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SUMMARY

Oriental lacquers are made from the sap of lacquer tree(
Rhus vernicifera), and have been used for more than 4,000
years. The cured lacquer film is a highly durable, esthetic
coating of biodegradable material. Oriental lacquer is indeed
an ideal coating material. However, there are some drawbacks to
extending the use of oriental lacquers more widely such as: (i)
low yield or low productivity of sap from lacquer trees;(ii)
sap collection is heavy labor work; (iii) drying rate is low,
because the drying rate is controlled by an oxygen or laccase(a
macromolecule) diffusion control process, and laccase prevents
use of a high temperature drying; (iv) people suffer from

allergy contact with the lacquer.

This study was conducted for extending the usage of
oriental lacquer. It has unique qualities that can not be
reproduced by any artificial chemicals and polymeric materials.
Possible usage include affordable lacquer to industrial
finishes and coatings. There are problems to overcome for
general and wide spread usage and this study has tackled many

of these problems with success.

Sap production of lactree is closely dependent on climatic
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conditions and in particular on precipitation, temperature,
duration of sunshine. The climatic factors effecting yield and
quality of lactree sap were investigated. From simple
correlation and multiple regression analysis, the minimum
temperature of one day before sap collection and the minimum
humidity of the day of sap collection, were found to be the
important factors for increasing the sap yield.

In the lactree treated with CEPA, the sap vyield
productivity was about 3 times better than the conventional
tapping method in the aspects of collection time and labor.
This was due to the improved urushiol content and significantly
increased bark thickness in the lactree treated with CEPA. A
novel lacquer collecting machine which used traditional Korean
technique(fire-applied lacquer sap collecting method) was
developed. This machine was supplied with LPG gas and had an
added advantage of easy transportability. It enabled efficient
and simple sap collection for the collectors in the field.

In the root cutting for asexual propagation, rooting was
more effective in the juvenile tree than mature tree. After 6
weeks, roots were developed from adventitious shoot.

In lactree breeding program, bark thickness and secretory
canal density appeared to useful indirect indicators for
increased lacquer yield based on urushiol content within bark.
The selected trees had thick bark, high density of secretory

canal, well developing secretory canals in comparison to
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randomly selected lactrees.

The high sap yield of lactree by Japanese tapping method
was recorded during mid-July and early August. Seasonal
variation was observed in lactree sap constituents and the
composition of urushiol components. The 3-CL triene, major
component of lactree urushiol, was approximately 70% of total
urushiol composition indicating the major component of
urushiol. Variation within and between Tfamilies for Tive
urushiol components was observed. It indicates that lacquer
quality was under a significant genetic control resulting in
effective as selection criteria for lacquer quality breeding.
The composition of four urushiol components besides 3-C15
monoene showed plantational variation, and variations in
urushiol composition among individual trees within the same
plantation were also observed.

In the flowering characters of lactree, sex ratio of
lactree is that male tree is larger than female tree, and so is
the amount of flowering. The variation of seed production
ability was observed among trees, and 36 sound seeds per
peduncle were obtained.

For the conservation of genetic resource of lactree, 96
clones which consist of indigenous and introduced clones from
Japan and China were collected and propagated asexually. RAPD-
PCR was conducted to analyse for discrimination of these

clones. The genetic analysis yielded similarity between
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Japanese and Chinese lactree. However, the Korean lactree was
included in different clustering group. PCA(principle component
analysis) was also conducted and Chinese lactree was most
distant from the others. According to this analysis, Japanese
and Korean lactree were shown to have very close relationship.

The physical and chemical property of urushiol sap
differed greatly depending on the tapping time and location of
the collection. The variation in constitution of the sap was
the reason for the discrepancy and this was also evident
between the individuals.

The vessel material best suited for extended preservation
of urushiol sap was found to be fluorinated etheylene propylene
(FEP). The ideal shape of the vessel was laminated tube, which
is the general vessel type for paste.

Antifouling test was conducted for urushi film for the
usage In maritime specialty painting. It was found that both
micro- and macro-fouling was greatly suppressed. Also,
urushi-formaldehyde, which is a high temperature condensation
polymer was prepared and analyzed. The curing time was only 30
minutes and the 1mm thick film formation was possible with only
one coating. It has an added advantage of being used in spray
painting.

For the possible usage of urushi film under sunlight, WV
stability was considered. Different additives were considered

for heightened stability. Benzophenone and benzotriazol based
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W absorbers and amine based radical scavengers were tested.

Less the 1% addition resulted in enhanced the stability.

Key words : Rhus verniciflua Stokes, climatic factor, CEPA,

breeding, sap yield, lacquer quality, RAPD-PCR,
urushiol, antifouling, UV stability
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9 8-12cm
7cm - 1
600 4
150 5
262
1 3 [sector 1(97 ), sector 11(76 ),
sector 111(89 )] .
Table 1. The mean and standard errors of investigated growth
characteristics for the tapping lactrees.
Tapping No. of Height(m)  DBH(cm)  Crown width(m)
Sectors |tapping trees (Meant SE) (Meant SE) (Meant SE)
I 97 5.45t 0.60 7.19+ 0.93  3.34+ 0.50
11 76 5.52+ 0.61 6.83+ 0.82 3.56+ 0.42
11 89 557+ 0.51 6.95+ 0.79 3.48+ 0.45
Total 262 5.51+ 0.57 6.99+ 0.85 3.46+ 0.46
1,2,3
30
- 1 7
7 10
7 12 150g
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Figure 1. Lactree sap yield and weather conditions
for July, 1996.
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Figure 2. Lactree sap yield and weather conditions

for August, 1996.
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Figure 3. Lactree sap yield and weather conditions

for September, 1996.
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Table 2. Tests aof significance for simple correlation
coefficient between sap yield of lactree and the

climatic factors.

Cliratic Day of sap One day before
factars collection sap collection
Terp.nex NS NS
Terp.nin NS *ke
Terp.-ne-Tenp.nin )* NS
Hur iditynex NS NS
Huriditynin * NS
Hur idityne-Humiditynin )* NS

*,** ; significant at 5% and 1% level, respectively
NS ; non-significant
(-) ; negative relationship

3 stepwise

(YTnir), (THir) -
32%

SY = 57.3022 + 3.1044*YTnin + 0.7357°THnin
(R2 = 0.3156)
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23%, %

Table 3. Multiple regression coefficient and equations for sap

yield(SY) of lactree.

variables Regression  Partial Madel F
Coefficient R2 R2
Constant 57.3022
Yesterday Temp.-nir(YTnir) 3.1044 0.2297 0.2297 10.7321**
Today Humiditynir(THnir) 0.7357 0.0860 0.3156 4.3971*

*,7* ; significant at 5% and 1% level, respectively

4 6 10 5 rotation
17 -1
rotation 1 2.379
8 7.25¢g
-1
(stimulation)
7 8

(1939) )
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Table 4. The variation of lactree sap yield on tapping rotation

by the Japanese tapping method.

Tapping _ _ _ Sap yield
rotation Tapping periad Sap yield(g) per tree(q)
1 6.15 6.16 620 2.37
2 6.19 6.22 1,100 4.20
3 6.25 6.27 1,570 5.99
4 6.30 7. 2 1,540 5.88
5 7.5 7.7 1,680 6.41
6 7.10 7.12 1,620 6.18
7 7.17 7.23 1,890 7.21
8 7.26 7.28 1,900 7.25
9 7.31 8.3 1,770 6.76
10 8.6 8.8 1,790 6.83
11 8.10 8.12 1,590 6.07
12 8.15 8.25 1,460 5.57
13 8.29 9.5 1,440 5.50
14 9.8 9.10 1,400 5.34
15 9.13 9.18 1,130 431
16 9.21 9.27 1,020 3.89
17 9.30 104 1,120 4.27
Total 24,640 94.01

(1939)
7cm 1
74.69(17 ), 74.99(20 ),
90.6g(22 ), 74.0g(21 ), 105.5g(22 )
1 94.0g(17 ) 1
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4.82g

1.8

5.53g

(2x2m)

BIum(1973)
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7-10cm, 7-12

2m X 2m

Table 5. The effect of spacing and fertilization on lacquer

yield.
_ _ Fertili- Lacquer
Plantation DBH Spacing _ _
zation* Yield(g)™*
Kapchun 7.0cm 2.0mx3.0m - 4.81
150g once 5.53
150g twice 8.44
Anhyung 1 7.5cm 1.0mx1.5m - 5.00
2 - 5.75
3 - 4.44
4 - 3.98
* -
> 1 1
2.
1,000m
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Table 6

1%

CEPA

CEPA

8-12cm

15cm
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Table 6. Mean bark thickness and mean urushiol content of ten

trees of Rhus verniciflua 5 weeks after CEPAa
treatmentt.

CEPA Bark thickness Urushiol content

concentratiaon ) (mg/cmz)

Cantrol 1.43 ¥ 0.13 4.290 + 0.676

0.1 % 1.65 ¥ 0.11°* 5.109 + (0.944

1.0 % 1.95 5 0.12°* 6.861 + 1.037**
10.0 % 3.59 ¥ Q.17** 12.121 + 1.493**

»Significantly different from controls at 1% level.

eéCEPA(2-chloroethylphosphonic acid ; commercial ethephon

contained 45% 2-chlorcethylphosphonic acid).

[Treated on June 16 and harvested July 21 (5 weeks after

treatment).
CEPA 0.1% 1.65mm , 1%
1.95mm , 10% 3.59mm
1.43mm 2.5 - ,
(Ulmus americana L.) ethrel 1.6%
41 2
(Yamamoto , 1987), Yamamoto Kozlowski (1978) Pinus
halepensis 1 0.1% 1%  ethrel ,
60
, 1% 2

CEPA lanolin paste
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5.11mg/cmz
12.12mg/cmz

1989). 20
6
acid 14
(Wolter
cerasus)

3
(Clien

Yamamoto Kozlowski
CEPA 0.1%
, 1% 6.86mg/cmz , 10%
4_29mg/cm2 2.8
ethephon  5-10%
100%

5%

, turpentine 25
Zinkel, 1984).
69.2 mM  ethephon
6

Bukovac, 1982),

urushiol

(phosphoenol pyruvic acid) 5

erythrose-4-phosphate

pathway

(d*Auzac,
ethephon

resin

sour cherry(Prunus

gum

CEPA

PEP

phenylalanine, tyrosine, tryptophan

, phenylalanine

, phenylalanine

(Salisbury

PAL(phenylalanine ammonia lyase)

Ross, 1992).
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PAL

(Clien Bukovac, 1982; Salisbury Ross,
1992) CEPA urushiol
10% CEPA
- &) ™
(R 0.822 -
Y=-1.44 +3.08X , R = 0.822

Table 7 10% ethephon

40cm 1%
- 5cm
3.59mm, Scm 3.36mm 1.43mm 2.5
Table 7
20cm, 10cm
1% -
5cm
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12.12mg/cmz, 5cm 9.71mg/cmz
4_29mg/cmz 3 2 -

Table 7. Mean bark thickness and mean urushiol content of ten
trees of Rhus verniciflua at 5, 10, 20, 40cm above and

below the zone treateda with 10% CEPA.

Distance fram Bark thickness Urushiol content
treated zane (cr) (m) (mg/cmz)

Abaove 40 2.19 (# 0.15) c* 4.521 (+ 0.439) a*
20 272 x 0.17)H d 5.4€7 (x 0.665) b

10 3.19 : 0.13) e 7.782 (x 0.765) c

5 359 0.1 g 12.121 (x 1.493) d

Below 5 3.36 (x0.19 F 9.714 (+ 1.004) e
10 280 (¢ 0.13) d 5.863 (x 0.771) b

20 2.26 ( 0.11) c 4.561 (+ 0.704) a

40 1.83 (* 0.10) b 4.355 (+ 0.673) a

Cantral 1.43 (+x 0.13) a 4.290 (+ 0.€76) a

“Duncan”s multiple range test at 1% level.
éTreated on June 16 and harvested July 21(5 weeks after

treatment).

CEPA Messer (1990)

Shorea javanica 2
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10% CEPA 3
2 CEPA

gas COz

(Salisbury Ross, 1992),

(receptor protein)

(Sisler, 1988).

CEPA
2.
ethylene
< = Ethephon (2-chloroethyl phosphonic acid, CEPA)>
30% - CEPA 10%
2.5 ,
2.8
1 6
8 -
Ethephon
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ethylene

- Ethephon ethylene grease
lanolin( )] (paste) 40cm
30° 2-3cm
. 1 6
3
3
Im 30
5-6¢cm

5mm



LPG

LPG . LPG
45cm, 90cm
.2
8 8-10cm 30

Figure 5.
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Ethephon  mineral jelly CEPA paste O, 1, 5, 10, 20%
2 60cm
10mm CEPA paste -

Table 8. The effect of CEPA concentration on crude lacquer sap

and purified urushiol production of treated lactrees.

CEPA Crude lacquer* Purified Urushicl™*
concentration Range(Q) Meant SE Range(Q) Meant SE
0% (cantraol) 4.1-6.2 5.4+ 0.5 3.2-3.9 3.5¢£ 0.5

1% 6.8-9.3 8.2+ 15 5.4-7.2 6.5+ 0.6

5% 7.8-10.5 | 8.9+ 0.6 6.6-9.1 7.1 0.6

10% 8.3-11.6 | 9.1+ 0.1 7.3-10.7 8.0+ 0.7

20% 9.6-12.9 | 10.3+ 0.6 | 8.5-10.8 9.6t 0.4
* ; Crude lacquer : 1

** ; Purified Urushiol : crude lacquer urushiol

CEPA
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CEPA 3
. CEPA
2.5
PE film
Laccase null mutant
5
(urushiol)
. 7cm
2m
(crude urushiol) purification

Aceton, Tetrahydrofuran, Acetonitrile
- Tetrahydrafuran

flavonoids

1 Aceton

9.99

- 58 -
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data 7cm 1 113g
60% 67.8g D)
Table 9. Crude urushiocl content within lactree bark on
extraction solvents
Urushial Urushial Tthl
cantent caontent urushiol
Extraction solvents . . cantent
within fresh| within dry or tree
bark wt.(%) | bark wt.¢0 | P
@
Acetonitrile
0.86 2.36 7.78
(non-tapping tree)
Aceton(non-tapping tree) 1.10 3.01 g.94
(tapping tree) 1.15 3.14 12.67
Tetrahydrafuran
1.08 2.94 9.72

(non-tapping tree)

- 59 -




1
2
3
1980
16 , 500
60 4
(1977-1981) 46
28 18

-(Feng, 1983 ; The office of the national selected
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excellent varieties for lacquer trees, 1986).

2
10 - 3
10mm
(5¢cm )]
. 10
3 , 15cm, 10mm
¢ + + )
73.3%, 2.3
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Table 10. The effect of

root age,

in root cuttings of Rhus verniciflua

length, diameter and media

Vedia

Age | Length | Diameter P. +V. +P* Coarse sand

@ | ™ |\ of %of root No. of | No. of % of root No. of

rcot  forming shoots per| root  forming  shoots per
cuttings  shoots  root cuttings  shoots root

>3 | 10 <10 15 73.3 2.1 15 66.7 1.9
yr. >10 15 60.0 1.0 15 13.3 15

15 <10 15 73.3 23 15 73.3 1.7

>10 15 73.3 2.2 15 46.7 3.0

<15| 10 <10 15 46.7 1.1 15 40.0 1.5
yr. >10 15 66.7 1.0 15 53.3 1.5

15 <10 15 53.3 1.3 15 73.3 2.2

>10 15 46.7 1.6 15 53.3 15
* Perlite + Vermiculite + Peat moss (W/VW/V, 1:1:1)
11
Auxin NAA, IBA Cytokinin BAP
BAP 400ppm
60% 200ppm
3.0 .
shoot 6-8 -
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Table 11. The effect of hormone treatment in root cuttings of

Rhus verniciflua

Harmone No. of % of root No. of
concentration root cuttings forming shoots/root
(ppm) shoats
NAA 200 15 13.3 2.5
400 15 13.3 2.0
BAP 200 15 40.0 3.0
400 15 60.0 1.8
1BA 200 15 40.0 2.2
400 15 26.7 1.8
Cantrol 15 26.7 1.8

Fig 6. Asexual propagation of lactree by root cutting
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24

( 12).

Table 12. The range, mean and standard errors for investigated

characteristics of non-selected and selected

lactrees.
o Noq&iiliifed Selected lactree
Characteristics
Range | Meant SE Range Meant SE
Age(year) 7-10 7-11
Height(m) 4.2- 8.4| 6.43£ 0.87| 4.5- 85| 6.52+ 0.98
DBH(cm) 6.8-11.5| 8.21+ 1.54 | 7.0-12.5| 8.53* 1.36
Crown width(m) 2.8- 4.9| 3.91+ 0.62| 3.0- 5.0 | 4.01+ 0.66
Inner bark thickness(mm)| 1.4- 2.9| 2.11+ 0.41| 2.0- 3.3 | 2.60+ 0.39
Quter bark thickness(mm)| 0.7- 2.1| 1.32+ 0.61| 1.0- 3.0 | 1.66+ 0.54
Urushiol content(%) 4.2-11.5| 7.12+ 2.14| 10.1-21.4 | 15.36+ 3.35
No. of secretory canal 7.5-11.2|9.24+ 1.37| 9.0-13.3 | 11.13+ 1.01
per 1mm2
13 24

. (crude
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urushial content)
(secretory canal) 1%

5%

Table 13. Simple correlations between characteristics of 24

randomly sampled lactrees.

Characteristics XL X2 X3 X4 X5 X6
Height(X1)
DBH(XZ) .203
Crown width(X?) 121 242

Inner bark thickness(X9)| .132 .393 .032
Quter bark thickness(Xf)| .263 .378 .442* .187
Urushiol content(Xf€) 277 -.026 .233 .419*  B37**

No. of secretory canal -.222 -.328 .173 277 183 -6667*
per 1mm2 (X7)

* ; significant at 5% level, **; significant at 1% level.

black wattle(Acacia mearnsii)
Narayanan  (1973) 3 clone
latex
latex vessel ring latex
, Moffett (1966) Zeijlemaker

(1966) black wattle (Acacia mearnsii)
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10

Black wattle

resin

Table 14. Multiple regression

(r) 0.9

equations far the urushicl content.

No.of secretory canal(NSC)
Outer bark thickness(CBT)

Variables Regression Partial Model F
Coefficient R2 R2
Constant -4.1503
1.0132 0.6120 0.6120 34.6969**

0.0901 0.7021 6.3518*

R-square = 0.7021

1.8382

* -
£

significant at 5% level,
stepwise

14

(CBT)
70%

(NSO),

61%
%

** ; significant at 1% level.
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UC = -4.1503 + 1.0132"* NSC + 1.8382* OBT
( R2=0.7021 )

1/3-1/2
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16
2.11, 1.32mm
11.13 9.24
15.36%

20

7.12%

t-

- 68 -

100cm

12
2.60, 1.66mm



30cm
. 5-15cm

DNA maker

1mm

(conducting phloem)

periderm )

(Amm2)

(sclereid)

15 5
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1mm2
10

Table 15. The diameter and area of secretory canals in selected

and non-selected lactrees.

The diameter of The area of
secretory canal (mm) secretory canal ("m2)
Range Mean = SE Range Mean + SE

Non-selected | 0.025-0.113 | 0.057+ 0.001 | 0.0005-0.0099 | 0.0028+ 0.0001
lactree

Selected 0.019-0.150 | 0.061+ 0.001 | 0.0003-0.0177 | 0.0033+ 0.0001
lactree

latex
2 ring
latex vessel latex

latex vessel ring

latex

pattern

(urushiol congener)

- 70 -



monomer
laccase

oligomer polymer -

monomer
laccase
95% TCA (trichloroacetic
acid) 5% -
2
, 9 HPLC
5
, 3-CI5 triene 66.96-77.92%
70%
( 16).
3-CI5 triene
3-C15 diene 1.87-20.30%
S6 Y4 17.94%, 20.30%
- 3-Ci15 monoene 2.24-16.54%
S5 P1 16.54%, 15.97%
, 3—-C17 monoene
- 3-C15 saturated
Y1 18.70%
S6 0.27% -
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Table 16. Variation in urushiol congener content of 2-year-old

half-sib lactrees based on HPLC analysis.

Urushiol constituents [MVeant SE(%)]

Fariles
Cl5 triene Cl5 diene Cl5moncene  C17 monocene CI5 saturated

Selected
S1 66.96+ 2.77b* 6.96+ 1.38b 4.41+ 1.74b 5.28+ 0.74a 16.39+ 2.24ab
S5 68.60+ 4.77b 5.18+ 1.77bc 16.54+ 3.53a 5.02+ 1.65a 4.66+ 1.42c
S6 73.28+ 2.62ab 17.19+ 1.45a 7.75+ 1.87b 1.50+ 0.49b 0.27+ 0.04c

)]

mean 69.61+ 3.39 9.78+ 1.53 9.57+ 2.38 3.93+ 0.96 7.11+ 1.23

Non-
selected
Pyeonapee™
F1 77.92+ 2.69a 1.87+ 1.13c 15.97+ 3.22a 2.86+ 1.63ab 1.37+ 0.32c
F2 73.58+ 2.25ab 5.18+ 0.85hc 3.77+ 0.71b 1.19+ 0.20b 16.28+ 1.49ab

P4 73.30+ 2.74ab 6.75+ 0.50b 5.49+ 0.53b 1.27+ 0.33b 13.18+ 2.32b

mean 74.93+ 2.56 4.60+ 0.82 8.41+ 1.48 1.77+ 0.72 10.28+ 1.38

Yipee™™*
Y1 68.76x 2.06b 6.26x 0.49b 4.68+ 0.48b 1.59+ 0.23b 18.70+ 1.74a
Y3 70.89+ 1.07ab 6.22+ 0.27b 3.89+ 0.44b 1.87+ 0.16b 17.13+ 1.02ab
Y4 75.46+ 1.77ab 20.30+ 1.6la 2.24+ 0.21b 1.60+ 0.14b 0.41+ 0.09c

(I

mean 71.70+ 1.63 10.93+ 0.79 3.60+ 0.38 1.69+ 0.18 12.08+ 0.95

* Varietal values followed by the same letter as another value
the same column are not significantly different at 5 percent
level by Duncan®s Multiple Range test.

** Brown gray-colored, rough thick bark trait

** White gray-colored, smooth thin bark trait
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Rhus
- (Rhus verniciflua)
3-CI5 triene
52.6-56.68%, 3-Ci5 diene
6.82-11.40%, 3-Ci15 monoene 23.39- 31.90%, 3-CI5 saturated
3.50-3.58% , 3-C17 oxophenic acid 1.41-1.66%

- Du (1984b) GLC

5 9 3-CI5 triene
56.21% 67.29% , 3-C15
diene 3-C15 monoene 9.37% 3.61%, 25.68%
20.55%
laccase
3-CI5 triene

3-CI5 triene -

3-C15 triene  3-CI5 monoene
- 16
9 3-CI5 triene 66.96-77.92% ,
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Du  (1984b)
38.91-67.3%%
- 3-C15 triene
74.93%, 71.70%
69.61%

(quality)

Table 17. Simple correlations between urushiol congener content

of half-sib lactree.

Characteristics X1 X2 X3 X4

3-CI5 triene(X1)

3-C15 diene(X2) 0.081
3-C15 mancene(X%) -0.3907* 0.001
3-C17 mancene(X%) -0.438*  -0.157 0.207*

3-CI5 saturated(Xt) -0.233**  -0.186* -0.002 0.310°*

* ; significant at 5% level,

** ; significant at 1% level.

17 5
. 3-CI5 triene 3-CI5 diene 3
1% 3-CI5 triene
3-C15 moncene, 3-CI7 moncene, 3-Cl5 saturated
3-CI7 monoene 3-CI5

monoene 5% , 3-CI5 saturated 1%
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3-C17 monocene 3-Cl5 moncene 3-CH

saturated -
urushiol
monosaccharides shikimic acid pathway
(phenylalanine ) cinnamic
acid catechol , Acetyl-CoA malonic
acid pathway urushiol
- 17 3-C5 triene 3-C15

monoene, 3-C17 monoene, 3-CI15 saturated

precursor
gene action 3-C15 triene
pathway .
18 2 9 HPLC 5
(variance camponents)
. 3-CI5 diene 4
3-C15 saturated 0.576,
0.649 5 - 3-C15 triene
4
3-CI5 triene
(e  0.16, (hzh)  0.36
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combined selection

Table 18. Variance components and narrow-sense heritabilities

of both individual tree and family mean basis for

each urushiol congener content of half-sib lactree.

3-C15 3-C15 3-C15 3-C17 3-C15
triene diene ronoene monoene saturated
oMW | 105.88 61.86 81.38 10.20 221.60
o 2R 3.22 50.24 31.94 0.84 22.32
o F 4.55 16.56 12.52 1.59 41.07
o ZA 18.21 64.64 50.09 6.37 164.28
hZl .16 0.50 0.40 0.50 0.58
hZF 0.36 0.44 0.44 0.62 0.65
quality
Wang (1990) 4
- Squillace(1971) slash pine 34
(cleoresin)

4 monoterpene
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Pinus olearesin
pineshoct borer(Eucosma gloriola)

white-pine weevil(Pissodes strabi)

. Oleoresin

monoterpene diterpenoid resin acid

- Bridgen (1979) white pine(Pinus strobus)

monoterpene resin acid 8
monoterpene 3 , 11 resin acid 2
, scotch pine total
resin acid monoterpene

HPLC

quality
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3-CI5 triene

60% 6



Fig. 7. The developing panicles on terminal shoot of lactree

(pollen sac) 11
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Female flower Male flower

Fig. 8. The feature of lactree flower
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Female flower Male flower

Fig. 8. The feature of lactree flower

- . (sex ratio)
5
35 .
31 11.4% ,
9 143
108 23 21.3%
. 1:1
3:7
» 9
30, 40
3
, 1 , 2 shoot
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10

shoot 3

19

shoot shoot 7

shoot .

140 35 25.0%

9 143 108
35 81.6%
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Table 19. The number of panicles per growing shoot of lactree.

Investigated Nurker of panicle per shoot

Site Shoaot origin Range Meant SE

Woochun-mean, Terminal bud 3.3-11.7 | 7.1+ 2.0 O-year
Hoingsung-kun, | 1st lateral bud | 0.0- 7.0 | 1.5+ 2.0 | coppice
Kwangwon-do | 2nd lateral bud | 0.0- 4.0 | 0.7+ 1.3 | (30 trees)

Kapchun-mean, Terminal bud 3.3-15.7 | 7.2+ 2.2 9-year
Hoingsung-kun, | 1st lateral bud | 0.0-11.0 | 3.4+ 3.0 | seedling
Kwangwon-do | 2nd lateral bud | 0.0- 8.7 | 2.4+ 2.5 | (40 trees)

Table 20. The number of flowers and seeds per panicle in male

and female tree of lactree.

Female Vale

Range Mean = SE Range Mean + SE

No. of panicle

5.7-10.3 7.4 2.1 4.3-9.6 7.1+ 1.9
per shoot

No. of flower

_ 118.0-307.7|198.2+ 58.1| 310-779 |529.7+ 158.3
per panicle

No. of seed

B 39.3-124.4 | 70.3+ 21.5 - -
per panicle

20 .
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530 198 2.6 -

39.3-124.4
70.3
35.5% -
sectioning 51.1%
36
2.
5
3 .
5 20
6 3 ,6 5 2
20
9
22
- 60
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DNA RAPD ,

, RFLP
- , DNA
DNA (Polymarphism)
, DNA
(in vitro) primer

-84 -



Table 21. The selected lactree clones from Korea

(Waugh & Powell, 1992),

64 ,

96

20

23 475
6 37
3 33
2 40
7 124
1 39
11 111
5 32
6 110
4 7
68 1,078

Table 22.

The selected old Jlactree clones(>80 years) of

Korea.
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a o N W NDN

24
20
21

32
28

80

128

Table 23. The selected lactree clones from China and Japan.

4 Th-8 39
Yk-4 23

Kp-7 35

Hk-2 14

4 Tj-1 5
Tj-2 4

Tj-3 8

Tj-4 11

8 139

1916
1916 80
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Table 24. The list of 29 lactree clones used to RAPD analysis.

1-12
1-25
11-22
111-25
1i-27

=

N
P U R R P N OB

|
N

W R ~NWNR P -

- RAPD PCR arbitrary primer
primer screening 3 1
3 - Primer

Operon arbitrary primer sets OPB, OPE, CPI,

OPN, OPS, OPT, CPV, OPW 160 , 3 RAPD
PCR smear band ,

primer 20 primer 1
-1 primer screening 20 primer

(polymarphism) band
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10 primer -

Primer 1 primer template DNA
3 - RAPD PCR
band (Yu Pauls
1993), RAPD band scoring  300bp band
3 1 M M

Figure 10. Repraoducibility test and polymarphic band pattern
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Table 25. The list of the selected 10 primers from the

reproducibility test with 20 primers

primer # DNA sequence G+C content(%)
CPB-Q7 CGT GAC GCA G 70
CPB-09 TGG GGG ACT C 70
CPN-14 TCG TGC GGG T 70
OPN-15 CAGCCACIG T 60
CPT-14 AAG GGC GCA G 70
CPVv-C8 CCGA CCG CCT T 70
OPV-16 ACA CCC CAC A 50
CPW-04 CAG AAG CCG A €0
CPW-C8 CAC TGCC CTC T 60
CPW-13 CAC AGC GAC A 60

Table 26. Attributes of oligonucleotide primers used for

generating RAPD bands in 2N DNA of 29 Ilactree

clones.
Number Number of Number of monomarphic bands
primer # of polymorphic within each province
total bands bands KCREA | CHINA | JAPAN | Total prov.
OPB-Q7 17 17 8 3 12 0
OPB-09 22 21 9 3 8 1
OPN-14 10 6 8 4 6 4
OPN-15 12 9 5 3 10 3
CPT-14 24 23 2 8 21 1
OPV-C8 15 15 0 8 11 0
OPV-16 18 16 2 5 16 2
OPW-C4 9 9 5 4 8 0
OPW-C8 13 11 2 6 8 2
OPW-13 15 14 7 3 9 1
Total 155 141 48 47 109 14
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M1 2 3 45 6 7 8 910111213 14151617 18 19 2021 2223 242526272829 M

- . - —

— - .
T L Ll il ————

Figure 11. The result of RAPD band pattern with 25ng/ul
template DNA for the 29 lactree clones.

M: 10Cbp size marker

155 RAPD marker RAPD marker
91% 141  RAPD marker , alfalfa(Echt 1993)
76% , aspen(Liu  1993)
93%, (Castiglione  1993) 92%, C
, 1998)  93.4% - primer
RAPD band 15.5 , primer
RAPD band 14.1 , RAPD band 1.4
( 26, 11).
band

Treecon Verl.3b(de Veer, 1998) computer program

UPGMA(unweighted pair-group method with arithmetic mean)
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dendrogram .

141 RAPD band simple matching
Jaccard(1901) , Nei(Nei Li, 1979)
genetic distance ,
0.234 -

UPGMA(urweighted pair group method wusing arithmetic
averages) Sneath  Sokal (1973) ‘
? molecular clock
UPGMA ,
( 12, 13).

Table 27. Matrix of Nei"s genetic distance with 3 provinces of

Rhus verniciflua.

Frovince 1 2 3

1. KOREA -— .0000 .0000
2. CHINA .3821 -— .7030
3. JAPAN .1615 -0.0263 -—

Above diagonal: Nei (1978) unbiased genetic distance
Below diagonal: Nei (1978) unbiased genetic identity

1910
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Figure 12. UPCVA tree of 29 lactree clones from 3 praovinces
using 152 RAPD bands based on Nei®™ genetic distance. The
values, which are the bootstrap confidence interval, on the
nodes are the number from the results of bootstrap search(the

percentage of 1000 replications).
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Figure 13. UPCVA tree of 29 lactree clones from 3 praovinces
using 152 RAPD bands using simple-matching distance. The
values, which are the bootstrap confidence interval, on the
nodes are the number from the results of bootstrap search(the

percentage of 1000 replications).
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(dimension)

(artificial variables) (principal component)

(Broschat 1979).

RAPD PCR
- RAPD marker
’ (
) (Coppenolle  1993).
29 10 primer 141 RAPD band

primer RAPD band

(principal component analysis) -

Table 28. Eigenvalues of the correlation matrix from principal
component analysis using 29 lactree clones from 3

provinces with 141 RAPD bands.

PRIN Eigenvalue | Difference | Proportion | Cumulative
PRIN1 36.3402 20.4029 0.239080 0.23908
PRIN2 15.9373 47977 0.104851 0.34393
PRIN3 11.1396 1.9981 0.073287 0.41722
PRIN4 9.1415 0.7117 0.060141 0.47736
PRINS 8.4297 1.5778 0.055459 0.53282
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23.9%
53.2%
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PRIN2

-2 K

-4 K

-6

-8

)

PRIN1

Figure 14. Scatter diagram of 29 lactree clones from 3
provinces with 141 RAPD markers based on principal components

1(PRIN1L) and 2(PRIN2).
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4000

. Urushiol
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200-300nm 100-72kcal
- Polyethylene, polystyrene, polyester,
cellulose ,
OH
S /O O
?\. £ - S /
e N j /
PR
& S/
H o H.
o o o
- - i /J\\ P — = guinar
(T
L e
15.
benzophenaon
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benzotriazole phenal -

- 15 phenyl
salicylate 2,2-dihydroxygenzophenone
chelate - chelate
quinone . ,
( )
- amine,
hetero amine -
- Ni-dibutyldithiocarbonate
. Carbon black
. Polytechnique Jan Bartus
benzotriazol .
BZT -
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Awazu H-implantation

. H4, HA,
Ci, N4, O+ implantation
, carbonation w
BZT
benzophenon .

- Amine
radical scavenger

carbon hlack

urushiol congener

- 101 -



: Du

, 1984).

(urushiol congeners)

(urushiol congener)

( 16)

monomer
laccase

oligamer  polymer C , 1963

OH

Py
i\,
ey

A OH

g

Lih-f’“~ R

-CHaCHACHCHACHACHACH CH CHCH-*CHCH: CHaC He CHeCHECHA
~CHICHAC HrCHCHAC HACH CH= CHOHCH= CHOHA S HACHACHCHY

R C1s

s B HCH OO CH O G R CHY
ACHCH G HaCHCH CHECHCH=CHOH C HeCHE CHCHCH
ACHCHCHaCH CHCHECHCHeCHACH=2 CHOH CHCHCH-
HCHC HaCH CHCOHCHCHA CHCHACH=CHC H G HAC Hy
ACH CH O HaCH CHCHCHCHA CHOHCH=bCHC HL CHCH
SCHCHCHCHCHCH CHACHACHCH CH=bCHC H=ECHC H:
CHCHsCHACHCHCHCHECHACHCHCH=bCHC H= S CHCH:
CHCHCHCHCHCHCHACHACHCH CH=,CHCH CH= C H,

R: Ca7

Fig.

16.

Structure of urushiol and congeners of lactree

sap.

Superscripts a and b

typestructures, respectively(lIshii

show cis and trans

, 1995).
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monomer

laccase
95%
TCA (trichloroacetic acid) 5%
29  reversed-phase HPLC
- 5
3 3-CI5 triene, 2 3-CI5 diene,

1 3-C15 moncene  3-C17 monoene, 3-CI5
saturated , retention time 7.84 ,
10.20 , 12.24 , 16.63 , 24.63 -
3-CI5 triene 3
H-NVR,  2:C-NMR 8"(2),117(E),13"(2)
-pentadecatrienyl 8*(2),117(E),13" (E)—-pentadeca-

trienyl 8%(2),117(E),14" —pentadecatrienyl
. 3-Ci5 diene 87(2),11°(2)-

pentadecadienyl 8%(2),11" (E)-pentadecadienyl
87 (2),10" (2)-pentadecadienyl ,
3-C15 monoene 8" (2)-pentadecenyl 107 (2)-

pentadecenyl 8" (2),11" (2)-heptadecadienyl
- 3-C17 moncene  11°(2)-heptadecenyl
Yamauchi (1982) Du (1984a)

Urushiol congener
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- Du (1984a,1984b) reversed-

phase LC fused-silica capillary GLC
urushiol congener 10 components
3-[107(2),13"(E), 15" (2)-heptadecatrienyl]
catechol 4-[87(2),117(E),13" (2)-hepta- decatrienyl] catechol

Table 29. HPLC analytical and spectral data of lactree urushiol

congeners.
Urushial constituents
3-C5 3-Cl5 3-Cl5 3-C17 3-C5
triene diene monoene monoene saturated
Retention
_ _ 7.84+ 0.1 (10.20+ 0.2| 12.24+ 0.1 | 16.63+ 0.2 | 24.63+ 0.1
time(min.)
UV ¥ max
275 275 276 275 275
(m
2.
30
6 9 15
8 15 68.3%
6 15 55.9% -
6
. (1939)
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84.5%, 83.3%,
72.1%, 67.8%
- 7 15 8
65.6% (1939)
72.1%

Table 30. Seasonal variation in sap constituents of lactree

Sap constituents(%)
Date of sample
collection Urushial Cum Water-inscluble Water
glycaoproteins
June 15 55.9 7.4 2.6 34.1
June 30 61.8 5.1 1.2 31.9
July 15 60.0 6.3 1.1 32.6
July 30 67.3 5.2 1.3 26.2
August 15 68.3 5.9 1.4 24.4
August 30 66.7 5.5 1.4 26.4
Septerber 15 58.7 7.5 2.1 31.7
Septerber 30 66.8 9.8 2.2 21.2
5mm
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(1939)

, 1
2
- (50-80%)
(laccase), , »
laccase catechol
phenoxy (enzymatic free radical polymerization),
catechol
catechol  quinone benzene ring
catechol
(Zhang, 1992).
laccase substrate
free radical polyrerization
«C . , )
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free radical polymerization Cross

linking

segment

conformation

laccase

5 Zhou , 1994).

7 (6
@ -8 ), 19
) -
7 8
31 7 9
HPLC
3-C15 triene 7 5

polaritic group

single bond

(Zhang, 1992

-7 ). 8 18
22-25 ©

7 15 8

20

77.56%
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9 Du  (1984b)
. Du (1984b) GLC

5 9 3-CI5 triene 56.21% 67.29%
, 3-Cil5 diene  3-C15 moncene
9.37% 3.61%, 25.68% 20.55%

Table 31. Seasonal variation in urushiol congener content of

lactree sap based on reversed-phase HPLC analysis

I ) CI5 triene Cl5 diene Cl5moncene CI17 monoene CI5 saturated
Collection: (15 .3y  (15:2) (@5:1) (@7:1) (5:0)

Date
Meant SE Meant SE Meant SE Meant SE Meant SE

July 5 77.56+ 3.29 4.07+ 0.81 6.71+ 1.90 2.64+ 0.60 9.03+ 2.02
July 25 70.29+ 5.40 4.11+ 1.47 6.31+ 3.12 3.98+ 0.59 15.31+ 3.32
Aug. 14 68.46+ 4.61 4.09+ 1.76 6.33+ 3.24 4.29+ 0.53 16.84+ 2.15
Sep. 5 59.19+ 10.1 7.29+ 5.22 12.98+ 9.32 4.27+ 1.45 16.26+ 4.48
Sep. 25 68.63+ 7.03 5.10+ 2.26 6.75+ 5.13 3.80+ 0.52 15.71+ 2.28

Du (1984a, 1984b)

Chen(1994) 3-C15 triene
52.6-56.68%, 3-CI5 diene 6.82-11.40%, 3-Ci15 moncene
23.39-31.90%, 3-CI5 saturated 3.50-3.58% , 3-C17
oxophenic acid 1.41-1.66%
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3-CI5

triene 3-CI5
triene (Du , 1984b
; Zhou , 1994). 3-C15 triene  3-CI15 monoene
(Zhou , 1994). 3-CI5 triene
59.19-77 .56% 52.6-56.68%

32

- 3-Ci5 triene 90.57%
68.48%
. 3-Cl5 diene
6.65% 2.65%

- 3-C15 monoene
9.65% 1.94%
, 3-CI7 moncene 8.06%
1.99% . 3-CI5 saturated
9.61% -

3-Cl5 monoene
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seed lot base

Table 32. The geographic variation in urushiol congener content

of mature lactree based on HPLC analysis.

Urushicl canstituents(%)

Region | (5 triene Cls diene CI5nmonoene  CI7 monoene CI5 saturated

Neant SE Meant SE Meant SE Meant SE Meant SE

Kapchun| 80.39+ 6.12a* 6.65+ 2.75a 7.27+ 2.64ab 3.62+ 1.24b 2.07+ 0.85b
Woochun| 89.67+ 2.07a 2.65+ 0.56a 3.10+ 1.23bc 2.64+ 0.57b 1.94+ 0.67b
Chungju| 90.57+ 2.22a 3.16+ 0.77a 1.94+ 0.40c 1.99+ 0.65b 2.33+ 1.48b
Chillgok| 68.48+ 4.42b 4.21+ 1.14a 9.65+ 0.84a 8.06+ 1.22a 9.61* 2.23a

* Varietal values followed by the same letter as another value
the same column are not significantly different at 5 percent by
Duncan®s Multiple Range test.

1949 ; Du , 1984)
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Pinus oleoresin
pineshoot borer(Eucosma gloriola) white
pine weevil(Pissodes strobi)
(Hanover, 1975).
Cleoresin monoterpene diterpenoid resin
acid

- Bridgen (1979) white pine(Pinus

strobus) monoterpene resin acid
8 monaoterpene 3 , 11 resin
acid 2 , scotch pine
total resin acid monoterpene

(Bridgen , 1982).

laccase

PE
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urushiol

1. Urushiol
6
33 -
33.
Low-Density Palyethylene(LDPE) U M U
High-Density Polyethylene M M M
(HDPE)
Polypropylene(FP) M M M
Polypropylene Copolymer (PPCO) M S M
Polymethylpentene(PMF) M U U
Fluorinated ethylene S S S
propylene(FEF)
Ethylene tetrafluorcethylene M S S
(ETFE)
Polycarbaonate(FC) V] M V]
Polystrene(PS) V] M V]
Polysulfone(PSF) V] M V]

Abbr. S : satisfactory
M - marginal depending length of expasure

U : unsatisfactory, not recommended
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LDPE, PC, PS, PSF 4 urushiol

PMP
HDPE  PPCO 0.3mm
- FEP
ETFE
PP
PP -
2.
250g, 500g, 1kg PP
paste laminated
tube -
0.3mm PP
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1.
4
. 7 4 4
FRP 5
biofilm
biofilm
FRP
biofilm
FRP primer(
D) FRP
FRP
10 4 25
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34.

biofilm

10

FRP
biofilm

-Biofilm

6-7

-Biofilm

5-10

-Biofilm

FRP

-Biofilm

4-5

FRP+

-Biofilm

2-3

15cm

14

(macrofouling)*
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(macrofouling)*

35. 14
- . 8-12cr, 15cm.
- 2-4mm 20-3C
+ - , 6-8cm.
+ - -
- , 8-1Ccrr. 15cm.
FRP - 2-4mm 20-30 -
FRP+ ) ]
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36.

17

Biofilm

“ )
+ SE

2.2mm

7.1+

3.2

12 .4+

4.4

3.5+

1.7

16.3+

6.8

0.4mm

1.6+

0.4

2.8+

1.4

2.7+

1.3

4.5+

2.5

1.6mm

6.9+

3.9

3.6t

2.0

4.3+

2.3

9.8+

5.2

FRP

2.5mm

6.8+

4.2

9.7+

4.7

2.4+

1.0

3.2+

1.4

FRP+

0.8mm

4.3+

1.9

3.5+

2.5

5.1+

3.1

3.6+

1.4
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36 17 6 13

FRP 4
- FRP
primer
FRP
(microfouling) biofilm
(macrofouling)

biofilm

(phenolic compound)

TBT(Tributil-tin)

2 (urushiol)

( 17).
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(microfouling)”

biofilm
biofilm

(macrofouling)”’

(macrofouling)”’
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