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MORPHOLOGICAL AND PHYSIOLOGICAL RESPONSES TO IRRADIANCE IN THE CAM
EPIPHYTE TILLANDSIA USNEOIDES L. (BROMELIACEAE)!
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Spanish moss (Tillandsia usneoides L.) was collected in situ in South Carolina from sunny and shady
locations and grown in a greenhouse under high and low irradiance. Morphological characteristics, including
leaf size, internode length, trichome size and density, and stomatal size and density, were similar among
plants at the different irradiance levels. Chlorophyll (Chl) a/b ratios did not change with irradiance, but
total Chl concentrations were higher in plants exposed to lower irradiances. In spite of these changes in
pigment composition, similar levels of nocturnal acidification were found in field, but not greenhouse, plants
at all irradiance levels. Thus, Spanish moss can respond physiologically, but not morphologically, to changes
in environmental irradiance levels. This ability should prove beneficial to an epiphyte growing in microsites

of widely varying irradiance.

Introduction

Morphological differences between plants grow-
ing in full sunlight or dense shade include: (1) larger,
thinner leaves on shade plants, (2) less dense sto-
mata on shade leaves, (3) less reflective leaves on
shade plants, and (4) less deeply lobed leaves on
shade plants (TALBERT and HoLCH 1957; BOARD-
MAN 1977; DENGLER 1980; WILD and WOLF 1980;
BIORKMAN 1981). Often accompanying these
structural features are physiological differences be-
tween sun and shade leaves: (1) greater concentra-
tion of total Chl in shade leaves; (2) lower Chl a/
b ratios in shade plants, reportedly reflecting a larger
light-harvesting Chl a/b-protein complex contain-
ing all of the Chl b, but not all of the Chl a, in the
chloroplast; (3) greater proportion of maximum
photosynthetic rates in shade leaves at LI; (4) greater
rates of photosynthesis in sun leaves at HI; and (5)
larger molar ratios of Chl to electron transfer com-
ponents in chloroplasts of shade plants (BOARD-
MAN 1977; BIORKMAN 1981). All the above dif-
ferences between sun and shade leaves act directly
or indirectly to enhance rates of photosynthesis in
the habitat of each plant.

Because of the temporal separation of photosyn-
thetic events in CAM plants, it is difficult to study
photosynthetic responses to changing irradiance.
Increasing daytime irradiance results in greater
nocturnal acid accumulations, at least in two spe-
cies of Kalanchoe (ZaBKA and EDELMAN 1962;

! Abbreviations: CAM, Crassulacean acid metabolism; Chl,
chlorophyll; DW, dry weight; FAA, formalin—acetic acid—al-
cohol; GHI, greenhouse high irradiance; GLI, greenhouse low
irradiance; HI, high irradiance; LI, low irradiance; MI, me-
dium irradiance; PAR, photosynthetically active radiation.
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KAPLAN et al. 1976a, 1976b), Ananas comosus
(NosE et al. 1977; SALE and NEALES 1980), and in
several desert succulents (WOODHOUSE et al. 1980;
NoseL and HARTSOCK 1978, 1983; NOBEL 19824,
1982b, 1983). Light saturation of nocturnal acid
accumulation and of CO, uptake in desert succu-
lents occurs at integrated daytime irradiance levels
of 20-24 mol m™* day~', which is approximately
equal to the average total solar irradiance (no clouds)
on a vertical surface, or ca. 30% of that on a hor-
izontal surface in the temperate zone. Since the
majority of these succulents intercept PAR in this
range during the summer, there is essentially no
light saturation of nocturnal acidification and of CO,
uptake capacity in these CAM plants under field
conditions.

Several studies indicate that rates of nocturnal
CO, uptake in the CAM epiphyte Spanish moss
(Tillandsia usneoides L.) saturate at irradiances
lower than that received by a vertical surface on a
cloudless day. According to KLUGE et al. (1973),
total nighttime CO, uptake increased slightly from
10 mol m~2 day™ to 20 mol m~* day~' and did
not change at 40 mol m~2 day ™' (daytime PAR lev-
els estimated from lux data presented). Likewise,
MARTIN and SiEpow (1981) found that nighttime
CO, uptake rates in Spanish moss were saturated
at ca. 16 mol m™2 day~'. BENZING and RENFROW
(1971), using detached, slit leaves of Spanish moss,
found photosynthetic saturation at 24 klx, or ca.
13 mol m™2 day'. It should be emphasized that
these irradiance levels were presumably those in-
tercepted by the plants and are substantially below
full sunlight. Since Spanish moss and other epi-
phytes grow in a wide variety of microsites, in-
cluding full sunlight such as outer tree canopies and
on power lines as well as in deep shade such as
the interior of tree canopies, this low-light satu-

ration of nocturnal CO, uptake may not be unex-

pected. Photosynthesis could be maximized
throughout a range of irradiance levels by one or






