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SUMMARY

This project was carried out to develop a comprehensive scheme for Gingko
utilization. In detail, we studied the genetic aspects to select and propagate
Gingko trees, and the ecophysiological and management aspect to iIncrease
concentrations of useful extracts. Also we investigated the basic and processing
properties of Gingko wood to suggest the proper usage, and analyzed the economic
values of Gingko tree management.

In the section of genetics breeding and propagation, we carried out
quantitative analysis of Ginkgo Flavon Glycosides (GFG) and Terpene lactones
(TL) in ginkgo foliage from 282 trees (mainly old memorial trees) in nine
provinces. The concentrations of GFG and TL were ranged from 1.01 to 19.03 mg/g
leaves and 0.24 to 7.46 mg/g leaves, respectively. Although no repetitive
analysis on individuals was responsible to test statistical significance, it was
quite differmt among individuals. Statistical significance was also detected in
the mean concentrations of GFG and TL of 282 samples classified by province (a
=0.01). Kangwon-Seo showed the highest mean concentration of GFG (12.19mg/g
leaves), while Kangwon-Dong showed the lowest GFG concentration (6-87mg/g
leaves). The mean concentration of TL was highest in Seoul (2.57mg/g leaves). It
was about three times more than that of the lowest province, Kangwon-Seo (0.87
mg/g leaves). The result of correlation analysis revealed to be a significant
positive correlation between GFG and TL concentrations (o =0.05), though their
correlation coefficient was very lov (r=0.153). In autumn of 1997, quantitative
analysis was repeated using 42 ginkgo trees which were selected on the basis of
the result from the first year. Between yearly products of GFG and TL, there was
a significant correlation at 0.01 and 0.05 level respectively (r=0.512 and
0.358). On the other hand, additional 36 omamental trees were selected in
Namsan area for experimental efficiency. The result was similar to the previous

result from 282 ginkgo trees. Based on the results as described above, we
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carried out different statistical analyses to determine the factors which play a
major role on the concentration of GFG and TL. Firstly, we classified 282 sample
trees as 4 grades by their age-class, a group of under 5-years-old seedlings
showed the highest concentrations iIn both compounds, GFG and TL. The
concentrations of GFG and TL decreased against age-class. Secondly, male trees
were not different from female trees significantly. Thirdly, from the result of
analysis of variance by crom shape and leaf density, type A (a type of trees
whose thick branches were spread irregularly and twig and leaf density was thin)
showed higher GFG concentration relatively than other types. Lastly, According
to the result of seasonal variations tested in four province, GFG concentration
was highest in May and gradually reduced by October in the all province, while
TL content was very irregular in each province. Generally, the proper season for
collection of foliage was from September to October. Allozyme and RAPD variants
were studied in megagametophytes of Ginkgo biloba L. In fifteen enzyme systenms,
20 isozyme zones were observed, and there were 11 polymorphic zones iIn them.
Those were Acon-A, Fest-B, Gdh-A, CGot-B, Mdh-B, Mdh-C, Mnr-A, Pgi-B, Pgm-A,
6pgd-B and Skdh-B. The segregation of electrophoretic variants at these 11 zones
suggested that each isozyme zone was controlled by single locus with two or
three codominant alleles. No significant deviations from 1:1 Mendelian
segregation were observed at all polymorphic loci tested. On the other hand,
based on chi-square test, a total of 31 RAPD markers, amplified by the 5 primer,
revealed to be segregated according to the Mendelian ratio in the 48
megagametophytes at 95% significance level. We have also examined the genetic
diversity in megaganetophytes of Ginkgo biloba, by using the pattems of
variation at 20 isozyme loci and 31 RAPD loci based on their Mendelian
inheritance pattems as previously tested. The number of alleles per locus
(A/L), the proportion of polymorphic loci (P) at 95% level, the observed
heterozygosity (Ho) at isozyme loci were 1.7, 49% and 0.177, respectively, while
the values for A/L, P, Ho at RAPD loci were 1.92, 92.1% and 0.434, respectively.

- 11 -



The level of genetic diversity at RAPD loci was greater than that of isozyme
loci in most cases. Additionally, the group of 30% outranking others in GFG or
TL concentration revealed to have more higher Ho value than the rest. In
different multiple propagation systems of Ginkgo biloba, the higher survival
rate and rooting ratio confimed that the greerwood cuttings iIs the most
effective method.

In the section of ecophysiology and management practices, aboveground tree
biomass and distribution of nutrients between tree components and within the
major components of the ecosystem were determined for a 15-year-old ginkgo
(Ginkgo billoba L.) plantation. Total ecosystem biomass (excluding roots) was
160.6t/ha, of which 79% was soil organic matter, 6% was forest floor and 19% was
living aboveground biomass. Total aboveground tree biomass was 23.8t/ha, of
which 10% was foliage. The greatest proportion of total ecosystem nutrient
capital was contained in the mineral soil. Especially of the total contents of N
and P, more than 90% were contained in the upper 20cm mineral soil. Foliage only
harvesting of ginkgo trees comonly practiced iIn Korea might degrade site
quality, proper nutrition management plans should be considered If foliages were
harvested regularly. In 1997, we measured seedling growth, foliar nutrient and
extract concentrations of 3-year-old Ginkgo biloba seedlings growing in a
nursery following a single fertilization with nitrogen (N), phosphorus (P) and
nitrogen plus phosphorus (N + P) fertilizations. Fertilization did not change
foliage, stem and root biomass of the seedlings except for the high N + P
treatment. Foliar N and P concentrations following Tertilization varied
according to the amount of Tfertilizers. In general, foliar N and P
concentrations increased with fertilization, but fertilization with 400kg N/ha
and 100kg P/ha decreased foliar N and P concentrations, respectively. Seedling
growth and foliar nutrient concentrations showed that N and P were the
growth-limiting nutrients in our study site. It was found that fertilization

reduced the concentrations of secondary metabolites (Ginkgo Flavon Glycosides
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and Terpene Lactones) in foliages. It seemed there was a relationship between
foliage biomass production and secondary chemicals in G. biloba seedlings.
Foliage and twig cutting practices increased the concentration of Terpene
Lactones, however, did not change the concentration of Ginkgo Flavon Glycosides.
Also shading significantly increased the concentration of Ginkgo Flavon
Glycosides in the foliage. Nitrogen, P and K concentrations in foliage
significantly decreased before foliage senescence, however, Ma and Ca
concentrations increased throughout  the growing season. Nutrient
retranslocations were 30-50% for N, 30-70% for P, and 2-55% for K, respectively
whereas Ca and Mg accumulated 205-476% and 77-114% of seasonal minimum
concentration. These results indicated that Ca and Mg should be supplied when
Toliage harvesting practices applied continuously.

In the section of wood properties and wood utilization, basic and processing
properties of Gingko wood were investigated, and possible uses for Gingko wood
were proposed based upon its properties. Anatomical, physical, chemical, and
mechanical properties were examined as basic properties. Drying characteristics,
gluability, paintability, steam-bending properties, and biological and
nonbiological discoloration were investigated as processing properties. The
sapwood and heartwood are not sharply differentiated, the wood being whitish and
pale yellow in color. The grain is almost invariably straight, whilst the
texture is fTine and uniform with no distinctive figure. The dimensional
stability is good and total volumetric shrinkage is 9.3%. The anisotropy in
transverse shrinkage is not great, meaning that the occurrence of cup in board
is not severe during drying. The amount of ash is somewhat higher than that of
typical temperate species due to the presence of idioblast containing calcium
hydroxide; however, this amount is not high euough to affect the machinability.
Mechanical properties are not strong, hence Gingko wood cannot be used for
structural purposes such as structural fumiture parts. The wood dries rapidly
and easily with little or no degrade, and kiln schedule TXF5 is suggested. The
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wood is easy to work in all operations with hand and machine tools. The wood
Tinishes well and glues satisfactorily. Steam-bending properties of wood is
excellent. However, Ginkgo wood is very susceptible to attack by sapstain and
mold fungi, suggesting that prompt application of anti-stain chemical will be
essential for preventing fungal colonization in order to maintain aesthetic
value of Gingko wood. Although Ginkgo wood does not have a distinctive figure
and favorable color, it may be used for nonstructural fumiture components and
general interior construction when considered its properties.

Even though Korea has long history to grow Ginkgo trees, we did not pay much
attention to use Ginkgo tree other than for using fruits and as omament trees.
It was very recent to see the ginkgo tree as a very useful resources. Because of
the general trend of iIncrease in blood circulation related diseases, we expect
the demand for GBE will increase in the future in domestic and foreign market.
Therefore, it is necessary to develop better model for production of Ginkgo
leaves and fruits. We suggest the followings. Firstly, just by finding a better
quality resource we can increase production efficiency by 15%. Secondly, it is
necessary to grow Ginkgo more intensively to produce more and better products
and reduce other costs. Thirdly, we have to render every effort to sell our
products to foreign country especially to the United States since it is the
biggest and one of the fast growing market.
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1.
1 (1995 1996 )
282 (Table 1,2) 300g
- 9
, . 50 mesh
- , 50g 10 50% methanol(v/Av) 3 3
500 -
Ginkgo Flavon Glycosides(GFG) Sticher(1993)
, 50 1.5N HCI 20
methanol 50 - 100 water
bath 25 HPLC quercetin, kaempferol
isorhamnetin glycoside -
HPLC : : (60:40:3) NovaPak C18(3-9
x 150 ) column W 365 - Terpene Lactones(TL)
Van Beek  (1991) , GFG
450 ethyl acetate 3 ethyl acetate
, 5 methanol Sep—pak :
B:2) NovaPak C18(3.9x 150 )
Pefractive Index(RIl) bilobalide Ginkgolide A, B, C, J -
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Table 1. The local distribution of ginkgo trees fron which leaves were
collected.

_ i Chung Chung Cheon Cheon Kyung Kyung
Province Seoul Kyunggi Kangwon Total
buk nam buk nam buk nam

No. of

19 41 26 31 42 30 21 44 28 282
Trees

Table 2. The sex distinction(@) and ages(b) of ginkgo sample trees.
(@) Sex

g Q Total

88 167 253

* The information on the sex of 29 sample trees was not available.

(b) Age

1-99 100-299 300-499 500- Total

53 86 77 64 280

* The information on the age of 2 sample trees was not available.

data
. 253
280
(Table 2). SAS program -
(1996 1997 )
- 282
42 , 1996 6 7
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© 10 21 ) ,

36 .
, 2 (199% 1997
) 9 ,
, SAS program 2
data , »
A,B,C,D 4
1998 5
11 1
25
20 11 , 4
9 .
Winfolia 4.0 program » »
, , dry oven 75t 3
. (200 3009) 5
data »
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1 282 Ginkgo Flavon
Glycosides (CFG) Terpene Lactones (TL) Table 3
GFG 1.01mg/g ,
19.03ng/g , GFG

216 , 9.7 , 2
- TL »
0.24my/g , 7.46mg/g 31 ;

Table 3. Ginkgo Flavon Glycosides (GFG) and Terpene Lactones (TL) concentrations
from foliage of 282 trees.

Standard

Vean(mo/0) deviation Min. e Max.

<Ginkgo Flabon Glycosides>
Quercetin Glycoside 3.23 1.56 0.22 11.05
Kaempferol Glycoside 3.77 1.46 0.61 8.50
Isorhamnetin Glycoside 1.24 0.61 0.09 3.27
Total 8.24 3.00 1.01 19.03

<Terpene Lactones>

Bilobalide 0.73 0.55 0.01 3.79
Ginkgolides(A,B,C & J) 0.72 0.60 0.07 4.45
Total 1.46 1.01 0.24 7.46
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» Table 4 Figure 1, 2
. GFG , Quercetin
Glycoside (QG), Kaempferol Glycoside (KG), Isorhamnetin Glycoside (1G)
12.19mg/g . ,

6.87mg/g , -

KG>QG>1G .
QG KG 110%
QG KG QG ;
TL Bilobalide Ginkgolides

3.4 , 2.6 (Table 4). GFG

TL ,

TL -

» , GFG TL
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Table 4. Ginkgo Flavon Glycosides (GFG) and Terpene Lactones (TL) concentrations
Trom foliage of 282 trees classified by province.

GFG leaves TL leaves
Province (No.) (mg/g ) (ma/g )
QG KG IG GFG total BL GL TL total
Seoul (19) 352 354 1.09 8.15 1.30 1.27 2.57
Kyunggi (41) 3.19 2,90 0.92 7.01 0.95 0.97 1.92
Kangwon-Dong (15) 249 3.45 0.93 6.87 0.86 0.71 1.58
Kangwon-Seo (11) 4.8 6.11 1.26 12.19 0.38 0.49 0.87
Chungbuk (31) 293 3.18 1.28 7.39 0.60 0.56 1.15
Chungnam (42) 3.03 345 1.12 7.60 0.59 0.63 1.23
Cheonbuk (21) 3.38 491 1.67 9.96 0.73 0.50 1.22
Cheonnam (30) 352 464 1.73 9.89 0.59 0.53 1.12
Kyungbuk (44) 3.37 3.98 1.24 8.59 0.75 0.76 1.51
Kyungnam (28) 2.8 345 1.26 7.56 0.62 0.72 1.34
Total (282) 3.23 3.77 1.24 8.24 0.74 0.72 1.46
Figure 1 2 GG TL -
, GFC
GFG ,
(Figure 1).
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(Figure 2).
Table 5 . GFG
TL 5% r=0.153
. GFG TL
. GFG TL IG GL
-GG G TL
BL, GL , TL  GL GFG

Table 5. The correlation coefficient (r) among the average concentration of
analyzed substances.

GFG(mg/g leaves) TL(mg/g leaves)
© G G n o Total GFG Total TL
QG 1.000
KG 0.504* 1.000
1G 0.517% 0.438** 1.000
BL 0.208* 0.229*~ 0.083 1.000
GL 0.110 -0.005 -0.065 0.547* 1.000
Total GFG 0.870* 0.838* 0.686*  0.237** 0.041 1.000

Total TL 0.178* 0.121* 0.006 0.867** 0.892** 0.153* 1.000
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Figure 3 -
2 1
. computer
peak , TL
- 1 2
, GFG a=0.01
r=0.5115 , TL a=0.05 r=0.3581
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Figure 3. The plots of GFG and TL concentrations analyzed in the years 1995/96
and 1996/97.
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Table 6 7

36 ;
. CGFG 4.72 18.35
4 L 0.2 2.39
. CGFG KG, QG, IG
, TL BL OGL ) 1/4 Q@
KG ) (18, 28, 32) KG 7
GFG 60% STL

Table 6. Ginkgo Flavon Glycosides (GFG) and Terpene Lactones (TL) concentrations
from foliage of 36 ginkgo trees in Namsan area.

Mean Standard Range
(mg/9) deviation Min. Max .
<Cinkgo Flabon Glyccsides>
Quercetin Glycoside 3.99 1.51 1.19 7.40
Kaempferol Clycaside 5.10 1.64 2.53 9.97
Isarhamnetin Glyccside 1.90 0.73 0.67 3.97
Total 11.01 3.00 4.72 18.35
<Terpene Lactcones>
Bilabalide 0.50 0.26 a.04 1.31
Ginkgaolides(A,B,C & J) 0.44 0.28 .06 1.37
Total 0.%4 0.44 0.20 2.39
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Table 7. GFG and TL content ( /g leaves) of 36 ginkgo trees selected iIn Namsan
area.

N Ginkgo Flabon Glycosides(GFG) Terpene Lactones(TL)
e QG KG IG GFG Total BL GL TL Total
1 2.90 4.28 1.26 8.44 0.46 0.61 1.07
2 4.35 5.39 2.15 11.89 0.51 0.26 0.77
3 2.49 2.93 1.33 6.75 1.02 0.33 1.35
4 6.86 4.19 2.65 13.70 0.44 0.10 0.54
5 2.71 4.15 2.44 9.30 0.49 0.46 0.95
6 3.57 5.84 1.67 11.08 1.31 0.58 1.89
7 4.32 4.87 1.39 10.58 0.42 0.26 0.68
8 5.41 6.05 2.13 13.59 0.48 1.00 1.48
9 4.86 4.54 2.89 12.29 0.44 0.35 0.79
10 3.74 4.22 1.91 9.87 0.65 0.42 1.07
11 4.51 5.55 2.97 13.03 0.42 0.51 0.93
12 6.02 4.99 2.89 13.90 0.35 0.71 1.06
13 4.99 4.79 1.80 11.58 0.09 0.15 0.24
14 3.87 4.10 1.97 9.94 0.04 0.32 0.36
15 5.70 5.61 1.00 13.11 0.49 0.46 0.95
16 4.65 4.34 2.55 11.54 0.44 0.32 0.76
17 4.07 4.74 1.81 10.62 0.46 1.07 1.53
18 2.61 7.01 1.31 10.93 0.4 0.47 1.01
19 1.19 3.02 0.79 5.00 0.79 0.22 1.01
20 1.52 2.53 0.67 4.72 1.02 1.37 2.39
21 3.06 4.15 1.88 9.09 0.50 0.73 1.23
22 2.24 8.13 1.20 11.57 0.59 0.27 0.86
23 3.55 3.42 1.78 8.75 0.18 0.55 0.73
24 2.85 3.33 1.27 7.45 0.77 0.32 1.09
25 3.05 3.47 1.13 7.65 0.50 0.49 0.99
26 4.13 4.24 1.29 9.66 0.31 0.32 0.63
27 5.40 6.80 1.98 14.18 0.47 0.37 0.84
28 3.98 9.97 1.68 15.63 0.65 0.29 0.¢4
29 6.03 6.45 2.93 15.41 0.73 0.74 1.47
30 3.06 5.00 1.23 9.29 0.17 0.20 0.37
31 4.40 5.66 2.82 12.88 0.54 0.42 0.96
32 3.38 8.95 2.33 14.66 0.44 0.26 0.70
33 1.38 4.75 1.25 7.38 0.10 0.26 0.36
34 2.92 4.83 2.24 9.99 0.51 0.44 0.95
35 7.40 6.98 3.97 18.35 0.52 0.23 0.75
36 6.28 4.39 1.74 12.41 0.14 0.06 0.20
Mean 3.98 5.10 1.89 11.00 0.49 0.44 0.¢4
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Table 8
. GFG QG IG 1% , 1L BL GL 5%
, CFG TL 1
. CFG
TL r -
- CFG TL

Table 8. Correlation ccefficient among CFG and TL extracts of 36 ginkgo trees in
Namsan area (critical value : *=0.01, ’=0.05).

e KG IG  GFG Total BL 6L TL Total
@G 1.00000
KG 0.25477  1.00000
IG
0.67509* 0.28160 1.00000
GFG Total ) g15pg* 0.74493** 0.72812** 1.00000
BL
-0.25656 -0.00186 -0.15473 -0.16817 1.00000
CL -0.14535 -0.16700 -0.08340 -0.18413 0.34898* 1.00000
L Total

-0.24322 -0.10483 -0.14404 -0.21467 0.81277** 0.82960°* 1.00000

36 1 35
, Figure 4 ,
CFG r=0.1302
, TL r=0.694 a=0.01
- GFG TL
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Figure 4. The plots of CFG and TL concentrations analyzed in the years 1996/97
and 1997/98 in Namsan area.
D
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(a) Ginkgolides (b) Bilaobalide
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Figure 8. Seascnal variation of TL concentration of samples collected In 4
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Table 9.

Table 9. The germination ratio and seedling charateristics of half-sib farilies of selected

trees in Nansan area.

Vother Cermin huerece Ic. GG -
cticn Averece LS et cortert
tree CwW Fw PL FA BL BW BANn BAr . reickt eech
" r(;o/t)e (@m)  seeclirg  cFnctrer cf nctrer

0- ' (c.) tree tree

Secul 7 0.397 0.138 2.412 0.363 3.741 3.411 46.459 8.057 45 79.5 8 19.03 7.46

Seoul8 0.416 0.207 2.243 0.403 4.118 3.765 47.927 9.449 70  95.0 6 5.71 1.01
11.34

Seculll (0.489 0.252 2.584 0.437 4.429 4.055 49.130 N 75 116.7 7 8.38 2.57

Kyunggi 1 0.529 0.216 2.573 0.392 4.046 3.911 50.977 S.751 4o Q.2 9 7.77 1.31
14.62

Kyunggi 12 0.753 0.315 2.812 0.499 5.133 4.757 38.225 . 75  134.5 8 8.03 1.02
- 11.70

Kyunggi30 0.820 0.232 2.853 0.438 4.794 4.145 41.420 N 45 1125 8 4.64 Q.79

Kyunggi39 0.345 0.214 2.248 0.337 3.481 3.250 52.400 7.670 5o 65.9 7 12.47 4.38
11.54

kyunggidl C.729 0.222 3.092 0.740 4.4744.138 49.493 ~ .©" 35 ¢80 11 454  3.17
10.24

Chungnam23 0.467 0.231 2.351 0.400 4.339 3.851 46.169 0 40 84.2 7 9.44 3.22
10.75

Chungnan35 0.985 0.244 2.944 0.491 4.4153.873 47.250 * /" 65 124.9 13 2.26 2.26

Chungnam36 0.387 0.174 2.335 (0.348 3.440 3.270 54.046 7.920 4o 69.9 8 4.66 0.26
12.64

Namsan 1 0.577 0.259 3.272 0.5354.7254.376 45.079 """ 55  108.8 8 8.44  1.07
10.89

Nansari7  0.507 0.244 0.527 0.443 4.5923.941 41.367 = ™" 70  121.4 8 10.58  0.68
10.93

Narsan8 (.527 0.235 2.492 0.395 1.265 3.877 46.473 5 60 111.6 6 13.59 1.48
13.11

Narsan9 (0.830 0.308 2.739 0.523 4.664 4.314 48.986 R s 122.1 8 12.29 Q.79

Namsanll 0.543 0.185 2.388 0.306 3.973 3.566 45.638 9.793 39 85.8 7 13.03 0.93
10.37

Namsan15 (0.372 0.219 2.380 0.413 4.233 3.800 51.101 5 55  106.8 6 13.11 0.95
11.11

Namsan22 0.246 0.244 2.857 0.5354.2054.396 58.333 ~ " 10  £0.3 2 11.57 0.86

Namsan26 (0.347 0.169 2.422 0.374 4.114 3.527 45.051 S.480 25 99.1 9 9.66 0.63

* See Table 10 for the abbreviation of characteristics investigated.



Table 10. Analysis of variance on characteristics of seedlings classified by
mother trees.

F-value Pr>F

Dry Weight (OW) 2.86 0.00c2
Fresh weight (FW) 2.65 0.00a5
Peticle Length (PL) 1.59 0.0623
Peticle Area (PA) 2.09 0.-0069
Blade Length (BL) 1.60 0.0469
Blade Width (BW) 2.66 0.00a5
Blade Angle (BAn) 0.%4 0.5466
Blade Area (BAr) 2.61 (0-00C6
Germination Rate (CR) 34.65 0.0001
Height (H) 28.79 0.00c1
Average No. of Leaves(NCL) 4.78 0.0001

Table 11. Correlation coefficients armong morphological characteristics of
seedlings and CGFG and TL concentration of mother trees (critical value: **=0.01,
*=0.05).

Dw Fw PL PA BL BW BAN BAr CR H NoL GFG

W 0.6427

PL  0.472** 0.420°*

PA  0.490** 0.477"* 0.85¢"*

BL  0.537*% 0.739* 0.406"* 0.380"*

BW  0.571** 0.826" 0.531"* 0.530°* 0.777*

BAN  -0.191* -0.188* 0.242"* 0.350"* -0.483" -0.175*

BAr 0.640°* 0.869"* 0.517** 0.518"* 0.864"* 0.947** -0.2517*

CR  0.333* 0.399* 0.094 0.210% 0.253* 0.237* -0.093 0.285"*

H  0.509" 0.448* 0.237* 0.279* 0.406* 0.360"* -0.216"* 0.416" 0.767"*

NoL 0.088 -0.022 0.131 0.250 (0.239 -0.084 -0.365 0.0572 0.230 0.327

GFG -0.252% -0.040 -0.172* -0.113 -0.088 -0.092 0.09 -0.056 -0.017 -0.258 —0_488*
TL  -0.030 -0.044 0.040 0.003 -0.128 -0.042 0.111 -0.075 -0.135 -0.212 0.145 -0.095
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). 20%
GFG 53%, TL  105%, 10% GFG  70%,
L 153% -
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- (50ml 0.2M phosphate buffer pH 8.0
+ 20mg bovine albumin + 3g PVP-40 + 4-5 drops 2-rercaptoethancl)

paper wick -
Table 12 ,
12.5% -

B 8av, c e6av 15 paper
wick 5-6 - B 4v
C 20V -

37 -
15 Table 13 , Conkle
(1982) )

Table 12. Cel and tray buffer formulations.

Systermrs Gel buffer Tray buffer
Tris citrate pH 8.8 Sadium borate 8.3
B Distilled water 1 1 Distilled water 1 1
Trizma base 9.29g Boric acid 18.5g
Citric acid 1.3g NaCH 2.5g

Tris citrate pH 7.0
Distilled water 1 1
Trizma base 8.5g
Citric acid 4.79

To use, dilute gel buffer to
1/10 concentration

Same as gel buffer
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Table 13. lIsozymes assayed, acronyrs, and applied gel and tray buffer systens.

Isozyme systems Acranyns E.C. No. E;:Iz;
Aconitase Acaon 4.2.1.3 C
Alcchal dehydrogenase Adh 1.1.1.1 B
Fluorscent esterase Fest 3.1.1.1 C
Glucase-6-phosphate dehydrogenase G6pd 1.4.1.3 B
Glutarate dehydrogenase Gdh 2.6.1.1 B
Glutamate-oxaloacetate transaminase Gat 1.1.1.42 B
Isocitric dehydrogenase Idh 1.1.1.37 C
Malic dehydrogenase Mdh 5.3.1.8 C
Mannasephosphate isarerase Mpi 1.6.99.2 B
Menadion reductase Mnr 1.1.1.44 C
6-phasphogluconate dehydrogenase 6pad 5.3.1.9 C
Phosphoglucose isomerase Pgi 2.75.1 B
Phosphoglucomutase Pgm 1.1.1.44 C
Shikimate dehydrogenase Skdh 1.1.1.25 C
UCP-glucose pyrophosphorylase Ugpp 2.7.7.9 B

30
¥ _test
Linkem program -
’ 160
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- RAPCs(Random Amplified Polyrorphic DNAs) marker genamic DNA

genomic DNA
RAPD primer , PCR -
6 HUFF  (1993) ,
genaric DNA - extraction buffer homogenizer
65 water bath 20 , 20 incubatian - 13,0C0rpm,
15 tube , phencl : chloroform :
iscarylalcchol (25:24:1) , tube
isopropancl  1/5 amronium acetate , DNA
- DNA  80% EtCH 1
TE buffer -

PCR genomic DNA 25ng, Taq polymerase lunit, primer 40ng,
dNTPs 4mM, MgCI2 25mM, BSA 0.25% 2 total
vaolure 20 . PCR program A 5
pre-denaturation 94 30 denaturation, 36 1 annealing,
72 1 palymerization cycle 45 72 10

last extension , 2
agarcse gel 120V 2 30 band -
genomic DNA
primer 40 - primer
sequence Table 14 - PCR band

, band 5 primer(CFR-01, CPR-02, CPR-08, UBC- 329,
UBC-356) ) 2

48 genomic DNA ,
primer PCR , band

%2_ test .
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Table 14. Primer codes and sequences using screening test.

Primer No. Sequence (5 -3%) Primer No. Sequence (67 -3%)
UBC 301 CGG TGG CCA A UBC 326 CGG ATC TCT A
UBC 302 CGG CCC ACG T UBC 327 ATA CGG CCT C
UBC 303 GCG GGA CAC C UBC 328 ATG GCC TTA C
UBC 304 AGT CCT CcC C UBC 329 CCG AAC CTC C
UBC 305 GCT GGT ACC C UBC 330 CGT CGT TTC C
UBC 306 GTC CTC CTA G UBC 356 CCG CCC CTC T
UBC 307 CGC ATT TCC A UBC 357 AGG CCA AAT G
UBC 308 AGC GGC TAG G UBC 358 CGT CAG GCC C
UBC 309 ACA TCC TGC G UBC 359 AGG CAG ACC T
UBC 310 GAG CCA CAA G UBC 360 ATC TCC AGG C
CFR 01 TGC GGG TCC T CFR 11 CTAGCC GIC T
CPR 02 CAC AGC TCC C CPFR 12 ACA GGT GCG T
CPR 03 ACA CAG AGG G CPFR 13 CGA CGA CAA G
CFR 04 CCC GTACCA C CFR 14 CAG GAT TCC C
CPR 05 GAC CTA CTG G CPFR 15 CGA CAA CCA G
CPR 06 GTC TAC CCC A CPR 16 CTC TGC GCG T
CPR Q7 ACT GGC CTG A CPR 17 CCG TAC GTA G
CPR 08 CCC GTT CCC T CPR 18 CCC TTT GCC A
CPR 09 TGA GCA CGA G CPFR 19 CCT CCT CAT C
CPFR 10 CCA TTC CCC A CPFR 20 ACG GCA AGG A

1:1 RAPDs marker
9 .
RAPDs
BICSYS-1 pragram (P),
(AIL), (Ho) -
2.
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(Figure 9).

1) Aconitase (Acan): 2 -

2) Alcohol dehydrogenase (Adh):

3) Fluorscent esterase (Fest): 2 ,

4) Glucaose-6-phosphate dehydrogenase (G6FD): 2

5) Glutamate dehydrogenase (Cdh):
band -
band -

6) Glutamate-cxaloacetate transaminase (Got): 2

3 - 2 band

7) lIsocitric dehydrogenase (Idh): band

8) Malic dehydrogenase (Mdh): 3 ,



9) Mannosephosphate isomerase (Mpi): 3

10) Venadion reductase (Mnr):

11) 6-phosphogluconate dehydrogenase (6-pgd): 2
2 .

12) Phosphoglucose isamerase (Pgi): 2
band

13) Phosphoglucomutase (Pgm):
2

14) Shikimate dehydrogenase (Skdh):
2 .

15) UDP-glucose pyrophesphorylase (Ugpp): 1
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Al A2 B1 B2
Acon Adh Fest G6pd
A c - A - -
Al A2 B1, Cl1| B2 C2| B3, C3 B1, C1 B2, C2
Gdh Got Idh Mdh
Al A2 A3 = B2 B1 B2 B3
Mpi Mnr 6pad Pgi
Al A2 Bl B2
Pgm Skdh
Figure 9. Schematic illustrations of electrophoretical variants found

megaganetophytes in Ginkgo biladba.

- 51 -

in



30
1:1 ,
Table 15 .

Table 15. Segregation cof isozyme phenotypes found in megagaretophytes of
heterozygous trees.

" m Phenotypes Total 2
SS:chi © Individaal to. M A2 A3 BL B2 B3 Cl 2 ol O.E.D P
Anam 5 34 34 68 0.000 1.000
Seaul 5 31 29 60 0.067 0.796
Seoul 10 16 14 30 0.130 0.720
Namsan C 23 17 40 0.900 0.340
Acan-A Namsan D 16 12 28 0.570 0.450
Namsan 11 43 50 93 0.263 0.608
Chungnam 25 17 19 36 0.056 0.813
Chungnam 36 29 31 60 0.033 0.856
Total 209 206 117 0.002 0.964
Namsan 1 7 11 18 0.889 0.346
Fest-B
Total 7 11 18 0.889 0.346
Youngnam 3 36 44 80 0.800 0.371
Gdh-A
Total 36 44 80 0.800 0.371
Anam 5 34 36 70 0.057 0.811
Seaul 5 29 37 66 0.485 (0.486
Seaul 7 20 16 36 0.222 0.683
Got-B Namsan C 22 18 40 0.400 0.530
Namsan D 15 11 26 0.620 0.430
Namsan 11 42 51 a3 0.435 0.510
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(Continued)

Isozyme Individual No. FhenotyBes I;;SJ w2 P
loci Al A2 A3 Bl B2 B3 Cl C2 grount O.F.D)
Kyunggi 34 43 30 73 1.158 0.282
Chungnam 36 27 29 56 0.036 0.850
Youngnam 1 55 48 103 0.238 0.626
Got-B Youngnam 3 36 44 80 0.800 0.371
Kyunghuk 6 30 29 59 0.008 0.929
Total (B1/B2) 20 16 36 0.222 0.638
(B1/B3) 275 292 567 0.510 0.475
(B2/B3) 58 41 99 2.919 0.088
Seoul 7 18 19 27 0.019 0.890
Kyunggi 34 34 39 73 0.1712 0.679
Mdh-B Namsan B 23 28 51 0.490 0.484
& Namsan C 18 22 40 0400 0.530
Mdh-C Kyungbuk 6 19 13 32 0.563 0.453
Total (B1/B2) 78 82 160 0.100 0.752
(C1/C2) 34 39 73 0.171 0.679
Seoul 8 29 27 56 0.036 0.850
Namrsan D 14 15 29 0.345 0.557
Namsan 22 31 29 60 0.033 0.856
Chungnam 25 16 20 36 0.222 0.638
Mnr-A Chungnam 36 32 28 60 0.133 0.715
Youngnam 3 38 42 80 0.200 0.655
Kyungbuk 6 33 19 52 1.885 0.170
Total (A1/A2) 169 148 317 0.696 0.404
(AL/A3) 14 15 29 0.345 (0.557
Seoul 7 16 19 35 0.129 0.719
Narsan 11 50 49 99 0.005 0.944
Kyunggi 11 31 35 66 0.121 0.728
Pgm-A Chungnam 23 29 29 58 0.000 1.000
Yungnam 3 33 47 80 2.450 0.118
Kyungpook 6 50 41 91 0.445 (0.505
Total (A1/A2) 205 209 414 0.039 0.843
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(Continued)

Isozyme Individual No. rhenctypes 15;3; w2 P
loci Al A2 A3 Bl B2 B3 ClI C2 Arount ©.F.1
Seoul 7 17 19 36 0.056 0.813
Seoul 8 2 34 56 1.286 0.257
Narsan 11 50 46 96 0.083 0.773
Kyunggi 11 18 18 36 0.000 1.000
Kyunggi 30 13 17 30 0.267 (0.605
Pgi-B Chungnam 23 39 46 85 0.288 (0.592
Yungnam 2 18 20 38 0.053 (0.818
Yungnam 3 35 45 80 0.625 (0.429
Kyungpook 6 30 30 60 0.000 1.000
Total (B1/B2) 155 156 311 0.002 (C.9%4
(B1/B3) 25 41 66 1.939 0.164
(B2/B3) 52 64 116 1.241 0.265
Youngnam 3 38 42 80 0.200 (0.655
6pgd-B Namsan D 14 15 29 0.04 0.8%4
Total (B1/B2) 52 57 109 0.229 (0.632
Seoul 7 20 16 36 0.222 (0.638
Kyunggi 11 42 24 66 2455 (0.117
Skdh-B
Chungnam 23 33 25 58 0.552 (0.458
Total (B1/B2) 95 65 160 2.813 0.093
Table 16
- 15 band
20 11 -

Acan-A, Fest-B, Cdh-A, Ndh-B, Ndh-C, Pgr-A, 6pgd-B, Skdh-B

, Cot-B, Nnr-A, Fgi-B
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Table 16. Isozyme assayed, observed polyrorphic loci and the number of Alleles.

Observed
Isozyme systems Acranyns Cbserved olymaphic No.of
2Ye Sy ny loci oty P alleles
loci
Aconitase Acon 1 Acon-A 2
Alcchal dehydrogenase Adh 1 - -
Fluorscent esterase Fest 1 Fest-B 2
Glucase-6-phosphate dehydrogenase G6pd 2 - -
Glutarate dehydrogenase Gdh 1 Gdh-A 2
Glutarate-oxaloacetate transaminase Got 2 Got-B 3
Isocitric dehydrogenase Idh 1 - -
_ Mdh-B 2
Mal Mdh 2
ic dehydrogenase d Vdh-C 5
Mannosephosphate isarerase Mpi 1 - -
Menadion reductase Mnr 1 Mnr-A 3
6-phasphogluconate dehydrogenase 6pad 2 6pdg-B 2
Phosphogllucose isamerase Pai 1 Pgi-B 3
Phosphoglucomutase Pgm 1 Pgm-A 2
Shikimate dehydrogenase Skdh 2 Skdh-B 2
UCP-glucose pyrophosphorylase Ugpp 1 - -
Total Number 20 11 25
- RAPDs
5 primer (CPR-01, CPR-02, OPR-08, UBC-329,
UBC-356) 2 48 genaomic DONA PCR
- 0 band 5%
(1:1) 31 (Takle 17), band Figure

10 -
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Table 17.

Thirty one RAPD loci accepted by 1:1 segregation ratio test.

Locus No. of A alleles No. of B alleles ¥-vallue P
RO1-01 30 18 1.500 0.221
RO1-02 16 32 2.660 0.103
RO1-03 19 29 1.040 0.308
RO1-04 19 29 1.040 0.308
RO1-05 32 16 2.660 0.103
RO1-06 29 19 1.040 0.308
RO1-07 18 30 1.500 0.221
RO2-01 15 33 3.375 0.066
R0O2-02 15 33 3.375 0.066
R0O2-03 30 18 1.500 0.221
RO2-04 28 20 0.660 0.417
RO2-05 18 30 2.660 0.103
R0O2-06 22 26 0.160 0.689
RO2-07 15 33 3.375 0.066
R0O2-08 20 28 0.660 0.417
RO8-01 33 15 3.375 0.066
R0O8-02 31 17 2.040 0.153
R08-03 30 18 1.500 0.221
RO8-04 20 28 0.660 0.417
R0O8-05 22 26 0.160 0.689
R08-06 23 25 0.040 0.841
U329-1 15 33 3.375 0.066
U329-2 24 24 0.000 1.000
U329-3 30 18 1.500 0.221
U329-4 27 21 0.375 0.540
U329-5 27 21 0.375 0.540
U356-1 17 31 2.040 0.153
U3s6-2 18 30 1.500 0.221
U356-3 18 30 1.500 0.21
U3s6-4 24 24 0.000 1.000
U356-5 16 32 2.660 0.103
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Figure 10. Amplified band patterns from haploid genaric DNA of Namsan J using
five primers. a)CPR-01:5"-TGC GCG TCC T-3",k)CPR-02:5"-CAC AGC TCC C-3" c)CPR-08
:5-"CCC GTT GCC T-37, d)UBC-329:5"-GCG AAC CTC C-3",e)UBC-356:5"-GCG GCC CTC
T-3°

160 ,
RAPD 91 ’

RAPD Table 18

Table 18. Summary of intrapopulational genetic diversity in Cinkgo bildba
populations based on 20 allazyme loci and 31 RAPD loci.
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H, (S.E.
) AL o (S-E.)
Fopulation
Isozyme RAPD Isozyme RAPD Isozyme RAPD

seoul 50.0 93.9 1.7 1.9 (00 b15%7) (%- 50153)

. 0.184 0.352
Kyunggi 50.0 87.9 1.7 1.9 (0.045) (0.027)
Chungram 50.0 93.9 1.7 2.0 (g-ézg) (8-822)
Kyunghuk 50.0 90.9 1.7 1.9 (00 b15747) (%-308463)

0.163 0.356
Cheannam 45.0 93.9 1.7 2.0 (0.045) (0.037)

Total Average  49.0 2.1 1.7 1.9 0.177 0.434

A/L, mean nurber of alleles per locus; P,

percentage of polymorphic loci(A locus is

considered polymorphic if the frequency of the most common allele does not exceed 0.95);
Ho, observed heterozygosity; He, expected heterozygosity (unbiased estimate, see Nei,
1978); S.E., standard errar

95%

) 50% ,
(A/L) 1.7
0.187C ) 0.177
, 95%
92.1%,
), H, 0.352( ) 0.556(
RAPD
RAPD
al .(1992)
0.234

- RAPD

)

89
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(P)  45(
ao .
(Ho) 0.163C )
87.9C ) 9.9C , )
1.9¢ , , ) 2.0C ,
, 0.434 .
2.5

Tsumura et



system 20
11 Tsumurs 16
12 data
- 11
(Adh-A, CGdh-A, Got-B, G6pd-A, G6pd-B, Mdh-B, Mnr-A, PFgi-B, Pgm-A, 6-pgd-B,

Skdh-B) 8
. 35
. GFG 30%
13.44, 6.93rg/g , 20
0.252 0.206
S TL 30%
0.222 0.218
GFG ;
RAFD GFG 30%
0.540, 0.490 , TL 0.520 0.499
3.
RAPD
RAFD-PCR
4
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NS
auxin  cytackinine , (NAA 0, 0.05, 0.1, 0.5 mg/l * BA
0.5, 1.0, 2.0, 5.0 mg /D »
, 1
1 4 .
10% NaCClI 30
1 70% ethancl 10 , 0.25% NaCCl
8 .
4 8 callus shoot
NS , 1/2MS GD
, callus
2,4-D(0.5, 1.0 ,2.0 mg/D) * BA (0.1,
0.5, 1.0 mg/D) NS .
35 1997 3 C
) 7 2
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4 1997 4 10 24 »

15 20cm 45
1cm
IBA 100ppm - 7
3m
IBA 100ppm 1 15 -
5 inch pct Cocomix
, 6x 4 pot box
. mist
, 71 90%, 30
11
(Takle 19).
2.
MS
1 -
BA
Cytokinine kinetin -
(2.0, 5.0 mg/1) BA
7-8 callus -
6 55% shoot
, callus 2,4-D 1.0, 2.0
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BA 3 callus ,
callus . Callus

NAA 2.0/ BA 0.1 nmg/l ,

NAA 0.5rg/1, BA 0.0lmg/l

» 37 100%
80% -
, 40-60% -

@ ®

BA

2,4-D
NAA 1.0/ BA 0.1 mg/l,

callus

callus .

Figure 11 Table 19

80%
5%

Figure 11. The Adventitious root formation from section (@) and axil (b).

area.
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Table 19. The rooting ratio of cuttings taken froT/§§ ginkgo trees in Namsan



Greenwoad cuttings Hardwood cuttings Total

Individual
No. Cuttings Rooting Rooting Cuttings Rooting Rooting Cuttings Rooting Rocting
(ea) (ea) ratio(®) (ea) (ea) ratio(®) (ea) (ea) ratio(®)
1 26 12 46 2 0 0 28 12 43
2 7 7 100 9 0 0 16 7 44
3 10 10 100 10 0 0 20 10 50
4 14 14 100 7 2 29 21 16 76
5 - - - 16 0 0 16 0 0
6 16 15 a4 14 11 79 30 26 87
7 15 12 80 6 0 0 21 12 57
8 28 16 57 4 0 0 32 16 50
9 19 19 100 5 0 0 24 19 79
10 30 25 83 1 0 0 31 25 81
11 10 10 100 7 6 86 17 16 A4
12 19 19 100 7 0 0 26 19 73
13 3 2 67 28 18 64 31 20 65
14 10 10 100 19 0 0 29 10 34
15 19 19 100 13 13 100 32 32 100
16 20 16 80 7 0 0 27 16 59
17 16 16 100 4 0 0 20 16 80
18 20 18 S0 4 0 0 24 18 75
19 18 15 83 6 1 17 24 16 67
21 32 18 56 - - - 32 18 56
22 19 7 37 - - - 19 7 37
23 22 22 100 7 3 43 29 25 86
24 11 8 73 12 7 58 23 15 65
25 11 10 g1 10 9 0 21 19 0
26 1 1 100 23 22 96 24 23 96
27 - - - 18 6 33 18 6 33
28 - - - 19 12 63 19 12 63
29 22 22 100 7 2 29 29 24 83
30 19 18 S5 9 8 89 28 26 a3
31 6 6 100 17 6 35 23 12 52
32 9 9 100 14 5 36 23 14 61
33 - - - 18 7 39 18 7 39
34 - - - 11 11 100 11 11 100
35 - - - 28 12 43 28 12 43
36 - - - 26 16 62 26 16 62
3.
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(Ginkgo biloba L.)
1 9 2
(Cel Tredici, 1993; Major, 1967).
s 1700

(Kleijnen Knipschild, 1992; Petkov
et al_, 1999). .

(Cel Tredici et al., 1992; Ling, 1992). ,

(Brinkman  Becerrer, 1994; Shim  Ahn, 1982; Yoo, 1985).
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1.
, , , «C . . ., )
3ha
- 70m , 5°
- 1,300mm 1 7 2.4, 24.6° C -
, 1970 1975
Imx1m 1985 1990
- (Rubus parvifalius),
(Persicaria perfoliata), (Galium spurium), (Chelidonium majus
var. asiaticun), (Equisetum arvense) - 15
3 15mx 15 m ,
- 15.88 mz/ha
2,800 , 7.2m, 6.5 cm -
- 5-23cm 13
- 1996 7 Gower et al. (1987)
- , 3
C. ) )
2m -
3-5cm
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100 Delta-T Area Meter
(specific leaf area, SLA, cmz/g)
Delta-T Area Neter (Chapman
Gower, 1991).

5 30 cm x 30 cm
- 5m
20cm - 3
- 2mm
. , pH : 1:5 , Walkley-Black
, Kjeldahl , K, Ca,
Mg inductively coupled plasra atoric emission spectrometer
(Perkin-Elrer Plasma 40) C , 1988).

Lachat block digestor BC-46 Kjeldahl
(Bran-Luebbe Traccs 800). K,
Ca, Mg ICP - C )]

Q)
, , , , (&)
(logY =a + b log X). Sprugel (1983)
; , SLA SAS (1988)
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Table 1 .

(R:=0.82). ,

Table 1. Regressions of aboveground tree component dry mass (kg) and leaf area
(m2) on diameter (cr) at breast height (DBH), basal area (cmZ), sapwood area
(cm2) at breast height (BH) and at base of live crown (BLC), and sapwood volume
(crd) for Ginkgo biloba. Equations follow the form log Y = a + b log X.

Y companent X a b S2yx R2
Dry mass stemwood DBH -1.561 2.439 0.004 0.984
sterbark DBH -1.966 2.158 0.011 0.946
branch DBH -2.348 2.813 0.043 0.881
foliage DBH -2.527 2.665 0.020 0.934
basal area -2.416 1.324 0.019 0.938

sapwood area at BH -1.995 1.229 0.023 0.925

sapwood area at BLC  -1.970 1.271 0.030 0.902

sapwood volume -2.735 1.141 0.283 0-908
Leaf area DBH -1.637 2.959 0.067 0.841
basal area -1.552 1.488 0.056 0.867

sapwood area at BH -1.086 1.386 0.059 0.869
sapwood area at BLC  -1.079 1.445 0.062 0.852

sapwood volume -1.878 1.271 0.075 0.822
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15 23.8 t/ha (Table 2),

- , Kimmins et al. (1985) 10-2C

15-70 t/ha - , » ,
57, 20, 13, 10% ’
(Crier et al., 1992). 9.8 t/ha
(Kimrins et al., 1985). 160.6 t/ha
, , 20cm 15, 6, 7%
(Table 2).

Table 2. Organic matter (kgs/ha) and nutrient contents (kg/ha) between the
aboveground tree components and within the major carponents of the ecosystem in
a 15-year-old ginkgo plantation. Values in parentheses are % of the tctal

ecasystem capital.

Component arganic matter N P K Ca Mg
stemwocd 13,540 25 3 14 23 6
stembark 3,030 28 1 38 53 9
branch 4,860 35 2 59 92 11
foliage 2,350 52 4 25 39 12

Aboveground total 23,780(15) 140(3)  10(2) 136(33) 207(15) 38(26)
Forest floor 9,848(6) 176(3) 22(5) 87(21) 228(17) 21(15)

Soil (upper 20cm)  127,074(79) 5,228(94) 448(93) 189(46) 949(68) 86(59)
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SLA (cme/g) 136.0, 191.9, 189.7 ,
(Chapman  Gower, 1991). 4.06 m/m2
, (LA:SABH) 0.50
a.e2 -

(Table 3).

Table 3. Nutrient concentration (%) for aboveground tree components iIn a

15-year-old ginkgo plantation.

Tree component N P K Ca Mg
stemwoad 0.181 0.022 0.102 0.171 0.041
stembark 0.933 0.034 1.256 1.735 0.286

branch 0.725 0.034 1.223 1.891 0.227

foliage 2.209 0.177 1.050 1.679 0.513
(Kimrins et al., 1985). 2.20%%  Brinkman  Boerner
(1994) Shim  Ahn (1982) 2.3-2.4% -

, , Shim  Ahn (1982) Yoo (1985)
(ka/ha) 207, 140, 136,
38, 32 , s s
- (Table 2).
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10% 18-4C% -

(Brinkran
, 0.87 g/cm3
2.73% - pH 5.86
(Kim et al., 1996).
0.299% , (2.209%)
> (108) > 49 -
228, 176, 87, 22, 21
(Cole  Rapp, 1981).
- (ka/ha)
554, 480, 145 -
» » 90%
33%,
- 3%, 2%
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Boerner, 1994)

(1.787%)
(mg/kg) (43)
(kg/ha)

5,544, 1,384,

26%, 15%



3 500
30cm -
(Ca(HzPC2)2-HC)

100kg (N100),

200kg (N200),

((NHHZS0Y) ,
, 1lha

400kg (N400),  50kg (P50),

100kg (P100), 200kg +  100kg (N200 + F100)
10Ckg + 50kg (N1C0 + P50) 7 (Cantral) 8
- im
- 6 -
2. »
4, 5 9 10 20
- Regent Instruments Folia 3.3
» specific leaf
area (SLA) - HeSC¢ KZzSC<, CuSCé
Lachat BD46  Kjeldahl Bran-Lubke Traccs 800
- 9
2

(GFG)  Terpene Lactones (TL)

- 50 mesh

HPLC
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Ginkgo Flavon CGlycosides

50g 10 50% (V/v)



5001 - Sticher (1993)
GFG 50 ml ,
1.5N HCI 20rl 50ml - 100
25 HPLC Quercetin, Kaempferaol
Isorhamnetin Clycasides
] HPLC : : (60:40:3)
NovaFak CI18 (3.9 x 150mm) Caollumn W 365nm - TL
van Beek (1991) 450ml Ethyl
acetate 3 Ethyl acetate 5ml
Sep-pak , : @:2)
NovaPak C18 (3.9 x 150mm) Collumn Refractive Index (RI)

Bilobalide Ginkgolides (A, B, C and J) -

4 20cm
1 - 2mn
. Pipette
- 1:1 pH meter  pH ,
59 1IN Ammonium acetate ICP-AES K, Ca, Na, Mg
- 0-3¢g HzSC< KSC«, CuSC4 Lachat BD46
Kjeldahl Bran-Lubbe Traccs 800
- (Lancaster ) (Tyurin ) ,
CEC ( , 1988).

6-10 -

0.1cm .
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C.01g

SAS (1988)
- Cuncan
test -
4.
9 10 SLA
(Table 4).
(Table 4).
(N200 + P100, N1CO + P50) SLA
- 9
10 SLA 119, 148 cm/g 7 170
cmz/g (Son  Kim, 1997) - 9 SLA
10 SLA ,
8-9
Flesch (1992) Shim  Ahn (1982)
9 0.95% 0.07%, 10
0.32 0.04% - C
6-8 ) 2.2-2.8%
0.2-0.5% C , 1985; Brinkman Boerner, 1994; Shim
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Ahn, 1982; Son  Kimr, 1997).
(Brinkran Boerner,

1994), 10

; N200 N400
, P50 P100 ;
N100 , P100
; (1985)

67%, 43

(Stachurski  Zimka, 1975) .
2
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Table 4. Foliage specific leaf area (SLA)

and N and P concentrations in foliage

following fertilization treatments in 3-year-old Ginkgo biloba seedlings. Values

with the same letter in the same calumn did not differ at p=0.05.

Treat September Cctober B
Tent g acn/g)  Total NGO O SiAGr/g)  Total NGy OE
° Y P® ° )
M- 10.1(3.8)a  0.950.04)e O 148.4(7.8)a 0.32(0.03)e O+
rol s ROV oy T ~eEE9® 0 01
] 0.03
NI0D 115.0(3.2)ab 1.22(0.06)d 131.5(4.9)ab 0.49(0.08)de
G-2) (C.06) (0.01e “4.9) (0.08) (0.01)d
N200 106.1(3.3)bed 2.26(0.15)a w0 121.7¢4.4)bcd 1.68(0.15)a o
- - C - - a - - - -
(0.03)de (0.13)bc
i 0.50
NACO  103.4(3.2)dc 1.17(0.06)d 114.7(5.8)dc  0.64(0.06)d
G-2) ©-09d 4 t5ye ¢-8 (©-09d 4 o7ybe
i 0.79
P50 117.5(3.3)a 2.09(C.09)ab 135.8(4.3)a 1.64(0.08)ab
G-3) (C.09) (0.05)a “4.3) (0.08) (0.00)a

0
P100 108.9(0-8)abc 2.00(0.10)b

0.49
134.8(3.9)abc  1.88(C.13)a

(C.C6)bc (C.08)bc
NiQo+ 84.0(5-7)e 2.20(0-08)ab 108.0(3.5)e 1.36(0.08)b 0-38
P50 T ’ ’ (C.c2)d T ’ ’ (0.05)c
N200+ 98.5(2.2)d 1.48(0-05)c 0-0 118.7(4.3)d 0.94(0.08)c 0-68
P100 Y ] ] (0.C3)b S ] ] (0.05)ab
Table 5 - pH
pH - N100, N200, N4QO
0.054, 0.083, 0.108 -
. 22.2%,
22.2%, 55.6% .
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Table 5. Scil characteristics for different fertilization treatments.

Exchangeable cations

Treat Ijzfl ISE?I ﬁvail- Orgj?ic CiC(me/ ("e/100g)
ment O PO P CCO 2000 o
N200+
100 5.43 0.105 0.025 3.52 1.42 3.88 0.03 (098 0.02 0.08
N10C+
P50 6.37 0.123 0.025 2.86 1.56 2.23 0.03 0.15 0.02 0.10
N1CO 5.14 0.054 0.021 1.75 1.35 422 001 050 0.2 0.04
N2C0 5.54 0.083 0.025 2.93 1.35 3.0 0.03 0.8 0.02 0.08
NACO 6.24 0.108 0.023 2.95 1.13 3.26 002 1.11 0.03 0.08
PS5O 6.96 0.099 0.024 2.95 0.8 3.73 0.06 128 0.04 0.12
P1CO 7.13 0.165 0.026 6.47 1.77 297 003 1.07 0.02 0.11
Cont
rol 5.75 0.144 0.025 1.82 0.64 2.23 0.03 0.70 0.02 0.10
Table 6 7 -
GFG 16.7mg/g TL 6.2mg/g Hasler  Meier (1993) GFG
0.95-1.35% TL 0.44-0.51 .
(Sticher,
1993) , (Flesch , 1992)
. (Flesch ,

1992; Hasler

6).

8.16

Meier, 1993; Lobsteiln

7.32rg/9

CFG

, 1991; van Beek

, Quercetin Glycoside
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Lelyveld, 1992),

- CFG

Kaempferol Glycoside

(Table



CFG -

CFG
. TL 6.2rg/g N200 + P100  N40O
6.2, 6.4mg/g -
Bilabalide  Ginkgolides TL P50
P100 4.44  4.13rg/g
TL (Table 7).
Table 6. Ginkgo Flavon CGlycosides (GFG) concentrations from foliage of

3-year-old Ginkgo bilaba seedlings following fertilization treatrents. Values

with the same letter in the same calumn did not differ at p=0.05.

Quercetin Kaempferal Isorharnetin
Treatment

_ ; _ GFC(mg/g)
Glyccsides(mg/g) Glycosides(mg/g) Clycosides(mg/q)

Contral 8.16(0.18)a 7.32(0.51)a 1.32(0.08)ab  16.79(0.76)a
N100 7.95(0.96)ab 6.43(0.39)ab  1.22(0.12)ab 15.60(1.47)ab
N200 6.45(0.91)abc  6.21(0.44)ab  1.54(C.13)a  14.20(1.48)ab
N400 6.73(0.42)abc  7.47(0.19)a 1.25(0.12)ab  15.45(0.73)ab
P50 6.67(0.38)abc  6.23(0.27)ab  1.16(C.06)ab  14.08(0.70)ab
F100 7.96(0.46)ab 6.67(0.27)ab  1.44(0.14)a  16.06(C.86)ab

N10O + PSO  4.90(0.26)bc 5.18(0.28)b 0.85(0.03)b  10.93(0.57)b

N200 + P100  4.76(0.28)c 5.24(0.28)b 0.81(C.05)b  10.80(0.60)b
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Table 7. Terpene Lactones (TL) concentrations (mg/g) from foliage of 3-year-cld

Ginkgo biloba seedlings following fertilization treatments. Values with the same

letter in the sare column did not differ at p=0.05.

Treatment Bilabalide(rg/g)  Ginkgolides(mg/g) TL(mg/Q)
Contral 2.70(0-21)a 3.48(0-32)abc 6.18(0-53)ab
N100 2.30(0-12)abc 3.17(0-24)abc 5.47(0-36)abc
N200 2.50(0-15)ab 2.97(0-32)abc 5.46(0-46)abc
N400 2.55(0.08)a 3.89(0-19)a 6.44(0.27)a
P50 1.83(0.03)bc 2.62(0-02)bc 4.44(0.04)bc
F100 1.75(0.11)bc 2.37(0-25)c 4.13(0-36)c
N100 + P50 2.80(0-10a 3.14(0-11)abc 5.94(0.25)abc
N200 + F100 2.61(0-06)a 3.62(0.06)ab 6.23(0-12)ab

1994), terpene

(Muzika, 1993; Rucharaki

terpene

(Tuami, 1992),

flavonoids

(Muzika, 1993), phenclics

, 1996)
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(Lavala

(Budt

Julkunen-Tiitto,
tannins
Shure, 1994)

(Flesch , 1992),



(r=-0.676, p=0.066)
(r=-0.739, p=0.036),

phenalics

24

20 |

=

FG img/

ﬁ
2

—

[t

ar

Faolig

CF

GFG
GFG

CFG (r=-0.815, p=0.014)
(Figure 1).

Lavcla  Julkunen-Tiitto (1994) Betula pendula

(Tuami, 1992).

p=.0036 r=-0.733

45

L |
in

156 25
Foliage biomass (q)

Figure 1. Relationship between foliar Ginkgo Flavon Clycosides

concentration and foliage biamass.

(p<0-05)
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PS0

PS0

(Table 8).

T/R

, N100 + P50

N200

N0O0 ,

Table 8. Ginkgo seedling growth (cm) for different fertilization treatrents.

Values iIn the parenthesis represent ane standard error of the mean. Values with

the same letter do not differ at p=0.05.

Treatment Root Shoot Total length T/R ratio
N200 + P100  47.5(3.2)a  113.8(4.6)abc  161.3(6.9)a  2.43(0.13)abc
N100 + F50 40.2(4.4)a 119.5(6.0)a 159.7(6.2)a 3.19(0.42)a
N100 44.0(2.3)a 93.5(4.8)c 137.5(6.5)a 2.13(0.10)bc
N200 49.7(6.0)a 117.3(8-8)ab  167.0(13.9)a  2.46(0.21)abc
N400 50.8(4.3)a  111.5(10.7)abc 162.3(13.7)a  2.22(0.22)bc
P50 42.7(2.4)a 121.8(5.9)a  164.5(6.2)a  2.90(0.21)ab
P100 51.3(7-2)a 96.7(5.6)bc  148.0(11.0)a 2.00(0.19)c
Control 47.3(7-8)a 109.5(4.9)abc  156.8(10.9)a 2.57(0.36)abc
» » » T/R
(Table 9). N200 + P100
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N200 + P100
N10C N200

N200 + P100
N2C0, P50

N4G0

Table 9. CGinkgo seedling biomass (g) for different fertilization treatrents.

Values iIn the parenthesis represent ane standard error of the mean. Values with

the same letter do not differ at p=0.05.

Treatment

Leaf Stem Root

Total weight T/R ratio

N200 + P100 38.2(9.7)a 69.3(16.6)a 96.0(18.9)a

N100 + P50 24.4(8.7)ab 49.7(10.2)ab 54.8(11.0)ab

N100
N200
NG00
PS0
F100

Contral

13.9(2.1)b  26.5(4.2)b 66.6(18.3)ab
22.6(6.4)ab 51.0(11.9)ab 93.0(16.1)ab
22.7(4.1)ab 42.9(6.5)ab 66.5(12.4)ab
16.3(1.8)b 47.3(4.6)ab 54.4(4.5)ab
16.8(3.5)b 29.2(5.9)b  51.6(9.9)b
19.6(2.9)b 37.0(5.2)b 57.8(7.8)ab

203.5(44.4)a 1.12(0.09)abc
128.9(29.7)ab  1.30(0-10)a
107.0(23.7)b  0.70(0.10)d
166.6(29.0)ab 0.83(0-17)cd
132.1(22.6)ab 1.02(0.07)abc
118.0(10.1)b  1.17(0.04)ab
97.6(18.9)b  0.89(0.04)bcd
114.4(14.8)b  0.99(0.08)bc
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1.
3
C )] - 30cm ,
20
2 ’ 2 4
. 2
(Tuori, 1992).
20
» 20 .
3 1/3 , 2/3 ,
3 .

- ha , 100kg,
200kg, 400kg, 25kg, 50kg, 100kg, 100 + 25kg,
200 + 50kg, 400 + 100kg 10 - ()

((NHDHZS0H), (D] (Ca(HzPCH2 HO) -
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HPLC Glycoside, Kaerpferal CGlycoside,

Isarhanmnetin Glycoside Cinkgo Flavon Glycosides (GFG) Bilobalide,
Ginkgolides (A, B, C and J) Terpene Lactones (TL) , -
Table 10 11 -
- lha 100kg, 20Ckg,
400kg, B50kg, 100kg, 200 + 100kg
100 + 50kg 7 8 )
10 6 10 1
- 20 5 4
40 - 9 ,
10 -
SLA , -
HeSCs  HzCZ Lachat BC46  Kjeldahl

. K, Ca, Na, Mg

inductively coupled plasma atomic emission spectrareter (Perkin-Elmer Plasma 40)

10 )
, a0 )

Table 10 11 CFG

TL , 3%,
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1/3 30%, 2/3 60%

CFG TL 2
GFG 18.51mg/g P100
20.41mg/g - Quercetin Glycoside
Kaempferal Glycoside 9.13 8.01mg/g
- GFG
, ha  10Ckg GFG
- Quercetin Glycoside
11.61mg/g -
400kg GFG 13.06mg/g ,
GFG
- GFG
- 400 + 100
400 GFG
. GFG 10Ckg/ha
(Table
10).
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Table 10. Effects of artificial treatrents on the concentrations of Ginkgo

Flavan Glycosides in ginkgo foliages.

Ginkgo Flavon Glycosides (CGFG, mg/g)

Treatments Quercetin Kaempferaol Isorhamnetin Total
Glyccside Clycoside Glycaoside
Control 9.68 6.44 2.70 18.82
foliage cutting 10.37 5.27 1.40 17.04
Control 10.13 7.25 1.72 19.10
1/3 pruning 9.9 7.61 1.36 18.91
2/3 pruning 10.41 6.91 1.44 18.76
Cantrol 9.13 8.01 1.37 18.51
N100 8.00 5.50 1.37 14.87
N10G+P25 8.86 5.82 1.60 16.28
N200 7.08 6.58 1.41 15.07
N20C+P50 8.27 6.57 1.57 16.41
N4CO 6.72 5.05 1.29 13.06
N4CC+P1C0 8.66 7.03 1.39 17.08
P25 8.75 6.67 1.66 17.08
P50 8.82 6.39 1.54 16.75
P1C0 11.61 7.31 1.49 20.41
Cantrol 8.27 6.36 1.09 15.72
Shading 10.20 8.71 1.31 20.22
TL - TL
5.93rg/g ,
TL ) ha  200kg
TL 9.19rg/g ,
TL -
100kg, 25kg 9.01rg/g ,
TL - Bilobalide
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Ginkgolides
11). TL

3.53

5.48mg/g

(Table

Table 11. Effects of artificial treatments on the concentrations of Terpene

Lactanes in ginkgo foliages.

Terpene Lactanes (TL, mg/g)

Treatments Bi lcbalide Ginkgolides Tatal
(A, B, C, and J)
Control 1.49 1.86 3.35
Foliage cutting 2.09 2.14 4.23
Control 2.40 2.52 4.92
1/3 pruning 2.86 3.42 6.28
2/3 pruning 3.56 4.23 7.79
Control 2.96 2.97 5.93
N100 2.37 4.14 6.51
N10C+F25 3.53 5.48 9.01
N200 3.48 571 9.19
N20C+P50 2.62 4.33 6.95
N4CO 2.32 5.55 7.87
N4QC+P100 3.30 5.22 8.52
P25 2.85 4.73 7.58
P50 3.04 4.32 7.36
P100 3.04 4.19 7.23
Control 4.65 6.01 10.66
Shading 4.42 4.74 9.16
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GFC

. GFG 100kg 100kg

(Table 12), TL 100kg 100kg

(Table 13). 1 GFG TL
100kg/ha,  100kg/ha ;

Table 12. Effects of previous year fertilization on the concentrations of Ginkgo

Flavan Glycosides in ginkgo foliages.

Ginkgo Flavon Glycosides (CGFG, mg/g)

Fertilization

treatrents Quercefin Kaempfgrol Isorhamq?tin Total
Clycoside Clycoside Clycoside

Control 8.27 6.36 1.09 15.72
N1CO0 12.16 9.3 1.55 23.05
N10C+P25 8.70 5.87 1.03 15.60
N200 8.70 7.67 1.53 17.90
N2CC+P50 8.92 7.72 1.03 17.67
N4C0 8.78 7.80 1.49 18.07
P50 7.13 8.07 0.86 16.06
F100 10.31 9.49 1.20 21.00
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Table 13. Effects of previous year fertilization on the concentrations of

Terpene Lactones in ginkgo foliages.

Terpene Lactones (TL, rg/g)
Fertilization

treatments Bilobaliide Ginkgclides Total
(A, B, C, and J)
Cantral 4.65 6.01 10.66
N100 3.78 4.11 7.89
N10C+P25 2.35 2.63 4.98
N200 3.43 4.26 7.69
N200+P50 3.02 3.49 6.51
N4Q0 3.03 3.84 6.87
F50 3.59 3.72 7.31
P100 3.33 5.43 8.76
3.
100kg/ha  400kg/ha
(Table 14).
(25kg/ha)
] 200kg/ha

25kg/ha
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, 400kg/ha
N100+P25, N200+P50 ;
SLA ;

Table 14. Effects of fertilization on SLA (cmz/g) and foliage nutrient

concentrations (%). Values with the same letter do not differ at p=0.05.

Fertilization

treatments SLA N P K Ca Na Mg
Control 159ab 1.85d 0.35bc  0.64c 0.81c 0.07 0.60c
N100 142b 2.18c 0.2 0.82ab  1.27ab C.11 Q0.72bc
N100+P25 155ab 2.33ab 0.30bcd (C.82ab  1.36ab C.06 0.88a
N200 139b 2.48a C.1% 0.85a 1.35ab .05 0.7Cbc
N20C0+P50 150ab 2.258bc 0.26de 0.63c  1.16abc 0.05 0.81ab
N4CO 165ab 2.51a C.1% 0.71bc 1.55a C.a7 0.-84ab

N40C0+F100 154ab 2.23abc 0.19% 0.64c 1.17abc 0.q7 0.72bc

P25 154ab 2.05bcd (.44a 0.84a 1.16abc c.a3 0.70bc
P50 155ab 2.03bcd 0.37b 0.70c  1.16abc C.12 0.74bc
P100 202a 1.99cd 0.29cd 0.7Cbc 1.01bc .10 0.72bc
Figure 2, 3 -
C , 1988; Brinkman Boerner, 1994).
’ ’ 10
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(Figure 2;

(Figure 3;

SLA 6 7 8
(Figure 4),

3.5
——Geritrd
o 3 — =M
a5 = MICHPS
] I L o= = WX
{Cl} 2.1_7‘ = e NATHPE])
A Z )
o 2 S Ly i,
: .
1.5 Pl
—e =P
.1
June Juiky AL Sept. Oct.
Sampiing time
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Table 15. Effects of fertilization on foliage nutrient retranslocation (%). *
indicates the increases iIn Tfoliage nutrient concentration during leaf

senescence..

Fertilization

treatrents N P K ca Vg
Control 45.4 109* 55.9 205* 89.2*
N1CO 42.9 2.4 2.2 332* 111*
N1CC+P25 33.9 32.4 35.7 391* 121
N200 31.7 75.1 14.9 385* 93.1*
N20C+P50 45.9 51.5 47.3 209* 77.3*
N4CO 25.3 62.8 47.1 476> 159*
N40C+P1C0 35.0 58.8 541 280* 108*
P25 47.9 39.4 24.4 369* 114*
PS0 37.7 113* 34.2 295* 114*
P1CO 39.0 33.2 47.8 256* 88.7*
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(Ginkgo hbilaba L.)

“gingkaflavanglycaoside”

C , 1977; , 1981; Lee
et al., 1988; Eam, 1991)
» C , 1992)
s , ( , 1980) , ,
, , (Ling, 1992) , ,
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30cm
, Table 1
Table 1. Characteristics of sample trees.
Tree DBH Height Clear length Age Sex
(cm m m (year)
1-1 29.2 10.0 3.7 €4 vale
1-2 30.5 12.6 2.0 28 Male
1-3 29.0 5.9 1.8 26 Male
C , 1993) C
, 1992) -
D
)
20cm
2 2 ( ) ’ ’ ’
, (10x) -

- 104 -



2)

@a:1) 48

10cm
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(fiber length analyzer)
(0] (CH:COCH)  30% (H=C2)

5cm 1Ccm

5cm »
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) , (cup methad)
(C ) . 3mm
70mm 1 9
/65% -
silicone sealant -
25 /65%
W/ (t xA)
c/L
M X G X pw
CcC =
100
, D= (cmz/sec)

W=t (gram)

A= (cm2)

C = (gran/cmz)

L = , (cm)

M= . ¢

G = Mo%

pw = (1.0 gram/cnit )]

100%

(sorption-isctherm extrapclation technique)
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12mm  plug cutter drill press
- 90%
sliding microtame 30mm
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(Figure 1)
20mmHg 300mmHg 7 (20, 50, 100, 150, 200, 250, 300mmHg)
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A’ micro flowmeter F: needle valve

B: mercury monometer, vacuum pressure end  G: specimen holder
C: mercury monometer, differential pressure H: bypass valve
D: needle valve I: air filter

E: vacuum pump J: air-reservior

Figure 1, Appartus for permeability measurement.

PxQxL

A x AP x mP

P = &34 t)7]¢(n*/m Pa s)

Q = S92 27 52 o'/s)
L= 27 #5%4%es A" Hol(n)
= 27 YR A e YA (ak)
AP = A|H ofxire] ¢} 2} (Pa)
oP = AJHU BZY™(P + AP/2) (Pa)
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Klinkenberg plot(Figure 2) ,
) Q) @ &
cc
(carbined Coutte and Clausing factar) (true permeability; Klp)

5 CC

(Couettee )] slip
(Clausing )] - Hofrann(1986) 0-1xm,
1 5pm cc 0.45 0.46 ’
cC 0.45 ()
LY 0.1mm , 0 (0.3
(R)) (1995)

intercept(K)
4x104X ——— @
slope(Kb)

-
1l

K = Klinkenberg plot (intercept)
Kb = Klinkenberg plot (slagpe)

8 x 1 XKlp
n=s——— A
¥ X r4
L[:
Klp = (true permeability)
Lp

=k X —— (€))
L(1-o)
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FPermeability(darcy)
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0.01 : . i
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Reciprocal average pressure (1/B x 10°)

Figure 2. Typical Klinkenberg plot for Ginkgo biloba sapwocd.
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(fine texture) -
1 2.36mm,
3 6.09 6.28mm - 3km
, 3, 2,1
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)
1 13% - 2 3
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Figure 3
10 15 . 15
2.47mm , 3.74mr , 1994)
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—— Trag # 1 ——a—-Tee #2 ---&--Tree #3

e

]

Length of tracheid{m

=
m

I 3 6 9 I I5 18 P1 P4 PT G0 I 35 AT 42 A5 48 51 54 AT 6O
Number of annual increments from the pih

Figure 3. Variation in tracheid length of Gingko billcba fram pith to bark

Figure 4

C , 1977; , 1981; Lee et al.,; 1988;
Eom, 1991).

D
Figure 5

; 1 ¢ 4%)
(111%) 2.3
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Figure 4. Light micrographs of the Gingko biloba stemwood
(a) transverse surface(40x), (b) radial surface(200x), and (c)
tangential surface(40x).
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Radial variation in green moisture content

| —m— Tree #1 —— Trea &2 —— Tres #3

&
|

Girean molsture content
s
b

3 G =} 12 15 18
[istanes fambe pithlom

Figure 5. Radial variation in green moisture content of Gingko bilaba.

(Figure 6), Couglas-fir, western hemlock,
radiata pine (Panshin & de Zeeuw, 1980).
s 0.36( 3)
0.48( 1) 0.43( 3) 0.55( 1) )
2)
Table 2 , , 1%
- C )} 0.1 0.2% (Haygreen &
Bowyer, 1989) »
( , 1980) ) 10%

- 114 -



Radial variation in green specific gravity
| Tree #1 —»— Tree #2 — Troe #3|
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Figure 6. Radial variation in green specific gravity of Gingko bilaba.
T/R 1.44 »
(cup)
(diaronding)
T/R
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Table 2. Shrinkage characteristics of Ginkgo bilaba.

Shrinkage(%)
When green When green Per unit MC when
Direction to oven dry to air dry air dry to oven dry Voluretric
Longitudinal 0.353+ 0.045(0.4)"1 0.147+ 0.026 0.017+ 0.003
Radial 3.765+ 0.149(3.0) 2.019+ 0.126 0.149+ 0.015 9.293+ 0.234(8.5)
Tangential 5.410+ 0.157(4.9) 2.895+ 0.113 0.216+ 0.018
*ISource: . . (1980)

3
Table 3 , » -

(1980)

Table 3. Water absorption characteristics of Ginkgo bilaba.

Surface
Transverse Radial Tangential
Absorption(g/cm- 24hours)  0.01347+ 0.00423 0.00124+ 0.00018  0.00154+ 0.00014
MC at test tire(%) 14.56+ 0.70 14.21+ 0.93 14.46+ 0.75
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4)
260 ( :24.7-26.6%) .

Table 4 3 ,
10 -

2 ,
1.93( ) 2.2%( )

Table 4. Steady-state diffusion coefficient of Ginkgo bilaoba.

Direction
Longitudinal Radial Tangential
—————————————— (x10-icnz/sec) ————————————
Average 4.40+ 0.87 2.28+ 0.68 1.94+ 0.37
5)
(Table 5).
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Table 5. The mean values of longitudinal permeability(darcy) of Cinkgo bilaba
at different pressures.

Pressures (mmHg)

Avg.
Tree no. 20 50 100 150 200 250 300

0.585 0.611 0.628 0.639 0.650 (0.651 0.686

1-1 0.636
(0.080)"1 (0.056) (0.052) (0.065) (0.049) (C.075) (0.076)

0.243 0.247 0.273 0.274 0.283 (0.286 0.290

1-2 0.271
(0.014) (0.018) (0.019) (0.025) (0-028) (0.028) (0.028)

0.476 0.531 0.541 0.%42 0,571 (0.569 0.576

1-3 0.544
(0.029) (0.023) (0.027) (0.034) (0-031) (0.021) (0.036)

*Values iIn parenthesis represent standard deviation.

(Table 6).
» 0.99

® 4
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Table 6. The mean values of effective radius and numbers of pit pores of
Ginkgo bilaba.

Avg.

Permeability’l Radius Numbers
Tree na. @m (10z/cmz)
(Barcy)
1 0.636 0.200+ 0.071 3,188+ 2,999
2 0.271 0.073+ 0.022 10,487+ 9,811
3 0.544 0.129+ 0.029 4,286+ 3,174

*1 The values are measured at the pressure of 20mmHg.

Table 7 ,
, , (Table 8),
- cak, cherry,
maple, black walnut red
alder vyellow poplar (Table 8),

Table 9 .

- 1%

- , , 1% ,
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] ] - - T ime I I (1960)

2 (
1996).
, Timell (1S60) -
Table 7. Mechanical properties of Cinkgo hilaba.

Property Meant STD’1 Covz(%)
Moisture content (%) 14.68+ 0.21 1.43
Specific gravity’3 0-42+ 0.05 11.90
Modulus of rupture (kg/cm) 540.5+ 100.2 18.54
Modulus of elasticity (x103 kg/cnz) 48.5+ 12.2 25.15
Campression strength (kg/cnmz)

parallel to grain 280.9+ 47.9 17.05

perpendicular to grain 72.8t 14.2 19.51
Tension strength (kg/cmz)

parallel to grain 688.6+ 155.5 22.58
Shear strength (kg/cnmz)

parallel to grain 100.4+ 23.7 23.61
Inpact bending strength (kg/cn2) 0.39+ 0.12 30.77
Cleavage resistance (kg/mm) 22 4+ 5.1 22.77
Nail withdrawl resistance

Transverse surface 1.62+ 0.51 31.48

Radial surface 2.45+ 0.63 25.71

Tangential surface 1.92+ 0.51 26.56
Hardness (kg/mmz)

Transverse surface 2.79+ 0.85 30.47

Radial surface 1.04+ 0.35 33.65

Tangential surface 1.20+ 0.30 25.00

?ISTD represents standard deviation.
*2COV represents coefficient of variation.
*Based on ovendry weight and volure at test time.

- 120 -



Table 8. Camparison of stiffness and strength of Ginkgo biloba with published
data, and those of red alder and yellow poplar.

Campression strength

Modullus of Modullus of

Species SG rupture elasticity parallel perpendicular Hardness’l
(kg/cm2) (kg/mm2)
Ginkgo bilcba’2 0.42 540 48,513 281 73 1.17
Ginkgo bilcba’3 -- 450 47,000 360 - -
Red alder’4 0.41 457 85,490 — 18 0.31
Yellow poplar’4 0.42 422 85,777 — 20 .21

?1 Average values of baoth radial and tangential surfces.

’2 Results obtained fraom this study-

*3 Published data[Source: . (1980)1-
’4 Published data[Source: Wengert(1988)]

Table 9. Chemical compcsitions of Cinkgo biloba sapwood.

Extractives
— Holo-
Alcohal Klason a cellulos
Cold Hot cellulo _ _
Sex Ash - 1% NaCH lignin
water water se e
benzene

vale 0.63 1.77 3.47 1.80 12.53 66.60 32.90 53.50

Female 0.75 3.26 5.50 1.60 15.86 65.42 32.79 51.85
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Table 10

Table 10. Characteristics of sample trees.

Clear
Tree No. CBH Height length Age Sex
(cm ™ m (year)
2-1 21.7 7.3 2.7 20 Ferale
2-2 40.1 6.6 2.3 22 Ferale
2-3 24.2 8.1 2.4 21 vale
D
5x5crm 20cm

silicone sealant

end-coating
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. pilot

, 760mmHg 30
10.-5kg/cmz refusal point
2)
100 , collapse(
)R , ,
(¢ 1993) ,
2cm( )x 10cm( )x 20cm( )]
30 100 105 1

Figure 7
, 2,4,8
8% -

Figure 7. The steps of initial check.
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Figure 8

» 1cm ®)
Table 11 (callapse) -
Figure 9
Figure 8. The measurement of collapse for section.
Table 11. The steps of collapse.
Step of collapse No. 1 No. 2 No. 3 No. 4 No. 5
A-B(mm) 0 04 0.5 0.9 1.0 1.9 2.0 3.4 3.5>

———— Jo

53
Mo, 2

[ ) =15

HNao, 3
- ik 2—aq

I w1 7 « il:neuas-o

oW 1-2 Fledy 3-5
Mo, 4
Biin J79 gy gl 588850
"eye 35 Fleid 60
Mo, 5

* a9l Fhsila

Figure 9. The steps of internal check.
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- pilot

2.5cm( )x 8cm( )x 60cm( )]

15 , end-coating
. pilot
20 95 ,
+1.0 , 1.5m/sec -
D
3mmx 25mmx 80mm (
1993) )
( 2 75%), ( 1 64.2%),
, ( 1 54.1%) 334g/mz,
10kg/cmz ’ ’
4)
1cm( ) x 13emC ) 21cr
10 10 -
(polyurethane) (lacquer) 0.025
20 , 65% RH
1em( ) x Bem( ) 5cm
, 1509/
s 3 - 150 Hg
4 60 24 1 cycle
5 (soak under dry test) 23 , 95% RH 24
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1 cycle 20
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>, &0 5 Figure 10
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1
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= ————x 100(%)
r :
re:
6)
)
fcr
-25 )
(Pinus ponderosa)
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100%
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Figure 10. Apparatus for solid wood bending processing.-
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Oregan Altermaria alternata,

Aspergillus niger, Cladosporum elatum, Cephaloascus fragrans, Ceratocystis
pilifera, Horroconis resinae, Ophistora perfectum, Penicillum spp., Philslsphora
fastigata, Trichoderma spp., Ulocladium chaartarum 2% malt extract agar(MEA)
23 25 2 -
petri dish 5cc

95cc

spray .

- 129 -



&)

12 Cobalt-60

radiation . Ponderasa
€)

filter paper 5 U
petri dish 121 20

- petri dish

parafilnr 28 incubator
- 10 , petri dish 2
Q)
6 ’
Table 13
)
@
Table 12 6
, 7 -
, 5 .
€)
11 -

€)

filter paper 5 plastic mesh
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aluminum fan

28 incubator 6 .
, Table 13 [oC ) 10(C
3.0

)]

Table 12. Anti-stain chemicals tested as preventiveness of sapstain in Gingko
biloba and the concentrations used in laboratory tests.

Anti-stain chemical

Concentration tested (% total a.i.’l)

a.i.”1
Trade name Cherical name @ 1 2 3 4 5 6
BRITEWOOD Q Didecyl direthyl ammonium chlorode 50.00 0.25 0.50 1.00 2.00 2.50 3.00
BRITEWOOD QX Didecyl direthyl ammonium chlorode 46.00
Propiconazole 5.00 0.25 0.50 0.75 1.00 1.50 2.00
BRITEWOOD S Sodium ortho-pheny Iphenate 32.60 0.25 0.50 1.00 2.00 2.50 3.00
BUSAN 1030 Ee'ns;ﬁi;:oclzanomethy'thio) 30.00 0.13 0.25 0.50 0.75 1.00 1.25
NEXGEN Tetrachloroisophthalonitrile 14.50
Methylene his thiocyanate 14.70 0.13 0.25 0.50 0.75 1.00 1.25
NP-1Plus Didecyl direthyl ammonium chlorode 65.34
3-lodo-2-prapynyl butyl carbamate 7.55 0.25 0.50 0.75 1.00 1.25 1.50
PQ-8 Copper-8-quinolinalate 5.40 0.13 0.25 0.50 0.75 1.00 1.25
NYTEK-GD Copper-8-quinolinclate 10.00 0.25 0.50 1.00 1.50 1.75 2.00

“ITotal active ingredients(a.i.), percent of solution weight.
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Table 13. Rating scale of stain used in this study.’1

Rating Degree of damage
0 no stain
1 minor stain ar mold (<5% coverage)
2 stain increasing (10 15% coverage)
3 15 20% coverage
4 20 30% coverage
5 30 50% coverage
6 50 60% coverage
7 60 75% coverage
8 75 90% coverage
9 Heavy stain, all surfaces (90 95% stain coverage)
10 Sever stain, some decay ray also be evident

?1Source: Miller and Morrell(1990)

N

20

@

0.1% 2 (FeCl: 6HC)

2 )

3.5mm(

1%
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&)

(NaCH)
. (1965) pH 11.0 11.5
pH 12.0
(€))
(H:C200) ]
(1965) pH 5.
0 2.0 , pH2.0 1.5
pH 1.0 ,
(C))
40 C
8 : 11 4 )
)
Hunter Lab (Hurter Lab Color Cifference Meter : Model
D25 Qptical Sensaor) X, Y, 2Z 3 -
13mm 1.33cm2 .
» L, a, b
E JIS Z 8730( D) @ G
,1,
L=10Y ? @)
,1,
a=17.51.02%-Y) /Y ? ®
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b =7.0(Y-0.8472) / Y ° [€))

1
E=[( L)+ ( a’* ( b?7? ©)
) L, a, b L, a, b N X, Y, Z Y
)
Yd .
YO - Y1l
@&Yd = — x 100 ®)
YO
, YC Y, Y] Y
)
Table 14 s77)

] (1983, 1986)
(1986) ]

Table 14. Vvalues( E) of colar difference for stain rating.

E(color difference) for stain grades

Type L M S

(light stain) (redium stain) (strong stain)
Iron stain <2.5 2.5 120 >12.0
Alkali stain <3.6 3.6 9.0 >3.0
Acid stain <2.5 2.5 10.0 >10.0
Exposing <2.5 2.5 6.5 >6.5

to sunlight

8)
ASTM D 2017 (ASTM 1996) soil-block
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19mm
103t 2 -
121 autoclave 30 Tyranyces
palustris Trametes versicolor 28+ 1

- 12

Table 15 .

Table 15. Indicated class of natural decay resistance based on average weight
loss of wood samples.’1

Average weight loss (%) Indicated class of decay resistance
0 to 10 Highly resistant
11 to 24 Resistant
25 to 44 Moderately resistant

Slightly resistant

45 or above }
or nonresistant

*1Source: ASTM D2017

, refusal time (refusal time =

60 ) (Table 16).
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Table 16. Water treatability of Gingko bilcba sapwoad.

Charge’l 1 2 3 4 5 Average
Absorption (%) 107.28 157.26 167.44 159.87 188.84 156.14
Refusal time (min.) 180 80 100 80 100 108

?JEach charge has five samples.
Table 17

Table 17. Initial moisture cantent and specific gravity of test samples’l.

Maisture content(%) Specific gravity’2

Average St. dev. Maximum  Minimum Average St. dev.

Max imum MEnimum

166.06  12.38 183.23 143.43 0.36 0.02 0.39 0.34
*Nalues represent means of 30 replicates.
*’Based on ovendry weight and green volune.
D
( ) 30 2
. Callapse
0.4mm . Figure 7, 8, 9
Table 18 -

- 136 -



Table 18. The steps of drying defects observed during quick drying at 100 .

Initial check Collapse Internal check

No. 2 No. 1 No. 1
2)

Table 19 Table 18

60 , 5,
a0 -
(60 ) (0 )
Table 20 T10 -
166% Table 21 G
F Table 22 F
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Table 19. Crying conditions by the steps of drying defects.

Steps aof drying defects

Dying defects Crying condition( )
No.1 No.2 No.3 No.4 Na.5
Initial temp. of drying 70 60 50 50 45
Initial check Wet-bullb depression 7 5 3 2 2
Final temp. of drying 95 90 80 80 80
Initial temp. of drying 70 60 55 50 45
Collapse Wet-bullb depression 7 5 4 3 2
Final temp. of drying 95 80 80 75 70
Initial temp. of drying 70 55 50 50 45

Internal _

check Wet-bullb depression 7 5 4 3 2
Final temp. of drying 95 80 75 70 70

Table 20. Ceneral temperature schedules for softwoods.

Dry-bulb temperature( )

Step
MC()

No. T1 T2 T3 T4 15 T6 T7 T8 T9 TI0 Tl T2 T3 TM4
1 Green 30 40 40 45 45 50 50 55 55 60 60 65 70 75 80
2 30 25 40 45 50 50 55 55 60 60 €65 65 70 75 80 90
3 25 20 40 50 55 55 60 60 65 65 70 70 70 75 80 90
4 20 15 45 55 60 60 65 65 70 70 70 75 75 80 90 95
5 15 Final 50 65 70 80 70 80 70 8 70 80 80 80 90 95
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Table 21. Initial moisture content class.

Class Initial MC(%) Class Inttial NC(%)
A <40 E 100 120
B 40 60 F 120 140
C 60 80 G >140
D 80 100

Table 22. Naisture content class for softwoods.

Moisture cantent at start of moisture caontent class(%)

Step fo- A B c D E F
1 Green 30 Green 35 Green 40 Creen 50 Creen 60 Green 70
2 30 25 3% 30 40 35 50 40 60 50 70 60
3 25 20 30 25 3B 30 40 35 50 40 60 50
4 25 20 30 25 35 30 40 35 50 40
5 20 15 25 20 30 25 3B 30 40 35
6 20 15 25 20 30 25 3B 30
7 20 15 25 20 30 25
8 20 15 25 20
9 20 15
10 15 Final 15 Final 15 Final 15 Final 15 Final 15 Final

5 Table 23 5

TICFE . Table 24
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Table 23. Ceneral wet-bulb depression schedules for softwoods.

Wet-bullb depression far wet-bulb depression schedule( )

step e 2 3 4 5 6 7 8
1 1.5 2.0 3.0 4.0 5.5 8.5 11.0 14.0
2 2.0 3.0 4.0 5.5 8.0 11.0 14.0 17.0
3 3.5 4.5 6.0 8.5 11.0 14.0 17.0 20.0
4 55 8.0 8.5 11.0 14.0 17.0 20.0 20.0
5 8.5 11.0 11.0 14.0 17.0 20.0 20.0 20.0
6 11.0 14.0 14.0 17.0 20.0 20.0 20.0 20.0
7 14.0 17.0 17.0 20.0 20.0 20.0 20.0 20.0
8 17.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
9 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
10 28.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0

Table 24. Estimated kiln schedule for Ginkgo biloba(Ti(FE).
MC(%) DBT(C ) WBT( ) EMC) RH()
Creen-70 60 545 12.1 75
70-60 60 52 9.9 66
60-50 60 49 8.1 55
50-40 60 46 4.8 30
40-35 60 43 2.8 14
35-30 60 40 2.8 14
30-25 65 45 3.1 17
25-20 70 50 3.3 20
20-15 75 55 3.4 23
15-Final 80 52 3.5 25
(TICFE) ,
167% 10% 3.2
3.5
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Figure 11, Drying curve of Ginkgo biloba.
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AYAIFol SUgo]l H Zol2=R JlFo] APsta 2ggo] Hold F2RAY e
2 A 24h6)d Y ALR] HAA ARgo] WAHCL

- 141 -

LR TS 2 M 0|28 SEt =AM M HE /s8R



Table 25. Adhesion characteristics of Ginkgo bilaba.’1

Palyvinyl Water based
Test itens acetate Urea resin Epoxy resin palymer
emulsion resin isocyanate
(kg/cn2)

Dry bond test 29.16 (96)*2 24.86 (S5) 26.16 (S5) 29.08 (S5)
W a t e r
prcafing - 23.31 (89) 24.83 (85) 25.84(94)
test’3
Warm water
proofing -— 26.21 (S0) 21.28 (72) 26.61(93)
test’4

?1 Values represent means of 10 replicates.
?2 Values in parentheses represent percent wood failure.
*3 Test after soaking the specimens into the water(3C ) far 3 haurs.

’4 Test after soaking the specimens into the warm water (60

(polyurethane)

- 142 -
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(lacquer)
(Table 26).



Table 26. Paintabillity of Ginkgo biloba.

Curing Film cracks

time Scak under dry test Wet-ccld-dry test

(hr.) after 5 cycles after 30 cycles

Avg. Std.  No. Length( ) No. Length( )

Flat grain 3.200.01 - - - -

Poly urethane  Edge grain 3.19 0.01 - - - -
Control(glass) 2.70 0.01

Flat grain 2.58 0.01 - - - -

Lacquer Edge grain 2.58 0.01 - - - -

Control(glass) 2.350.01

Table 27 . 30cm

Table 27. Bending praocessing of Ginkgo bilaba.

Specific Moisture Radius of bending curvature ( )*
Grade
gravity content(%) 80 58 45 36 30
0.36 15.06 AAAAA | AAAAA | AAABB Good
11.e7)
* A = Specimens with or without riner compressive failure in the concave side

B - Specimens bent with rerarkable compressive failure
C : Specimens bent with breakage or tension failure

( ): Change in radius of curvature after one month exposure (%)
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Table 28 »

ponderasa

Table 28. The degree of disco;oration of untreated Gingko biloba and ponderosa
pine sapwoad exposed for 6 weeks at 28  to pure cultures of
selected stain fungi.

Degree of discolaration®l

Fungus

Gingko hilaba pondercsa pine
Alternaria alternata 8.4 2.2
Aspergillus niger 9.7 8.6
Cladasporum elatum 8.8 5.9
Cephalloascus fragrans 9.4 8.8
Ceratocystis pilifera 9.0 7.7
Harmoconis resinae 9.7 8.5
Ophistoma perfectum 9.0 8.2
Penicillum spp. 8.7 8.3
Philalaphora fastigata 8.3 5.4
Trichaderma spp.- 8.4 5.9
Ulccladium chartarum 9.2 8.5

*Degree of stain based on ratings from O(no stain) to 10(corpletely stained).
Each value represents the mean of seven specimens.
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8 Table 29 , 6

6
- Britewood Q@  Nytek-CC
- Copper quinalinclate Nytek-CD
, red alder
Cregon (Miller and Marrell
1989, 199C, Miller et al., 1989). copper quinclinclate
PQ-8 (0.13% 6 )
- Nytek-GD PQ-8 caopper
quinalinclate formulation chemistry
- PQ-8 solublized copper quinclinalate , Nytek-CD
copper quinclinolate  ground dispersion - NP-1 Plus, Busan 1030,
Britewood XL Q.75%
, Britewood S 3% - Britewood S
(Miller and Morrell 1990).
s 8 2 4

- , NexGen, NP-1 Plus, Busan 1030, FQ-8
. Britewcod Q Britewood XL
2 4

. Britewoocd S 4
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Table 29. Ability of selected chericals to inhibit fungal stain of Gingko
bilaba sapwood in small-scale laboratory evaluations.

Degree of stain’l”

Chemical Concentration ~  —— Incubation period ———-
(trade nave) (% total a.i.) 2 weeks 4 weeks 6 weeks
Control(water
treated) C.00 5.3 7.6 9.1
Britewoad Q 0.25 3.1 6.7 8.7
0.50 2.6 5.3 8.9
1.00 0.6 3.1 5.1
2.00 0.7 3.9 4.9
2.50 0.3 21 4.3
3.00 0.0 0.1 3.3
Britewood XL .25 0.1 4.1 5.1
0.50 0.3 3.3 4.1
0.75 0.3 2.0 2.7
1.00 0.3 1.0 1.4
1.50 0.3 2.6 3.1
2.00 0.0 1.0 1.9
Britewoad S 0.25 4.9 6.9 8.3
0.50 4.4 6.4 8.1
1.00 1.0 5.7 7.3
2.00 0.3 2.9 5.3
2.50 0.3 1.1 4.4
3.00 0.0 0.6 2.0
Busan 1030 0.13 0.7 1.3 6.1
0.25 0.1 0.7 4.7
0.50 0.0 0.1 4.6
0.75 0.0 0.0 3.0
1.00 0.0 0.0 21
1.25 0.0 0.0 0.4
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Table 29. Continued.

Degree of stain’l”

Chemical Concentration @ -———- Incubation period ———-—-
(trade name) * total a.i.) 2 weeks 4 weeks 6 weeks
NexGen 0.13 0.0 0.0 0.0
0.25 0.0 0.0 0.0
0.50 0.0 0.0 0.0
0.75 0.0 0.0 0.0
1.00 0.0 0.0 0.0
1.25 0.0 0.0 0.0
NP-1 Plus 0.25 0.0 1.3 6.7
0.50 0.0 0.0 4.0
0.75 0.0 0.0 0.9
1.00 0.0 0.0 0.4
1.25 0.0 0.0 0.4
1.50 0.0 0.0 1.4
Nytek-GD 0.25 4.7 7.1 9.0
0.50 4.6 6.1 9.0
1.00 4.3 5.3 8.7
1.50 2.9 4.1 6.4
1.75 2.4 3.9 6.3
2.00 0.9 2.7 6.3
PQ-8 0.13 0.7 2.6 8.9
0.25 0.0 0.0 1.1
0.50 0.0 0.0 2.3
0.75 0.0 0.0 0.4
1.00 0.0 0.0 0.0
1.25 0.0 0.0 0.0

*Degree of stain based on ratings from O(no stain) to 10(completely stained).
Each value represents the mean of seven specirens.
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X, Y, Z , C B, (Yd)
Table 30 . , . C M

Table 30. Ciscolaration sensitivity of Ginkgo biloba to iron, alkali, acid,
and sunlight stain.

Change of wood callor Decrease
Untreated Treated ) Color r_atlo of )
difference lightness Stain
Type X Y z X Y z E Yd(%) grade
Iron 56.89"1 57.12 40.06 47.11 47.05 32.30  7.32 17.64 y
(FeCI?)  (1.03y2 (1.24) (1.87) (1.40) (1.64) (1.77)  (1.14) .11)
Alkali 57.33 57.68 41.07 52.73 52.52 37.61  4.35 8.95 y
(NaCH) ~ (0.94) (0.93) (0.61) (0.96) (0.95) (2.13) (1.12) (1.14)
Acid 57.41 57.82 41.07 47.64 46.25 28.89 9.31 20.01 y
(CHC) — (0.89) (0.85) (1.67) (1.17) (1.28) (1.96)  (1.01) @.21)
sunlight 5771 9802 4143 44.97 44.02 24.29  10.86 24.12 S
UnBrgnt  0.e5) (0.88) (1.74) (0.57) (0.63) (0.61)  (0.39) (0.60)

*Values represent average of 20 replicates.
“Nurbers in parenthesis indicate the standard deviation.

Table 31
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Table 31. Resistance of Gingko bilaba to fungal attack in an ASTM soil-block
test.’1

Weight loss (%)

Type of wood

Tyraryces palustris Trametes versicolor
Heartwood 1.8C+ 0.08 1.50+ 0.44
Sapwood 31.74+ 1.17 25.93+ 1.98

?1 Values represent means of ten replicates.

TICFE pilcat
10% 3.2
3.5 -
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(workability) - (polyurethane)
(lacquer) ,
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C =9.3%)
aak
red alder yellow poplar ,
) (warkability)
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- 1936 6,275
1997
- 1995
) 1,644
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2 -
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1997 kg 414 587
2
1.
. 1987 1994 62._8%
192 4%
1989 91 A
23% 67% -
- X
(GNP deflataor) ,
Y -
Y = -75202 + 0.61753X, Rz=0.9965, () t-
(-2.1912) (65.072)
< 1> -
< 1>
1978 1980 1990 1992 1894 2000*
622,751 215,999 2,713,042 3,810,893 5,338,086 9,224,064
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86 722

, 350 , 1996
1,068 , 627
78.6
< 1> -
. 1997
7 1998 6
181 , 28 209
- 3 < 2> -
< 2>

1995.7-1996.6 1996.7-1997.6 1997.6-1998-6

¢ ) 1,283,258 1,815,888 2,820,947 39.9%
¢ ) 16,439,077 15,092,628 18,071,988 9.%
C ) 17,722,335 16,908,516 20,892,934 17.9%
= INS, 1998
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1984 4 85 7
10 1995
40.89 , 10 24
< 3> < 8> -
< 3>
1985 1990
(1,000 ) 670,561 9,036,067 28,086,826 409%
: , 1997
< 8>
s
= L RIS BT R
£
.-'Ir.r-"
.p"/"
s 10
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IMS The Herbal Medical Data Base

1992 < 4> .
< 4>
( U.s. $* )
EU 6,000 44.8
EU 500 3.7
2,300 17.2
2,100 15.7
1,500 11.2
1,000 7.4
13,400 100.0

- IMS, 1994 The Herbal Medical Database, 1993

The Herbal Medical Database ,
12-15%, 8%
1998 20 .

- 80%
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1993

CTC < b> -
< 5>

U.S. $)

( USD 1
3,000 50 37.0
1,600 26.5 28.0
600 10.0 10.5
300 5.0 5.0
230 4.0 6.0
100 1.5 6.5
40 1.0 4.0
130 2.0 4.5
6,000 100.0 17.4

- IMS, 1894
1994 $16
1989 14%
94 3 18.7% -
< 6> C 10 %)

1980 1989 1990 1991 1992 1993 1994 1995
1.90 3.93 422 464 5.28 6.20 7.55 9.17
0.1/8 0.631 1.0 1.25 1.54 1.89 2.31 2.80

- Natural Foods, several issues
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19¢4 FDA
- GNC

Wal-Mart, K-Mart

Schwabe  Ipsen ,

Y =a+ bT,( Y

» T ) ;

Y = 2.198571 + 1.184643T, R2 = 0.932696, () t-
(3.454393)  (8.32403)

» 1999 152
5 . 5
< 7> -
< 7> 5
Echinacea Goldenseal
@ 9.9 9.8 7.0 5.9 4.5 36.2

= Peggy Brevoort, East Earth Herb Inc., 1995

19¢4 5
1/3 »
- 5 37.1%
16 , 20%
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, 1998 33

- 4.5% , 4
1993 1997
130 , 2000 182 % -
, 1995 1
, 2000 2 -
70-80%
» 90%
( ) 1
- 4,000
1/3 - 2,000
. ) ) 1,000 ’ ,
500 2000 15,000
- 25,000
» 2000ha
- 2 ’ ’
- lha 4,500-5,000kg
- Schwabe  Ipsen
» » 85%
- 1995
2,000tan, 10,000ton, 3.0C0ton
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15,000ton , 1999

) 15,000ton 1999
25,000taon .
< 8> .
< 8>
1995 1999
60 60 70 60
35 - 60 -
30 80 50 150
25 5 35 5
150 145 215 215
- IMS
, GBE
4
. 9 10 30
0.5-0.6kg s
/kg .

kg 4,000-4,50C -
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650

1997

0%

12-25kg
40
500-600g
Schwabe

80%

g7

10,000

kg 3,000-6,000

200 3-5
4kg
10 30
1.5-5
kg 800-850 , 1998
kg
200
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1 200kg, 2 50Ckg, 3 800kg, 4 1,000kg, 5
1,500kg -< 9
< O
Schwabe
(A) B/A
(B)
(kg) 800 1,100 1.375
2.50Y uan/kg
* 650 /kg 0.62
(=400 )
70kg
5 (100kg) -
2kg
: 3-5 , 200
*1Yuan 160
90% Schwabe-Ipsen
300 ,
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< 10> ( 300 )

( : )
*
980 928 349 780
271 458 103 220
709 470 246 560
) .
* 4kg, 650 /kg
15-20% -
)
12-25kg , kg  3000-6,000
5 20kg , 200
41-42 , 200 830kg s
2_3Yuan/kg -
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log Y = -0.8595 + 1.6296 logX, R:=0.9974 O - .
(-7.7246) (19.5353)

Y , X -

3%

3 13 65,052
4cm 10cm
Risk
-1, 10 5cm (triangular)
5.3am 3.4cn -
22 7.5 - 16cm
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80%

CFL 1.8% TL 2.4%
GFL 1.5% TL 0.5%
GFL  TL 17%, 6%
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D)

10cT 7,775 261,705 1.05

30CT 1,789 177,111 Q.71

12cC 11,915 458,727 1.85

100 ) 100 375,420 289,073 1.16
500T 187 27,744 0.11

12ac 6,751 259,913 1.05

60C 504 10,589 0.04

) 2401 7,439 109,651 0.44
) 100 115,200 27,372 0.11
300T 3,235 294,385 1.19

40 500T 60 8,034 0.03
10aT 18,474 479,383 1.93

300T 7,303 531,657 2.14

500T 1,441 179,836 Q.72

10aT 46,131 1,582,293 6.37

180T 11,989 635,417 2.56

30CT 21,978 2,175,822 8.77

10cc 185,101 6,515,555 26.25

300C 500 35,000 0.14

10T(C sarple) 12,313 0 0.00

150T 7,538 373,130 1.50

500T 9,539 1,415,205 5.70

90T 5,682 175,005 0.71

10T(C sarple) 2,000 0 Q.00

10aT 55,533 1,649,330 6.64

18CT 7,494 296,762 1.20

40) 10aT 12,664 409,554 1.65
10cT 3,752 115,562 0.47

200T 1,259 74,910 0.30

300T 846 74,025 0.30

) 10aT 5,859 190,710 0.77
) 10cc 4,568 155,084 0.62
12cC 22,647 896,843 3.61

30CC 24,406 2,416,194 9.73

1000T 540 158,769 0.64

) 180T 2,587 163,128 0.66
1000T 2,622 680,309 2.74

1201 12,035 409,190 1.65

10cT 4,779 118,041 0.48

500T 488 58,072 0.23

40 12aT 28,290 933,570 3.76
18 23 24,822,660 99.98
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American Botanical Council, Herbal Crar, Austin, Texas, several 1issues Herb

Research Foundation, Herb Information Packet Series, Boulder, Colorado, 1997

New Hope Cammuncation, The Medical Herb Narket; An Analysis of Sales, Trends,

and Research, Boulder, Colorado, 1995

Peggy Bravaort, Company Report, East Herb Inc., Berlin, Germany, several issues
The Herbal Medical Catabase, Who‘s Who in the World Herbal Medical Industry,
London, 1993.
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