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AsstrAcT. The type and distribution (locations) of calcium oxalate crystals in mature leaves of 19 taxa of
Philodendron (subgenera Meconostigma, Pteromischum and Philodendron) were studied. The calcium oxalate
crystals were mainly found in the form of raphides, druses, styloids and prisms. The leaves of Philodendron
demonstrate the presence of five distinctive raphide crystal types (biforine, thin-walled spindle-shaped,
wide cells containing a wide raphide bundle, bundles of obliquely overlapping crystal and unmodified cells
with either a single crystal needle or their cluster). Styloids and druses were found in all taxa at varying
frequencies. Simple prisms and variations in crystal forms were most frequently observed in the ground
tissue in petioles and midribs. This study represents additional data concerning calcium oxalate crystals in
Philodendron.
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Philodendron

INTRODUCTION

The family Araceae comprises 2823 species in 106
genera (Govaerts et al. 2002). The genus Philoden-
dron is the largest genus in the family after Anthurium
(Croat 1997). The genus is subdivided into three
subgenera: Meconostigma (15 species), Pteromischum
(75 species) and Philodendron (approx. 600 species)
accepted worldwide (Mavo 1988, 1990, 1991, Gravyum
1990, 1996, CroaT 1997, Mavo et al. 1997, GONCALVES
& Sawviant 2002, SakURAGUI et al. 2005). Philodendron
is one of the most important genera in the Neotrop-
ics and provides a wide variety of choice ornamental
plants for horticulture (Croar 1997). Major cultivat-
ed species include e.g. P. bipennifolium, P. cordatum, P.
hederaceum, P. lacerum and P. pedatum.

The calcium oxalate crystals were defined by
botanists FrRancescHr & HorNer (1980): (1) druses,
which are spherical aggregates of crystals; (2) raphi-
des, acicular crystals that form in bundles; (3) sty-

loids, acicular crystals that form singly; (4) prisms,
consisting of simple regular prismatic shapes, and
(5) crystal sand, small tetrahedral crystals forming
clusters.

The occurrence, specific crystal shapes and lo-
cations of these crystals are useful taxonomic char-
acters (GENUA & HiLLsoNn 1985, PrycHID & RUDALL
1999). The accumulation of calcium oxalate crys-
tals in plant bodies has been studies for many years.
However, their function in normal plant growth and
development is still unclear. Calcium oxalate crystals
may form in any organ or tissue within plants (WEBB
1999). They are found e.g. in roots, stems, leaves,
flowers, fruit and seeds (FrRaNCEscHI & HorNER 1980)
as well as within epidermal (ZiNDLER-Frank 1975),
ground (HorNER & WHhHitmoyer 1972) and vascular
tissues (WaNG et al. 1994). Calcium oxalate is often
formed in idioblasts, i.e. cells that develop in isola-
tion, with the structure or content distinct from sur-
rounding cells (Foster 1956). The formation of cal-
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cium oxalate crystals in crystal idioblasts is affected
by the availability of calcium ions (ZINDLER-FRANK
1975, FrRaNCEscHI & HORNER 1980, BorcHERT 1984).
The presence of idioblastic cells bearing calcium
oxalate raphide crystals is the defining character
for Araceae (PrycHiD & RupaLL 1999, Kearing 2002,
2004a, b). In other instances, crystals may develop
in defined groups of cells, as e.g. in files of bundle
sheath cells (BorcHErT 1984) or in a single layer of
the seed coat (WEBB & ArRNOTT 1982). Less often, en-
tire tissues such as the endosperm (Spitzer & Lot
1982) or leaf epidermis (BrRUBAKER & HORNER 1989)
accumulate calcium oxalate in every cell or in a ma-
jority of cells (Wes 1999). In Philodendron stylar
raphides are diagnostic features distinguishing three
subgenera: in subg. Meconostigma stylar raphides are
concentrated around stylar canals, in subg. Pteromi-
schum stylar raphides are abundant, while in subg.
Philodendron they are absent or rare (Grayum 1996).
Grooved raphides are found in Araceae and repre-
sent a significant apomorphy in Araceae (PRYcHID &
RupaLt 1999), while biforines are found only among
unisexual flowered genera (Keating 2004a). Idio-
blastic cells in Araceae were first mentioned in the
description of biforines by TurpiN (1836). Araceae is
the only family in which all tree main crystal types
are recorded (raphides, drusese and styloids), Pry-
cHID & RupaLL (1999). Since then, various systematic
accounts of raphides have been published (SOLEREDER
& Maver 1928, FrancescHl & HorneEr 1980, GENua
& HiLLson 1985, Keating 2003, 2004a, b). There are
very few literature reports on calcium oxalate crys-
tal in species of Philodendron (Croar 1997, KEATING
2003, 2004a, Kumvko et al. 2014). Calcium oxalate

exists in two chemical forms, the monohydrate and
the dihydrate, and both of these are found in plants.
The monohydrate form is more stable and is more
commonly found in plants than the dihydrate (Frey-
WyssLING 1981, WEBB 1999).

The purpose of this study is to provide additional
information on the occurrence, type and distribution
of the calcium oxalate crystal in petioles and laminas
of 19 taxa belonging to the genus Philodendron.

MATERIAL AND METHODS

For this study 18 species and one variety were ex-
amined (Table 1). Samples were obtained from the
greenhouses of the Botanical Garden in Poznan (Po-
land) (BG-AMU). We included taxa from three sub-
genera of Philodendron (Meconostigma, Pteromischum
and Philodendron). For the subgenus Philodendron,
representatives from five of the nine sections recog-
nised by Croat (1997) were included (Table 1). For
anatomical studies living material was preserved in
70% alcohol. Transverse sections of 50 um in thick-
ness were prepared with a microtome (Leitz). Ten
sections were taken from the middle parts of each
petiole and lamina. All the sections were embedded
in glycerine-gelatine and examined under an Olym-
pus BX 43 light microscope with a camera lucida.
Thus, slides were prepared and used to describe
and measure characters of calcium oxalate crystals
(Tables 2-4), the length and width of raphide bun-
dles and the length and width of cells (idioblast) to
the length and width of crystals close-packed ratio.
The classification of raphide crystals follows that of
TurpIN (1836) and KeaTiNnG (2004a).

Table 1. Philodendron specimens sed in this study (* now called sec. Macrobelium according to Sakuracur et al. 2005)

Taxonomy
Taxa Voucher information
subgenus section
Philodendron bipinnatifidum Schott ex Engl 1-1005-005-0000-6991-4010 Meconostigma
P. surinamense Schott ex Engl 1-1005-002-0000-6995-2279 Pteromischum Fruticosa
P. crassinervium Lindl 1-1005-002-0000-6990-2791 Philodendron Baursia

P. melanochrysum Linden et Andre

P. ornatum Schott

P. hederaceum (Jacq.) Schott var. hederaceum
P. hederaceum var. oxycardium (Schott) Croat
P. bipennifolium Schott

P. domesticum G.S.Bunting

P. cordatum (Vell.) Kunth

P erubescens K. Koch et Augustin

P. imbe Schott ex Endl.

P. martianum Endl.

P. microstictum Standl. et L.O.Williams

P. pedatum (Hook) Schott

P. squamiferum Poepp.

P. angustisectum Engl.

P. lacerum (Jacq.) Schott

P. pinnatifidum (Jacq.) Schott

1-1005-002-0000-6994-3999
1-1005-002-0000-6964-0233
1-1005-002-0000-6991-1687
1-1005-002-0000-6002-3997
1-1005-002-0000-6991-0616
1-1005-002-0000-6998-2453
1-1005-002-0000-6991-2609
1-1005-002-0000-6979-1543
1-1005-002-0000-6979-2234
1-1005-002-0000-6960-2474
1-1005-002-0000-6993-2466
1-1005-002-0000-6992-0784
1-1009-002-0000-6979-2246
1-1007-002-0000-6996-2369
1-1005-002-0000-6988-2577
1-1005-002-0000-6959-2440

Philodendron
Philodendron
Philodendron
Philodendron
Philodendron
Philodendron
Philodendron
Philodendron
Philodendron
Philodendron
Philodendron
Philodendron
Philodendron
Philodendron
Philodendron
Philodendron

Philodendron
Philodendron
Philodendron
Philodendron
*Calostigma
*Calostigma
*Calostigma
*Calostigma
*Calostigma
*Calostigma
*Calostigma
Schizophyllum
Schizophyllum
Polytomium
Polytomium
Polytomium
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Table 2. Location and morphometric features of druses (um) in the transverse section (T.S.) of petiole of Philodendron

Tissue

Around intercellu-

Taxa Hypodermis Collenchyma Chlorenchyma Parenchyma lar spaces
Philodendron bipinnatifidum 25.1 x 25.7 31.9 x 283 54.8 x 49.3 38.4 x 40.3
P. surinamense 21.1 x 18.4 45.5 x 40.4
P. crassinervium 259 x 24.5 34.7 x 20.3 49.8 x 46.4 52.6 x 43.3
P. melanochrysum 43.3 x 48.9 30.8 x 39.5
P. ornatum 33.1 x 34.1 46.9 x 52.1
P. hederaceum var. hederaceum 24.9 x 25.4 33.9 x 33.2 46.6 x 41.2 32.9 x 28.6
P hederaceum var. oxycardium 22.5 x 28.5 26.0 x 30.3 31.3 x 32.2 33.7 x 33.7 21.6 x 22.5
P. bipennifolium 23.9 x 27.8 22.2 x 31.5 36.3 x 36.7 36.9 x 35.7
P domesticum 37.7 X 36.4 379 x 52.1 32.0 x 25.6 35.0 x 33.1 34.3 x 33.5
P. cordatum 32.9 x 28.8 39.3 x 34.9 49.0 x 43.1
P. erubescens 26.5 X 27.6 35.7 x 32.3 37.9 X 36.2
P imbe 29.7 x 26.3 28.1 x 26.0 32.3 x 35.6 33.6 x 35.5
P. martianum 31.2 x 30.3 40.4 x 40.3 499 x 48.8 35.1 x 38.1
P. microstictum 26.9 x 25.2 38.2 x 34.7 439 x 42.3
P. pedatum 27.5 x 29.8 36.8 x 41.5 382 x41.8 34.6 x 32.8
P. squamiferum 33.1 x 33.3 32.7 x 33.8 37.9 x 40.1 40.3 x 43.5
P. angustisectum 23.4 x 24.1 34.1 x 25.6
P lacerum 37.1 x 34.9 36.6 X 33.3 37.1 x 34.9
P. pinnatifidum 20.7 x 21.7 22.8 x 22.6 38.4 x 36.2

Table 3. Types and morphometric features of raphides (um) in the transverse section (T.S.) of petiole of Philodendron (T.S.

transverse section)

T R T

Taxa ratio ratio ratio ratio TS.
Philodendron
bipinnatifidum 108.2 x 47.1 2.3 91.4 x 46.7 1.9 74.1 X 67.3 1.1 117.3 x 73.7 1.6 11-27
P. surinamense 107.4 x 47.1 2.3 79.3 x 36.1 2.2 55.2 x 48.71 1.1 1-5
P. crassinervium
P. melanochrysum 74.4 X 53.8 1.4
P. ornatum 123.6 x 34.7 3.5 279 x 27.8 1.0 1
P. hederaceum var.
hederaceum
i;fgf;?;;fm var. 1280 x 352 3.6 12
P. bipennifolium 152.7 x 45.1 3.1 1
P. domesticum 119.9 x 32.7 3.6 449 x 33.5 1.3 2
P. cordatum 125.2 x 50.4 2.5 96,7 X 49.4 1.9 52.3 X 49.2 1.1 8-21
P. erubescens
P imbe 113.7 x 40.6 2.8 42.9 x 40.4 1.1 1-3
P. martianum 109.0 x 37.9 2.8 1
P. microstictum 59.8 x 39.5 1.5 46.6 x 46.0 1.0 67.8 X 44.2 1.5 4
P. pedatum 70.6 x 50.8 1.4 56.2 x 55.8 1.0 3
P. squamiferum 129.7 x 50.8 2.5 135.1 x 48.1 2.8 2
P. angustisectum 170.8 x 43.6 3.8 109.3 x 50.8 2.1 54.9 x 54.5 1.0 1-6
P. lacerum 158.1 x 44.1 3.6 110.0 x 41.4 2.6 64.8 x 53.9 1.2 3-6
P. pinnatifidum 139.3 x 472 29 114.3 x 50.4 2.3 10-20
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Table 4. Types and morphometric features of raphides (um) in the transverse section (T.S.) of lamina of Philodendron

Ve Bloine Lealy e Lowl/ i LN opigue LU oo
Taxa ratio ratio ratio overlapping ratio des inTS.

fgj’fr‘:ﬁ;’t‘fﬁ’gzm 83.0x58.6 14 91.4x661 14 101.8x664 15 1-2
P. surinamense 64.3 X 42.7 1.5 95.7 x 63.7 1.5 67.0 X 35.3 1.8 1-2
P. crassinervium 90.3 x 31.5 2.8 1-2
P. melanochrysum ~ 160.3 x 28.2 5.6 154.9 x 31.9 4.8 3

P. ornatum 98.9 x 33.8 2.9 69.7 x 33.2 1.8 33.1 x 34.1 0.9 1-2
fegjifcre“;fr:‘m V1353 x 342 33 141.0x30.7 46 1

ii‘fjfgl‘.’:f;m var. 137.1 x 393 3.5 1-2
P. bipennifolium 114.0 x 24.0 4.7 1

P. domesticum 109.2 x 28.0 3.9 1

P. cordatum 146.3 x 48.4 3.0 1-2
P. erubescens 129.8 x 35.4 3.6 1
P. imbe 123.5 x 35.6 3.5 1-3
P. martianum 146.6 x 45.2 3.2 1
P. microstictum 106.8 x 37.9 2.8 1-2
P. pedatum 169.8 x 52.8 3.2 1-2
P. squamiferum 173.6 X 59.2 2.9 166.1 x 46.4 3.6 1
P. angustisectum 47.8 x 42.5 1.1 65.4 X 56.4 1.2 1-2
P. lacerum 145.3 x 29.5 4.9 1-2
P. pinnatifidum 153.9 x 51.3 2.9 1

RESULTS AND DISCUSSION

CALCIUM OXALATE CRYSTALS IN PETIOLES
are most frequently represented by druses, styloids,
prismatic crystals and raphides. Idioblasts containing
druses are irregularly dispersed in the petiole tissues
(Table 2). In four species they were not observed in
the hypodermis, in nine in the collenchyma, in 10 in
the chlorenchyma, in four in parenchyma cells and in
three in the cells boarding air cavities. Druses were
least numerous in P. surinamense, P. crassinervium and
in P. imbe. In cells around intercellular spaces druses
are found singly or in pairs (P. erubescens), in groups
of 3 (P. cordatum) or 2-3 in P. martianum. The length
of the druses in the hypodermis ranges from 20.7 (P.
pinnatifidum) to 43.3 um (P. melanochrysum) and their
width is from 21.7 (P. pinnatifidum) to 36.4 um (P,
domesticum). The length of druses in the collenchyma
ranges from 21.1 (P. surinamense) to 37.9 um (P. do-
mesticum) and their width — from 18.4 (P. surinamense)
to 52.1 um (P. domesticum). The length of druses in
the chlorenchyma ranges from 31.3 (P hederaceum
var. oxycardium) to 40.4 um (P. martianum), while their
width ranges from 20.3 (P. crassinervium) to 40.3 um
(P. martianum). The length of druses in parenchyma
cells ranges from 30.8 (P. melanochrysum) to 54.8 um

(P bipinnatifidum) and their width — from 33.1 (P,
domesticum) to 52.1 um (P ornatum). The length of
druses in cells boarding intercellular spaces ranges
from 21.6 (P. hederaceum var. oxycardium) to 52.6 um
(P. crassinervium), while their width ranges from 22.5
(P hederaceum var. oxycardium) to 43.5 um (P. squam-
iferum). No significant differences were found in the
size of druses in individual tissues (Table 2).

The petiole of Philodendron demonstrates the
presence of four distinctive raphide crystal types:
biforine-shaped, thin-walled spindle-shaped, wide
cells, and obliquely overlapping crystal bundles (Ta-
ble 3, Figs 1-20). Four types of raphides were found
only in P. bipinnatifidum (Table 3, Figs 1-8). Three
types were observed in P. surinamense, P. cordatum, P.
anguisectum and P. lacerum (Table 3, Figs 9, 10, 14, 17,
18). In P. melanochrysum, P. hedreraceum var. oxycardium,
P. bipennifolium and P. martianum one type of raphides,
the spindle-shaped type, was recorded (Table 3).

The length and width of the crystal packet were
not equivalent to the total length and width of the
cells (idioblasts) and in a majority of the studied
species this bundle was shorter than the length of
the cell, except for P. surinamense (needles fill the en-
tire cell, Fig. 9) and P. pinnatifidum (Fig. 20) (needles
equal in length to the idioblast). In most taxa raphi-
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Figs 1-8. Calcium oxalate crystals in the transverse section of petiole of P. bipinnatifidum (d — druses, pa — papillae)
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Figs 9-16. Calcium oxalate crystals in the transverse section of petiole: 9. 10 - P. surinamense, 11 — P. ornatum; 12 — P. bipen-
nifolium, 13 — P. domesticum, 14 — P. cordatum, 15, 16 — P. microstictum (d — druse)
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Figs 17-22. Calcium oxalate crystals in the transverse section of petiole. 17 — P. angustisectum, 18 — P. lacerum, 19-20 - P
pinnatifidum, 21 — P. domesticum, 22 — P. lacerum (d — druse, p — prismatic crystals, pa — papillae, s — styloid)

des within the bundle are oriented in the same direc-
tion (Figs 1-5, 10-15, 19-20), or they are obliquely
overlapping bundles in P. bipinnatifidum (Figs 6-8), P.
surinamense (Fig. 9), P. microstictum (Figs 15-16) and
P. lacerum (Fig. 18).

If present, raphides are found infrequently (Table
3) and they are suspended across the aerenchyma
from 1 to 4, e.g. in P. bipinnatifidum (Fig. 1) or 1-3
in P. cordatum and P. pinnatifidum (Fig. 19), or one in

the air cavity, simple in the chlorenchyma tissue in
P. ornatum (Fig. 11) and in parenchyma cells (Fig.
9). The greatest number of raphides (Table 3) was
observed in the transverse section of petioles in P.
bipinnatifidum (11-27), P. cordatum (8-21) and in P,
pinnatifidum (10-20). Raphides vary in size and shape
(Table 3). In biforine-shaped raphides papillae are
found one (Figs 1, 2, 10, 12-13, 19) or both ends
(Figs. 3, 14). The thickness of the cell walls is >2
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wm. The length of biforine-shaped raphides ranges
from 107.4 (P. surinamense) to 170.8 um (P. anguisec-
tum), while their width ranges from 34.7 (P. ornatum)
to 50.8 um (P. squamniferum). The length to width ra-
tio in raphides falls within the 2.3 to 3.8 range (Table
3) and all idioblasts are packed within single crystal
bundles. The length of crystal packets ranges from
68.2 to 96.5 um (P. bipinnatifidum) and their width is
from 17.4 (P. cordatum) to 29.1 um (P. bipinnatifidum),

Malgorzata Klimko, Magdalena Wawrzynska, Justyna Wiland-Szymanska

while the close-packed ratio of cell length to crystal
length is 1.52. In spindle-shaped raphides the ends
are rounded and the cell walls is < 2 um in thickness.
The length of spindle-shaped raphides ranges from
59.8 (P microstictum) to 152.7 um (P. bipennifolium)
and the width ranges from 32.7 (P. domesticum) to
50.8 um (P. pedatum and P. anguisectum). The raphide
length to width ratio ranges from 1.4 to 3.6 (Table 3)
and all idioblasts contain a single packed crystal. The

Figs 23-28. Calcium oxalate crystals in the transverse section (T.S.) of lamina: 23-25 — P. bipinnatifidum, 26-28 — P. surina-

mense (p — prismatic crystal, s — styloid)
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length of the crystal packet in idioblasts ranges from
49.1 (P, lacerum) to 131.8 um (P. bipennifolium), where-
as its width ranges from 15.4 (P. domesticum) to 24.5
wum (P. bipennifolium) and the ratio of cell length to the
length of the packed crystal ranges from 1.04 to 1.47.

Wide raphide are spheroidal or oval (Table 3,
Fig. 9). The length of wide cell raphides ranges from
27.9 (P. ornatum) to 74.1 um (P. bipinnatifidum), while
the width is from 27.8 (P. ornatum) to 67.3 um (P.

111

bipinnatifidum). The idioblast length to width ratio
ranges from 1.0 to 1.3 and all idioblasts contain a
single crystal packet. The length of the crystal packet
ranges from 19.1 (P ornatum) to 46.7 um (P. surina-
mense) and the width is from 12.4 (P. ornatum) to 45.4
wm (P. microstictum), while the ratio of cell length to
the length of the crystal packet is from 0.96 to 1.5.
The oblique overlapping raphide are pear- or
oval-shaped and they are found in P. bipinnatifidum, P.

Figs 29-34. Calcium oxalate crystals in the transverse section of lamina 29 - P. crassinervium, 30 — P. melanochrysum, 31-32

— P. domesticum, 33 — P. cordatum, 34 — P. erubescens
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microstictum and P. lacerum (Table 3, Figs 6-8, 15-16,
18). In P. surinamense wide cells have oblique, over-
lapping crystals (Fig. 9). The length of the obliquely
overlapping raphide ranges from 67.8 (P. microstic-
tum) to 117.3 um (P. bipinnatifidum) and the width
from 44.2 (P. microstictum) to 73.7 um (P. bipinnatifi-
dum). The raphide length to width ratio ranges from
1.1 to 1.6 and all idioblasts contain a single crystal
packet (Table 3). The length of needle crystals in
these raphides range from 42.7 (P. microstictum) to
75.2 um (P. bipinnatifidum) and their width is from
23.6 (P. microstictum) to 55.7 um (P. bipinnatifidum).
The ratio of cell length to the length of the crystal
packet ranges from 1.1 (P. surinamense) to 1.6 (P. bi-
pinnatifidum) and the width from 1.1 (P. surinamense)
to 1.7 (P. microstictum).

Results presented in this study based on new
leaves in relation to a paper by Kuwmxko et al. (2014)
supply new data concerning the occurrence of raphi-
des in six species: P. melanochrysum, P. ornatum, P. bi-
pennifolium, P. imbe, P. martianum and P. lacerum (Table
3). Raphides were not observed in P. crassinervium, P.
hederaceum var. hederaceum or P. erubescens (Table 3),
similarly as it was in an earlier study by Krivxo et al.

(2014). Croar (1997) stated that in petioles of Philo-
dendron subgenus Philodendron narrow raphide cells
occur occasionally and are oriented across aerenchy-
ma partitions with ends pointing into air cavities,
or with cells randomly oriented. Our investigations
show that in this subgenus wide cells and obliquely
overlapping are also found. When comparing species
from the subgenera Meconostigma and Pteromischum
significant differences were observed in the frequen-
cy of raphides in transverse sections of petioles (Ta-
ble 3). Elongated styloids have pointed ends and
they occur singly within cells (Fig. 22). Their length
ranges from 15.5 to 74.5 um.

Our research shows that in the petioles of sub-
genus Philodendron styloids are present, which is not
cited by Croar (1997).

The shape of prismatic crystals can be rectan-
gular, rhomboid, hexagonal and square (Figs 21-22)
and their size depends on their shape. Small groups
of small prismatics are common in the parenchymal
tissue.

CALCIUM OXALATE CRYSTALS IN LAMINA
(Table 4, Figs 23-38). Cell types may be unmodified
with respect to neighboring cell shapes (Fig. 32) or

gon bt |
LT ey - [}
. \ £ Y

Y

Figs 35-38. Calcium oxalate crystals in the transverse section of lamina: 35 — P. martianum, 36 — P. angustisectum, 37 — P. la-

cerum, 38 — P. pinnatifidum
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may be idioblastic. which are represented by various
raphides (Figs 23-27, 29-31, 33-38), druses (Fig.
26), styloids (Fig. 28) and prismatic crystals (Figs
27, 28). The laminas of Philodendron demonstrate the
presence of four distinctive raphide crystal types:
thin-walled spindle-shaped cells (Figs 23-27, 29-
31), biforine-shaped (Figs 33-34), obliquely overlap-
ping crystals (Figs 24, 27, 36) and wide cells (Fig.
26). Raphides are found more often in the spongy

mesophyll, across the palisade/spongy mesophyll or
in air cavities.

Biforine shaped raphides (Table 4) range from
98.9 to 173.6 um in length (P. ornatum, P. squamiferum,
respectively) and from 24 to 59.2 um in width (P. bi-
pennifolium, P. squamiferum, respectively). The raphide
length to width ratio ranges from 2.9 (P. ornatum) to
5.6 (P. melanochrysum). The ratio of the length of cells
(idioblasts) to the length of crystal packets ranges

Figs 39-44. Calcium oxalate crystals in the transverse section of midrib: 39-43 — P. bipennifolium, 44 — P. hederaceum var.
oxycardium (p — prismatic crystal, pa — papillae, s — styloid)



Malgorzata Klimko, Magdalena Wawrzynska, Justyna Wiland-Szymanska

Figs 45-48. Calcium oxalate crystals in the transverse section of midrib: 45 — P. angustisectum, 46 — P. lacerum, 47 — P. orna-
tum, 48 — P. pinnatifidum (p — prismatic crystal, pa — papillae, s — styloid)

from 1.1 (P. melanochrysum) to 1.4 (P. bipinnatifidum)
and that of the width from 1.3 (P. squamiferum) to 1.8
(P. bipinnatifidum). The length of the spindle-shaped
raphides ranges from 64.3 to 154.9 um (P. surinamense,
P. melanochrysum, respectively) and from 28 to 58.6
wm in width (P domesticum, P. bipinnatifidum, respec-
tively) (Table 4). The raphide length to width ratio
ranges from 1.4 (P. bipinnatifidum) to 4.9 (P. lacerum).
The ratio of cell length to crystal packet length rang-
es from 1.1 (P. ornatum) to 1.3 (P. bipinnatifidum) and
that of the width from 1.1 (P. crassinervium) to 2.5 (P,
cordatum). The length of wide raphides ranges from
33.1 (P. ornatum) to 95.71 um (P. surinamense) and
from 34.1 to 66.1 um (P ornatum, P. bipinnatifidum,
respectively) (Table 4). The ratio of raphide length
to width ranges from 0.9 (P. ornatum) to 1.5 (P. suri-
namense). The ratio of the length of idioblasts to the
length of crystal packets ranges from 1.1 (P. ornatum)
to 1.3 (P. surinamense) and the width from 1.1 (P. suri-
namense) to 1.5 (P. ornatum).

The length of obliquely overlapping raphides
(Table 4) ranges from 65.4 (P. angustisectum) to 101.8
um (P bipinnatifidum) and the width from 35.3 (P
surinamense) to 66.4 um (P. bipinnatifidum) (Table 4).

The ratio of the length to the width of raphides rang-
es from 1.2 (P. angustisectum) to 1.8 (P. surinamense),
(Figs 24-25, 27-28, 34, 36). Styloids in laminas are
found singly in the ground tissue, e.g. P. surinamense
and P. erubescens (Figs 28, 34) or in agreggations,
e.g. in P. surinamense (Fig. 28), P. ornatum, P. melano-
chrysum, P. hederaceum, P. domesticum (Fig. 32), P. imbe
and P. microstictum in the hypodermis and mesophyll.
Druses are often coarse and sharp-pointed, in round-
ed cells in the palisade and spongy tissue partitions
(Fig. 26). Druses occur more frequently in both mes-
ophyll types, and rarely in the epidermis, e.g. P. mela-
nochrysum, P. hederaceum, P. squamiferum and P. lacerum
(adaxial epidermis). Prismatic crystals were observed
in the mesophyll of laminas (Figs 27, 28). Regard-
ing crystals in Philodendron (subgenus Philodendron)
Croart (1997) stated that leaf raphides, if present, are
found in single packets in short or elongated cells,
ends protruding across partitions into both adjacent
air spaces, or in large rounded cells of the upper and
lower mesophyll.

CALCIUM OXALATE CRYSTALS IN THE MID-
RIB (Figs 39-48) are similar as in petioles and lam-
inas, while the cell types may be unmodified with
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respect to neighbouring cell shapes (Fig. 46) or
may be idioblastic which are represented by various
raphides (Figs 39-45), druses, styloids (Figs 46-47)
and prismatic crystals (Fig. 46-48). More styloids
are found in petioles and midribs in comparison to
laminas. It should be stressed that styloides are not
present in laminas in some species of the family Ara-
ceae (Genua & HiLLson 1985, MANTOVANI & PEREIRA
2005). Therefore, the absence or presence of styloids
in leaves may be regarded as a taxonomic character.

According to Keating (2004a), spindle-shaped
and biforines raphides may be oriented across aer-
enchyma partitions, or attached by one end and
suspended within the air cavity, and our results are
consistent with the author’s descriptions. The thin-
walled spindle-shaped and the biforine types tend
to be associated with the aerenchyma having large
cavities. No elongated raphides reported by Kear-
ING (2003, 2004a) were observed in P. bipinnatifidum
(subg. Meconostigma). According to Saapr & MONDAL
(2011), the size and appearance of calcium oxalate
crystals can differ within families, genera and species
and these characteristics might be genetically con-
trolled. The frequency of crystals is probably relat-
ed to the habit, habitat and also the environmental
conditions. In our research all plants had a similar
habitat, which reduces a majority of environmental/
geographical effects on the occurrence of calcium ox-
alate crystals.

In conclusion, our study concerning calcium ox-
alate crystals of selected Philodendron species provide
some important new data on the presence and dis-
tribution of several distinctive raphide crystal types,
druses, styloids, and prisms in terms of their size and
shape in petiole and lamina. No elongated raphides
reported by Keating (2004a) were found in P. bipin-
natifidum. There is no absolute correlation between
the presence and type of calcium oxalate crystals
in different subgenera. The taxonomic value of the
presence or absence of different calcium oxalate crys-
tals should be studied on a larger number of species.
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