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Anatomical Characteristics of Swollen Tissue in a Stem of
Platanus occidentalis L '
Phil Woo Lee? and Youn Jib Chung?
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ABSTRACT

The swollen tissue of wound origin formed after nailing = -shaped fastener to a stem of Platanus occidentalis
L. was compared with normal tissue in the qualitative and quantitative anatomical aspects.

The swollen tissue appeared to differ from normal tissue in irregular cell orientation, occurrence of tyloses
in vessel element, less common appearance of pore multiples, narrower and shorter vessel element, lower
vessel frequency, sherter and highly thick-walled wood fiber. greater number of bars per scalariform

perforation plate in vessel element, larger ray frequency, larger ray width and lower ray height .
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been widely investigated in comparison with those in

INTRODUCTION hardwoods(White 1958 : Tsoumis 1965 . Kucera

1977 ; Kuroda and Shimaji 1984 ; Yamanaka 1985: .

Swollen tissues of xylem such as tumor, burl, efc. Recently Tsoumis ef /. (1988 reported that the
may be formed as a result of damages by fungi or briarwood, a hardwood tumor-like overgrowth oc-
insects and mechanical injuries to the vascular cam- curred between root and stem in Erica arborec, have
bium in living tree. shorter and irregular fibers, irregular tissue struc-
The occurrence and anatomy of these swollen ture in comparison to normal wood. Eom:1938,
xylem tissues, especially tumors, in softwoods have 1991} described abnormalities of the growth ring and
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cellular anatomy in detail in an artificially induced

tumorous woods of two Korean hardwoods, Azlanih-

ws altissima and Robinia psendoacacia .

This paper was intended to investigate the anat-
omy of swollen tissue of wound origin in a stem of
Platanus occidentalis L., one kind of hardwood over-

growth tissue hitherto not studied extensively .

MATERIAL AND METHODS

The swollen tizsue in a stem of Platanus oc-
cidentalis L about 25 vears old and 40cm in DBH,
was chosen in the campus of the College of Agricul-
ture and Life Sciences, Seoul National University,
Suwon(Fig 13, The sample tree was wounded by
nailing a © -shaped fastener at approximately 120cm
above the ground level in May 1984, In September
1991, small blocks!1.5x1.5x1.5cmi from the swol-
len tissue formed after wounding and normal tissue
were cut with a chisel from the living stem and then
immediately fixed in FAA solution,

Transverse, radial, and tangential sections of
15 20um thickness were sliced with a sliding mi-
crotome, stained with safranine, dehydrated in ethyl
alcohol and xylene series, and permanently mounted
on slides with Canada balsam(The Japan Waod
Research Society 1985 .

The woods in size of matchstick subdivided from

sample blocks were macerated with Schultze's solu-

Swollen tissue of wound origin formed after
nailing a ©-shaped fastener into the stem

A in Plutanus occidentalis L and its close
view i B,

tion for quantitative analysis of wood fiber and
vessel element lengths, and number of bars per
scalariform perforation plate in vessel element .

The observation and photomicroscopy of qualita-
tive features were made from permanent slides by an
Olympus Model BHC microscope. In quantitative
features, 100 fiber lengths, 50 vessel element lengths
including number of bars per scalariform perforation
plate in vessel element were measured by random
selection from macerations using an optical bench
comparator, Ernst Leitz GmbH ., Wetzlar. Model
TP 201 and a light microscope. From permanent
slides, 30 measurements of vessel frequency :number
of pores per mm®} and 50 measurements of rad:al and
tangential diameters of pores on cross section, and
50 measurements of ray height and width and 10
measurements of ray frequency (number of rays per
mm?} on tangential section were also made by ran-
dom selection.

In statistical analyses of the measured quantitative
features between swollen and normal tissue, LSD
tleast significant differences at 0,05 and 0,01 proba-
bility level was determined by analysis of variance

procedures from SAS statistical package.
RESULTS AND DISCUSSION

Normal anatomical characteristics of Platwnus
oceidentalts were diffuse-porous wood, growth rings
distinct, perforation plates simple for the most parts
occasionally scalariform, parenchyma not uniformly
distributed, paratracheal-scanty, apotracheal dif-
fuse among the fibers, prismatic crystal present in
raviFig. 3B:, rays homoceliular, unstoriedFig. 4C
and D- .

In the histological structures, swollen tissue in
Platanus occidentalis is altered in cell orientation
which deviated from normal arrangementFig 2°.
The most outstanding deformities in the swollen
tissue are the appearances of rays, vessels and wood
fibers on cross surfaces as if seen on the radial
surfaces Fig. 2C) and of horizontally oriented wood
fibers in radial surfaces like cross sectional view
{Fig. 3A). These change in cell orientation may he
resulted from the alteration or destruction of vascu-

lar cambium through nailing by a © -shaped fastener
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Fig. 2. Cross sections of normal tissue{A} and
swollen tissue showing irregular cell orien-
tation and decreased vessel frequency (B, C)
and thick-walled wood fibers(D) ., Scale
bar A, B, C=200um, D=50pm.

to the living cambium. Another interesting fact is
that wood fibers in the swollen tissue are thicker
than those in the normal tissue (Fig. 2D) .

Most pores in swollen tissue on cross surfaces are
solitary except for the vicinity of growth ring bound-
arv while pores of normal tissue are frequently
grouped into pore multiple and cluster(Fig. 2A,B
and C) . The cross section also reveals clearly that
vessel elements are narrower in diameter than nor-
mal ones and that pore multiples are less common in
swollen rissue. In radial section, tyloses are com-
monly observed in the vessel elements of swollen
tissue but are not observed in those of normal tissue,
like in the case of mechanical injury, fungus, or
virus infection(Fig. 3C and F). These tyloses of
pathological causes considered to play a protective
role through occlusion of the vessels by protoplasmic
protrusions penetrating into a vessel lumen through
hodered pits, resulting in a barrier against parasitic
or saprophytic infections(Beckman 1971} .

Vessel element length, vessel frequency, radial
and tangential diameters of pores, and fiber length
are significantly lower in swollen tissue than in
normal tissue. The number of bars per scalariform
perforation blate are significantly greater in vessel

element of swollen tissue than in normal tissue

Fig. 3. Radial sections of swollen tissue showing
prismatic crystals(A, B) in ray parenchyma

cells, tyloses(C, F), scalariform(D)} and
simple perforation plate(E) in vessel ele-
ment . Arrow indicates abnormally arranged
wood fibers as if seen on cross section.
Scale bar A, B,D,E, F=50um, C=200um.

{Table 1). These characteristics of the vessel ele-
ment in swollen tissue are generally similar to those
in tumor wood and wound-associated wood in hard-
woods (Lowerts et al. 1986 . Tsoumis ef al. 1988 .
Eom 1989) . But anomalous vessel element and wood
fiber are not found in swollen tissue differently from
their occurrence in the massive overgrowth tissue of
tumor wood. The occurrence of tyloses in vessel
elements and the absence of misshaped vessel ele-
ments or fibers in swollen tissue might be the result
of less severe damage of cambium caused by partial
destruction or irritation of vascular cambium than in
the massive overgrowth tissue of tumor wood by the
irritation or injury in most of vascular cambium
after wounding .

Ray frequency and width are significantly greater
but ray height is lower in swollen tissue than in
normal tissue(Fig. 4 and Table 1;. Lowerts ¢f al.
i11986) reported in Liriodendron tulipipera that ray
height and width were greater in wound-associated
wood than in normal wood. The rays of the tumor-

ous wood formed by artificial banding and subse-
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Table 1. Mean values and standard deviations® for quantitative features in swollen and normal tissues of

Platanus occidentalis L.

Quantitative features Swollen tissue Normal tissue LSD 0.05** LSD ¢.01**
Vessel element length (zm: 484.4(104.4) 654.4(144.5) 50.0 66.2
Vessel frequency {numbers,/ mm?) 49(18) 109017) 9 12
Number of bars per scalariform

perforation plate in vessel 11.2{4. 1) 7.84.3) 1.7 2.2
element

Radial pore diameter (gm) 6312} 77118 6 8
Tangential pore diameter (gm) 56111 62015} 5 7
Fiber length{gzm} 123010273 17461336} 85 112
Ray frequency (numbers/mm?} 3.9(0.5 1.9.0.2 0.4 0.5
Ray height (zm; 15154691) 1836 (512} 242 320
Ray width{gm) 316(152; 250681 47 62

* Standard deviation in parentheses,

** LSD 0.05 and LSD (.01 are least significant differences at (.05 and (.01 probability level, respectively.

Tangential sections of swollen tissue (A, B)
and normal tissue:C, D) showing irregular

and normal ray structures, respectively.

Scale bar A, B, C, D=400um.

quent release in Allanthus altissima were known to
show irregular appearances deviated from the nor-
mal fusiform shapes and to be wider and taller in size

by Eom{1989: . Only the ray height of swollen tissue

in this study appears to be lower than in normal
tissue, differently from the taller ravs in Lowerts e/
al 119867 and Eom (1989 .

Rayv parenchyma cells were generally responsible
for the synthesis of various fungitoxic chemicals in
living trees(Shortle 1979) and were the source of
tvlosesi{Chattaway 1947) . Therefore the increased
number of ray parenchyma cells may result in in-
creased vessel to ray parenchyma contacts, thus
enhancing the transport of fungitoxic compounds
into vessel and consequently preventing the spread of
microorganisms into the woodiLowerts ef al | 1986 .
Also the decrease in vessel diameter with numerous
bars in scalariform perforation plates and vessel
frequency may result in the reduced water conductiv-
ity, since the hydraulic conductivity of capillaries
was known to be proportional to the fourth power of
the radius of capillary!Zimmerman and Millburn
19823, and then would serve to inhibit the svread of
microorganisms via conducting vessel elements.

Because the decreased vesse! frequency and diame-
ter and increased ray volume in swollen tissue : Table
1) which formed after nailing © -shaped fastener to
living cambium seems to reflect these specific adap-
tations of tree xvlem for protection as in wound
though the

unknown,

-associated wood, the swollen tissue,

mechanisms are completely may be
caused by the partial destruction of vascular cam-

bium
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CONCLUSION

Anatomical differences between swollen and nor-

mal tissues in a stem of Platanus occidentalis L, were
compared in qualitative and quantitative aspects.

In swollen tissue, the vessels, rays, and wood
fibers on cross sections generally appeard as if seen
on radial sections. Thick-walled wood fibers were
commonly observed. Pore muiltiples were less com-
mon and vessel element were narrower in swollen
tissue than in normal tissue. Vessel element length,
vessel frequency, and fiber length were lower than in
normal tissue but bars per scalariform perforation
plate were more numerous in swollen tissue, Tyloses
frequently occurred only in the vessel element of
swollen tissue. Ray frequency and width were
greater but ray height was lower in swollen tissue
than in normal tissue.
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