Rio de Janeiro, Brazil (RB 283950 and 
RB 285577). 

RESULTS 

The anatomical description is similar to that 
ofthe whole family (Tomlinson 1969, Smith & 
Downs 1974, 1977). Epidermal peels showed 
rectangular cells with sinuous walls arranged in 
longitudinal files. Between the two epidermis, 
there is a hypodermis (FIGURES lA, 2A). The 
ontogeny of this tissue was not studied and it is 
not possible to state whether it is a true hypo­
dermis (ground tissue) as observed in other spe­
cies of the Bromeliaceae (Tomlinson 1969), or if 
it represents an exception and is derived from 
the epidermis, and is therefore a multiple epi­
dermis. The hypodermis is often differentiated 
into three layers of mechanical tissue consisting 
of thick-walled cells and an inner, colorless thin­
walled water storage tissue. The colorless tissue 
cells are larger in adults than in juveniles. The 
mechanical tissue is interrupted by stomatal 
chambers abaxially in the blade region of adult 
leaves. The water storage tissue has about siX cell 
layers in both abaxial and adaxial surfaces within 
the leaf base. In the abaxial surface ofthe rest of 
the leaf, it is restricted to the costal bands. In 
juveniles, the hypodermis is not well differenti­
ated into mechanical tissue. The colorless water 
storage tissue is well developed adaxially (FIGURE 
lA, B). In the blade of the adult leaves, the chlor­
enchyma is anticlinally extended and adaxially 
more compact above air-lacunae as a "cap" 
(FIGURE lB). The intercostal ch10renchyma sur­
rounds and fills the air-lacunae with a reticulum 
ofloosely packed lobed cells. The leaf base is not 
provided with chlorenchyma and the well-de­
veloped air-lacunae are surrounded and filled with 
a somewhat parenchymatous tissue. Air-lacunae 
are very pronounced throughout the adult leaves, 
while they are scarcely developed in the atmo­
spheric foliage. At this first stage, the chloren­
chyma is longitudinally extended and somewhat 
more compact than that of adult leaves. The cos­
tal chlorenchyma buttresses the vascular tissue. 
Vascular bundles are shown to be in series, equi­
distant from each surface in adults, and closer to 
the abaxial surface in juveniles. Larger veins are 
irregularly alternate with smaller ones. The veins 
are buttressed on the outside by a fibrous sheath 
extension (FIGURE lA, B). There are loose but­
tressing fibers transversally extended in the water 
storage tissue of adult leaves (FIGURE 1B). Trans­
verse commisures of tracheal elements sheathed 
with somewhat sclerotic parenchyma cross the 
air-lacunae. 

The stomatal apparatus consists of four sub-
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FIGURE 1. Transverse section of middle portion of the leaf of Vriesea geniculata. A, juvenile-16 x . B, adult-
16 x. C, juvenile trichome- 50 x. D, stomata- 50 x. Trichome (long arrow), stomata (short arrow), water tissue 
(WT), transverse commisures (TC), fibers (F) and chlorenchyma (C). 

sidiary cells and guard-cells not deeper than those 
of the normal epidermis with ledges of wall ma­
terial on the upper side appearing like horns in 
transverse section (FIGURE lD). The substomatal 
cavities join directly into the air-lacunae (de­
scribed above) and are surrounded by chloren­
chyma. Stomata and trichomes are restricted to 
longitudinal series in intercostal bands of adult 
leaves, while in juveniles, trichomes appear both 
in costal and intercostal bands (FIGURE 2B). 

The trichomes of Vriesea geniculata possess a 
uniseriate stalk of four cells, the dome cell plus 
three lower ones (FIGURE 1 q, with typical til­
landsioid anatomy (Tomlinson 1969). The cen­
tral part of the peltate scale varies little among 
life stages. Isomorphic central disc cells are sur-

rounded by eight ring cells. Those of juveniles 
possess a second concentric ring, usually con­
sisting of sixteen cells but ranging from 12 to 19 
cells. Between the outermost ring and the mar­
ginal wing is the inner wing whose cells are often 
irregularly divided, and less elongated than those 
of the marginal wing and comprise at most 32 
cells. The marginal wing of the trichomes of the 
juveniles is irregularly shaped, having some cells 
more elongated than others, mainly on the ad­
axial surface of the leaf usually with 64 cells (with 
a range from 36 to 72) (FIGURE 2A, q. Juvenile 
plants thus have a 4 + 8 + 16 + 32 + 64 shield 
cell pattern. Peltate scales in the leafbase of adult 
plants have neither the second ring nor the inner 
wing. The marginal wing cells are shorter than 
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FIGURE 2. Scanning electron micrographs. A, basal portion of a juvenile leaf on the adaxial surface-l 00 x. 
B, middle portion ,of adult leaf on adaxial surface - 200 x. C, trichome of the apical portion of a juvenile plant 
on the adaxial surface-450 x. D, degenerated trichome from the apical portion of an adult leaf on the adaxial 
surface-l ,000 x . Stomata (long arrow), and trichome (short arrow). 
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TABLE 1. Number of trichomes on 1 mm2 ofleaf of Vriesea geniculata in the three life forms (percentage of 
trichome cover in parentheses). 

Juvenile Intermediate Adult 
POS Side (N = 30) (N = 30) (N = 30) 

Base AB 19.3 ± 6.7 (84%) 16.3 ± 4.7 (47%) 15.4 ± 9.1 (14%) 
AD 12.4 ± 4.7 (83%) 13.9 ± 2.4 (70%) 16.5 ± 8.4 (14%) 

Middle AB 18.3 ± 6.8 (66%) 10.7 ± 2.4(13%) 6.8 ± 4.3 (2%) 
AD 13.3 ± 3.4 (87%) 9.9 ± 2.2 (52%) 2.9 ± 1.6 (1 %) 

Apex AB 15.5 ± 6.9 (56%) 6.9 ± 1.3 (1 %) 4.9 ± 2.4 (2%) 
AD 12.2 ± 3.8 (79%) 8.8 ± 2.5 (28%) 4.3 ± 3.0 (0%) 

Total 15.2 ± 6.3 10.8 ± 4.1 8.5 ± 7.8 

POS = Leaf position; AB = Abaxial surface; AD = Adaxial surface. 

TABLE 2. Number of stomata on 1 mm2 of leaf of Vriesea geniculata in the three life forms. 

POS Side Juvenile Intermediate Adult 

Base AB 5.78 ± 7.13 7.12 ± 3.36 4.44 ± 7.18 
AD 0 0 0 

Middle AB 19.77 ± 7.71 18.92 ± 2.95 26.83 ± 5.19 
AD 0 0 0 

Apex AB 19.05 ± 6.09 22.23 ± 5.90 37.61 ± 11.46 
AD 0 0 0 

Total 7.29 ± 9.96 8.45 ± 9.99 11.59 ± 16.13 

POS = Leaf position; AB = Abaxial surface; AD = Adaxial surface. 

TABLE 3. Correlation analysis between the logarithm of foliar area and (1) percentage of trichome cover, (2) 
number oftrichomes, and (3) number of stomata on the leaf surface of Vriesea geniculata. 

Covered Trichome Stomata 
POS Side area (I) number (2) number (3) 

Base AB r = -0.66* r = -0.27** r = -0.34** 
AD r = -0.74* r = -0.13** 

Middle AB r = -0.81* r = -0.74* r=0.61* 
AD r = -0.78* r = -0.85* 

Apex AB r = -0.84** r = -0.84* r = 0.75* 
AD r = -0.84* r = -0.80* 

POS = Position; AB = Abaxial surface; AD = Adaxial surface; * = P < 0.01; ** = P > 0.01. Stomata are 
absent in the adaxial surface. 

those of juvenile plants, round-shaped with a 4 
+ 8 + 32 shielq cell pattern (with the wing vary­
ing from 27 to 38 cells). Trichomes are nearly 
absent or degenerated in the rest of the leaf 
(FIGURE 2B, D, TABLE 1). The transitionalleaves 
produce both types of trichomes in different ra­
tios and patterns of distribution according to the 
stage of development, but no transitional tri­
chome was observed. 

The atmospheric form exhibits trichome cover 
of approximately 83% on the adaxial leaf surface 

and 68% on the abaxial surface (TABLE 1, FIGURE 
2A). This number decreases from base to apex 
in the tank-forms (14%) (TABLE 1, FIGURE 2B). 
The peltate scales on the leaf base of adult plants 
have a reduced wing with an average area of 0.1 0 
± 0.06 mm2 , while those of the juveniles are 
0.21 ± 0.15 mm2 (FIGURE 2D, C). 

Numbers of abaxial stomata decrease from 
apex to base in all three life stages, although this 
pattern is most pronounced in adults (average 
37.61 % in the tip and 4.44% in the leaf base). 
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FIGURE 3. Correlation analysis between: A, percentage of trichome cover on the abaxial surface of the leaf 
apex. B, the number of trichomes on the adaxial surface of the leaf middle region. C, the number of stomata 
on the abaxial surface of leaf apex. 

No adaxial stomata were observed in leaves of 
any stage (TABLE 2). 

A significant relationship existed between the 
logarithmic foliar area and the degree of tri-

chome cover on leaf surfaces of all six leaf zones 
examined (TABLE 3; FIGURE 3A, B). There is a 
significant positive correlation between the log­
arithm of the foliar area and the stomatal number 
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TABLE 4. Chlorophyll concentration in leaves of Vrie­
sea geniculata in the three stages of development. 

Inter-
Juvenile mediate Adult 

Mean ~g/DW mg) 263.8 384.6 423.4 
SD 237.9 138.6 151.4 
N 10 10 10 

in the apex of the adaxial surface (TABLE 3, FIGURE 
3C). 

Neither set of seedlings of November 1987 nor 
May 1988 showed net CO2 uptake during the 
dark period as determined by the colorimetric 
method or by day night changes in titratable 
acidity. The t5 13C determinations of juveniles were 
-26.70/00 to -27.20/00 (N = 6) and for the adults 
-24.20/00 to -26.00/00 (N = 6). Juveniles showed 
lower chlorophyll concentrations than adults 
(TABLE 4). 

DISCUSSION 

The observed shift in life form during the de­
velopment of Vriesea geniculata is accompanied 
by morphological changes of the leaf surface (T A­

BLES 1, 2, FIGURE 2A, B). The ecological classi­
fication of bromeliads (types III and IV) used 
here was proposed by Pittendrigh (1948) and used 
subsequently (Benzing & Renfrow 1971, Grif­
fiths et al. 1986, Smith et al. 1986a, Smith 1989). 
The juvenile form exhibits features often present 
in adult atmospheric type IV tillandsioids (non­
impounding rosette of succulent narrow leaves 
densely covered with shield trichomes). The adult 
form of V. geniculata has the traits of adult type 
III bromeliads (flat broad leaves overlapping· 
within the base and trichomes almost restricted 
to the water reservoir). Both forms exhibit a me­
chanical root system. 

The distribution oftrichomes and stomata on 
leaf surfaces appears to be directly related to the 
different strategies of water acquisition of each 
life form (TABLE 3, FIGURE 3). As reported for 
Tillandsia deppeana (Adams & Martin 1986b), 
the leaf anatomy of Vriesea genicuiata enables 
us to speculate about juvenile and adult nutrition 
mechanisms. The adult phase exhibits a high 
density of stomata, well developed chlorenchy­
ma, and a lack of trichomes in the blade region 
of the leaf; while within the base, there are higher 
trichome and lower stomata densities and a lack 
of chlorenchyma (FIGURE lA, B). This suggests 
that plant water and nutrient procurement occur 
in the leaf base, while CO2 uptake is in the blade 
region. On the other hand, juveniles show a sim-

ilar distribution of stomata, trichomes, and chlo­
rophyllous tissue along the leaf. This suggests 
that the nutritional and water uptake functions 
occur over all the leaf surface (Adams & Martin 
1986b). In addition, there is a significant negative 
correlation between the logarithm of the foliar 
area and the area covered by trichomes (TABLE 
3, FIGURE 3A). The well developed flexible wing, 
covering nearly the whole leaf surface, is essential 
for the development of the atmospheric habit 
(FIGURE 2A). When the leaf surface is dry, shoots 
appear silver-grey and are very reflective because 
of considerable light-scattering. Stomata are rel­
atively uncovered when the leaf surface is dry 
and gas exchange with the atmosphere will de­
pend on relative humidity (Benzing 1976, Lange 
& Medina 1979, Benzing & Ott 1981, Smith et 
al. 1986b). A possible ecological role of the dif­
ferent shield cell pattern oftrichomes in juvenile 
and adult forms of V. geniculata remains unclear. 

The root system of juvenile plants produced 
absorbing hairs and was not sclerified when they 
were placed in well-watered soil (Reinert and 
Meirelles, unpubl. data). This suggests that the 
root system has an absorption capacity under 
good water supply conditions. The results ob­
tained in the present study with Vriesea geni­
culata are similar to those reported in Tillandisia 
deppeana (Adams & Martin 1986a, 1986b). 

The t5 13C values for both juvenile and adult 
plants are in the range of C3 plants (Smith & 
Epstein 1971, Ting 1985, Griffiths 1988). In ad­
dition, indirect measurements of gas exchange, 
acid titration (colorimetric test) and indicate no 
net CO2 uptake (data not shown) in dark con­
ditions. The results strongly suggest that both 
forms exhibit C3 metabolism. V. geniculata often 
grows sympatrically on steep granite outcrops 
with Tillandsia araujei, which is an extreme high­
light adapted atmospheric CAM plant (Medina 
et al. 1977). Both seedlings grow on the exposed 
rock surfaces, but despite the same habit, they 
exhibit different photosynthetic pathways. 

Chlorophyll concentrations were lower in the 
atmospheric form on a dry weight basis (TABLE 
4). These results are in accordance with data ob­
tained for Tillandisia deppeana (Adams & Mar­
tin 1986b) and with those reported by Benzing 
and Renfrow (1971). Benzing and Renfrow stud­
ied chlorophyll levels within thin and thick adult 
leaves of several tillandsioid bromeliads and 
found higher chlorophyll concentrations in thin­
ner leaves. Generally thinner leaves are related 
to mesic environments and thicker leaves to xer­
ic habitats. The low concentration of chlorophyll 
in the juvenile plant of Vriesea geniculata could 
reflect a mechanism for protection of the pho­
tosynthetic apparatus. 
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