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SUMMARY

I. Subject

Crown shape control of Pinus koraiensis

II. Purpose and Importance of the Research

Since Pinus koraiensis was chosen as one of the crucial, economic tree
species for shifting land cultivation arrangement in 1970's, it has been
planted throughout the country. The plantation acreage was 17,000ha per
year in 1970’s, 9,000ha in 1980's, and 6,000ha in 1990's and about 4070ha
was established in the year of 2000. Korean pine plantation has the largest
plantation acreage among the silvicultural tree species. But most of the
plantation has not been treated silviculturally, and shows poor performance
for growth and tree form. Also prediction of pine nuts production is
difficult under this state. Therefore, active tending works should be tried
first to promote resources value at the present step.

Korean pine nut production was 430~690 tons per year in 1970's, 430~
1160 in 1980’s, and 440~1580 in 1990’s. The difference of production per
year is very big, and moreover the price was not stabilized. Annual income
of nut producers does not depend on the production amount, but on the
scarcity of produce and the import quantity of nut from China. In addition
to this unstability of price, cone picking is one of 3D works and very
costly. Thus many foresters give up cone harvesting.

Based on these reasons crown shape control of Pinus koraiensis is very
desirable as it lowers the height of trees. Thus low trees are easily
accessible for cone picking and production quantity can be increased.

Finally the income of pine nut producers should be increased. Researches

_13_



are found about crown control for several tree species inside and outside
our country, but there is no research about Korean white pine so far.
Korea Forest Research Institute suggested crown shape control method
about Larix leptolepis for seed orchard management in 1989 and practiced
stem-cut in Korean white pine seed orchard to improve nut production and
cone-picking in 1996. But the research on systematic crown control
methods is not tried yet. Crown shape control was practiced in the seed
orchards of slash pine, larches, and loblolly pine and seed production was
increased or decreased depending on species, but helped cone picking and
general management. Therefore crown control is expected to increase nut
production and the income of forest owners in addition. These will lead
people to realize the value of forest plantation and to invest in forest. If
short-term return plants are planted under the crown-controlled pine trees,
more income 1s expected. Eventually many people will try to live in

country by making a living from the forest.
The followings are main objectives of this research.

@® Crown-controlled stands in age class I, II and III

@® Investigation of growth and nut production of stem-cut and
un-stem-cut trees in the seed orchard

@® Component analysis of the seeds from stem-cut and nu-stem-cut trees
@ Tree form development for garden plants

@® Dwarf tree induction by grafting and growth regulators

@ Early fruiting by grafting

ITI. Content of Scope of the Research

1. Development of effective crown shape control method for timber and

nut production

_14_



1) Theoretical research for crown shape control

Crown shape is suggested after some characters of the trees in age class
I, II and III plantation are investigated and compared with those of
stem-cut and un-stem-cut trees in the seed orchard.

2) Investigation of growth and growth pattern of crown top shoots
Information of growth of top shoot after crown shape control works is
obtained through investigating growth and several patterns of crown top
shoots in each age class.

3) Establishment of crown-controlled stands

Three crown types suggested by the study mentioned in the 1), i. e,
modified leader type, vase form and open-center—natural form, are applied

in age class I, IIl and III stands together with thinning.

4) Investigation of nut production quantity of stem-cut and un-stem-cut

trees

The information of nut production after crown shape control is obtained
by the Investigation of nut production quantity of stem-cut and
un-stem-cut trees in the seed orchard

5) Component analysis of the seed after stem-cut

Component of the seeds produced from the stem-cut and un-stem-cut

trees is analysed.

_15_



2. Tree form development for garden plants
Research is done for the development of tree form for garden plant.
3. Apical dominance control research

1) Grafting of one-year-old Pinus parviflora shoots on the 3- to

5-year-old seedling.

2) Application of IAA, NAA and GA3 to the 3- to 5-year-old seedling in
the range of 500 to 5,000 ppm.

4. Early fruiting induction

1) Grafting of shoots of high-yielding family on the 3- to 5-year-old

seedling.

2) Grafting of shoots of high-yielding family on the lower branches of
the 7- to 10-year-old trees.

IV. Results and Suggestion

1. Results

1. Theoretical research for crown shape control

Depending on site condition, growth status and branching pattern the

following crown shapes are suggested to grow the trees of age class I to

_16_



1L

(1) Modified leader type for nut production for age class I and II

(2) Vase form for nut production for age class I and II

(3) Open-center—natural form for nut production for age class I and II

(4) Modified leader type with long main stem for nut production and
timber for age class II and III

(5) Central leader type with long main stem for timber production for

age class IIL

2. Investigation of growth and growth pattern of crown top shoots

All the characteristics investigated in top shoots are shown graphically

as follows

%
{5}
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@D terminal main shoot with a length of 20.0~43.5cm and a diameter of 13.
3~20.2mm.

@ terminal lateral shoots with a length of 11.7~29.2cm and a diameter of
7.1~10.1mm.

@ subterminal main shoot with a length of 20.3~40.2cm and a diameter of
18.1 ~27.8mm.

@ subterminal lateral shootswith a length of 13.6~26.4cm and a diameter of
8.2~12.1mm.

(® main shoots of subterminal lateral shoots with a length of 12.1~30.6cm
and a diameter of 6.5~8.2mm.

® lateral shoots of subterminal lateral shoots with a length of 3.9~10.6cm
and a diameter of 3.0~4.6mm.

@ sub-subtermianl main shoots with a diameter of 25.2~36.2mm.

8: © branching angle of terminal lateral shoots, ranged from 51~68°.

B2 : branching angle of subterminal lateral shoots, ranged from 58~68°.

3. Establishment of crown-controlled stands

(1) Age class 1

Seven plots, 1. e., Unthinned for timber produciton, unthinned for nut
production, modified central leader type for nut production, vase form for
nut production, open-center-natural form for nut production, thinned for nut
production, and thinned plot for timber production were established in
Cheoljeong—Ri, Doochon-Myoun, Honcheon—-Gun. Each plot is 0.4ha to 0.5ha.
Unthinned plots have 2300 trees/ha; average height is 5.3m; and diameter
at breast height (DBH) is 7.2cm. About 70% of the trees were removed for
thinning and 700 trees/ha remained; average height was 4.5m; and DBH

was 7.7cm.
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2) Age class 1II

Seven plots, 1. e., Unthinned for timber produciton, unthinned for nut
production, modified central leader type for nut production, vase form for
nut production, open-center-natural form for nut production, thinned for nut
production, and thinned plot for timber production were established in
Cheoljeong—-Ri, Doochon-Myoun, Honcheon-Gun. Each plot 1is 0.5ha.
Unthinned plots have 500 trees/ha; average height is 8.4m; and diameter at
breast height (DBH) is 15.0cm. About 20% of the trees were removed for
thinning and 400 trees/ha remained; average height was 85m; and DBH

was 16.5cm.

3) Age class III

Five plots, 1. e., Unthinned for timber produciton, unthinned for nut
production, modified central leader type for nut and timber production,
thinned for nut production, and thinned plot for timber production were
established in School Forest, Kangwon National University in Chooncheon.

Each plot is 0.3ha to 0.4ha. Thinning ratio was 48.1%.

4. Investigation of nut production quantity of stem-cut and un-stem-cut

trees

To improve nut production and cone-collecting method, the effect of
thinning and stem-cut were investigated on production and characteristics
of cones and seeds of age class I (24-year-old) and grafted seed orchard
established in 1982. Leader shoots of grafted trees were cut at the height
of Im or 2m above the ground in the year of 1996. And thinning was

performed for age class III in the fall of 1999. The results were as follows

’
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(1) Cone (fresh weight, length, width and seed number) and seed (length
and width) traits were significantly different among all traits for the effect
of thinning, but among other traits excluding cone length and number of
seed per cone for the effect of stem cut.

(2) Although stem-cut trees produced larger quantity of cones than uncut
trees, thinning out cones may be required to improve quality of cone and
seed for stem-cut trees.

(3) A highly positive correlation was observed among cone and seed
traits.

(4) Total seed number per tree(No. of cones per tree x seed number per
cone) varied from 2185.8ea in unthinned trees to 6051.9ea in 2m
top—pruned trees, which indicates that stem cut can improve cone

productivity of a tree.

5. Component analysis of the seed after stem-cut

In order to investigate the influence of increased seed production on the
component of seeds, seeds produced from trees in the thinned stand and
the stem-cut trees in the seed orchard were analyzed. The results obtained

were as follows:

(1) General component analysis of seed

Their is no significant influence of thinning on the seed component in
moisture content (thinned- 4.10%, unthinned- 3.74%), ash (thinned- 2.95%,
unthinned- 2.94%), crude lipid (thinned- 67.62%, unthinned- 71.94%), and
crude protein (thinned- 17.27%, unthinned- 17.50%). There is no significant
influence of stem-pruning on the seed component in moisture content
(unpruned- 4.26%, 1lm stem-pruned- 4.10%, and 2m stem-pruned- 3.99%),

ash (unpruned- 2.08%, 1m stem-pruned- 2.09%, and 2m stem-pruned-

_20_



2.15%) crude lipid(unpruned- 68.59%, 1m stem-pruned- 69.52%, and 2m
stem-pruned- 7253%), and crude protein (unpruned- 18.13%, 1m
stem-pruned- 17.96%, and 2m stem-pruned- 17.56%).

(2) Fatty acid analysis

Seeds of tree from thinned and unthinned stands contained two essential
fatty acids, i.e., linoleic acid(18:2) (thinned- 54.9296, unthinned- 55.40%) and
linolenic acid(18:3) (thinned- 0.19%, and unthinned- 0.23%). Over 94% of
fatty acids consisted of linoleic acid(18:2)(55%), oleic acid(18:1)(32%), and
palmitic acid(16:0)(7%). T-test showed difference of content at 1%
significance level for palmitoleic acid(16:1), stearic acid(18:0) and
8,11,14-eicosatrienoic acid(20:3) and at 5% for linolenic acid(18:3), but no
significant difference for three major fatty acids mentioned above, between
two types of trees. Thus thinning may give no influence in fatty acid
content. Seeds of three types of trees contained two essential fatty acids,
ie., linoleic acid(18:2)(unpruned- 55.25%, lm stem-pruned- 54.74%, and 2m
stem—pruned- 55.00%), and linolenic acid(18:3)(0.21% for three kinds of
trees). Linoleic acid(18:2)(55%), oleic acid(18:1)(32%), and palmitic
acid(16:0)(6%) consisted of more than 93% of all fatty acid content. At 5%
significance level in F-test, difference was observed in the content of
palmitoleic acid(16:1) and 8,11,14-eicosatrienoic acid(20:3), but not in three
major types of fatty acids above mentioned. It is observed that

stem-pruning gave no significant influence in fatty acid content in general.

(3) There is no significance difference in all the fatty acids mentioned

above between two years.

6. Tree form development for garden plants

_21_



Under the old Korean white pine stand and broad-leaved stand near it,
many small seedlings and young Kkorean pine saplings grow slowly as
shrub with ball, egg or cone shape. Crown shapes suggested previously
may be applied to these trees with the combination of ball or egg shape
for garden trees. For this more research is necessary including branch

pruning and needle-picking.

7. Grafting of Pinus parviflora on the top of seedling

One-year-old shoots of Pinus parviflora were grafted to 3- to 5-year old
Korean pine seedlings. In the year 2002, success ratio was 30.3% for main
shoot grafting, and 21.7% for lateral shoot grafting. However within 6
months all the grafts were dead possibly due to grafting incompatibility
between two species. In 2003, the same experiment were tried but all the
grafts were dead within 3 months after grafting.

The results of two years show incompatibility of two species and more

research is needed.

8. Application of plant growth regulators

To continue apical dominance without top main shoot, IAA, NAA and
GAs were applied to cut surface of main stem of to 3- to 5-year old
Korean pine seedlings every 4 months from October, 2001 to June, 2003 in
the range of 500~5000ppm. However, no success was obtained because the
growth regulator was not observed by the tree due to resin. More research

is needed.

9. Grafting of shoots of old high-yielding trees on the seedling to induce

early fruiting
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Grafts by cleft grafting method showed 88.57% of success 10 months
after grafting in 2002, and grafts were planted in April, 2003 in School
Forest, Kangwon National University. This kind of grafting is highly

recommendable.
10. High grafting of 7 to 10-year-old trees to induce early fruiting

To check the possibility of replacing the present trees by high-yielding
race, one-year—old shoots of such race were grafted to the lateral shoots of
Im to 2m trees of age class I. The same method for seedlings by the
same people was tried, but there was no success. The reasons are not
clear, but the high competition for water and nutrition with other branches

may give influence on the graft survival.

2. Suggestion

1) Stem-—cut trees produced more seeds than un-stem-cut trees and there
is no difference in seed components by stem-cut. In addition, such trees
give much convenience for cone-picking and management. To improve cone
productivity of plantation below age class II, crown shape control can be
applied. Stands controlled by researchers are open to the public and if
necessary all the researchers help someone do crown shape control.
However, several small researches are required before the large scale

practice as there is much fluctuation in cone production
2) This research is finished by 2003, but the team will continue the
research up to 2010. The cooperative work between Hongcheon-Gun and

this team is scheduled up to 2003.

3) Hybridization of Korean white pine with other dwarf five-needle pine
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is recommended. Such species includes Pinus cembroides, Pinus

maximartinezii and etc.
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Slope(. )
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sand loam

No. of
trees/ha
1900
2000
1400
1300
1000
1000
900

_46_

24
158
20.4
22.9
20.7
19.3
30.1

D.B.H(cm)

Height(m)
2.3
12.2
16.9
13.0
12.9
12.0
17.2

Age
19
27
35
46
52
68

Age
class
I
I
v
VI
VII

Table 1. Outline of surveyed forest stands.
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Table 2. Stem-cut tree characters surveyed from the Deokduwon

clonal seed orchard.

Crown-controlled grafted trees

Standard
deviation

Range

Average

3.8~6.2 0.58

475

3.03

9.2~186

14.4

1.02

2.8~69

4.79

1.16

1.7~6.5

3.96

Characters

Height(m)

D.B.H(cm)
Crown width(long)

(m)

Crown width(short)

(m)
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Fig. 3. Selected plus tree clones at the Deokduwon clonal seed orchard.

1) Number : Clone Number.

2) Shadow Number indicates the trees for investigated this study.

3) "X" indicates the removal of the tree.
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2b A Al 2442 F AW A S chloroform @ methanol(2:1 v/v) &
o7 FZ& AAZ} & 05-KOH, &2 g0z A3}slo] boron trifluoride

W Eke 8N o7 methylation 3F & GLC(HP GC Model 5890 series II, USA)

EXA AZ7|= FID, ZHL  stabilwax(30mx0.32mm  idx0.50 m df)

N

capillary columng AMg3lgor, AP 27|2%& 140C=E 3to £3 5C
2 250C7HA] S8t oju FHU7] 2=+ 250C, AE7] 2= 260C=

4735kl | gas chromatographyol]l 2|3+ #2424 -& Table 33 7t}

Table 3. Instrument and operation conditions for fatty acids analysis by gas

liquid chromatography.

Instrument Hewlett-Packard 5890 II Gas Chromatograph

Column Stabilwax(30mx>0.32mm 1dx0.5/m df)
Capillary column
Column Temp.

Initial temp. 140°C

Initial time 3 min

Program rate 5C/min

Final temp. 250C

Final time 15 min
Injector Temp. 250°C
Detector Temp. 260C
Carrier gas flow rate 2.0 ml/min(N»)
Hydrogen flow rate 30 ml/min
Air flow rate 360 ml/min
Split ratio 10:1
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Table 4. Several tree characters surveyed from the Deokduwon clonal seed

orchard.
S _ a) _ b)
tem—cut Un-cut
Characters
Avg.+S. D. Range Avg.+S. D. Range
Height (m) * 475+058 | 38~ 62| 520+059 | 43~ 65
D. B. H. (cm) 1440303 | 92~186| 14.80+243 | 109~20.4
Crown width 4794102 | 28~ 69| 550:077 | 39~ 68
(long) (m)
Crown width 396+116 | 17~ 65| 490+076 | 33~ 62
(short) (m)
No. of nodes ** 590+142 | 40~ 90| 16204230 | 11.0~20.0
No. of branches 400£066 | 30~ 55| 4924079 | 38~ 68
per node

¥: Stems of grafted trees were cut at the height of 2.0~25m in 1996 at
the age of 16.

P: Grafted trees of the same age as stem-—cut trees.

“: Different between two kinds of trees at the significance level of 5%.

*1 Different between two kinds of trees at the significance level of 1%.

3%

A4 E Ak AGAA A

43m, MYFHFAAE 61melA=d o5 E5F aAH] Ak 1T

well digk A WA AE7EA Y] EolE 39m~11.0mel U th Eoll=
oAz} wmir] & 7kl = 3~/ (B 4ol

Z} wir] o] Zol= 16cm~33cm(F T 24.4cm)o] T},

W82 Table 69 2ot e SAAM I+

A B 7A e
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Table 5. Characters of top shoots surveyed from the Deokduwon seed

orchard.

Controlled ® Non-controlled
Characters

Avg.xS. D. | Range | Avg.=S. D. |Range

Terminal main shoot (cm) | 42.8+1877 | 12~70| 485+14.24 |30~79

Terminal lateral shoot (cm) | 32.3£13.43 10~52| 33.6+10.10 [24~50

Subterminal main shoot

33.3+ 3.43 20~50| 31.3+ 4.20 {12~46
(cm)

Subterminal lateral shoot

21.3+ 7.83 9~35] 23.8+ 911 | 8~34
(cm)

Main shoot of subterminal

32.9£15.37 8~50| 36.8+ 819 |25~53
lateral shoot (cm)

Branching angle of terminal

44.7+14.44 30~70| 455+20.34 [20~80
lateral shoots (. )

Branching angle of
sub-terminal 64.4+14.52 40~85| 56.8+22.01 [25~93
lateral shoots (, )

¥: Stems of grafted trees were cut at the height of 2.0~25m in 1996 at
the age of 16.
: Grafted trees of the same age as stem-—cut trees.
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= dsol G4gEd G s ok 2o A= HERTE A9 dojuA
ghol Ftg e AT v$ A4S Aoz AAHAY G9F Y AT AR @it
F WA A Mger AFstsled, s ste] JhHel Favt gl
AL ok =BT webA gt S A% FEe WAFNY, AAAAE
T o] AP Aow YzE
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Table 6. Several tree characters surveyed from the plantations under age

class III.

Age class 1 Age class II Age class III
Characters S 3
Avg.| Range D Avg.|Range D. Avg. |Range| S. D.
Height below 0.08 2.0 4.0
the first branch |0.25 ~ 11.08| 43| ~ 0.89] 6.1 ~ 1.16
(m)sx 0.66 5.8 9.5
Height below 0.08 3.9 6.2
the first living | 0.25 ~ 11.08f 53| ~ 0.85) 7.9 ~ 1.15
branch (m)x*x* 0.66 7.0 11.0
1.4 95 16.9 12.0
Height (m)#** | 2.28 ~ 0.34|12.2| ~ 1.30 ' ~ 2.23
2.7 155 20.0
1.2 115 12.5
DB H. 2.41 ~ 078/ 158 | ~ 384 204 ~ 3.84
(cm)ss
4.0 235 315

#x. Different among the age classes at the significance level of 1%.
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Fig. 4. Several crown forms for fruit trees following Kim et al (1993).

A. Central leader type: very close to natural growth characteristics.

B. Modified leader type: improved central leader type for better sunlight and low
height.

C. Vase form: short stem with 3 to 4 whorled branches at the same height.

D. Open-center—natural form: improved vase form with 2 to 4 alternative but very

close branches.
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Table 7. Guidelines of crown shape control for nut and/or timber production

from the Korean white pine plantation trees under age class III.

Trees for crown shaping

Height below the

Height below the

Height: 5~8 m | first living branch: |first living branch
4~8 m > 10 m
Purpose seed seed, timber timber
1) Modified leader
type, Modified leader

Central leader

Crown Shape |2) Vase form, or|type above straight ;
e
3) Open-—center- stem yp
natural form
Stem-—cut )
) 1~5m 4~8 m Not applicable
Height
1) 4~5,
No. of nodes )
) 2) 1, 4~5 Not applicable
remained
3) 2~3
1) 1m,
Node distance 2) 0 m, 1 m Not applicable
3) 05~1 m
No. of 1) 3~5,
branches per 2) 3~6, 3~4 Not applicable
node 3) 1~2
. 1) & 2) whorled,
Branching type whorled Natural

3) irregular

Remarks

during/after October.
2) Remove or prune the lower branches showing apical
dominance anytime when necessary.

3) Cut the uppermost node to overcome apical

1) Cut stem and prune when collecting cones or

dominance when the crown has a wide, expected shape.

_67_



=
=

w7k, ZF v el 3~470¢] 1244

ZHog AA 1~2m

B ANE

o}:

2

= 97

3~4ri]

=
=

A AR

=9

3

)
==

)

o

o
il

EF3te] Im ol

°o® 4~5 vt
zb whel 1~271¢ 1344

2 9

]

A AR

3

o)

NE

Eds

xgg

=z 9
= T

0
e

yA_u

= 7N

o

- 68 -



ol 4m~8m)2]

-
it

A (A

A

=
Yy
—
mt
~N
i~
™
|
~
o
X
X
ny
—_
=
LO
!
<t

1 =87t

3]

oF

Fig. 5. Recommendable crown shapes.

- 69 -



2 AR Aurel 4% 2 4Y g AT

Zh g v Ak Az 9 267}74 A7 BEAS B4 A=
8 ~ Table 113} o} GF3HY zol7F =7t &7 Y8l F-HA4 & HAs
Aom Az &S F7] st F %kﬂr fo Fepe e A ®ASE
ATh.

Table 80l YER npe} zro] ol e #3k BE E—*é%—ﬁ— 7} g5 3tel
TrAHOl AAGF A FA= 197 Al Gd

FA oA 20.3cm~40.2cm AFskow Z} of 57kl %94*301 "J@El?iv} g
FA AFAEE DIV VI>VSVIDIL o] 9 34 IV>II>VI>
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Table 8. Analysis of length characteristics of crown

class(unit : cm).

top shoots in each age

age C-tree”
class | 1 g omov v VI VI|F-value
shoots Range Avg.
terminal main 4311 _
shoots 42.3 435 20.0 32.0 22.3 23.4 20.1 p=0.0001 12~70 42.8
terminal lateral 42.11 _
shoots 249 29.211.8 21.0 14.2 156 11.7 p=0.0001 10~52 32.3
terminal lateral 61.79 -
shoots(long) 31.032514.3 246 166 179 13.3 p=0.0001 12~56 36.5
terminal lateral 25.79 _
shoots(short) 12.1 198 7.3 16.2 85 9.2 66 p=0.0001 4~42 166
subterminal main 20.30 .
shoots 27.0 39.8 24.2 40.2 22.7 29.1 20.3 p=0.0001 20~50 33.3
subterminal lateral 19.39 _
shoots 14.0 25.2 146 26.4 144 175 13.6 p=0.0001 9~35 21.3
subterminal lateral 21.47 _
shoots(long) 179 29.1 16.3 30.4 15.9 21.1 15.3 p=0.0001 14~50 29.8
subterminal lateral 10.24 _
shoots(short) 9.00159 9.2 162 96 102 7.8 p=0.0001 4~31 150
main shoots of 38.92
subterminal 25.730.6 139 26.317.3 183 12.1 20,0001 8~50 329
lateral shoots b=u.
main shoots of 4334
subterminal 29.4 33.1 155 29.2 189 20.7 13.5 ~0.0001 7~60 404
lateral shoots(long) b=y
main shoots of 25.98
subterminal 203184 84 192122125 7.2 =0.0001 3~43 235
lateral shoots(short) b=y
lateral shoots of 1256
subterminal 96 106 45 88 54 51 39 ~0.0001 4~31 144
lateral shoots b=y
lateral shoots of 10.24
subterminal 10511.3 55 109 65 7.3 44 ~0.0001 4~37 178
lateral shoots(long) b=y
lateral shoots of 11.03
subterminal 6.2 53 22 47 29 30 24 p=0.0001 2~15 7.0

lateral shoots(short)

*  Stem-cut trees in 1996 at the height 2.0~2.5m in a clonal seed orchard.
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Table 9. Analysis of diameter characteristics of crown top shoots in each

age class(unit : mm).

a g e C-tree”
class I I O IvVv VvV VI VII|F-value
shoots Range Avg.
. ) 11.05
terminal main shoots [14.1 20.2 154 16.8 15.7 13.3 16.2 9~22 149
p=0.0001
terminal lateral 5.32
80 101 73 80 82 7.1 7.7 1~15 79
shoots p=0.0001
subterminal main 10.72
21.1 27.8 21.4 23.4 20.7 18.1 20.0 10~34 21.9
shoots p=0.0001
subterminal lateral 4.80
96 12.1 94 10.7 96 10.2 8.2 4~18 10.2
shoots p=0.0001
main shoots of 5,03
subterminal 81 94 69 82 77 78 65 i 3~18 94
p=0.0001
lateral shoots
lateral shoots of 384
subterminal 45 46 3.0 41 36 38 3.3 i 2~10 5.3
p=0.0001
lateral shoots
sub—-subterminal main 15.82
25.2 36.2 26.0 30.9 26.8 25.4 25.3 12~50 31.6
shoots p=0.0001

*  Stem-cut trees in 1996 at the height 2.0~2.5m in a clonal seed orchard.

974€ Table 9914 M whs} o] RE SEo] 7 JFitl Fol4

X,
T ol
N

197 A4 G dFA oA 13.3mm~20.2mm=E IV>VII>V>>1>1
2 o] FA A 65mm~8Imm=E II>IV>I>VI>V>IT>

2R 130 AAe G dEx oA 7.1mm~10.1mmE [I>V>I=VI>VII>IT>
VIgH <oln, dd=x9 =94 3.0mm~4.6mm=E [I>I>IV>VI>V>VII>]
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I+ o)Ak 2d3F Aepa(ddS4) 82mm~12.1mm=E [[>IV>VI>V=I>1

Table 10. Branching angle of shoots in each class(unit : degree).

1 _ *
WEES I I m vV VI VI|F-value U
shoots Range Avg.
terminal lateral 6.81
60.6 56.7 64.8 60.7 67.6 51.0 64.4 30~70 44.7
shoots p=0.0001
subterminal lateral 2.36
65.6 64.9 68.2 64.2 68.0 57.6 68.0 40~85 64.4
shoots p=0.0314

*  Stem-cut trees in 1996 at the height 2.0~2.5m in a clonal seed orchard.

27847 54 S FAY ABA G SAY AL ERTG A Y
B}y o},

WAt FadFA e A 2o A 51.0, ~67.6, = V>II>VI>IV>I>I>VI
AdH wolH, AdZFA e ¥A 7t = 576, ~68.2, & MI>V=VI>I>II>IV>
VIgs w22 ZtH(Table 10). =3 Y Jaztel] GdFA 9 #£x7to] A
=29 BA7Zt Bt} £& Z4EE olF 1 Yled, ol AdSH M= o]y
T 283 5 Ao FIHe FHE fg ZEo] ARV wWiEd o=
RiEan2=

Table 11. Number of lateral shoots of crown top shoots in each age class

(unit : ea)
1 _ *
WCCERS I m v v VI VI|Fovalue | ST
shoots Range Avg.
) 2.03
terminal lateral shoots |55 57 50 49 55 4.6 5.0 2~8 b5
p=0.0630
subterminal lateral 4.64
3959 47 56 51 51 57 4~17 7.0
shoots p=0.0002
lateral shoots of 802
subterminal lateral 2.2 30 36 38 35 33 3.0 ' 2~18 6.0
p=0.0001
shoots

* o Stem-cut trees in 1996 at the height 2.0~2.5m in a clonal seed orchard.
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Table 12. Length of terminal main shoots, terminal lateral shoots and main

shoots and lateral shoots of subterminal lateral shoots(unit : cm).

1 B s«
- ageclass |\ oo ovovrovi| ©Tee
SHoots Range Avg.

terminal main shoots 42.3 435 20.0 32.0 22.3 23.4 20.1|12~70 42.8

terminal lateral shoots 249292118 21.0 14.2 156 11.7]10~52 32.3

main shoots of subterminal
25.7 306 139 26.317.3 183 12.1| 8~50 32.9
lateral shoots

lateral shoots of subterminal
96 106 45 88 54 51 39|4~31 144

lateral shoots

* o Stem-cut trees in 1996 at the height 2.0~2.5m in a clonal seed orchard.
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Table 13. Length of subterminal main shoots and lateral shoots(unit : cm).

age class C-tree
I I OO I1mv v VI VI

shoots
Range Avg.

subterminal main shoots [27.0 39.6 24.2 40.2 22.7 29.1 20.3|20~50 33.3

subterminal lateral shoots |14.0 25.2 14.6 26.4 144175136/ 9~35 21.3

* 1 Stem-cut trees in 1996 at the height 2.0~2.5m in a clonal seed orchard.
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Fig. 6. Diagram of crown top shoots in each age and crown-controlled tree.

The number in a circle indicates the number of lateral shoots.
Table 123 Table 135 T3] BH 22 o A&t AddFA] 9k Ad=A]

A= 2 dFoA 195 13.0cm, 9 F 14.4cm, I F 9.6cm, IV F 13.8cm,
VA+H 83cm, VIGH 11.6cmet VIS H 6.7cme] =Fol7F A, S dFx] <9}
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Fig. 7. Growth characteristcs of Pinus koraiensis trees in age class I ~VI.

D terminal main shoot with a length of 20.0~43.5cm and a diameter of 13.
3~20.2mm.

@ terminal lateral shoots with a length of 11.7~29.2cm and a diameter of
7.1~10.1mm.

@ subterminal main shoot with a length of 20.3~40.2cm and a diameter of
18.1~27.8mm.

@ subterminal lateral shootswith a length of 13.6~26.4cm and a diameter of
8.2~12.1mm.

(® main shoots of subterminal lateral shoots with a length of 12.1~30.6cm
and a diameter of 6.5~8.2mn.

® lateral shoots of subterminal lateral shoots with a length of 3.9~10.6cm
and a diameter of 3.0~4.6mm.

(@ sub-subtermianl main shoots with a diameter of 25.2~36.2mn.

8: : branching angle of terminal lateral shoots, ranged from 51~68°.

82 : branching angle of subterminal lateral shoots, ranged from 58~68°.
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Fig. 8. Location of age class I plot arrangement.

1- Non-treatment for timber, 2- Non-treatment for nut, 3- Central leader

type plot, 4- Vase-form plot, 5~ Open-center—-natural form plot, 6- Thinned

plot for nut, and 7- Thinned plot for timber.

_79_



Table 14. Survey of plot before and after thinning. plot size- 10mx10m.

Before thinning After thinning

No. Height(m) D.B.H(cm) No. Height(m)  D.B.H(cm)

U-1 55 8.0 T -1 45 8.2

U -2 55 7.8 T -2 5.2 10.2

U -3 5.1 7.2 T-3 5.2 10.9

U-4 5.0 5.0 T -4 5.0 8.7

U-5 47 45 T -5 4.2 6.8

U-6 4.8 5.1 T -6 39 5.0

U -7 55 75 T -7 3.7 4.2

U -8 55 9.7 - - -

U-9 54 8.4 - - -

U - 10 4.2 45 - - -

U-11 45 7.8 - - -

U - 12 5.1 6.1 - - -

U - 13 55 9.4 - - -

U-14 6.5 8.8 - - -

U - 15 6.6 11.3 - - -

U - 16 5.4 8.1 - - -

U - 17 5.3 55 - - -

U - 18 55 6.7 - - -

U - 19 4.8 5.4 - - -

U - 20 55 9.2 - - -

U-21 49 45 - - -

U - 22 5.3 5.8 - - -

U - 23 55 95 - - -

Avg. 53 054 7.2 £1.96 Avg 45 +0.62 77 252

A& Qe 7ol ol glol b el Qlatell= of 280 A= <&
o] AL Ao 7 dFHH(700E/ha), i1+ 45m, FLAEL 7.7cme] ATt 9]
AoRE °F 70% BEo d&o] HEHIUSTS & +F U

29 ¥ P40l glol Aol %ol Easte] ALNE WP AN
AP s At Z2 Aoz AGH A ¢4 BRE YA
EES HAFUYoRZ 7ol 7hA 9] oA vl S F=3 $ s
FYxde AN 2 St AA FEEAEe BE AAF0Y 992 o
3 3 ok(Fig. 9)

5 7 =y H AdA 2AF &2 ofel o] Table 159 -t
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Table 15. Investigation of age class I stand.
©) @ ® ® @
9.3+2.1 11.7£1.8 11.0£0.7 7.3+2.0

plot ) )

DBH(cm) 75£19 7.7+16 95421
Height(m) 5.4+0.7 54+0.7 6.2+09 6.1£0.8 6.8+0.6 59+0.3 4.2+0.6

D- Non-treatment for timber, @- Non-treatment for nut, @- Central
leader type plot, @- Vase-form plot, ®- Open-center-natural form plot, ®
- Thinned plot for nut, and @- Thinned plot for timber.

A% FAT FEW BHY A9 29F Ay g )
BE(BA QNS G T, T3 QRS G9F FHU, BA QRS 99
Rd, Tk AR 9% 0, 28 F b Pl o@ FEEA)eR e



S AAE 24 59 WAL 05ha BER EAMA AA

A

Al S AN F a5 A A s ARk At
s AR o

Fig. 10. Location of age class II plot arrangement.
1- Non-treatment for timber, 2- Non-treatment for nut, 3- Central leader
type plot, 4- Vase—form plot, 5- Open-center—natural form plot, 6- Thinned
plot for nut, and 7- Thinned plot for timber.

2952 19wl el Fast FaAAdel o] & 3 F AelE HolA=
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eFdth = 7 3 o AA AR W& oF#j o] Table 1794 #t.
e

29 F TEAYel glof A Ago] BFstel AgnE WP AAA
AP fEE AN @S Ao BuHnh we] 4 BE FEx4
E2e WAFHPoR /o] el Lol MuNFS RES F AP
FP2Ae AN Atk A FPEAYe BE WAF0E G o

Table 16. Survey of plot before and after thinning. plot size- 10mx10m.

Before thinning After thinning

No. Height(m) D.B.H(cm) No. Height(m) D.B.H(cm)
U-1 9.7 14.8 T-1 9.5 22.3
U-2 7.6 15.0 T -2 75 15.0

U -3 6.6 11.8 T -3 9.8 149
U-4 9.4 20.0 T -4 7.3 138
U-5 8.9 132 - - -
Avg. 8.4+1.30 15.0+3.10 Avg. 85+1.31 16.5+3.90

Table 17. Investigation of age class II stand.

plot ) @ ® @ ® ® @
DB.H(cm) 153436 15.7+t4.1 16.7+3.4 17.7+2.0 18.8+3.7 182+3.1 185+4.0

Height(m) 88+1.1 9.6+1.6 9.5+1.5 10.0£0.8 10.1+0.8 10.3£0.5 10.2+1.7

DO~ Non-treatment for timber, @- Non-treatment for nut, @- Central
leader type plot, @- Vase-form plot, ®- Open-center-natural form plot, ®
- Thinned plot for nut, and @~- Thinned plot for timber.
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Fig. 11. Structural frame for the investigation of tree performance after

crown shape control in age class IL
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Table 18. Information of central leader type trees in age class IIL.

Root .

No. Tree number diameter(cm) DBH(cm) Height(m)
1 49 26 20 13
2 52 30 22 13.7
3 54 30 23 14
4 66 30 25 14.6
5 50 33 23 14
6 98 25 20 13
7 70 37 23 14
8 158 21 20.6 13.2
9 196 16.5 12.5 10.2
10 176 20 18 12.3
11 182 24 20.5 13.2
12 169 26 22 13.7
13 138 30 23 14
14 162 25 20 13
15 132 31 25 14.6
16 186 22 18 12.3
17 163 24.8 21 13.3
18 173 25 24 14.3
19 161 26 18 12.3
20 136 27 21 13.3
21 167 21.8 15 11.2
22 181 34 31 16.3
23 166 24 19.5 12.8
24 175 34 29 15.8
25 183 22.8 17 12
26 171 26 22.8 139
27 188 275 24 14.3
28 174 25 23 14
29 165 23.8 19 12.7
30 159 29 25 14.6
31 187 24.5 21 13.3
32 242 25.3 22 13.7
33 250 33 27 15.2
34 246 29.5 245 145
35 243 29.3 25 146
36 248 30 24 14.3
37 249 35 28 155
38 245 31 24.3 144
39 338 37 26 149
40 343 28 22.5 13.8
41 337 22 17 12
42 328 36 28 155
43 336 40 30 16.1
44 330 24 19 12.7
45 402 30 24 14.3
46 405 42 28 155
47 430 34 27 15.2
48 432 28 22 13.7
49 434 39 22 13.7
50 408 35 26 149

Avg. 28.60 22.64 13.83
S. D. 5.54 3.82 1.24
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Table 19. Outline of age class III stand.

i Sl
Age class| Age Root(gzgneter DBH(cm) |Height(m)| Soil (op)e Direction
18.847.1 15+5.2 11.1+2.0 |Clay
M 2L 35 | 3~40) |(49~186)]10am| 2 | O2OW

7t S o] A= Table 203 7t}

Table 20. Tree number and acreage of age class III stand.

Total No. of Remained trees after thinning
Acreage t bef Conserved
(ha) rees betore Total | Thinned stand
thinning stand
2.453 4,254 2,027 671 1,556
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Fig. 13. Central leader type tree in age class III for timber and nut

production.

4 BRI} HEIEY AAY 2}
20004914 2002974 3] AR 2ARNAE FF Aot FA)
el T A7 FH I AP AolF 2RI AmsHO, Fo

2 wid AR ool

7k 2000 A A3}

AR AFBe Faot gelA e Aw 9d;, Ad 107474 g9 A=
gglon, 53, QY Fuse AWIAE Mud AT AR By
o1} AR Fol 7k ZA| thehgth(Table 21).
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Table 21. The number of cones per tree.

No. of Cone

No. of

Treatment

SD. Range
245

Mean

Trees

0~ 62

18.3

7(4)"

Control

35.7 0~107

40.4

9(6)

2m Stem Cut

22.9 0~ 93

12(11) 31.7

Im Stem Cut

. The figures in parenthesis indicate the real number of trees used for

*

the analysis of cone and seed traits in this study.

o]

pud

3 AFZo|E 2m @7 AFEEo] 1m

=
=

w3k A

R

b =2

=
=

of WAE

o))

FFgFow Alg¥ T An 5(1992)

o

B 13kl o, Puntieri

A

1, ot

93]

SA 9] A ek # 9]l 9
=0a B

o
T

(1998)

=N
o

70%°] A

KeR
=

T3k Pinkard®} Beadle(1998)

B 7EA 9 v S AAAASY 50%0] HA A

FSA k.

S

=13
=]

E
o}
A= 2

0

EE

R
L.

o
H

12

3|

AT

Bl s

=

TH7E 370 ol AHE AFTE (FAY 4E, 2m I 68

G O e qia A

AFS

o
T

=3}

—

ARl

T FAEs F

)
=

)oll thste]

=

_89_



o] 7l gl Aoz AR

Table 22. Cone fresh weight, length and width and seed number and seed

weight of a cone.

Treatment Size Eresh Length  Width Seed Number Seed Weight
Weight (g)  (cm) (cm) (ea) (g)

Control L 403.3+£59.7 16.3+0.3 83+0.8 175.8+25.1 120.7+10.2
) M 385.0+472 16.1£1.3 84+08 142.8+25.3 96.2+11.9
S 3175%479 144+10 80+06 122.8%20.0 30.6+17.2
2m Stem [ 420.0+74.0 16.6+09 84+04  177.6+15.8 124.2+16.7
Cut M 280.0+49.8 13.7+1.2 7.7£04 142.0£244 86.4+11.9
(+) S 206.7+£337 11.7#0.8 7.1+04  125.3+18.9 64.3+ 9.8
Im Stem [ 332.7#57.3 15.2+0.8 75+06 167.7£21.9 107.5+13.0
Cut M 250.0#65.4 135%#1.4 68+06  139.6+17.2 79.0£14.7
(+) S 2045+52.8 115+1.3 64+0.9 1005+18.7 57.6+14.7

Size L, M and, S : Large, medium and small cone by size.
+: At the significance level of 19, every investigated trait in the same

treatment differs from cone size.

T A7 g 73} AFE, dojet F Bl Fig TAFeE FAH Al
ot HitS AHHEE 2m @3 AFE ()M 4 420.0g, 16.6cm, 8.4cm,
177670 2 1242g°o 2 HAE YeErA o™, Im ©3F AFE()d A 77
204.5g, 11.5cm, 6.4cm, 100570 2 576g02 HAXZ Yt oA An 5
(1992)e] F43 npojzto] ZAol £PxdL Fre] AV|E TN B
o] & Aow AT wEhA oz BTy e A7 slojof oy
A ImE $71a @ets A ugAshA] e AAY w1l

Tl Fx EAl tidt "Wz A4 (Dunncan’s test) Table 23] e}
aok G714 A% 7t ATE, T SAFANAAE @3 B o2
oAl zol7t I EJ o, T3 Aol Fakgoll A= zfol 7t I A &

Skt

Table 227 239] #A55 T nZIARH FHE, 2m @ AFE, Im @
D ATE £og2 FHEAH 43 o YEhY g@itoz 3 A &
A3} Fa7p o)A A vk theke] AR @ GRS Away] witd Fit
of FA Av] 2 g FAe FAZE FAg ne] AsEHe Aoz A
ERaA=4



Table 23. Analysis of Duncan’s test for cone characteristics.

. Seed
Fresh Length Width Seed .
Treatment Weight(g)® (cm) (ecm)™  Number/cone(ea) We(1gg)h t(/f;)ne
Control 338.6 (A) 146 7.8 (A) 151.2 102.2 (A)
2m Stem
Cut 3084 (AB) 141 7.7 (A) 149.8 93.4 (AB)
Im Stem
Cut 262.4 (B) 134 6.9 (B) 135.9 81.4 (B)

*

and *: Significance level of 5% and 1%, respectively.
A~B: Duncan’s grouping (Means with the same letter are not significantly
different).

Aol FHEA gk AR WA AN974)e AUTF A5 RS
11~13cmola, 733 FAFE 90~1507/ = Baustgow s} o) AA
(1994)2 50e] Fd 5o FE ZAFste] F34o] 132cm, 723 6.5cm 2
THFA 2388go 2 Histdom, s F(1999)2 A AFELe T
S 243 Ay g = FAFE H~14412 Bkt 53], oAE 5
(1997)2 & A9t TdF FroA ALY HePdxd 8] FARELS
ZAbstaL Fatgo] & 9 B P zAE] 2442 129em, 74em H 233ge]
o v FEHE Ao 217} 125em, 69cm E 214g 0 & B aa gt B Ao ¢
FEALE ol A YEERT thh 53 Aow Yeged, oA F
P&o] FHEAo] g5t AEo] AEHGon 53], FE, AdE % FH
m2 Aol AAFA 2ol 2 A5 ETHAn 5, 1992; e 5, 1999). 19
D2, g5 % oo tigh ZAF A&KHETA(H A 33] oY) FE, AE B F
Ho| digh Wo] FAERE ofvet AFAS FE AR AYsted Eso] E
Aot}

A= 10709 FAE do Adksle] AL
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Table 24. Characteristics of seed length, width and weight.

Treatment Size Length (mm) Mean Width (mm) Mean Weight (g) Mean

L 15.4+1.3 10.1+£1.2 0.54+0.1

Control M 15.3+1.2 15.2 10.3£1.2 102  057£0.1 0.56

S 15.0+1.2 10.1+1.6 0.56+0.1
L 15.7£1.0 10.2+1.0 0.59+0.1
2m Stem
Cut M 14.3+1.0 14.6 9.4+0.9 9.6 0.45+0.1 048
S 13.7£1.0 9.1+1.0 0.41+0.1
L 15.2+0.9 10.2+1.0 0.55+0.1
Im Stem
Cut M 14.4+1.3 14.4 9.7+1.2 9.9 0.48+0.1  0.50
S 13.8+1.2 9.8£1.1 0.46+0.1

AEEo T2 Aol LA g Fghs AuEY, 2m 9 AF
(o]l Z+z 157mm, 10.2mm % 059go 2 HPA S yelilon, i3
= 2m 93 AFE()ANA 242 137mm, 9.1mm 2 041go = ERS D]—

e shA e FAY AFE TAEACl dtd AFEETY g
Aow Uetytoy FoAde dAB8HA Gt 58], 7% SAHRE w24
2m @ AT EH] FAEG] 7MY UA dERET o)A 3 2d Aol
e tFA o] PHo R FEFe FolA A vt %X} FAo] EFadES e
= AeRE FTAY G- AR NS AdAE AFEun AdE 7o 3=
AAsE Aol Bads HoFEt) stk (Nienstaedt, 1985; s+, 1993; o]
5 5, 1997)

SHdel T o] A (1994) 504 FHF] FAEANS A A3 FAp- o9
2 7b7b 152mme} 102mmi‘r"’ Hastglomn o9y (192 ¥4 4
o] daEE 69 T4 TAZole & 77 15.8mmet 10.5mmeEfal X
st = 2 AT FAEAEHN AR AEES HoFa Atk 2y ol
B 21997 FExAE H$YxdEe pFipdoe], = 2 LA Uy
FPzHEol 247 154mm, 108mm % 0.67golal, WGPz AEo] Zhzh
139mm, 10.7mm % 0.60gl. & Hildle] B Ao HEA7 QL y= §-AHS
AFE HoFa oy 3 248 3 AFE Hues i EA e
o| AL AT A4 FUIdoRE g AR &8(20006) A FHoE FAHY
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Table 25. Total seed production per tree.

Treatment Total seed production(g)
Control 1870.3
Z2m Stem cut 37734
1lm Stem cut 2580.4
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Table 26. The number of cones per tree.

No. of Cone
Treatment

year 2000 year 2001 year 2002

Control 18.3+24.5 10.3+5.1 22.2+10.6

2m Stem Cut 40.4+£35.7 6.7+2.3 30.1+19.3

Im Stem Cut 31.7£22.9 8.7+3.1 9.4+11.8
4 AYE 3 AFTEAAME 2m @ AFTEO] Im @ AT HRG B
A3bee net, ot ATl A4 B ¥olE UEhl: oldu ¥ 4
Qom LA FE IF= G 23y 73 FHId FHEe Ao AL
¥t oJAL oFe AdFEAMAE F YEY AW (An T, 1992; Pinkard

and Beadle, 1998).

TH7k 3 ol HtE AFE dstel Awd T 4T, Ao, E I

TG FAF FATA SAS BAF UG Table 279 vheh ek

3 AFY, dolsh E D ARG FALE FATAN hE FEe vn
o), T3t Aol #AY AFEe|, T3} E& Im

Ao AFZol vh Aol wa) wawA A
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Table 27. Cone fresh weight, length and width and seed number and seed

weight of a cone.

Treatment 2000 2001 2002
Control 338.6 238.9 291.7
Fresh Weight
2m Stem Cut (@) 308.4 259.2 301.4
g
1m Stem Cut 262.4 196.1 299.3
Control 14.6 13.5 154
Length
2m Stem Cut 14.1 13.3 14.2
(cm)
Im Stem Cut 134 125 15.5
Control 7.8 8.2 9.2
Width
2m Stem Cut 7.7 8.3 9.3
(cm)
Im Stem Cut 6.9 9.3 9.6
Control 151.2 111.2 126.6
Seed Number
2m Stem Cut (ea) 149.8 121.5 107.7
ea
1m Stem Cut 1359 119.7 1195

DG 10740 FAE Qo] Awstel 2AG FA Lo, E I RAE

Table 28 WERH AT

T 5L FA Aol F @ YA B A AFHe] T Aele] vle

430 here,
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Table 28. Characteristics of seed length, width and weight.

Treatment 2000 2001 2002
Control 15.2 14.9 17.0
Length
2m Stem Cut 14.6 15.0 16.6
(cm)
Im Stem Cut 14.4 14.0 16.9
Control 10.2 10.0 11.8
Width
2m Stem Cut 9.6 9.7 11.3
(cm)
Im Stem Cut 99 95 11.8
Control 0.56 0.48 0.82
weight
2m Stem Cut (ea) 0.48 0.40 0.80
ea
Im Stem Cut 0.50 0.45 0.78

Table 29. Total seed numbers per tree.

Treatment year 2000 year 2001  year 2002 Avg.
Control 2767.0 11454 2810.5 2241.0
Z2m Stem Cut 6051.9 814.1 3241.8 3369.3
Im Stem Cut 4308.0 10414 1123.3 2157.6

ofN

A A S dotry] g8 dEY T TATE AESAT. 1 AgeE
Table 29¥ 2t d5TF F TATE <F4F FTA5(Table 27) x 45T
T-%=(Table 26)>¢ st A4kgk Aot} 2m w@kso] 2000 &2l 3i&
A9stas o2 Ao Hle €53 B AiES Yeliidh ol dde]
thEFe] AAkel Qo] A FAAALEH ol A st
Bl A% 3369.370 = 2m ©iHEo]l HESHA AR o™, Im @i ET
56%, HIEFER T 50% 57t

1o

TREES AT 45 B2 T4 ANES 7O ¢ s AeR ARdEH
ek, @3t A4S et sERAe A AdEe S7TI=

=
b Qs 92 Aow wddth A
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WES WA gol, T3 AR Fol,
Aol ZaE A2 F ddx Az

A= FAEEY A FA] 3 QA Table 3091 heRBICh

Table 30. General component analysis of seeds produced from the thinned

and unthinned stand (unit : %).

Crude Crude

Sample Moisture Ash . . Carbohydrate
lipid protein
Thinned stand 4.10 2.59 67.62 17.27 3.42
Unthinned stand 3.74 294 71.94 17.50 3.88

e PEEo]l 410%, FRPEEo] 374%%ew, o g 33 &
(1990)°] ® gk 440%¢F 7 5(1988)c] HiLgh 55%H U= thah v s
et o, &(1987)0] B gk 342~386%¢< #H w(1984)°] K ig 33~
42%H = vha w2 ghe YERSIT

3|79 ke P Lol 259%, FAbE ROl 294% % o, o] ke g &
(1990)°] H.argk 2.19%, £(1987)°] B gk 25% % 7 5(1984)o] Rk 2.
4~28% K= ThAa w2 ghS YEdlth

At o s 3R dAZECAM ds HeM 92 5, FUIEK, Mg,

Fe, Ca, Mn, Zn, Na, Cu % P &)& ou|gty ey 7189 A4 dF
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Table 31. General component analysis of seeds produced from the seed tree

and stem-cut seed tree (unit : %).

Crude Crude

Sample Moisture  Ash lipid protein Carbohydrate
Seed tree 4.26 2.08 68.59 18.13 6.94
Im stem cut tree 4.10 2.09 69.52 17.96 6.33
2m stem cut tree 3.99 2.15 72.53 17.56 3.77

St AFEO] 426%, Im @il 410% B 2m WHIFEo] 3.99% =
ERLE, o] gh& d3 84(1990)0] Hargh 440%¢F H 5 (1988)¢] H.argh 550%
Hube= oA v g3s Uetdilov, 0987)0] gk 3.42~386%< 4
(1984)°] B3 33~42%HTte T Be e YUt ole BA 2t
A9 AA T AWt AH F BAAAL] A7) Aol AR

off

3] S AT Ho] 2.08%, Im @] 2.09% B 2m WiFEo]l 2.15%

Rom o] ke s} 3(1990)°] Hardk 2.19%, &(1987)0] Hidk 25% =
5(1984)0] ®aldk 24~28%H T tha vhe kS YETh

Aol gk AFHol 6859%, Im ©@rbEo] 69.52% 2 2m T o]
72.53% = YERY o] k2 gkt &(1990)0] Hargh 67.31%, &(1987)°] R i1g
70.90~74.16%, 7 w(1988)°] K ig 69.2%, 7 F(1984)°] H g 69.0~
69.8% X E(1975)7} Ha1gk 69.8% ¢t & xfol& HolA| kT

oAl gEFe A FHo] 1813%, Im TiHEo] 17.96% 2 2m ©HiHEo]
1756% %= teEbLE o] b2 ghat 8(1990)¢] Hardgk 183%¢F 3 5(1984)°] K
3 16.3~17.3%%F & AolE HolA Fokrh

TFaE9 FEFS AFEol 6.94%, Im Tl 633% H 2m WiHEo
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Table 32. Fatty acid composition of seeds produced from the thinned and

unthinned stand (unit : %).

Fatty acid

Sample
16:0 16:1" 18:0™ 18:1 18:2 18:3"

Thinned stand 6.35 0.08 2.37 32.83 54.92 0.19

Unthinned stand 6.69 n.d. 2.96 31.93 55.40 0.23
Fatty acid
Sample
20:0 20:1 20:2 20:3™ 22:0
Thinned stand 0.45 1.74 0.79 0.13 0.15
Unthinned stand 0.49 1.55 0.66 n.d 0.09

“ and " : Significantly different at 1% and 5% level, respectively.

n.d. : Not detected.
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7V Eol drEol = AWARE Linoleic acid(18:2), Oleic acid(18:1) =
Palmitic acid(16:0) =02 o] 37Fx|7} AA] = H2ke] 949 o] A4S x}x|3FaL
A ATt

olzko]l HAxHowr  HFEFForwt = A WAHLinoleic  acid(18:2),
Linolenic acid(18:3) 2 Arachidonnic acid(20:4)] % Linoleic acid®} Linolenic
acid 2% 9 A ato] B ghfEo] e, Linoleic acid(182)= HE
o] 54.92%, F-FFHEo] 55.40% %] U, Linolenic acid(18:3)+= 3+
ol 0.19%, FiPEEoe] 0.23% o] glo] FidEo] b= vl o
e etk
Linoleic acid(18:2)%= E.(1975)7F H.a1gk 48.80%, #1(1981)¢] H.a1dk 4550%,

[T

Hir
flo
o

7 F(1984)0] H gk 4856%, 7 F(1986)0] Mgk 46.70%, &(1987)°] H.il

Sl 4792%, 7 5(1988)°] X 18k 4357% 2 sk} 3H(1990)°] H 313k 43.64% K
e o A UERET ol i AFelA el Aol B4 AHeR 5o
A= 59,12-Pinoleic  acid(18:3)7F  #HE%A  &Zk=d HEA] Linoleic

acid(18:2)¢} 7 AZE Aoz Agxw, o wiEd E A3 Linoleic
acid(182)7F & A7-#59] #FrY dix 52 e Ued Zow Asdn

Linolenic acid(183)% Z(1981)e] H®H3dt 051%, #H S(1984)°0] R 3k
0.68%, (1987)°] H.irgh 0.48%, g3 £(1990)c] gk 0.31%, A 5(1988)
o] B3k 208% L E(1975)7F R 14.70% < v w Linolenic
acid(18:3)9] o] W Fe& Fetetd AyAEwt o] ApolE Holal 9l
o}

Linolenic acid(18:3)7} o] # Al AFAErtth Aol& Hole A2 A A[WA
A Al Linolenic acid(18:3)7F 8 A %Akl Linoleic acid(18:2) vF= F e &
gEo] v F=AAEZS A H(packed column)oll ¢F E] A Linoleic

¥

o

acid(18:2)¢Fe] &5k ez Aol A ol Aol wpap &=k Aol
7bo Aoy A ARAE Fo stdE AWAE B4R AMEEE Gas
chromatography¢] Column® =}¢] & Packed Column¥ Capillary Column$]
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el ok Apolekar A= E T, 1987 @2 3, 1990).

A el wE AR ] AfolE Yotr 7] flste] T-HAS AA
A3 Palmitoleic acid(16:1), Stearic acid(18:0), 8,11,14-Eicosatrienoic
acid(20:3)= o4+ 1%9lA], Linolenic acid(18:3)& #2ol4F 5%°lA #-9
dol A=At

Palmitoleic acid(16:1)9] 3} IHH o] 0.08%, FIHH &L $haFo] YEh

o

2] ¢k¢ktl. Palmitoleic acid(16:1)2] steFe 7
0.05% % 3} 3(1990)2 0.16% 23l K 313} S T},

Stearic acid(18:0)¢] g2 FbH&Eo] 237%, FiFHES 296% AT
Stearic acid(18:0)9] =S F(1975)+= 1.50%, #(1981)22.20%, # S (1984)
1.84%, 7 5(1986)2 1.98%, &(1987)>1.47%, 3 S(1988)2 1.90% % st}
3H(1990)2 2.49% a3l X313k Tk

8,11,14-Eicosatrienoic acid(20:3)9] 32 IFHEo] 0.13%, FHE 52 ok
o] yElA &tvl. 811,14-Eicosatrienoic acid(20:3)¢] &=k
1.80%, # 5(1988)2 2.30% % gt #(1990) 1.12% eFil K a1shith

ojf

(1986) 0.14%, £ (1987)=

1 AR FEAols A T FHesh ANt B4 Bl -
Aoz Atg®vhal &l

acid(18:2), Oleic acid(18:1) % Palmitic acid(16:0)= 2l o] A AR &k
o w1 e e Auate] Aol Ae gle Aow AZA
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Table 33. Fatty acid composition of seeds produced from the seed tree and

stem—cut seed tree (unit : %).

Fatty acid
Sample
16:0 16:1° 18:0 18:1 18:2 18:3
Seed tree 6.18 0.08 3.03 31.94 55.25 0.21

1m Stem cut 6.52 0.02 2.98 32.45 54.74 0.21

2m Stem cut 6.32 n.d. 3.10 32.24 55.00 0.21
Fatty acid
Sample
20:0 20:1 20:2 20:3" 22:0
Seed tree 0.50 1.77 0.76 0.12 0.16
1m Stem cut 0.51 1.64 0.69 0.04 0.20
2m Stem cut 0.52 1.77 0.75 n.d. 0.09

* : Significantly different at 5% level.
n.d. : Not detected.

7P wol &t

rr

o] & AWAFES Linoleic acid(18:2), Oleic acid(18:1),
Palmitic acid(16:0) 9= o] 37k A Wike]l A e 93% o] &3 AFAekaL
AA et

Linoleic acid(18:2)&= A F&Ho] 55.25%, 1m ©HEo] 54.74%, 2m TIHE ]
55.00%7F &%) 9%t} Linolenic acid(183)% AMFE, Im ©@iHE 2 2m
9HE B 021% i E] AddTh

Linoleic acid(18:2)+= R(1975)7F ®.11& 48.80%, #(1981)°] H.aLgh 4550%,
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7 5(1984)0] R 4856%, 71 S(1986)°] Xk 46.70%, &(1987)°] XL
Sk 47.92%, A S(1988)°] K13k 4357%, 3+ 3(1990)°] R a3l 43.64% K Th
ta =A UERETh o] of A el A ek HH BN FipE o] gl
Zol sta4l Ao A4y oR 5o 9= 59,12-Pinoleic acid(18:3)7F & A
Linoleic acid(18:2)¢} 7 &= o] & A5-9] Linoleic acid(18:2)7} € A3}
9 #ET g w2 g dEkd Aojga AtgHh

Linolenic acid(18:3)%= #A((1981)¢] ®a3sk 051%, 7 S(1984)0] Hargh

rr

0.68%, &(1987)0] H.irgh 0.48%, -2} 2(1990)¢] Hi13gk 0.31%, 4 5 (1983)
o] Bagk 2.08% % X (1975)7F B33 14.70%<t vlwe uf ko] xolE
Btk o] ol oA oA @@ B LA go] te ATasi
Aol7t Uiz ol gk e Zloleba ApEHLY,

FRzd wE A kel ApolE dotr ] fiste] F-AAS A
A3} Palmitoleic acid(16:1)¢} 8,11,14-Icosatrienoic acid(20:3)0 A9t o4&
5%0ll A ol 178 ¥ At

Palmitoleic acid(16:1)¢] ¥ AF50] 0.08%, 1lm o] 0.02%°] U2
U 2m ©@gbEo A= ER Al eFskth Palmitoleic acid(16:1)¢] %2 #H &
(1986)¢] 0.14%, £(1987)°] 0.05%, 3} 2(1990)°] 0.16%etx Kk 71 Hrh
= oA v gs dErdSlth

8,11,14-Eicosatrienoic acid(20:3)¢] 3r&F2 AFHo] 0.12%, Im ©iHE<]
0.04%°] oy 2m @iHEolA = YERR] @dtl 8 11,14-Eicosatrienoic
acid(20:3)9] =S R (1975)+ 1.80%, # 5(1988) 2.30% 2 g +(1990)
<+ 112% 2har ®arste] & A AdRE Y= i w2 ghe YERITh

Wbe] whE AAE S A= ovlaste]l & w) B Al 2% 0]

ste)o] gllon shf-EFo]l thHE(93% o]AH)S XA &= Linoleic acid(18:2),
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20009 35 FA9 BAARE 4719 2ol AW AEde] AN
o, 7] A wpgel oF 20029% A4 Aol B4 AmE obddl A4

gttt (Table 34¢F Table 35).

Table 34. General component analysis of seeds producted from the seed

tree and stem-cut seed tree (unit: %).

Component Moisture Ash Crude lipid Crude protein Carbohydrate

Seed tree 1691 1.74 59.29 16.46 5.60
Im Stem-cut tree 19.15 1.74 57.95 12.75 8.41
2m Stem-cut tree 2027 1.67 56.57 13.29 8.20

Note: Nitrogen coefficient(factor)- 6.25.

Table 35. Fatty acid component of seeds producted from the seed tree and

stem—cut seed tree (unit: %).

Fatty acid(%)
Cl6:0 Cle1 C180 C181 C182 C183(v) C18:3(a)
Seed tree 5328 0.060 2258 27360 47.257 13570 0.123
Im Stem cut 5536 0.061 2321 27594 46958 13.489 0.185
2m Stem cut 5402 0.061 2230 27528 47.155 13.506 0.184
Fatty acid(%)
C184 C20:0 C20:2 C20:3n9 C20:3n6 (C22:0
Seed tree 0275 1406 06853 1.112 0.101 0.134
Im Stem cut 0401 1365 0678 1.057 0.088 0.129
2m Stem cut 0392 1402 0695 1.102  0.097 0.131

Sample

Sample
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Fig. 14. Example of suggested form for garden plant.
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B

Fig. 15. Systematic diagram for commercial garden plants.

A: Ball-type. B! Egg type.

HEs AR oF 37E § A % @282 Table 363 2T

R

Table 36. Survival rate according to grafting.
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Table 37. Grafting ratio by clones.

Clone No. of grafts Survival Ratio(%)
KW8 20 17 85
KW23 20 19 95
Kwo64 20 19 95
CB1 20 19 95
CB2 20 17 85
KK18 20 17 85
KK27 20 16 80
Total/ Avg. 140 124 83.57

Fig. 14. Grafted seedlings.
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