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Cell Wall Deterioration
of the Tripitaka Koreana Wooden Plates’

So-Yoon Park - Ae-Kyung Kang - Sang-Jin Park™

ABSTRACT

Tripitaka Koreana were made during Coryo Dynasty from 1236 to 1251 A.D. Buddhist scriptures
were engraved on 81,340 wooden plates. Some plates were varnished with Rhus lacquer, but most
of them were uncoated.

Macroscopically. most of the plates appeared intact due to the storage in a well-ventilated wood-
en house. Because. they were irregularly used for printings with ink. it can be assumed that they
were repeatedly exposed to ink-water and drying processes.

The present were made to examine the changes of wood cell structures occurred during long-term
aging deterioration processes in these dry archaeological wooden plates. Light, scanning and trans-
mission electron microscopes were employed for this study.

Wedge-shaped cracks and delamilations were found from the lumen side toward the compound
middle lamellae and they progressed toward primary or secondary walls. A large amount of hypae
in vessels and the degradation of vessel-ray pit walls by the fungal hyphae were observed. When
compared to the recent wood, the birefringence of wood fibers was considerably lower or completly
disappeared. suggesting the degradation of crystalline cellulose in these wood samples. The degra-
dation of the cell wall could be also revealed the calculation of crystallinity with X-ray diffraction
and the size of crystalline region was estimated.

Keywords : Tripitaka Koreana, deterioration. wedge-shaped cracks. delamilations, fungal hypae.
crystalline cellulose, X-ray diffraction
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Fig. 1. Secondary wall layer are severely Fig. 2. The most typical changes are cracks of
cracked and splitted. The wedge-shaped the secondary wall from compound mid-
cracks progressed toward primary or dle lamella (bar: 10 um).
secondary walls(bar: 100 um).

Note : Light photomicrographs of Pyrus plates (Fig. 1. 2)

Fig. 3. Cracks appeared as hairline-shaped heli~ Fig. 4. Recent wood cellsafter ovendrying : The
cal fissures in longitudinal section, run- cell wall structure generally appeared
ning parallel to the microfibril orientaticn intact (Prunus sargentii, bar: 10um).

{Prunus sp.. bar: 10 um).

Fig. 6. Axial parenchyma cells were well pre-
served despite serious helical fissures
occurred in adjacent fiber walls (Prunus
sp.. bar: 10m).

Fig. 5. Fungal hyphae in the enlarged pit aper-
tures of vessel-ray pit walls. (Prunus sp. .
bar: 10um).

Note : SEM photomicrographs of samples (Fig. 3~6).
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Fig. 7. The thinning and dentate erosion of the
secondary wall are progressed from lumen
toward compound middle lamella (bar: 2
am).

Fig. 8. Note the bacterialarrows) in stained
layer of the cell lumen (bar: 1 um).

Note : TEM photomicrographs of Daphniphyllum macropodum phates(Fig. 7. 8).
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Table 1. Crystallinity of recent wood and macro-
scopically intact plate wood(%).

Table 2. The width at the point of the half of
the maximum peak intensity.

No Recent wood Plate wood No. Recent wood Plate wood
) (Prunus sargentii) (Prunus sp.) (Prunus sargentii) (Prunus sp.)
1 31.210 39.286 3.714 3.428
2 30,769 40.113 2 3.714 3.143
3 31.795 40.698 3 3.571 3.143
Average 31.258 40.032 Average 3.666 3.238
3.3 RNEEMSERER| o8t SRR S| HE olal A€ WrhEo] &4 ARYH e
HadFv| AR AAURES AR Ak 1A o3 Hr

xﬂ% s AHAE Fig. 9dlA s gl =3

ol 25 wHEd BEHE fAlse He 3
‘Rit}-. AaAlel A%ele Fig. 1004%38 &4 %4 5
FH L A Edlslo] ojFE e Ushled wel =
o] HFEE U NS FALSHA vl A Bt
S 227 Lol ztololA YalR Ak 2 o
A8ldtHEriksson et al, 1990). §8) B& @rbvh &
I He wae W gAle] 247 g g B8
& B g 5 sdslch

FIJ}U

u

rJ

3.4 X# ErEol 2lst seEeEe] AE W #&AE
H(RERKTF) T7|e| #E
XA AR eRAg Aol zizhe| AR E AL
A3 Table 10149} Zo] ZAgalel ARsi=rF DA
of Blall o Athe AL 4 4 g0l ole vlEAE
o dEzosy $Axon BaEE oulstn whelA
Azle g Aagee] vl goe] g R R AzEnt
(002)5e] Hulggawel ) A-N SRR
2438 A3 Table 29142k 2t} Scherreratel

tlo

Fig. 9. Bright image of recent wood sample
(Prunus sargentii, bar: 100um) .
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Fig. 10. The birefringence of wood fibers was
considerably lower or completely disap-
peared. suggesting the degradation of
crystalline cellulose (Prunus sp. . bar: 100
um},

Note : Polarized light photomicrographs of samples (Fig. 9. 10)
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