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Table 1. Dimension of tracheid in transectioned stem of Ginkgo biloba seedling treated with simulated acid rain of

different pH levels for 12 weeks

No. of cell 11 Maxim: Minimal Wall
pH Internodes in gagisﬁeﬁ?e Ar(e;n/lzc)e diamatlatler (ap}m) diameter ?ptm) thickness (um)
Second
2.4 7~13 147.9+39.1* 18.8+2.0 11.9+2.0 0.236 +£0.042
3.2 13~16 175.1+52.7 18.4+3.1 129+2.1 0.268+0.046
4.0 13~20 250.1+71.2 21.8+3.1 15.2+£2.5 0.359+0.046
5.6 17~28 237.0+£62.5 21.0+2.9 19.2+1.7 0.256 £0.034
‘ First
24 7~14 176.9+48.6 18.8+2.9 12.7+£2.2 0.255+0.051
3.2 13~21 239.0+70.9 21.4+3.6 12.9+24 0.284+0.047
4.0 15~22 228.0+58.0 202124 15.0+2.8 0.266+0.055
5.6 19~34 250.3+66.9 21.5+2.8 15.5+2.5 0.273+£0.044

* Mean and standard deviation of mean (n =50)
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Table 2. Dimension of tracheid in transectioned root of
Ginkgo biloba seedling treated with simulated
acid rain of different pH levels for 12 weeks

Tracheid

g No. of cells Area/ Maximal Minimal Wall
p in radial cell diameter diameter thickness
file (um?) (um) (um) (um)

24 13~17 235.7+£78.0* 21.2+3.3 15.1+2.8 0.240+0.040
32 12~31 373.8+£12.7 25.8+4.2 18.8+3.4 0.278+0.036

40 20~34 2981+122 23.4+4.6 164+3.3 0.327+0.045
56  24~37 333.7£96.3 245+4.0 18.0%£2.9 0.287+0.040

*Mean and standard deviation of mean (n=>50)
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oA 18~21%, 7211 pH 2.4014 7~14F | =7
) 24 7ol A pH 5.62] =|8]Fo|A] 17~28Z%, pH 4.0
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Fig. 1. Transverse and tangential sections of cambium in
stem of G. diloba treated with simulated acid rain
of pH 2.4 and 5.6, respectively. Bar represents 50
um. The cambial zone of control (pH 5.6, Fig. 1B)
is wider than that of stem of G. biloba treated with
simulated acid rain of pH 2.4 (Fig. 1A). Length of
fusiform initials of control (Fig. 1D) is longer than
that of stem of G. biloba treated with simulated
acid rain of pH 2.4 (Fig. 1C). C; cambial zone, F;
fusiform initial, R; ray initial.
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Fig. 2. Length variation of fusiform initials in G. biloba
seedling treated with simulated acid rain of dif-4
ferent pH levels for 12 weeks.

Table 3. Size variation of cambial initals in tangentially
sectioned stem of Ginkgo biloba seedling treated with
simulated acid rain of different pH levels 12 weeks

Fu Si-gmim Ray initial Qar.ltl:bifll
mra. mit

pH Internodes Length (um) Lgﬁigh Height cell la?fer

Second
2.4 650.0+427 1704+77 1~2
3.2 761.2+385 199.6+159 1~3
4.0 765.2+39.6 186.0+122 1~3
5.6 918.4+499 203.2+13.8 1~3

First
2.4 685.6+41.6% 144.4+98 1~3 3~4
32 757.2+50.0 179.6+13.8 1~3 3~4
4.0 870.0+449 1984+141 1-~38 5~6
5.6 914.0+55.7 203.2+127 1~8 5~6

*Mean and standard deviation of mean (n=30)

Table 4. Size variation of cambial initals in tangential
sectioned root of Ginkgo biloba seedling treated
with simulated acid rain of different pH levels
for 12 weeks

u Fusiform Ray initial nglﬁg )
p. inital e
Length (um) Length (um) Height(cell) rglégﬁlfli?e
24 745.2+60.3* 1428+7.5 1~3 3~5
3.2 835.2+42.3 20841134 1~3 3~5
4.0 884.43+53.1 239.6+13.8 1~83 5~6
56 1014.8470.8 236.0+8.5 1~4 5~6

*Mean and standard deviation of mean (n = 30)
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Table 5. Dimension of tracheid in transectioned stem of Pinus thunbergii seedlings treated with simulated acid rain of

different pH levels for 12 weeks

No. of cells Area / cell Maximal Minimal all
pH Stem part in radial file (um?) diameter (um) diameter (um) thick‘ril‘;ss {pm)
Distal2
24 2~9 10.41+2.64* 4.49+0.56 3.00+0.44 0.176 +£0.029
3.2 3~12 10.01+2.41 4.39+0.70 2.87+0.37 0.162+0.039
4.0 3~11 11.41+43.29 4.66+0.64 3.24+0.56 0.169£0.034
5.6 3~12 13.44+4:5.31 5.03+0.99 3.44+0.72 0.185+0.035
Basal
2.4 3~10 12.51+3.35 4.90+0.75 3.33+0.55 0.176:£0.034
3.2 3~13 13.14+£3.79 5.12+0.79 3.41+0.54 0.168+0.030
4.0 3~13 11.73+3.28 4.90+0.71 3.24+0.53 0.180+0.040
5.6 3~14 13.60+3.71 5.15+0.90 3.55+0.54 0.182+0.033

* Mean and standard deviation of mean (n=30)
a Lower stem of first internode

Table 6. Dimension of tracheid in transectioned root of Pinus thunbergii seedlings treated with simulated acid rain of

different pH levels for 12 weeks

No. of cells Area / cell Maximal diameter Minimal diameter Wall thickness
pH . N . 9

in radial file (um?) (um) (um) (um)
2.4 3~10 16.55+4.36* 5.60+0.69 3.83+0.74 0.186+0.063
3.2 3~13 16.54+6.61 5.69+£1.00 3.77+1.02 0.214+0.070
4.0 3~12 17.581+6.16 5.96+1.07 3.82£0.77 0.229+0.034
5.6 3~17 18.15+3.34 6.05+0.65 4.26+0.52 0.233+0.068

* Mean and standard deviation of mean (n = 30)

4 YA Zo] NEZE=4t pH 563 pH 4.00]A = 5~6
% pH 3.2¢2} pH 2404 3~5%2] A EEo] HpAluj

€ 332 A TH(Table 4). FAHANA H2EF £7)9%
g 3% AN UFY AdAEe] Aol
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3 Az Aol pHI} WE4E WSton Whalz
A AlAM E2] Aol pH 2.49] A FolA E7)vt 3
gollM =% 713 Agten (2T 203.2+13.8 um) At
Anje] pH7} wtolAlel| wlel Zrolxch(Table 3, 4). WA}
23 AYMA £ Foly 1~3F0x F Tdz A4
u] Helol| w2 wsbsl glde-

42719 FddA 7t=He] wAlEL pH 2.44
g oA 2~9F50 7 7R Hglow, Hi 3~12%—_i
2ol wjs] AbAdw) Al mepM s AYgE
B2}t (Table 5). FEF7]19] AR A 7t=e] 3
DHA A HAA AL AN 8] pHA} debRle) vt A
Aoz #olx)= AL Bt 7| HFe 7] =
t=e] AR I JAz A o] HAR9el vl W
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Table 7. Anatomical characteristics of cambial zone and
phellem in the transectioned stem and root of
Pinus thunbergii seedlings

No. of cell in radial file

pH Organ
Cambial initial Phellem
2.4 Stem 2~4 3~6
Root 2~4 5~6
3.2 Stem 3~4 3~4
Root 3~4 6~7
4.0 Stem 3~4 3~4
Root 3~5 6~7
5.6 Stem 3~5 3~4
Root 3~5 6~7

v} pH7Zbol| & A}o]3= ¢l3it} (Table 5).

&9 BN st HdHA g HAAAH
Az A T dzFell vs] AHdu]e] pHrL e}
AW FFAasE 7o)l ey szwJr pH 3.2x 8] 7}4))
£ zlel7t ¢l9ich(Table 6). 549 ¥4 7l=49]
HAAA A i A, Ao A E34 D T
= ¢ ?‘/\iﬁ} %ﬂﬂm AA FFaEHAH. 7] 22
%8 pH 249 ATl 3~6302 o2 |79
3~43o) 8)3] M EZ247} ©v] w9t (Table 7).
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Fig. 3. Xylem area in the transectioned in stem and root
of P. thunbergii. Lower stem, Basal part of main
stem; Upper stem, Lower stem of the first inter-

node.
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Fig. 4. Cotex area in the transectioned in stem and root
of P. thunbergii. Lower stem, Basal part of main
stem; Upper stem, Lower stem of the first inter-
node.
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Fig. 5. Pith area in the transectioned in stem and root of
P. thunbergii. Lower stem, Basal part of main
stem; Upper stem, Lower stem of the first inter-
node.
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Effect of Simulated Acid Rain on Growth and
Anatomical Changes of Stem and Root of Ginkgo
biloba and Pinus thunbergii

Myoung-Ran Kim, Ae-Ryoung Cho, Duck-Yee Cho!
and Woong-Young Soh
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University, Chonju 561-756,
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Abstract - Effects of the simulated acid rain on the
growth response and the structural features were
studied with the 3 month old seedlings of G. biloba and
P. thunbergii treated with acid rain of pH 5.6, 4.0, 3.2,
and 2.4. The diameter and area of tracheid cells in the
transectioned stem of G. biloba decreased with acidity
of simulated acid rain. The wall thickness of tracheid
cells was the thinest at pH 2.4, but there was no dif-
ferent at other levels of pH. Increasing of the acidity,
the height of tracheid cells were reduced steadily. The
diameter and area of tracheid cells of the transectioned
root reduced with decreasing pH of acid rain, but those
at pH 3.2 were larger than those at control. The wall
thickness and height of tracheid cells of root were grad-
ually decreased with acidity of acid rain. The size varia-
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tion of the fusiform cambial initials in the stem of G.
biloba sections tangentially showed a shortening ten-
dency with treatment of acid rain. The length of ray in-
itials was the shortest at pH 2.4 and reduced with de-
creasing pH of acid rain. The diameter, area, wall thic-
kness, and height of the tracheid cells in P. thunbergii
stem and root decreased with decreasing pH of acid
rain. The areas of the pith, cortex, and xylem in P. thun-

bergii treated with acid rain decreased, but the cortex
and pith areas increased significantly after exposure to
acid rain of pH 3.2 compared with control.

Key words : Acid rain, Tracheid, Cambial initials,
Ginkgo biloba, Pinus thunbergii

(200003 69 30 A4, 20001 8¢ 149 A=)



