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Characteristics of Annual Rings of Pinus thunbergii
Grown in the Air-polluted Area by Soft X-ray Analysis’
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ABSTRACT

Annual ring characteristics of pinus thunbergii grown in several air-polluted areas were investigated by soft
X-ray densitometry. Ring width, maximum density and relative difference between maximum and minimum
density (abbreviated to DD} were generally decreased after the beginning of operation of the factories at the
vicinity of the pollution sources. Especially at the nearest areas of the industrial complex. those were
distinctly decreased, and the changes, either increases or decreases, in percentage of latewood and minimum
density could not be explained by the air pollution dosages. Ring width, maximum density and DD were being
more apparently decreased after 5 years than those for 5 years after the beginning of operation. and also the
rate of decrease was increased from after 5 years after the beginning of operation, and the rate of decrease
of ring width was the highest of all. It was inferred that ring width, maximum density and DD of Pinus
thunbergii could be used as indicators to detect the growth damage by air pollution.
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Fig. 1. Map showing sampling site of increment cores.
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Fig. 3. Variations of the ring width for 15 years(1976-1990) at investigated sites(A-F) .

* RW ' Annual Ring Width
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* MAX | Maximum density.
MIN : Minimum density.

DD ! Difference between maximum density and minimum density within each annual ring.
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Table 1. Average values for 5 years of various factors within each annual ring of before and after the

beginning of operation of the factories.

Factors Years A B C D E F
1980 3.64 2.62 4.05 5.74 5.30 4.32
RW (cm) 1885 3.62 2.30 2.70 5.70 6.06 3.72
1990 4.46 2.60 1.62 2.24 5.28 1.96
1980 33.60 43.30 37.70 23.40 36.00 40.40
LP(%) 1985 34.60 39.40 31.50 42.80 32.80 35.00
1990 31.00 38.60 32.30 35.20 37.60 32.20
1980 0.38 0.39 0.29 0.23 0.31 0.24
MIN (g/cm?® 1985 0.39 0.36 0.31 0.30 0.31 0.19
1990 0.37 0.36 0.32 0.46 0.31 0.14
1980 0.99 0.94 0.86 0.93 0.89 0.72
MAX (g/cm?) 1985 0.99 0.86 0.84 0.90 0.89 0.64
1990 0.95 0.85 0.78 0.90 0.94 0.54
1980 0.61 0.55 0.58 0.65 0.59 0.48
DD{g/cm®) 1985 0.60 0.50 0.53 0.60 0.57 0.49
1990 0.58 0.52 0.47 0.44 0.62 0.40

* Each value was averaged for each 5 year from 1976 to 1990.
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Table 2. Decrease rate of ring width, maximum
density and difference of maximum and
minimum density in the sites(B, C, D, F)
vicinity of air pollution sources.

Items years B C D E
RW 1985 12%  33% 1% 14%
1990 1 60 61 55
MAX 1985 9 3 3 6
1990 10 g 3 25
DD 1985 9 9 8 +2
1990 6 19 32 17

* Each value is decrease rate calculated by average
values for each 5 year(1981-1985, 1986-1990).

3|
FREHRS ERA Holzln
o A&Hoz HEREES
ZHolztn BHEY
Table 2& F5w A doAd FRiIETS Bk
HE, BAREES B EEdY 2d ¢ B
g FANEFA sd5dd HIHPE VTR
FA7Hs AZ 5d3 2 olF 5 F¢e] e
Bted Wi ES Yol®giel. Table 2014 2
ulol o] AL olF 5dAA = FRiEC]
1%-33%, BmKAEE7F 3%-9%, DD} 8%-9%<
HWoEe Jeld ik ZAskE ol & 635 10
A7zl 2] EAEL EREAE 1%-61%, &KX

f

L.
L

|



358 Soft X-raysrffel @l

EBEE 3%-25%, DD+ 6%-32%9 mAHEE
e ook, Yokobori(1986) = DDe] mAzES 3
Azhgol A 5dzke HEae FAEFOIE 100
Zhe] HEARA sladgEd Fukal el
25% 0l 49 WAEE Vel or] o) e}
10-15%9 @AES bl Bag a3l
of ExARcE B BAFES BEA| o=
Avhi-ob sido] HiRERolel Bk E HrinE
B aloloff 4 #EH Aolebi detx e
Bxlod-g Aojd AHAAAH FF
d-100d Abel o) o] #E A3 F7}
S8 o4 4 Udden FHMEA AAdE 50%
A3 JFAREE} DDz @
. 53] Ce} FrlddelH e ERA
HAE-E BEed ol &
%k&ﬂb SO27b22] dd A
o on] Evertsen(1986)¢] X 13}
A7hEe] tbre] FERTE Y &
2 23 4AREEES JebdE
027} 2 F el A =Fek 5 7}
+, i%%%ﬁq FEIRNF] EFx| ol 4
d v F4ze] Qlvke 7S
Liese, 1975) ¢} FAFskaict.

ml W ool R
o ox
Jha
~ R
P jgﬂ

it

o R
g 3

o
n(ﬂ

(Eckstein, 1914 =

® =B

KR Fipol g WS BEBRLS o 7hA
Fejz vhebdtom olen] BEWou BEAY HH
of = MY HWERER Jeldn oy #iK
o) ol RERHERCIE oddko] ulH Sloke
#4 (Ohza, 19782+ Yokobori, 1983, 1986 =
Evertser, 1986) 7+ o] ok, 53 ARFHLR
o3 EERLE HHEES T4 28 F
stE, WE, FMEel #{kE kel MES ¥
@e ojaE Fogk Bl & Folrh,

K @xE Fool o eie 3o TEA
ol ﬁ_#EM e AL REFHRY HEE
=, =)

wol wg Aeog FEsH =23 G52 B
ol FaHell 2o [(NERAMS HEZF Vel 2l
o oluid ke L5 4

% Fes Jelvdn dEE FET
Sejutel Fo kit sl sl
iEZ A MY+ de ML ERE
gl Ay FRe 5 2 Kl

Aoz FEHE old i MEE 2o

218 kR Bpgol Y 2bat M (Pinus thunbergii) ) F£#9 HE

2 A%

slofop & Aoz Byimch

10.

. Ashby,

. Bauch, J.

. Eckstein, D., E. Frisse and W Liese.

. Evertsen, J.A .,

. Fritts,

. RENZ.

. Johnson, A. et al.

el 8 B &
W.C. and H.C. Fritts. 1972. Tree
growth, air pollution, and climate near LaPor-
te. Ind, Bull. Amer. Meteor. Soc .53 : 246-251.

. Bass, P. and J. Bauch. 1986. The effects of

environmental pollution on wood structure and
quality. IAWA Bull.n.s. 7(4). 415pp.

1983. Effects of Air Pollution in
Forest Ecosystems : 377-386. D. Reidel Publ _,
Dordrecht, Holland,

1974.
Holzanatomische untersuchungen an umweltges-
chadigten strassenbaumen der Hamburger In-
nenstadt. Eur. J. For. Path. 4 :232-244.
M.P. MacSiurtain, and J.]J.
Gardiner. 1986. The effect of industrial emission
on wood quality in Norway Spruce [ Picea ables) .
IAWA Bull. n.s. 7(4) : 399-404.

H.C. 1976. Tree Rings and Climate .
London Academic Press. 545pp.

1990. HR O Foapfe D8 R
L RE~DER) . LiFEABREEE. 141
pp.

1983. Acid deposition and
forest decline. Environmental Sci. and Tech.

17 1 294-305.

. Katoh, T., M. Kasuya, S. Kagamimori, S.

Kawano, and H. Kozuka.

ment of effects of air pollution on the ring width

1988a. An assess-

of Japanese Cedars({Cryptomeria japonica D.
Don} (I

thermoelectric power stations and fluctuaions of

: -Relationship between the operation of

the standardized ring index-
Pollut. 23(6) : 311-319.
Katoh, T., M.

Kawano, and H. Kozuka.

. J. Japan Soc. Air

Kasuya, S. Kagamimori, S.
1988b. An assess-
ment of effects of air pollution on the ring width
of Japanese Cedarsi{Crptomeria japonica D.
Don' (1]} -Relationship between the standard-
ized ring index and the pollution levels of SO,
and NQO., in the ambient air at the surrounding

area of thermocelectric power stations- . J.



11.

12.

13.

14.

15.

16.

17

18.

19.

20.

BBIRBREIE 80(4) %, 19914 128

Japan Soc, Air Pollut. 23(6) : 320-328.
Liese, W., M. Schneider and D, Eckstein.
1975. Histometrische undersuchungen am holz
einer rauchgeschadigten fichte.
Forest Path. 5: 152-161.
Lewark, S. 1986. Die methode zur rontgenden-

European J.

sitometrie von holz und ihre anwendung an holz
immissionen ansgesetzter baume. Forstarchiv
57 1 105-107.

Ohta, S. 1978. The observation of tree ring
structure by soft X-ray densitometry(])-The
effects of air pollution on annual ring structure
-. J. Jap. Wood Sci. 24(7) : 429-434.

Dhta, S.
structure by soft X-ray densitometry (II)-The

1979. The observation of tree ring

effects of wind direction on growth and some
properties of pinus pinaster. J. Japan Wood
Sci. 25(9) : 561-566.

KEABE. 1979, &XF v v bX-2-1ck 38
KA EEDRE . AH L 25(3)  131-133.
FEHE - 4R - ZAR. SRE - A& - F
i - MO - FREE. 1983, TE MRS RE
HE o] S BIARRRS] MHEBRERA o
& AE PR, BESLIREFTRATE 5 0 237-260.
Park, W _K. 1990. Development of anatomical
tree-ring chronologies from southern arizona
conifers using image analysis. The University of
Arizona, Tucsow, Arizona. Ph. D. Disserta-
tion, 234pp.
Schweingruber, F H., R. Kontic, and A.
Winkler-Seifert. 1983. Eine jahrringanalytische
studie zum nadelbaumsterben in der Schweiz,
Ber. der Eidg. Anstat fur das forstliche Versu-
chswesen 253. 29pp.

Schweingruber, F H., 1986. Abrupt growth
changes in conifers, IAWA Bull.n.s. 7(4) :
277-283.

Schweingruber, F . H., 1988. Tree rings : Basics

21.

22,

23.

24.

25.

27.

28.

30.

. Yokobori. and S.Ohta,

359

and Applications of Dendrochronology. 276pp.
Smith, W H, 1981. Air Pollution and Fortests.
Springer Verlag, New York. 379pp.
Suzuki, T. 1975. The ring width and the con-
tents of Cd, Zn and Pb in wood of the annual
ring of Sugi tree growing in an area contaminat-
ed by Cd from a zinc refinery at Annaka. J.
Jap. For. Soc. 57 : 45-52.
VIR - BB - HEBET - KA. 1988,
b ERRARD ERRAT. S20ITH R E R
sl REEAE FHEEHTEMIFLaREE
19-24.
Yasuda, H. 1981 Effects of Air Pollution on
annual Tree Ring Structure of Cryptomeria
Japonica, In : Proceedings of 17th IUFRO World
Congress, Kyoto. 624pp.
B AN - REFI . 1988, XBEEIL L2 A
7 7 VEBRENKROBHERRNT. HARHE
ElLiE A EE 20 0 16-18.

. FHEEM. 1989 X TV v P )ik BE

RN T LRAT LT arRgr=a27r. +
FRHEHRR G AFERZCAT. 35pp.
HOESL . 1986. AEFRMHARICRIZ TRED
FIITHT 28R, KRERERES FRE#R
# 16. 61pp.

Yokobori, M. 1981. The decline in growth of
Cryptomeria japonica in Ibaraki Prefecture and
its factors. Bull. of the Ibaraki Prefectural For,
Exp. St, 13 :1-32.

1981. Effects of Air
Pollution on Tree Ring Structure of “Pinus
densiflora” Grown in the industrial District,
XVII IUFRO World Congress(Kyoto, Japan)
Proc. Div, 2 : 383-386.

Yokobori, M. and S.Ohta. 1983. Combined
air pollution and pine ring structure observed
xylochronologically. Eur. J. For. Path. 13:
30-45.





