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Wood Anatomical Characteristics of Pine Tree
(Pinus densiflora S. et Z.) Damaged by Air Pollution *
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Summary

Some anatomical characterisitcs of Japanese red pine (Pinus densiflora S. et Z.) collected from pollution-
exposed areas in Korea were investigated. These sites were reportedly the most severe air polluted areas
in Korean peninsular,

A decline in overall growth rate was apparent since the late 10-year period of growth. P. densiflora in
Onsan and in Yeochon recorded in the radial growth reduction of approximately 70 and 60% respectively.
The formation of earlywood in the period of air pollution was restricted, whereas the percentage of latewood
increased. The maximum wood density was lower in xylem rings formed during a period of air-pollution
than in rings found without pollution. Most of pine trees damaged by air pollution showed the classical
type of length-on-age curve for tracheids. However, reduction in cell wall-thickness and diameter was
revealed in the wood exposed to air pollutants. Nor anomalies in microstructures nor microorganisms in

wood structures were found in the damaged trees.
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1. INTRODUCTION

Tremendous amount of research programs
have been recently initiated in several countries
to understand the effect of air pollutants directly

on the fine needles of forest trees!$3%:3®) and

16,35) 1t seems

indirectly via soil to the roots
possible that the impact of air pollution is not
only restricted to the metabolic activities of
plants but affect also consequent wood properties,
since various physiological and metabolic responses
to pollution in long terms adversely affect the
tree growth and development®®. Consequently,
economically important question has been raised;
what kind of changes might occur in the wood
of pollution-damaged trees which in turn would
lead to negative consequences with regard to wood
quality and utilization. In this context, two
questions are of major interest; (1) are there any
anatomical and chemical alterations initiated in

the cambium at the time of wood formation and
thereafter secondary damages in the wood tissue

of damaged trees? (2) are there any differences in
physical and technological wood properties
between healthy and damaged trees? The present
study is, therefore, intended to investigate some
anatomical characteristics of Japanese red pine
(Pinus densiflora S. et Z.) collected from pollution-

exposed areas in Korea.

2. MATERIALS AND METHODS

2.1 Plant materials and sampling site

The sampling sites were Onsan and Yeochon
in Korea, where industrial estates were established
since mid and late seventies respectivély. The large
sources of pollution such as aluminum, zinc, copper

plants, smelters and chemical pulp factory have

been operated in the industrial estate in Onsan,
whereas fertilizer and refinery plants in Yeochon.

Five red pines from each site were collected for
anatomical, physical and chemical investigations.

All the trees showed the so-called “tipburning”
and/or yellowing in needles and also showed the
premature shedding of old needles, giving branches
a tufted appearances3>*%3% but not dead.

In addition, two cores in Smm diameter
were taken by increment borer at breast hight
from 20 trees for the investigation of ring width
and density. Some trees of Crypromeria japonica
in Yeochon were also collected for the compari-

sion.

2.2 Methods

Growth rings were measured on the cores
and arithmetic means of both cores were cal-
culated using chronologically matched increment.
Ring-width indices were obtained by dividing each
ring width by arithmatic mean of growth ring in
each core. Measurements of wood density within
the growth ring were obtained from 5 increment
cores at each site by Soft X-ray and densitometry.
The X-ray film negative (Fuji softex FG film)
was then scanned with a laser densitometer (LKB).
The operation condition of X-ray apparatus was
20 Kv, 15mA (tube current), 165 seconds for
photographing and 60cm for focus-distance.
Cellulose acetate as standard was used for the
calibration of density. The arbitrary value of
0.5g/cm™3 in the densitograms was chosen as the
limit between early wood and latewood!!:29),

Fifty tracheids per smaple point were mea-
sured for the determination of tracheids in the
usual way with a calibrated ocular micrometer
from macerated materials obtained via Franklin’s
method (incubation in a hydrogen peroxide and

glacial acetic acid mixture). Quantitative data
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generally refers to average values, unless otherwise
specified. For the light microscopical observa-
tions, air-dried samples were boiled, sectioned and
stained with astra blue (1% in water) and safranin
(0.5% in alcohol) successively. Small blocks
obtained from the outermost part of growth rings
were prepared asceptically for scanning electron
microscopy (JEOL) after the fixation in FAA for
the observation of colonization of microorganisms

and microstructures in sample woods.

3. RESULTS AND DISCUSSION

3.1 Width of growth ring

Dendrochronological analysis showed that
there were severe radial growth depressions in the
trees exposed to air-pollution. A decrease in
width of growth ring was apparent throughout the
growth period 1973-1985 in all the trees observed
in the Onsan area (Fig. 1). Indices of growth ring
showed that radial increment in this site has been
declining since mid seventies (Fig. 2). Extremely
narrow annual rings were found in the outermost
part of growth rings; four growth rings were
formed successively within only 1mm-width,
and only &-10 cell layers were formed in each
growth ring (Fig. 7-A and 7-B). The mean annual
increment of damaged trees during the period of
1976-1985 was 0.67+0.35mm, which was about
80% less than those of the healthy trees (mean
3.4420.70mm).

Japanes red pine in the area of Yeochon also
showed the reduction of radial growth since late
seventies and this reduction was approximately
60% greater than that of healthy ones (Fig. 3).
Not only Japanes red pine but Japanes fir (Cry-
ptomeria japonica) collected from same site also

showed the declining in the radial growth since

late seventies (Fig. 3).
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Fig. 1. Average ringwidth (mm) of Pinus densi-
flora in the site of Onsan. Solid line; damaged
trees (D), broken line; healthy trees (H).
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Fig. 2. Indice of growth rings in the period
of 1957 to 1985 in the site of Onsan.
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Fig. 3. Average ringwidth (mm) of Pinus densi-
flora and Crypromeria japonica (C) in the site
of Yeochon. Solid line; damaged pine tree (D),
broken line; healthy trees (H).

The coincidence between radial growth of
Japanes red pine trees and the establishments of
industrial plants at each site clearly indicated the
effect of cumulative stress of air pollutants,
confirming that reduced photosynthetic capacity
of trees due to air pollutants could result in
decreased annual incremental growth from one

11,26,33.36) " Apalysis of ring width

year to next
patterns is, therefore, very useful in diagnosing
the pollution effects on the growth of trees. It
has been well documented that the loss of radial
growth in symptomatic and asymptomatic trees

has been positively correlated with industrial out-
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put such as sulphur dioxide, nitrogen oxide and

photooxidants in Europe and U.S.A 1:%37:89,12,40)

3.2 Percentage of latewood and Variation of

maximum density

The effect of air pollution on the formation
of early-and latewood showed that not only the
radial growth but the earlywood formation also
restricted by air pollution (Figs. 4 & 7-B). The
restricted formation of earlywood during the
period of air pollution, inversely, leads to the
increased percentage of latewood formation; the
increase of latewood percentage in the damaged
trees on Onsan area during 1976-1985 was appro-
ximately 30% in comparision with that of non-

damaged trees.
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Fig.4-1. Length-on-age variation of tracheid
(solid line) in Pinus densiflora and percentage of
latewood (broken lines) in site of Onsan.
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Fig. 4-2. Percentage of latewood of P. densiflora
in the site of Yeochon.

There exists contrasting results in the litera-

tures on the effect of air pollutants on the latewood
formation. Liese ef aI?® for example, observed

the increase of latewood percentage by 50% in the
spruce damaged by air pollution. Bosshard er al 5
De Kort® and Kellerls), however, observed the

significant decrease of latewood percentage in

norway spruce, silver fir and Douglas fir. The
decrease of latewood percentage was also revealed
in the so-calied “‘starved wood” of Japanese red
pine?®. It might be speculated therefore that
the percentage of latewood could be varied de-
pending on tree species, stage of development in
trees, exposure time and kinds of air pollutants.

The maximum density (density of latewood)
in healthy trees increased rapidly in the first few
years from the pith, and exhibited the maximum
density without much variation. However, the
density of latewood formed during the period of
air pollution showed the decreased tendences
(Fig. 5). The decrease of maximum density in
the species of Japanese red pine was slight (Fig.
5-A), while this decrease in Japanese fir was
significant (Fig. S5-B). The abrupt decrease of
maximum density in the species of Japanese fir
during the period of air pollution was also
observed by Ohta®¥. In comparision with the
decrease of maximum density during the period

of air pollution, that of earlywood (minimum

density) maintained its density with little flucta-

1980 1970 1960
(B)
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Fig. 5. X-ray photograph and density profiles
of the wood of the Japanese red pine (A) and
Japanese fir (B).
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tion. The wvalues calculated by substracting
minimum from maximum density, therefore, was
reduced in the period of air pollution (Fig. 6).
Ohta?® considered these reduced values as one of
the indicators suggesting the damage of air pollu-

tion in the forest trees.

g
s 05
&
>
&
704
2]
)
| 1 ] 3
1970 1980 (Year)

Fig. 6. Difference of maximum and minimum
density-profile of Japanese red pine wood in the
site of Onsan.

3.3 Dimension of tracheids

Length-on-age variation and dimension in
tracheids on Japanese red pine were investigated.
Length-on-age variation in tracheids of softwood
has been of considerable interest since Sanio’s
study® on tracheid length of Scotch pine. Most
of pine trees observed in the present investigations
showed the classical type of length-on-age curve
for tracheids; they were initially short near the
pith, but increased rapidly in length during the
early years of growth, and then leveled off to a
constant length as the tree matured. Only one
tree from Onsan area near to a chemical pulp
factory, exceptionally, showed the unusal feature;
the decrease of tracheid length as the tree matures
(Fig. 4).

Some authors reported that pollution induced
shortening of tracheids of gymnosperms as well

91417 |p

as vessels and fibres of angiosperms
contrast, Grosser ¢ a/'® could not find out any

significant difference of tracheid length between

immission-damaged trees and healthy trees. It
could not be determined in the present study that
an abrupt decrease of tracheid length in one
Japanese red pine in the site of Onsan was due to
air pollution or to another environmental factors.

The dimension of tracheids in Pinus densiflora
damaged by air pollution was shorter and thinner
than those of healthy ones (Tab. 1). About 40%
reduction in thickness of cell wall and 20% reduc-
tion in diameter was showen in Japanese red pine.
Especially the reduction of diameter in the radial
direction was more marked than in the tangential.
Reduction of cell-wall thickness and diameter and
consequent increase in the number of fibres per

mm due to its small dimension were also observed

by several investigators®®223)

It is generally
accepted that cell wall thickness is determined by
the availability of the photosynthetic products,
while cell diameter is regulated by plant growth
hormones??. The reduction in thickness and
diameter of cell wall in the present study clearly
indicates that air quality influences the tree
productivity of trees by disrupting the growth
hormone production as well as metabolites

patheway.

Table 1. Dimension of tracheids in latewood

Japanese red pine*

unit: um
DAMAGED HEALTHY
3.05£1.75 5.18+1.96

wall thickness

(range; 2.5-5.0) (range; 3.8-7.5)

7-14x 5.5-8 10-14 x 8-10
(M  ®) (M (R)

diameter

*: collected from Onsan area.
(T); tangential direction, (R); radial direction
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3.4 Microstructures and microorganisms the air-pollution damaged trees (Fig. 7. C-7. F).

Anomalies in wood structures and micro- Fine structures of cell walls and pits of damaged

organisms in wood tissues could not be found in

pines did not differ from those in the healthy

Fig. 7. SEM observation on the annual rings
narrow annual rings formed during the vyear
pine trees of Onsan, (B) increased percentage
pollution. Neither aspiration of pits nor the
organisms were found in the Japanes red pine
densely covered in cell lumina (F).

Béz.

MLONU

and fine structures of cell walls. (A) Extremely
of air pollution (1980--1984) in Japanese red
of latewood formation during the period of air
degradation of cell wall (C; D; E) nor the micro-
trees damaged by air pollution except warts
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trees. The occurrence of trabecular which were
frequently observed in the spruce, fir and red
beech by Grosser et al 19 was not found in the
present study. Neither the wetwood formed
by air pollution in fir asa secondary effect, nor
the occurrence of bacterial in that wood*:31)
nor the presence of hyphae in the spruce
wood?”) were able to detect in our investiga-
tions.

All the pits observed were unaspirated; pit
aspiration was not observed in the present
investigations. Frenzel'® observed the pit
aspiration and fume-ike substances on the bor-
dered pit in the spurce, fir and pine damaged by
air pollution. He also reported the severe de-
composition of lignin in the middle lamella,
partial degradation of cell wall and filling in the
lumen of latewood. Under high magnification
such anomalies could not be detected in our
observations. Neither Greune and Fengel'®
nor Sachsee and Harder*® observed such ano-
malies in cell wall as those of Frenzel.

The luminal surface in the tracheides of
pines was covered with warts (Fig. 7-F) which are
reportedly very resistant to chemical treat-
ments?9+22:37 Saiki and Kawake?®) observed
the remarkable reduction of warts in the narrow-
ringed wood of suppressed Japanese red pine.
However, the fact that the frequent occurrence
of the warts in red pine might be related to the
air pollution was not determined in our observa-

tions.
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