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1. Introduction

Many types of inclusions are common in cell
lumina of hardwoods and one of these inclusions is
crystal.

On these crystals much work has been widely
discussed since long. Jeffrey'®) mentioned that
crystalligenous cells containing large crystal of
calcium oxalate were appeared in phloem of Tilia
americana,  and Chattaway‘” ir  tigated the
presence of crystal sand, acicular, and raphid in
axial parenchyma and ray of woody plants.

Panshin and de Zeeuw'® described that
crystals were common in the upright cells but
uncommon in the procumbent cells of 1ays and
Esau” pointed out that various shapes of calcium
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oxalate crystals were prominently present in
plants. The distribution and shape of crystals in
neotropical Sapotaceae was reported b'y Ku-
kachka,!?) and Core, Cté, and Day® recorded the
presence of crystals in ray or longitudinal paren-
chvma of Juglans nigra, Fagus grandiflora, and
Carya species and said that these crystals were of
minor diagnostic significance since their presence
might be helpful but the absence might be due to

chance,
Also, Panshin and de Zeeuw!'® described that

crystals, mostly of calcium compounds, were
observed in ray cells in great variety of forms than
in axial parenchyma. Butterfield and Meylan®
referred that crystals were formed in axial and ray

parenchyma, septate fiber, tyloses, and vessel, and
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their presence in vessel were associated with fungal
contaction, They also mentioned that crystals were
enclosed in a sac in the ray cells of Griselinia lucida
and Melicytus ramiflorus and raphides of calcium
oxalate were common in woody monocotyle-
dones. Nanko and Coté™ in their work on
phloem elements of 13 hardwoods grown on sou-
thern pine sites observed various forms of crystals
and confirmed that most of these crystals were
calcium oxalate. The large lump of dense calcium
carbonate, on the other hand, were referred to as
stone by Desch and Dinwoodie®.

In computerized hardwood identification by
IAWA?, the distribution, shape, and presence of
crystals were adapted as criteria. On these crystals,
Fahn® mentioned that the most common were
calcium oxalate of various shapes, but calcium
carbonates were rare in high plants and this type
of crystal was associated with cystolith in some
plants.

In investigation of Terminalia solomonensis,

- Terminalia calamansanai, Litsea timoriana, Dillenia
and Shorea species, Taniguchi, Okamura, Harada,
and Nakato'® found that most crystals were poly-
hedral of calcium oxalate monohydrate and said
that these crystals could be used as criteria in
wood identification since their shape and distribu-
tion within a given taxon varied from species to
species.

Rury'? investigated the crystals in ray and
axial parenchyma of Erythroxylaceae and Barajas-
Morales? observed chambered crystals in Coece-
loba liebmanii, Caesalpinia eriostachys, Apoplane-
sia paniculata, and irregular crystals in vessel ele-
ment of Pithecellobium mangense.

Recently, Taniguchi, Lee, Fukazawa, and
Harada'® reported that the crystals in vessel ele-
ments of Japanese poplar heartwood were calcium

carbonate with a calcite structure and those in

phloem parenchyma cells were calcium oxalate
monohydrate and their shapes were various in
both vessel elements and phloem parenchyma
cells. Also Martijena'® in his work on Lithraea
ternifolia obse: ed abundant crystalliferous cham-
bered cells, ar . Lee and Eom'? in their investiga-
tion of 50 veneer species grown in Korea found
crystals in ray or axial parenchyma cells of
Quercus, Acer, etc.

In spite of their usefulness as criteria for wood
identification no systematic studies have been con-
ducted on crystals in Korean hardwoods, therefore
this study was executed to investigate their distri-

bution and shape in xylem.

2. Materials and Methods

The wood samples of 27 families, 45 genera,
82 species selected from collections in Wood
Anatomy lab., Department of Forest Products
and Technology, College of Agriculture, Seoul
National University were investigated(Table 1).

From each species, wood blocks, ca. one cubic
centimeter, were obtained and soaked in water for
one month before softening. The softening was
carried out in autoclave!® and preserved in
absolute, glycerine, and wate 1 : 1 : 1(v/v) mix-
ture?. .

Cross, radial, and tangential sections, 20 um
thick, obtained with sliding microtome were stain-
ed with safranin, dehydrated with ethanol and
xylene, and mounted with Canada balsam®.

Finally, Canon AE-1 type camera attached to
Olympus Model K microscope by Canon Photo-
micro Unit F was used for taking microphoto-
graphs'?,

3. Results and Discussion

The results from the investigation on crystals
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Table 1. The distribution and shape of crystals in Korean hardwoods

Ray

Famlily and

. Axial parenchyma ; :
species name p ¥ Square or Remark

upright cell Procumbent cell

Aceraceae
Acer ginngla Max. PO(¢; -~
Acer mandshuricum Max. - - -
Acer mono Max. PO(c) - -
Acer palmatum  Thunb. PO(r) -
Acer tegmentosum Max. -
Acer triflorum Kom. PO(D) - -

Anacardiaceae
Rhus chinensis Miller - PO(1), DR(1), ST(r) PO(r), DR{c), ST(1)

Araliaceae
Kalopanax pictus Nakai - _

Betulaceae

Alnus hirsuta (Spach)

Rupr.
Alnus hirsuta var.

sibirica Schneider
Alnus japonica Steudel - - -
Betula chinensis Max. - — -
Betula costata Trautv. - - -
Betula davuricaPallas — - -
Betula platyphylle var.

japonica Hara
Betulg schmidtii Regel - -
Carpinus cordatz Blume — PO(r) PO(D)
Carpinus laxifloraBlume - PO(1) PO(r) PO(r) in pith fleck
Carpinus tschonoskii Max. PO(r) PO(r) PO(1)

Bignoniaceae
Catalpa ovata G. Don - . _

Cornaceae
Cornus controversa Hemsley - — -
Cornus kousa Buerger -~ - _
Cornus walteri Wangerin —~ — —

Ebenaceae
Diospyros kaki Thunb. PO(1) PO(1)

Euphorbiaceae
PO(r) in tylosis,
PQO(c) in pith

Sapium sebiferum (L.)

Roxb. PO - -

Fagaceae
Castaneq crenata S. et Z. - - —

Castanopsis cuspidata var.

sieboldii Nakai POG) - -
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Ray

Square or
upright cell

Famlily and

. Axial parenchyma
species name

Precumbent cell Remark

Fagus crenata var.
multinervis {(Nakai)T. Lee

Quercus acuta Thunb. PO(c) - PO(x)

Quercus acutissima Carr. PO(r) -

Quercus aliena Blume PO(1) - -

Quercus dentata Thunb. PO(1) — DR(r)

Quercus mongolica Fischer PO(r) - -

Quercus myrsinaefolia Blume  PO(a) — PO(a)+ + mostly in compound ray
Quercus serrata Thunb. PO(c) — PO(c)+ + mostly in compound ray
Quercus variabilis Blume POc) - PO(x)

Juglandaceae
Juglans mandskurica Max. - - -
Juglans sinensis Dode - — _

Platycarya strobilaceae
S.etZ

PO(r), ST(c) in libriform

PO(1), ST(1) PO(c) PO() fiber

Lauraceae
Cinnamomum camphora S. - — -
Cinnamomom japonicum S. - - -

Machilus thunbergii
S. et Z.

Neolitsea sericea (BL)
Koidz
Leguminosae

Gleditsia japonica var.

koraiensis Nakai PO(r) - DR(¢c}

Mueackia amurensis
Rupr. et Max.

Robinia pseudoacacia L. PO(c) PO(r) PO(¢c)
Sophora japonica L. = DR(r) DR(1)

Meliaceae
Cedrela sinensis Juss. - PO(r) -

Melia azedarach var.

japonica Makino PO(r) — _

Moraceae
Morus alba L. PO(1) PO(c) PO(r)

Oleaceae
Fraxinus mendshurica Rupr. - - -

Fraxinus rynchophylla
Hance

Syringa reticulata
mandshurica (Mak.) — - —
Hara
Platanaceae
Platanus acerifolia Willd. - — PO(1)
Platanus occidentalis L. - _ PO(1)
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Famlily and . . Square or
species name Axial parenchyma upright cell Procumbent cell Remark
Rhamnaceae
Berchemia berchemiae- )
folia (Mak.) Koidz PO PO(e) PO(D)
Hovenia dulcis Thunb. PO(r) PO(c) PO(r)
Rosaceae
Prunus leveilleana
Koehne PO(r), DR(1) - -
Prunus maackii Rupr. - - —
Prunus mandshurica var. N DR() DR

glabra Nakai
Prunus padus L.
Prunus sargentii Rehder

Prunus serrulata var.
Spontanea Wilson

Prunus tokesimensis
Nakai

Rutaceae
Phellodendron amurense
Rupr.
Salicaceae

Populus alba-
grandulosa L.

Populus maximowiczii
Henry

Salix koreensis
Anderson

Scrophulariaceae
Paulownia coreana
Uyeki
Simaroubaceae
Ailanthus altissima
(MilLl) Swingle
Sterculiaceae
Firmiana simplex (L.)
W.F. Wight
Styraceae
Stvrax japonica
S.et Z.
Theaceae

Stewartia koreana
Nakai

Tiliaceae

Tilia amurensis Rupr.

Tilia mandshurica
Rupr. et Max.

PO(1), DR(1)

DR(1)

PO(r), ST(1)

PO(1), DR(r)

PO(r)

PO(r), DR(r)

DR(1)

PO(r), DR(1)

PO(x), DR(1)

DR(1)

ST(1)

PO(1), DR(1)
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Famlily and

Ray

X Axial parenchyma k
species name

Square or Remark
upright cell

Procumbent cell

Ulmaceae
Celtis jessoensis Koidz —
Celtis sinensis var.
Japonica Nakai
Hemiptelea davidii Pl -

Ulmus davidiana var.
japonica Nakai

PO(r), DR(1)

Ulmus parviflore var.
coreane Uyeki

Ulmus pumila L. -
Zelkova serrata Makino —

PO(:), DR(r)
PO(c), DR(¢}

PO(r), DR(1)
PO(1), DR(1)

PO(c) PO()

* PO, DR, and ST means the polyhedral, druse, and styloid, respectively
** 1, ¢, and a in parenthesis means rare, common, and abundant in content, respectively

**¥ _ means the absence of crystals
in the xylem of Korean hardwoods were summari-
zed as Table 1. In this research, the shape of
crystals followed the classification by Taniguchi,
Okamura, Harada, and Nakato'® and the content
of crystals in each shape distributed in each type
of tissues was denoted as rare, common, and abun-
dant on the basis of standard samples by us {Fig.
1 - 3).

Of the 27 families, 45 genera, 82 species
investigated, 3 shapes of crystals were observed in
17 families, 23 genera, 40 species as follows: poly-
hedral crystals in 17 families, 22 genera, 37
species, druses in 6 families, 7 genera, 11 species,
and styloids in 3 families, 3 genera, 3 species. We
think these observation corresponds with the
reports by Panshin and de Zeeuw!>!9 and Tanigu-
chi, Okamura, Harada, and Nakato!® that the
most common crystals were polyhedral (e.g.
hexahedral and rhombidal) but druses, styloids,
etc. were sometimes contained,

In the distribution of these crystals, we could
observe that polyhedral crystals were mostly
occurred in axial and ray parenchyma cells but
rarely in pith flecks, tyloses, libriform fibers, and
pith (Fig. 1 — 8 and 15). And we think our obser-

vation of more druses in ray parenchyma cells than

in axial parenchyma cells (Fig.9 — 10) may be
agreed in the opinion by Panshin and de Zeeuw'®
that crystals were observed in ray parenchyma
cells in great variety of forms than in axial paren-
chyma cells. The styloids, as their presence in
xylem or phloem was confirmed by Esau?, Nanko
and Coté'™, Fahn®, and Taniguchi, Okamura,
Harada, and Nakato!® were formed in axial and
ray parenchyma cells and libriform tibers (Fig. 8 —
9and 12).

On the distribution of these crystals, Chatta-
way™ and Butterfield and Meylan 3 referred that
they were commonly found in the ray or axial
parenchyma cells and less frequently in septate
fibers, tyloses, and vessel elements. Especially,
Butterfield and Meylan™ reported that the presen-
ce of crystals in vessel elements was associated with

fungal contaction. Differently from the descrip-
tion of Panshin and de Zeeuw'® that crystals were

common in upright cells but uncommen in pro-
cumbent cells of rays, we could observe these cry-
stals frequently both in procumbent cells and up-
right or squre cells (Fig. 4, 9 — 10,and 12 — 14).
These observation corresponds with the result by
Chattaway"') and later description of Panshin and

de Zeeuw'®. Furthermore, most of the crystals
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Fig. 1. Rare content of polyhedral crystals (1) in aixal and ray parenchyma cells of Berchemia berchemi-
aefolia(Mak,) Koidz.

Fig. 2. Common content of polyhedral crytals (1) in axial parenchyma cells of Quercus acuta Thunb,

Fig. 3. Abundant content of polyhedral crystals (1) in axial parenchyma cells of Quercus myrsinaefolia
BL

Fig. 4. Polyhedral crystals (1) in procumbent cells of Platanus acerifolia Willd,

Fig. 5. Polyhedral crystals (1) in pith fleck of Carpinus laxiflora Bl. and sclerosed, pitted tylosis is shown
on left side of this pith fleck.

Fig. 6. Polyhedral crystal (1) in tylosis of Sapium sebiferum(L.) Roxb.
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Fig.
Fig.
Fig.
Fig.
Fig.

30um

7. Polyhedral crystals (1) in pith of Sapium sebiferum(L.) Roxb.

8. Styloid (1) and polyhedral crystal (4) in libriform fibers of Platycarya strobilaceae S. et Z.
9. Druses (1) in procumbent cells of Gleditsia japonica var. koraiensis Nakai.

10. The transformed upright cells containing druses (1) in Rhus chinensis Miller.

11. Styloids (1) in axial parenchyma cells of Phellodendron amurense Rupr.
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Fig. 12. Styloid (1) in procumbent cell of Phellodendron amurense Rupr.

Fig. 13. Polyhedral crystals (1) in square cells of Zelkova serrata Makino.

Fig. 14. Polyhedral crystals (*)in procumbent cells of compound ray in Quercus serrata Thunb.
Fig. 15. Polyhedral crystals (1) in axial parenchyma cells of Quercus acuta Thunb.
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were largely contained in procumbent cells of
compound rays in the species of Quercus myrsi-
naefolia and Quercus serrata (Fig. 14).

On the other hand, most of the crystal-bearing
cells were usually different from the cells devoid
of crystals in that those of axial parenchyma and
those in inner part of rays were enlarged or
shortened in length by subdivision (Fig. 4 and 15)
and those on the upper and lower margin of rays
were enlarged or transformed into shape of pro-
cumbent cell through enlargement or subdivision
(Fig. 10 and 13). In relation to these, Chattaway™®
noted four modifications as follows: subdivision
of the containing cell, enlarged cells (idioblasts),
sclerosed cell wall of the containing cell, and
variation in dze and number of the crystals

occurring in a single cell.

4. Conclusion

The shape and distribution of crystals in
xylem of Korean hardwoods, 27 families, 45
genera, 82 species were investigated and discussed,

and the results were as follows:
1. The most common crystals were polyhe.

drals, and druses were observed often but styloids
were limited in few species.

2. These crystals were mostly distributed in
axial and ray parenchyma cells but rarely in pith,
tyloses, libriform fibers, and pith flecks.

3. Most of the crystal-bearing cells were dif-
ferent from the cells devoid of crystals in shape by
the modifications through subdivision or enlarge-

ment.
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