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The development of laborsaving natural regeneration
method for Pinus densiflora forest
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SUMMARY

I. TITLE

The development of laborsaving natural regeneration method for ZFPinus
densiflora forest

II. OBJECTIVES AND CONSEQUENCE

Leaders who assembled at the event of fostering pine tree forest have
been insisted on the development of regenerating a laborsaving pine tree
naturally and a working process and cost for raising a secondary growth
forest which is proper for the actual situation of Korean pinus densiflora
forest stand to grow a pine forest as it is.

For the past half century, we have been striving for an artificial planting
and a forest tending work because of the making progress of Korean
mountains and forests and a forestry condition. However, it is time to
introduce natural regeneration constructively to keep pace with a rapidly
changing domestic and foreign forestry condition and an alteration of Korean
forest stand from now on.

Unfortunately studies in natural regeneration are in a beginning stage.
Especially the research on the development of laborsaving natural
regeneration is wholly lacking.

Producing natural regeneration of laborsaving pine forest, a working
progress, and cost which take the circumstances of Korean a pine tree stand
- vegetation competition with a broad-leaved tree, a shrub layer and a
humus layer, a forestry working force, and a social demand on eco-friendly
forest working - into consideration is a duty and an urgent research project
for forestry professionals to raise a pine forest labor-savingly.

A pine stand not only function as a 7richoloma matsutake plantation, but
also as a lumber production. It is necessary to arrange pine trees by
age-class for a lumber production of a continuos superior character pine
tree. However most of Korean pine tree stands are 307 40 years old, and
they have reached a final age when they were 10~ 20 years old. Also they
are threatened with extinction of 7richoloma matsutake production as they
grow older. Therefore the development of sustainable secondary growth
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pine forest promotion, laborsaving natural regeneration is urgent.

As it is written on the national anthem, a pine is the subject of lumber
production and a Z7richoloma matsutake plantation and the central body of
Korean natural surroundings and culture.

For example, the influence of pine forest around Gyeongju Bulguksa on its
ornamental plantation is enormous. It is unfortunate that most pine trees
around old temples and picturesque places are dead ripe trees. Accordingly,
the development of natural regeneration is an alternative plan to retain the
life of a pine tree labor-savingly.

III. RESEARCH CONTENTS AND SCOPE

1. A seed tree and fruiting habit lifesaving that determines the success and
failure of natural regeneration

2. Regeneration side seedling after clear cutting in strip, development of
seed-tree regeneration method, natural regeneration of
coppice—with—standars which its upper layer is a pine and the lower later
1s Quercus spp., and the natural regeneration development of a single tree
mixture forest and group mixture forest

3. Clear up the influence of moisture soil, shade, humus layer differences on
the growth of a sprouting pine seed and seedling through a greenhouse
experiment.

4. The yield of natural regeneration working progress and cost

IV. RESULTS AND PROPOSALS

1. RESULTS

7}. The development of laborsaving natural regeneration method

1) Considering the characteristics of Korean pine stand, removing a shrub
and humus layer at the same time is an essential operation when side
seedling after clear cutting in strip, seed-tree, mixture forest and

coppice—with—standards regeneration
2) There are little significances in survival rate and generation of seedling
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between removing a shrub and humus layer and removing a shrub, humus
layer and soil cultivation

3) Comparing to number of natural seedling per 1m in large area group
seed—-tree regeneration, single seed-tree and small area group seed-tree
regeneration(330m’ : 374 trees), large area group seed-tree regeneration
is 4 or 5 times bigger than single seed-tree and small area group
seed-tree regeneration.

4) There are no significance in the number of seedling per 1m' between
single tree mixture forest and group mixture forest testing area. In the
case of group mixture forest, natural falling+ artificial seedling testing area
which located along the ridge line was able to inherit succession tree, and
most seedling in the testing area located near the valley was dead.
Therefore, it is considered to foster artificial forestation rather than natural
regeneration in a valley.

5) There are no correlation between secondary growth forest formation of
pine tree and oak tree mixture forest and coppice-with—standards(upper
layer : pine tree, lower layer : oak tree) and shrub and humus layer remove
and shrub layer, humus layer, and soil cultivation remove. It is considered
that only the remove of shrub lay and humus layer is the possible way to
inherit a successor tree.

Y. The fruiting habit of Pinus densiflora

1) All form of forest (pine tree pure forest, coppice with standard forest,
isolated tree) was a clear difference in number of cone fruit bearing by year.
The number of cone of 2002, during investigation period, was the most, by
an abundant year and 2003 was fewer, by a bad crop year, 2004 and 2005
could determined by a medium harvest year.
2) The pattern of bearing habit was similar in number of cone by year for
stand special quality of pine tree pure forest(sparse stand, dense stand,
forest edge), number of cone of experiment tree of dense stand was less far
than experiment tree of sparse stand and forest edge.

These results were considered that the experiment tree of sparse stand
and forest edge have enough sunlight and growth space, but experiment tree
of dense stand due to inactive growth by unbalance of nutrition by sunlight
insufficiency and narrow growth space.



3) The pattern was similar in number of cone by year stand special quality
of solitary tree(the age of a tree is 30~40 years old, 50~70 years old, over
100 years old). As the age of isolated tree is older, number of cone was
tended to be more beared fruit.

4) The experiment tree of a high class situation beared a lot of numbers of
cone more than the experiment tree of a low class position in a good
harvest year, and it was no signifiant difference in a bad crop year, and
number of cone of experiment tree of a bad position was much than
experiment tree of a high class situation in a medium harvest year.

5) The pattern of good harvest, bad crop, common crop in coppice with
standard forest was similar with the type of pure forest and isolated tree but
it was no significant difference between a single tree of coppice with
standard forest and a group of coppice with standard forest.

6) In form of forest(pine tree pure forest, coppice with standard forest,
isolated tree), there was no significant difference between average seed
number per cone and a good harvest year, a bad crop year, a medium
harvest year, but in case of pine tree pure forest, there was a significant
difference between the special quality of stand(sparse stand, dense stand,
forest edge). In case of pine tree pure forest, the number of seed per cone
in experiment tree of dense stand was less far over 10% than sparse stand
and forest edge. It was estimated that was due to a different growth
condition, sunlight and growth space, etc.

7) The cone contain 41-60 seeds per cone occupied 56.7% of all, was the
most. All the analysis of seed and cone was approved by Duncan's multiple
range test.

8) The seeds, the considerable part of whole quantity of dropping, 77~84%
of all, fell in November and December concentrically, both in good harvest
year and in bad crop year, and for the most part of whole falling, 91~95%
of all, dropped within 20m from trunk.

Therefore, it was estimated that it is efficient that seed collecting and
working of arrange forest floor execute within 20m from stem for nature
seeding.

9) It was estimated that can supply enough seed that need in nature
regeneration in a good harvest year, but it was judged that artificial seeding
is essential additionally besides nature seeding taking account of seed
germination rate and natural waste rate if wish to enforce natural
regeneration in a bad crop year.
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}. Soil moisture, the intensity of radiation and humus layer thickness effect
to the survival rate and the characters of seedling

1) In case of soil drying testing area, there was no correlation between the
thickness of humus soil and the intensity of radiation as the average
germinating rate is 10.7%

2) In case of soil good moisture testing area, there was no correlation
between the thickness of humus soil and the intensity of radiation as the
average germinating rate is 87.4%

3) In case of soil hydro—-morphic testing area, there was no correlation
between the thickness of humus soil and the intensity of radiation as the
average germinating rate is 73.7%

4) In case of soil drying testing area, the surviving rate was the highest as
10.2% between the intensity of radiation 70%, 100% testing area and
humus layer thickness Ocm, 2cm disturbance testing area

5) In case of soil good moisture testing area, the surviving rate was the
highest as 81.7% between the intensity of radiation 70%, 100% testing area
and humus layer thickness Ocm, 2cm disturbance testing area

6) In case of soil hydro—morphic testing area, the surviving rate was the
highest as 32.2% between the intensity of radiation 70%, 100% testing area
and humus layer thickness Ocm, Z2cm disturbance testing area

7) In case of soil drying testing area, the average T/R rate was 1 between
the intensity of radiation 70%, 100% testing area and humus layer
thickness Ocm, 2cm disturbance testing area

8) In case of soil good moisture testing area, the average T/R rate was 2.2
between the intensity of radiation 70%, 100% and humus layer thickness
Ocm, 2cm disturbance testing area, and it had the most healthy growth
As a whole, the surviving rate of seedling, the sprouting rate, and T/R rate

in soil good moisture testing area and the intensity of radiation 70%, 100%,

humus layer thickness of Ocm and 2cm disturbance testing area was the

healthiest

2}. The work process and cost investigation analysis in natural regeneration
method of pinus densiflora
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According to the results of work process investigation in stand floor
development for natural regeneration, The time when it removes the middle
and lower layer stand was 23 person/ha. The removal time of humus layer
and soil cultivation respectively was 7 person/ha and 14 person/ha. The
result of this work process was higher than arrangement work(24 person/ha)
of afforestation prearrangement location and afforestation work(18 person/ha).
But consequently it will be able to omit a humus layer removal work and a
soil cultivation work to the location and it judged with the fact that the
natural regeneration work will be economic because the seedlings price is
not included. The work of grass cutting because the initial vegetation
occurrence is low will be used with 2.57 4.4 person /ha.

2. PROPOSALS FOR PRACTICAL USE

1) The analysis on fruiting habit of seed trees of the pine trees can be used
as essential material for natural regeneration

2) At the formation sight of natural regeneration which looked upon the
situation of Korean pine tree stand and pine tree successor, it is possible
to prepare a guiding principles

3) The actual spot testing area can be used as a pine tree natural
regeneration and successor forming for education

4) A working progress that depends of the circumstances of Korean pine
tree stand can be used as an indicator of successor formation

5) The influence analysis about the effect of moisture, shade, and humus
layer differences on the growth of pine tree seed and seedling through
greenhouse experiment can be used as an essential data for pine tree
natural regeneration and successor formation.

6) The method and results of the research will provide new ways of
research directions about natural regeneration of Quercus spp., Cryptomeria
japonica, Chamaecyparis obtusa, Larix leptolepsis.

7) The results of the research can catalyze a depressed pine tree successor
formation labor—-savingly.

8) This could not only listed on forestry textbooks, but also used as a
standard principles of pine tree successor fosterage.

_12_
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BErsm s 2 A Z A}oERF MEuEE 07y
Al MY 1 1-5 ZAA| - & a%E| (N 37°017°26.27 E 129°12°12.27)
ALY Al Z 2004 8 - 5 Y Z=AIR|] Bi:: 10X10m
A% AtHFTS °Het: 810m YA 25° S 240° L35 M|t 2~4cm
AS(FEFE<m>) 3% 2135 (%) Fol(m) 322 7 (cm)
T, ¥EZ ENERS 90 10714 24743
Ty o} &% A 85 479 10723
S A=xS Ay 80 173 274
S #te] 20 0.89]3} -
Tree layer Subtree layer Shrub layer Herb layer
Species D-S Species D-S Species D-S Species D-S
1 DL 5.5 DL 11 QL 3.3 m2| 1.1
2 QLS 44 25 2.2 25 +
3 a2 11 s 2.2 QL +
4 m2| 2.2 aEss +
5 HFuLIs + HFuLIs +
6 LIS + e +
7 all = | + [l +
8 EFgLIF + =NIsR +
9 ENSM +
10 i B +
11 LIS +
12 ==t +
13 |sLHE +
14 FE=E +
15 M2 R 32 +
16 LS +
17
18
19
20
=T DBH(cm) HAE(H)
et e DLIS 43 44
QLS 14.5 44
QLS 14 82
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NET MY : 67

AL A 220042 84 5

AR &

ae| (N 37°01°79.77

E 129°12 " 334 ")

ZAIR] 2 10X10m
A% ptagol of: 737m | ¥AE: 5° Y 118" |cted® =M: 3-5en
A (EZ<m>) +AE 2137 &(%) Fol(m) 312 7% (cm)
T, ¥EZ ENERS 90 13717 22754
Ty obul &3 A 50 5712 7721
s A=z A 80 174 176
B A 40 0.6°]3} -
Tree layer Subtree layer Shrub layer Herb layer
Species D-S Species D-S Species D-S Species D-S
1 DLS DL 2.2 QIAULIS 2.2 o= 1.1
2 QIAULIS 2.2 2= 11 aF +
3 SiELIS 11 all=C | 2.2 =4 +
4 [SEby 2.2 = LB +
5 ol =G| 11 °fi|Li2] +
6 EIsM +
7 8sLE +
8 E&Le r
9 =ELIF r
10 olgLis +
11 a3 +
12 mr2| +
13 ML R|3=2 +
14 fala = 1.1
15 A2l +
16 ojeg r
17 Eo{=2|HE +
18 Srhiss +
19 FE= +
20 =t = r
T DBH(cm) AR(H)
DL 54 75
et e DL 12 24
QILS 8.5 28
QILS 7 27
SiELIS 18 44
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BErsm s 2 A Z A}oERF MEuEE 07y
Al MY 8 ZAA| - & A=pe| (N 37°01°85.27 E 129°12°31.37)
ALY Al Z 2004 8 - 5 Y Z=AIR|] Bi:: 10X10m
A% phspio| °Het: 730m BAR 20° Bt 175° L3 Mt 2~4cem
AS(FEFE<m>) 3% 2135 (%) Fol(m) 322 7 (cm)
T, ¥EZ ENERS 95 207 24 58771
Ty ofu 53 A 90 8716 8742
S AEZF A 55 173 174
B A% 20 10]3} -
Tree layer Subtree layer Shrub layer Herb layer
Species D-S Species D-S Species D-S Species D-S
1 DL 5.5 QLS 44 = 11 el 5 1.1
2 ZELIF 2.2 LIS 2.2 SNEM +
3 SErE 11 QL 11 QL +
4 ZFULIs 11 s 11 LIS +
5 BlERL I 11 m2| + = +
6 a2 11 SIS + ==t +
7 25 11 25 +
8 HFuLIs + m2| +
9 b +
10 i B r
11 A2 +
12 M2 R 32 +
13 HFuLIs +
14 O|Sg =L +
15
16
17
18
19
20
=T DBH(cm) HAE(H)
DLIS 71 116
JEF B . DL 13 41
QLS 42 56
=ELIF 28 52

_30_




BErsm s 2 A Z A}oERF MEuEE 07y
Al BT 9 ZAA| - T Awpe| (N 37°01°85.6° E 129°12°33.27)
ALY Al Z 2004 8 - 5 Y Z=AIR|] Bi:: 10X10m
A% H=SF °Het: 716m AR 10° Bt 120° L3z Sml: 6~10cm
AS(FEFE<m>) 3% 2135 (%) Fol(m) 322 7 (cm)
T, ¥EZ ENERS 90 207 26 36770
Ty obul &3 =3 90 10718 17728
S A=xS Ay 70 174 175
ES B e 30 0.8°]3} -
Tree layer Subtree layer Shrub layer Herb layer
Species D-S Species D-S Species D-S Species D-S
1 DL 5.5 ZELIF 44 = 2.2 O|S9 =L 1.1
2 =&ELIF 2.2 QLS 11 QL 2.2 QL +
3 SErE 11 SEIALIR + LIS +
4 =&ELs 11 SNEM +
5 m2| + 25 +
6 25 11 =AILsR +
7 LIS 11 AR r
8 arFE r
9 i B +
10 =&ELs
11 oz +
12 AR +
13 otessky r
14 Z r
15 M2 R 32 r
16 Srag LIES r
17
18
19
20
=T DBH(cm) HAE(H)
JEF B DL 68 108
=ELIF 40 89
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BErsm s 2 A Z A}oERF MEuEE 07y
Algs 8y 10, 11 ZAA| - T Awpe| (N 37°01°88.97 E 129°12°40.37)
ALY Al D 20044 8 & 6 Y Z=AIR|] Bi:: 10X10m
A% AtEAS oHEt: 732m FAL 30° B 337° L3 Sm: 3~6em
AS(FEFE<m>) 3% 2135 (%) Fol(m) 322 7 (cm)
T, ¥EZ ENERS 80 14718 24734
Ty obul &3 A 95 8712 10720
S AEZF & & 4 75 174 174
B A e 40 10]3} -
Tree layer Subtree layer Shrub layer Herb layer
Species D-S Species D-S Species D-S Species D-S
1 DL 5.5 QLS 5.5 = 2.2 arFE r
2 QlLs 11 DL 11 25 3.3 ool = 2.2
3 LIS 11 QL 11 EaEsxs +
4 BlERLISF 11 s 2.2 R|2|CHArZE +
5 e ziEEy + LIS +
6 zletey + IS +
7 ety +
8 AU A|at r
9 °fILt2] +
10 =AILsR +
11 ==t +
12 S B
13 QL +
14 = +
15 LS r
16 et |+
17 miz| +
18 O|Sg =L +
19
20
=T DBH(cm) HAE(H)
et e DLIS 34 52
QLS 18 48
QLS 16 44

_32_




ERER D

e MEs o7y

AlgT BT 12,13

ALY A 2004 8 6L

ZAIR| @ &I aFE| (N 37°01 79047

ZAR] EX: 10X10m

E 129°12 " 34.8")

A% AtHFTS °Het: 734m BAR 30° Bt 120° L33z Sm|: 2~5em
AS(FEFE<m>) 3% 2135 (%) Fol(m) 322 7 (cm)
T, ¥EZ ENERS 80 17720 28 747
Ty o} &% A 70 8714 14726
S AEZF A 65 174 176
e B e 25 0.8°]3} -
Tree layer Subtree layer Shrub layer Herb layer
Species D-S Species D-S Species D-S Species D-S
1 DL 3.3 QLS 3.3 QL 2.2 s +
2 QlLs 3.3 ZELIF 2.2 m2| 2.2 m2| +
3 =ELIF 3.3 25 2.2 QL +
4 HFuLIs 11 CHARZ +
5 s + 25 +
6 O|Sg =L + O|Sg =L 1.1
7 LIS 11 LIS +
8 =8smneE| + falml +
9 =AIsR +
10 m2| +
11 SEM +
12 M2 R 32 +
13 AR +
14 FE=E +
15 [Ses
16 Herb layer 22riisg +
17 =CHErZS MaLE r
18 ==t r b r
19 =&ELF
20 & +
=T DBH(cm) AR(H)
DLIS 47.5 66
JEF B . QLS 21 47
=ELIF 28 45
=ELIF 21.5 23
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HsosD oty 2 A Z A)ofRF MEEE 07y
Al BT 14,15 ZAA| - & a®e| (N 37°01°92.27 E 129°12°31.87)
ALY Al 220044 8 H 6 Y ZAMR| S 10X10m
R|%g: Algs oHgt: 742m BAR 25° Bt 178° SIS M 2~4cem
A& (EF<m>) +HE 219 £(%) Eol(m) T4 7 (cm)
T, &3 ENES 90 13717 26745
Ty obaulss Ay 80 7711 10722
S AEF K= 80 173 174
S A% 35 0.8°]3} -
Tree layer Subtree layer Shrub layer Herb layer
Species D-S Species D-S Species D-S Species D-S
1 ALt 5.5 oL 2.2 =g 3.3 mr2| +
2 QLS 2.2 oS 2.2 EsM 1.1
3 =ELIF 11 olgLis 11 falmi i 1.1
4 mr2| + 2= +
5 SErE + all= | 1.1
6 olgLis +
7 aF +
8 ool = +
9 a3 +
10 LIS +
11 I8sLE +
12 of|LtE] +
13
14
15
16
17
18
19
20
F DBH(cm) AR(H)
et e DL 45 65
QILS 18.5 41
QILS 14 34
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BErsm s 2 A Z A}oERF MEuEE 07y
ANZEP YT 16-20 ZAA| - & a%E| (N 37°01°92.27 E 129°12°31.87)
ALY Al D 20044 8 & 6 Y Z=AIR|] Bi:: 10X10m
A% AR - A °Het: 604m YA 35° Bt 116° L33 M|z 1~3cm
AS(FEFE<m>) 3% 2135 (%) Fol(m) 322 7 (cm)
T, ¥EZ ENERS 85 16720 34765
Ty obul &3 A 90 7714 16728
S ALS 55 50 175 175
S B 20 0.89]3} -
Tree layer Subtree layer Shrub layer Herb layer
Species D-S Species D-S Species D-S Species D-S
1 DL 4.4 ZELIF 3.3 =8mneE| 2.2 =8mneE| 1.1
2 SELIF 11 QLS 44 LIS 2.2 LIS +
3 ZHufiLis 11 QL 11 LS +
4 HELIS + AR +
S ZHfLts + =UEM +
6 = 11 CHARZE +
7 = + alME +
8 grechs +
9 el 5 +
10
11
12
13
14
15
16
17
18
19
20
=T DBH(cm) HAE(H)
DLIS 42 75
JEF B . QLS 21.5 42
QLS 17 50
SELIF 29 71
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4 Hd3k(1971-20001) 4 A=(2004% T 2005%)
(<} 2=
wa | oAn | A4 | oww | ow | Aw | ag | oee | L0 5T
Ae | e | de | aww | e | de | e | BTE) B
1 6.1 -3.3 1.0 45.3 6.4 -2.8 1.3 57.4 3
2 6.8 -2.3 2.0 49.1 7.8 -1.7 2.9 23.5 4
3 10.5 1.4 6.0 66.7 11.5 1.7 6.6 61.8 5
4 16.5 6.9 11.9 74.3 19.2 8.0 13.5 66.4 8
5 20.7 11.3 16.1 17.5 20.3 11.7 15.7 16.5 10
6 22.7 15.5 19.0 105.8 24.6 16.5 20.3 62.5 8
7 26.3 19.9 22.9 153.6 27.3 20.8 23.7 220.2 13
8 27.3 20.7 23.9 191.5 27.4 20.7 23.6 268.4 13
9 23.9 15.8 19.8 169.2 23.9 16.9 20.1 273.5 15
10 19.9 10.0 14.9 77.0 19.8 10.3 14.9 54.6 7
11 14.0 4.2 9.0 61.1 15.8 5.1 10.4 8.9 3
12 9.0 -0.9 3.6 38.1 8.1 -1.8 2.8 7.5 3
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E2-4 & B 2AXGe] AXF sFele] AFA EY ol5eA 4P tehyl
Aol agele] SHRIAAR ARG e AAGE} AAAGER, A}
WERE ALAGES AAGE, AFRIE ALIER Yehdd, 2o e
ASR(79.0%)7} 7P Ekor], AMFRIA A Uepdt), njale] gae

oF Wt A=5-98.9%)004 71 @A dEbst. HE] e
ol A mleAl vebstth adEeld aude]l Exstal gl Ao EgAtEE
pH 4.7 AF2 249 Aoz Yeigton, APz & AJo]E 1

Fil

2-4. 2337 Ao ST ZxA S B oghety A4

Exchangeable

Sand! siit L q Available c N CEC cation
_ - and| Si ay| p
fie P20s C/N 100
v @) | @) | (@) |10] ° @ | @) | N |me/ (me/100g)
(ppm) g)

Ca++ Mg++
74.3 (11.3 |14.4 |4.61 |16.31 4.38 10.32 [13.54 |10.12 1.30 0.56

olr
2
ox |z

APEZE [73.0 |12.5 |14.5 [4.60 [10.56 4.11 |0.28 [14.30 | 9.78 1.43 0.58
AP EE |71.2 |13.6 |15.2 [4.70 (8.78 3.13 [0.23 |13.21 [11.59 1.56 0.69
APEEHE- [73.2 |12.6 |14.1 [4.63 [10.20 4.50 |0.31 |14.23 |10.27 1.62 0.59
Al =5 79.0 | 8.9 [12.1 |4.58 |12.40 3.77 (0.26 (13.84 | 9.52 1.79 0.78
3) AN

20043 9€ HAAsFAHTE A 20060 6L7HA 7t F SEAAE I A
Hpe] Wstel] WA= EA ST i s AerE Aol H A8
Fololl H A= FTFS A5
55 AAs A

A7) $iste] 2

oﬂr/}
A .

28 ARE EOR AAANEE 24F 3 dA s ARe) Wl 2 A
AL e B A
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A 2002, 2002 %77 dx] A3, pp 121.
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w9l 159, Y471, ppl362.
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A9, 1967, AZ=FAYA A, TP E A, 35pp.

) 7dMl ¢ 239, 1991. =Yt BE pp347

S AATE]. 2001, AU HAS ¢% 54 AXEAY. pp.236.

gl ets], sl AT 3], 2002, FAAUYTE A 5EHYH A Ao dig
AFEAA. ppld4.

Dennis E. Ferguson and Clinton E. Carlson : 1993, Predicting Regeneration
Establishment With the Prognosis Model. pp 54.

Raymond C. Shearer and Jack A. schmidt : 1998, Natural regeneration after
harvest and residue treatment in a mixed conifer forest of northwestern
Montana, USDA Forest Service, Rocky Mountain Research Station,
Forestry Sciences Laboratory, Missoula, MT 59807, U.S.A. 274-278

i %54:. 1986, KM ZE & 8 /dKTi€. pp398.

AL JitkZE2s. 1985, R E#E 2 5. ppl28.

Ve r R¥EAT. 1974. 7 %~ (Pinus densiflora)? RKIKTHIZT B WEAEDWIE DO REEC
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T3 G FAHETE THE] 4 AERAdAN Haow FAHE THE 10704
AFTFAAR 3-7) AA AXZAZAR 3-8) tha EHE FAA 3-10) Foll A
AEH HHE AAT s FAE Fod go 2 HERITh

T12]an ofe] FAME ARE EUE 20029%FH 20059704 ¥, dE 543
AR AUy Fare 79 2 FAETY o 42 Duncan®] ths A
A (Duncan's multiple range test : DMRT)S. 2 413}t

A etk HjabA e S8 W SR ARES Yo R Sto] Kol A
2 5m, 10m, 15m, 20m, 25m, 30m, 35mA A4 1m x 1m 79 FALEAIA
3-5¢F AR 3-6)S A7 AA(F TA)E] SA ST

\]
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% 3-12 d¥HEUT 9oy, T8, 19HE), 98 SAdE@wm, 2,
2uT gede] ARl o SR, A ¥ agla 8 30~404d<A) 2
B RY >, 48 50~704, 9 100 ol hE RS 7 AlgE o
g 4% Amet 7 AP P4s dAHez e A

SEETI R Awd T34 Of)

&
=4 =4 o _;r\_a.] B 1 _,F:ﬂ il
R Zol A7 2002 2003 2004 2005 A
Q) (m)
(cm) (m)  (m)
PS-1 37 19.2 175 9.0 5.5 97 22 47 41 51.8

PS-2 37 202 170 9.0 47 101 17 36 47 50.3
PS-3 41 224 170 9.0 52 37 2 27 20 215

Z(6i)

PS-4 37 187 17.0 9.0 4.7 81 18 41 46 46.5
PS-5 35 18.0 17.0 9.0 6.0 75 21 31 35 40.5
Lt 374 19.7 17.1 9.0 5.2 78.2 16 36.4 37.8 42.1
. PD-1 40 182 18.0 75 4.2 27 2 7 11 11.8
- PD-2 39 175 18.0 7.5 4.5 35 2 8 4 12.3
; ) () PD-3 37 16.2 18.0 7.5 4.2 17 0 2 4 5.8
o PD-4 37 17.2 185 7.5 4.5 26 7 11 7 12.8

_"5_ PD-5 37 15,6 18.0 7.5 4.4 15 1 4 0 5
2 ki 38 16.9 18.1 7.5 4.4 24 2.4 6.4 5.2 9.5
PE-1 37 20.2 165 7.5 6.6 117 21 45 37 55

sup PE-2 37 234 16.0 8.5 7.0 115 17 75 85 73
G PE-3 40 24.3 16.0 8.0 7.5 100 25 41 45 52.8
oefn. PE-4 37 19.7 16,5 7.5 6.6 98 8 37 40 45.8
PE-5 38 19.7 175 9.0 6.5 125 32 52 60 67.3
Lt 37.8 21.5 165 8.1 6.8 111 20.6 50 53.4 58.8
ks 37.7 194 17.2 8.2 55 71.1 13 30.9 32.1 36.8
SC-1 45 26.5 18.7 10.7 8.8 87 17 35 30 42.3

SC-2 47 25.1 195 11.0 7.6 121 31 47 45 61
g2 za SC-3 50 255 215 125 8.0 140 20 52 67 69.8
SC-4 47 247 19.2 11.7 8.0 90 11 42 54 49.3
SC-5 50 273 20.0 11.0 75 80 27 30 45 45.5
H+t 47.8 25.8 198 114 8.0 104 21.2 41.2 48.2 53.6

=4 GC-1 49 274 20.0 9.7 7.7 92 11 33 40 44
GC-2 49 25.4 205 11.0 85 127 27 40 35 57.3

- GC-3 51 29.3 205 12.0 85 100 31 30 35 49

Tt FH

GC-4 51 31.4 210 115 7.7 95 10 27 41 43.3
GC-5 52 287 21.0 11.0 85 97 24 41 45 51.8
Lt 504 28.4 206 11.0 8.2 102 20.6 34.2 39.2 49.1
ki 49.1 27.1 20.2 11.2 81 1029 20.9 37.7 43.7 51.3
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Na=e 33 A%E T4F D
o) oy E X AFE AT 2=y &L 2231 TR sk
e oowe e BTTET TS e T Zel A7 2002 2003 2004 2005 A
() (m)
(cm) (m) (m)
SY-1 37 190 145 7.5 7.0 96 27 62 47 58
SY-2 41 215 155 82 75 95 21 58 70 61
30404 SY-3 39 187 165 95 80 125 41 71 65 755
A SY-4 45 17.1 150 95 7.0 111 15 47 72 61.3
SY-5 40 195 17.0 100 7.5 105 23 71 67 66.5
3t 404 19.2 157 89 74 106 254 6L8 642 64.5
SY-6 40 217 200 85 80 111 35 52 41 59.8
SY-7 44 217 215 9.0 80 120 45 40 47 63
30— 404 SY-8 38 222 245 95 7.5 127 27 35 51 60
(%191 1) SY-9 34 242 245 115 85 147 11 40 38 59

SY-10 35 17.7 182 95 8.5 160 17 30 40  61.8
B 38.2 215 21.7 96 8.1 133 27 394 434 607

J;}_ o his 39.3 203 18.7 9.3 7.8 119.7 26.2 50.6 538 62.6
o SM-1 72 375 275 8.7 105 245 60 95 87 122
B SM-2 75 355 265 7.7 10,5 287 71 87 83 132
T4 SM-3 80 40.1 275 7.7 125 185 55 70 60  92.5

50— 704 SM-4 77 342 255 85 125 270 60 70 85 121
SM-5 71 345 305 75 140 300 75 85 80 135

Bt 75 364 273 8.0 120 2574 642 814 79 121

SO-1 120 120.1 30.0 12.7 85 275 81 92 77 131

SO-2 117 90.7 29.0 125 10.5 325 77 86 100 147

] SO-3 127 995 275 9.7 120 270 65 75 85 124
100 )% SO-4 101 90.5 255 9.7 10.5 295 65 110 125 149
SO-5 121 1115 28,5 135 11.0 345 52 97 130 156

Bt 117.2 1025 28.1 11.6 10.5 302 68 92 1034 141

o his 67.7 449 232 95 9.5 200 46.2 68.7 725 96.8

A B (F 4570 A 53.6 324 205 95 7.8 135 29.5 49.2 526 66.7

T 2002 20034 20044 20054 Bt
AT ded 71.1 13.0 30.9 32.1 36.8
s 9 102.9 20.9 37.7 43.7 51.3
AHE 200 46.2 68.7 72.5 96.8

3E 3-20A yERdREe) o] AuF dedl A 199 20029
Lol AlEE 1670A @¥ "y ¥ e TLIANAL, 20039 kol =
13.070, 20043 30.970, 2005 EolE 3217090, 4d7H2002d ~
20059) H4 73 7= 36.8ME THY 71.7%, 1HF] 38% TEoE Tt
& ATk

Yo A ARE 107hA0 &
2003 == 20.970, 2004 Eol

A F3 = 20029 %= 102.970,
37.771, 20053 %0 = 437090, 4

ol [—a )
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W7H2002:d ~20059) Ht 73 = 51372 AUE dedBtE 39.4%
7F @A e HlEjA = 53% ol
IPE A AlRE 2070Al @9 P 3 = 2002 X0l = 20071,
2003 2ol 46.270, 20040 68.77H, 2005 =l E 72.570 2 Ve
o, 4d7H2002d ~2005) 4 7 = 96.871E Avy SeEdHETE
2.64], THRC= 1.9817F 2ot
2+ 913 To dAmd w} AAFelA FIE A7t S &
ATk ZF AP BF 20029 %] AAGTE 7B ki, 200349 =
7 Sort 20043 =HHE th gukstAl SUksk )
o
BN

o] Y A, FYol 27

|28 = e e N N is = 9 o wo
THEol A5a] Bk nH%ol FEE WE R AFTRe Aol
wafe] 7L O gl AAH: Aow ARHA.

o]_g;_ H -
A Fashd, 3 4 S 19k 200298 v ke F2d, 2003
A F2hd, 20049 9 20059 FAdow FReYHE Ut glg A
og wagoh

st el A4de Al FAs = ©8lE(carbonhydrate)e] €
(carbon)®} AAx(nitrogen)2te] HIEIA st Fa|AZL 7]/ H,

i
ofd mx O B

S W= FAME] whE) $told A (formation of flower buds)-7i3 2
Aol Fg-Ew, T2 FFoldts AAdL wep Ee Al whel 1
Fol thE2A dAct o= dxde dd Addo] HA e ddo] YERa
e FFoHUAE o= Ao AE dA FA AeE Aok ey EH
o= HY e FF Aidk(seed year)® UlEf AW oz dAs I A
AdEE dAS HFow F3Ea A F2Hgood crops)®] @(seed
yvear)¥ H|a A fERA o2 FIEC(EEREE, 1982)8ka sk Adpel fAbgh
Ao = AR EH AT

dE 2 T FdS AT 23 E 3-39 dF

¥ 3-3. 943 A 459 Duncan tF AA
d 3 N = IS F-%k
B T3 | 36.78 b 51.30 b 96.75 a .
20.587
N 60 40 80
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2% Duncan Grouping.
Y01 FYFEEol A fol gk

7 o2 20024 2003 2004 20054 3t
ES0) 78.2 16 36.4 37.8 42.1
(%) 24 2.4 6.4 5.2 9.5
dAF- 111 20.6 50 53.4 58.8

e
o,
o
fo
i)
=&
ol
o,

A5 A 5AE, S 2E7F &G
G-, 2L v g ARl Al e AlEES gider T
FE SAT A 1 3-4oA vERdnkel 2ol A&@)er Aol delA 2002
U= AlgE g 73 271 78.27], 2003 %= 1670, 2004 =) =
36.471, 2005 == 37.87H% ywERRo™, 4d3H(2002~2005) B -3

42. 1702 DS A9-Bobes 4.4007F @k, AR HsiA= 71.6%

4 B

o= 6.471, 2005 %ol+= 52702 YEs=d AWne A7 d0EE) S
of & F4rF 2= 3~7H) o] ©@okew 41d7H2002~2005)
T3 = 957ME AW Aol vEiA 22.6%, Al HlEiAE
2% SEo = JF At
U dedo] ool 9 20029 ElE 1117], 2003d =]+ 20.6
7, 200430 5070, 20053 =0 534702 vElgth. dAel S
b 20 2 DI Ag-ol vle) 1.3~21w) Fx ok
AAF-o A5 4d7H2002~2005) Ht % = 58.8/ME (D)Eie 8%
Hobe 14, ) 4 9-Rohs 6.2 7F Bkt
aUHE dede] AfdAe A0, 20, 94

7 5
oA A7) thAhe] ¥ (pattern)S FAFSHA UES oY HEE)TE AlY

o fon2 AN

o oY L

—
(o)}
\e)

b

[¢]

ol it 73 e 95712 AT AR AT AEE Fit 7
T 42170 2 58.870¢ w®lste] T 1/4-1/6 o2 FEd] A2 A

o2 e

F 3-5. A g dE 540 wE H 7959 Duncan W5 HA
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A 54 2=(Hit) L () PR F-gt
B P | 4210 a 9.50 b 58.75 a .
17.71"

N 20 20 20

2> Duncan Grouping.
T0L froEalA folEh

3 o} ; )
of frojide] gllont M) AlPES 2E AlFEY ddFe] AlY
el freldel itk oleh e Ade ddie] AFEEF A
A EL e - ASFIhe] & whd, LEDS JdEYg APES A
HRE F ASTNoR A% JFEY EdFoz Aol Ay wE
Jd AoR AztET)

P& S 8 30409, 50-70d, 100 o]4+

o= 77 st
© & 3-60°A YERAEEE o] 91F 30-40Wd9] A5
2002\ =0l = 119.770, 2003 == 26.27], 2004\ d =0l += 50.67H, 2005
Lol 53.879 e, 4d7H2002~2005) H T3 FE 62672 +H
5070l ¥l&d] 51.7%, £38 100:d o]Atol RlhME 44.4% FE=o2 7
A Atk

48 50-7099 A$ 20029EdE 257.47], 2003d%0E 64.27,
2004 @ 2ol = 81.470, 2005 =elE 79702 dEFon | 4d7H2002~2005
W) i 73 FE 12142 £E 30~40d BUube 1.93wi7d w@gka, o
1000 H]sjA = 85.8% ol dth.

5100 o] ARES A 20029k = 30271, 20039 kol =
6870, 2004\ =0l= 9271, 2005 =olE 103.4719 21, 4d7H2002~ 2005
W) A 7 e 4R 8 30~40F B 2.2548, ¥ 50~70d ®

= 1179 = P8 Bkt

LY Ee] Aol ol Foldel weh Tt we] Wl A golqr.

_1> ol

E 3-6. MO Y¥ S it 7o 5

T B 20024 20034 20044 20054 o
4 30~404 119.7 26.2 50.6 53.8 62.6
8 50~704d 257.4 64.2 81.4 79 121

4= 1004
e 302 68 92 103.4 141
o]}\}
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T8 30-40% B3 8 50-70d 2 1009 o]/de] AlF &zt

Aol Al
FeA o] AR ot =8 50703 100 o]AFe] Al

3 AEgel= FelAdol ¢l

ATHIE 3-7). 53] 8 50-70d 2 100d o] A@dEe 4§ Fado=

HEE 200390 B "t aberh Z42h 64.278 B 687824 3040
do] s Fd 73 g 26.2709F Blaste] 2u) o] wWo] A= Ao
= e
F 3-7. A¥E o 54 wE Fw 792 Duncan U #HA

dE A | 30~409A | 50~709A | 1009 o]% F-gk
g T 62.58 b 120.50 a 141.35 a
10.04
N 40 20 20

b .
*® Duncan Grouping.

© 0L felgEAA o3

A97E 3t Sl MAE e FHHI) sl 57 3040049 17
2o opgon A9 Lo YRR Aehs 2T A9 Fel JRGE

A
SR Avhs Ao R TR

B

of PAEE SHT AAE WH, K 3-8
oM vhebdsbst ol A9 kel A% A@EY FF T3} S 20029 w0

Yol

Fom, 413dzH2002~20059) Ht T Fv 60.7=E A9 Tl
94.1% FFolAtk. A9 T A9 AFEG Ht 73 F= 20029 %
10670, 2003d% 25.470, 2004 9% 61.870, 2005 %ol 64.27040H, 4
W7H2002~2005%) He 73 & 645702 XY LEOE 1.06W7F B3

3-
A5
T 13370, 2003 =el= 2770, 20049 =l E 39.470, 2005\ =ell= 43.470
H]
| =

FAER 2002 %ol = AY ko] Al@Eo] A9 o] AlRFET TR
7F Zoko F2hdo] 2003 dx0E A9 gl zpolzp Aol gllow, HAhd
¢l 2004 Eg‘r ZOOSLEEOHE— flasl K=t H N AlgEo] A9 o] Al E

¥ 3-8, N A9 P P 5

T B 2002d 20039 2004d 20054 R
e
133 27 39.4 434 60.7
30~409( )
Eatss|
e 106 925.4 61.8 64.2 64.5

30~404(H)
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ol UJF B)7F FAdel Afole A9 kel AFste AT g
7h FAdel= A9 FellA Agate AuFe] 7t B AFolgs
&ae A A= Skt

olg et A= AHES 7}x|7} Qlrtar Azt

TH A% 48 5498, = DJ% Y3 4 FHor TR 49
Arw T FE F 3-99A4 dEhduke o] BB FY e A 20029 Ee]
T AEEY Hit 73 $E 10470, 2003dEelE 21.270, 20049 %6l =

41.270, 20058 %0 48270902, 4d7H2002~2005) Ht T3 =
53.670% 4 FYETE 1.09ME 25 Bt 74 F99 A4S 20024
Lole AEEe HE 3 £ 1027], 2003d 20l 20.670, 2004 Lol =
34.27), 2005 == 39.2709 01, 4»%(200%2005»3_) Hat T 7=
49102 & FYo vlg 91.6% F+o2 7 HUrh

FTHo A5 A, F2d, 32 4&34 € (pattern)S AUF @<=da) 1
HE-o] si” (pattern)¥ frAbstou 5 TH I 2 T H =
A= Ao 7 eyt

T 2 2002 20034 2004 20054 B+t
i S 104 21.2 41.2 48.2 53.6
T T H 102 20.6 34.2 39.2 49.1
ool d¥ JF EA wE FHAFE SAHT Aue AABAHAA
HAdee] A4 A0 o] A5 dAne] A e AA-F C/N
S Y 7 UAEF HA 2-3d A F3e] 2GR e d
zkjo] A= ojof F& ofAleta QT

3E 3-102 497 AE 5 4570Ad 2" FF 11,99971E8 ATHEE
o oz AgE 1A & i 66.66707F AAd Aoz el
# 3-10. 4d7K2002~20059) B+ 3 9 AFHE A v& (ct
2:%)

0-2121-141-|61-|81- 101|121 | 141|161 | 181|201 |221|241|261|281

T o |40 | 601 20 |100 -12|-14|-16|-18|-20|-20|-24|-26|-28|-30

300

o] A}

H & (17.2|23.3]18.3|11.7(13.9| 4.4 | 44| 1.1 00| 0.6 |0.0]0.0|06|1.7|1.7]1.1
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T 3-10904 Uehdbulsl 2ol 2 AR5 gel

o} 345707hA1 2] WY ol thdstA H¥Esta oy AA Q] 84.4% o]ie
A& A 10070 wvke] 7 GElal e oz Yl 2 FolA
21-4070¢) W97F 23.3%% 7FE S EIXE Holn U, vLo=w

41-6070 H17F 18.3%, 0-207H ®W97F 17.2%, 81-10070 *H<7F 13.9%,
61-8070 WH7F 11.7% o= F3xstal dRNoemw, dAS 20% ol 100
Moelde] A 101-12070 9l 2 121-14070 "7 42 4.4%E A
AL, 261-28070 Wl 2 28170-30071 WM = 27t 1.7%7}F w3
shar Ao, 30071 o] HAANAE 1.1% HE=E YEFRT

% 3-11. A= 3 9 AFE dF v& (ck
A:%)
101(121(141(161]181|201 (221241261 |281
0-2|21-41-|61-]81-
T & 21-141-\61-181 -12|-14|-16|-18[-20|-20|-24|-26|-28 | -30 300

0 | 40 | 60 | 80 |100 o] A+

2002%1| 4.4 |89 (0.0 | 4.4 |26.8/15.6/13.3| 4.4 |{0.0[2.2[0.0|0.0|2.2|6.7|6.7|4.4

20034 (40.0{33.4|13.3|11.1{ 2.2 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0

2004 111.1(31.1|26.7|15.6{13.3| 2.2 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0

2005113.3/20.0|33.4|15.6{13.3/ 0.0 | 4.4 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0

E 3-112 FAd(2002%), &21d(2003), H2hd (20049 2 2005) ]
A5 7 BEE ASEE el Aer Fad]l 200292 FEdd
2003 el Hlste] AT 3 Fo Fx7E v AFe|on, 81-10071 9]
M7l AA L5459 26.8% oo zA JF wka, tSoz 101-1207
He7b 15.6%, 21-14070 W7F 13.3% wo2 wwsA  Hasirt
261-28071 9 281-30071 WA= Z5 EAYUA 47 oF 6.7% BE,
30070 ol/de] WA= oF 4.4% ALz FExstal 9L, FArdel HlsiA
= AAET 73 $7F Ao B Ao yEhET

T2l 2003dell= 0-2070 Wl 3k =7k A T3k o] 40% )
omA 7P B2 BXE drhiial islern, 4070 olste] W7k dAe] o
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81-10071 W97 U AL 2.2%5 2HA3kaL A om, 1417 H9] %
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o
S
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2,

el P g B BA 5

A=, NS, Hat ki

i HE 54 AEE NE —as 2003 2004 EE EE
PS-1 43.7 40.7 42.1 42.167
PS-2 40.5 41.3 39.7 40.500
) PS-3 45.0 44.5 40.2 43.233
PS-4 40.8 40.8 41.1 40.903
PS-5 41.2 40.1 39.2 40.167
Ry 42.2 41.5 40.5 41.394
PD-1 36.4 34.4 37.0 35.933
PD-2 37.6 35.7 37.2 36.833
sy 0 PD-3 38.1 35.6 38.6 37.433
el PD-4 38.4 36.1 38.8 37.767
e PD-5 36.8 34.2 38.0 36.333
3 37.5 35.2 37.9 36.860
PE-1 48.8 49.6 50.4 49.600
L PE-2 45.3 47.0 44.9 45.733
Gz PE-3 42.2 43.7 45.4 43.767
;; : PE-4 41.6 41.9 44.6 42.700
v PE-5 45.5 42.5 46.0 44.667
Bt 44.7 44.9 46.3 45.293
4t 41.5 40.5 41.5 41.182
SC-1 42.6 43.9 45.0 43.833
SC-2 44.0 43.1 44.3 43.800
e T SC-3 42.4 40.4 43.8 42.200
ew =9 SC-4 41.6 41.0 42.8 41.800
SC-5 43.7 45.2 42.6 43.833
3 42.8 42.7 43.7 43.093
SY-1 43.1 41.8 44.6 43.167
SY-2 42.6 43.1 43.9 43.200
agE Q9 I SY-3 43.7 42.1 41.8 42.533
SY-4 42.8 41.8 42.4 42.333
SY-5 41.9 42.9 41.7 42.167
B 42.8 42.3 42.9 42.680
AAGE (F2570A) 42.8 42.5 43.3 42.887

AU gede] A9 73 9 Hd TR F2dAQ] 20029 == 415
H, 49l 2003d == 40.59, B2l 2004d == 41.5¥ 0|l om,
HY AS T G Ho FASTE 20029 %0 E 42.89, 20030 =
4279, 20045 &= 43.79 0]

A§ o] RS A2}
HatEAr7E 20029 5%
42,9902 77} yEl
dIHE(EYT gl T, LTl oM 7 F AR Aot F
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ey & 3-16914 vebdet
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us A4

AdE EA 2~ (i) (%) AAH F-3t
Hd A 41.4 b 36.9 ¢ 45.3 a .
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#>¢ Duncan Grouping.

701 fregEel M Fel

ol b F Hi TA FE 36980 AN AFEY
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F 3-172 750708 9 7 Eolde TR AT
= 7 F 41-60%e] Seigl= FAvE AAe] oF 56.
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Wk 73 & A% T2 804 OW Eoldle 7He e A
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agal @ SRS ARG R dw)e] 7 7 A ASE A
< 3 3-19914 yrepuinel gro] Ap %—E%Q 2EDF AE =

dAF-o] AP EF FAEHA dERA T FHe] A9 73 F 41-609H0]
o] = Ao 65.3%=2 7M Eokow, 21- 40%1 o] = Ao] 33.3%=
I g o wokal, 61—80%1 5o Y= AL 1492 %
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¥ 3-218 F 219 22 Ao AR Fto2 Ry AR AXE
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SA3
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Al 5 A
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oHE3HAL p. 521.

Ho
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B3 A BEOHIED

—

Tl

p. 2.

=
77,

e AR IE =R ST 1

8]

DT, EIRE A

Y

Ny

ol

Ny

"

N
=]

Ak
8¢

el
1

A, 4

d

3

(o]
k=1

A, o|F &, 2003, AU}EPe] Ao}

3

do of

XMe|7t Aotz zt

T

5
i

100

100

A1 A A

- 187 -



19 43] Bz 2R
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X 4-1. EFARAY A G, ST F&, ASE, T/RE VA=
3k
. P
HA =127 Z A}
e ° 10% 30% 70% 100%
uko}-g- 11.90 11.83 14.33 12.17
0 RE£(6Y) 1.23 6.83 10.50 11.50
o BE=5(109) 0.13 6.17 10.50 11.00
T/R& - 0.74 1.17 0.86
ol 12.17 11.17 12.67 11.50
AEE(6Y) 1.17 5.23 10.50 9.83
2cm nL @ :r .
AEH(109) 0.00 3.27 8.17 9.33
T/R& - 0.37 1.26 0.58
uko}-g- 8.17 8.00 13.17 6.17
AE264Y) 1.83 2.67 8.77 6.00
Zem Ml AE :Dr(loi) 0.67 1.00 4.67 6.00
T/R& 0.34 0.42 1.13 0.51
Hholg- 9.83 10.00 10.83 7.57
AEE6Y) 0.50 1.33 3.50 6.47
5cm B @ :r R
AZ=5(109) 0.00 0.17 0.33 6.13
T/R& - 0.46 8.47 1.04
% 4-2. EYHETY AS S, FASTACL e, AEE, T/REA VA&
d3F
I ‘o %
Al = ZAbEHE
e ¢ 10% 30% 70% 100%
uhol-g 85.83 87.17 88.50 89.83
0 AE=E(6Y) 76.97 79.33 83.50 84.33
cm
AEH(109) 0.53 37.50 79.83 81.17
T/R¥ 0.37 1.05 1.96 2.30
wholg 84.33 84.77 89.50 89.17
_ BE£(6Y) 72.17 74.20 82.83 84.00
2cm gt . .
BE5(109) 0.33 30.60 77.83 80.17
T/R& - 1.69 2.22 2.26
urol-g 88.50 87.17 88.57 88.67
_ AE=E6Y) 81.50 72.00 81.17 81.50
2cm B L@ . R
AEH(109) 0.50 26.33 73.73 74.50
T/R¥ - 0.81 2.12 3.25
ukol-g- 84.00 86.17 87.50 88.73
_ BE£(6Y) 70.83 63.00 78.83 79.37
5cm B] g+t N R
ME5(109) 0.17 22.83 69.33 69.70
T/R& - 0.97 1.39 1.16
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E 4-3. BYAET A B, FASTA) dobg, AEE, TREN HAE
ki
3425 e 49
10% 30% 70% 100%
ol 69.03 60.17 85.17 85.17
e AEE6D) 4.40 23.33 41.00 38.17
AEE(109) 0.17 10.33 33.17 23.33
T/R& - 1.38 0.87 1.00
Hol& 66.83 61.37 86.83 84.33
- AEEG6Y 5.33 19.03 39.50 32.00
2cm WL -
£tg(1o%) 0.17 8.33 28.00 22.67
T/RE& - 1.13 0.53 0.85
3‘0}% 65.67 63.17 85.23 86.67
} AEE6 3.33 19.67 36.17 36.83
2cm Bt
£4~g(10 ) 0.00 11.00 24.53 21.83
T/R& - 1.09 0.53 0.54
wrol-& 50.67 59.50 83.83 85.17
- AEEG6Y 0.00 5.50 17.33 33.93
5cm H] gt
£tg(1o%) 0.00 2.00 8.83 17.57
T/RE& - 1.19 0.40 0.40
E 4-4, £ 4-5, F 4-6 & EGFEI FEo Ao, Bt 5459
Apol, FAZI Fro] zpold mE Auy wobsS tsHEAd Zeola i
4-6-12 Ak AFEAGLM)e] )5 2y wolge] a4 A2E e
W Aol
T 4-4 BGEES FEO] Aolo] uhE AU ol thEAA
Fe
e 10% 30% 70% 100% F-gk
REST 11.20 ab 1071 ab | 1295 a 8.46 a 2.190
(N) 8 8 8 8
A& 85.76 b 85.52 b 88.55 a 88.91 a 7.534"
(N) 8 8 8 8
A& 66.05 b 61.21 b 85.23 a 85.62 a 22.959”
(N) 8 8 8 8
A A 54.33 a 52.48 a 62.24 a 61.00 a 461
(N) 24 24 24 24
*® Duncan Grouping,
T 01 FEFEelA Rl
E 4-5. ERGESE FAF Apole] whE AUpE wolge] BEAA
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- 192

FASE B el=

A Ocn 2en WAT | 2m MRBF | Hen W)L F-2k
Az 13.26 a 12.33 ab 9.07 bc 8.65 ¢ 3.945"
(N) 8 8 8 8
A& 87.92 a 86.16 a 88.25 a 86.41 a 1.702
(N) 8 8 8 8
I 77.86 a 75.38 a 75.16 a 69.71 a .509
(N) 8 8 8 8
A A 59.68 a 57.96 a 57.49 a 54.92 a .076
24 24 24 24
*»¢ Duncan Grouping.
105 FeEFelA folEh
E 4-6. ¥ 45T Bw0) Aole] we 20T Bolge BEAd
I
TAZ 10% 30% 70% 100% F-%k
Ocm 60.63 a 53.05 a 62.65 a 60.63 a .091
(N) 6 6
2cm L 54.45 a 52.21 a 63.01 a 62.16 a .135
(N) 6 6
2cm B Lt 54.10 a 52.78 a 62.61 a 60.48 a .963
(N) 6 6 6
Scm H] aL g 48.16 a 51.88 a 60.70 a 58.95 a 148
(N) 6 6 6
A A 54.33 a 52.48 a 62.24 a 61.00 a 461
(N) 24 24 24 24
* Duncan Grouping,.
F 4-7. AW FZAGLM)O o & A olbge] g3 A
—
o xﬂﬂlllgg_%ﬁé A1 BEAF F
T EY 668707.756 47 14227.825 336.329"
Rl 1180495.069 1 1180495.069 27905.519"
T= 401298.439 2 200649.219 4743.112"
3 7197.592 3 2399.197 56.714™
5215 499.849 3 166.616 3.939"
FEXGF 9516.600 6 1586.100 37.494™
SEXF A= 441.010 6 73.502 1.737
RS 415.319 9 46.147 1.091
FEXGXEA S 1029.770 18 57.209 1.352
o= 22336.133 528 42.303
A 2594524.000 576
T 3 691043.889 575
R*=.968 (54 R’=.965)
T 01 FFFEelA R
EgananTe 49 RAze Fos Bae) Aol wAlel BE 10.7%

frel4do] tepd
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o] AEEo 1

I
.

]

el Aol 7} %

=y
-

A8

49% Welslon 649 A Aol

kel
T

NES
cehiglom 109 24 Al

Al
2]

i

fasel

2

=
o=

Fat 552

50|
10% Al

=
T

7ol A

3]
=

jzel

o)
oF

)

N

7l Ocm, 2cm L &k+9} Bk 30%, 70% 100% A1@

=y
-

T
_&O

]

77.9% A
Frejdol yEbA gkgtom 109 Z2AF Aol FF 70%, 100%

o)
%2k

felAdel vhEA

o = AEL

B 10%, 30% Tl A= F-215 Tl #Aglol
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F 4-8. EGwEst Fxe Aol wE AuF AHO AEE uTHA
(2005. 6)
E"J;E 10% 30% 70% 100% F-%t
Az 1.27 ¢ 4.63 b 8.93 a 7.45 ab 9.230"
(N) 8 8 8 8
AT 76.17 ab 71.16 b 81.35 a 80.83 a 3.854"
(N) 8 8 8 8
5T 3.83 ¢ 17.97 b 34.83 a 34.58 a 31.413"
(N) 8 8 8 8
A 27.09 a 31.92 a 41.57 a 40.95 a 1.144
(N) 24 24 24 24
*»¢ Duncan Grouping.
T.05 FoFEFEAM FE T 01 FdFEEAA g
E4-0. EdHEsh HAZ Aold] mE 2R AR 4TS Ed
(2005. 6)
e oA
CoraT Ocm 2em o | 2em H| DL | Sem W]l gk F-3k
o\ =
Az 7.55 a 7.28 a 5.05 ab 7.55 a 4.207°
(N) 8 8 8 8
e 81.83 a 79.32 a 78.82 a 71.53 b 5.586"
(N) 8 8 8 8
AT 27.28 a 25.05 a 25.35 a 13.55 a 1.464
(N) 8 8 8 8
A A 29.03 a 36.40 a 37.22 a 38.89 a 425
- 24 24 24 24
*® Duncan Grouping.
T.05 fFEFEel o 01 frolaEollA o3
R o4-10. #AF BEe] Aold] me sy Anel A& BFEA
(2005. 6)
B
ERIER=T 10% 30% 70% 100% F-3k
Ocm 29.40 a 36.50 a 45.00 a 44.66 a 272
(N) 6 6 6 6
2cem LA 26.23 a 36.45 a 44.26 a 41.93 a .336
(N) 6 6 6 6
2cm W] L g 28.90 a 31.46 a 43.81 a 41.45 a .265
(N) 6 6 6 6
5cm H] aL g 23.85 a 23.28 a 33.21 a 35.78 a 213
(N) 6 6 6 6
A 27.09 a 31.92 a 41.57 a 40.95 a 1.144
(N) 24 24 24 24

* Duncan Grouping,.
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£ 4-11 BEdEEed Fe] Aolo] wE Auy AR AEE v
(2005. 10)
E"J;E 10% 30% 70% 100% F-3k
nzx+ 0.16 ¢ 2.95 bc 5.28 ab 7.12 a 26.617"
(N) 8 8 8 8
EEia 45 ¢ 29.93 b 74.46 a 73.03 a 211.197"
(N) 8 8 8 8
I5 T 0.11 ¢ 8.12 b 24.45 a 19.45 a 20.111™
(N) 8 3 8 8
A .24 ¢ 13.67 b 34.60 a 33.20 a 12.969™
(N) 24 24 24 24
*»¢ Duncan Grouping.
T 01 FEFeA fo
E4-12. BEFHEeE FA5Y Aole mE v AR AEE g
(2005. 10)
o=
TE—;;I:ﬂl Ocm 2em AT | 2em H]RLF | Sem W] L F-3k
o H -
Az 6.91 a 5.48 ab 2.45 bc 67 ¢ 5.428
(N) 8 8 8 8
ks 49.85 a 47.86 a 43.02 a 37.15 a .228
(N) 8 8 8 8
oET 16.76 a 15.00 a 14.78 a 5.21 a 1.753
(N) 8 8 8 8
A A 24.50 a 22.78 a 20.08 a 14.34 a 676
24 24 24 24
*»¢ Duncan Grouping.
T 01 fro el fFoE
# 4-13. FASY GO Apoldl wWE vy AN AEE ted
(2005. 10)
I
HA= = 10% 30% 70% 100% F-3k
Ocm .38 b 17.98 ab | 41.16 a 38.50 a 3.706
(N) 6 6 6 6
2em LT 15 b 15.61 ab | 38.00 a 37.36 a 3.363
(N) 6 6 6 6
2em WL .38 b 12.76 ab | 33.08 a 34.11 a 2.999
(N) 6 6 6 6
Sem H L@ .05 a 8.31 a 26.18 a 22.83 a 1.852
(N) 6 6 6 6
A .24 ¢ 13.67 b 33.20 a 34.60 a 12.969™
(N) 24 24 24 24

*»¢ Duncan Grouping.
T.05 FEFEel o
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T 01 froFEelA fFo



o v AR AEE a3 42005,

6)
T By 590743.972 47 12569.021 344.214™
a4 445702.469 1 445702.469 12205.960™
= 344365.243 2 172182.622 4715.375"
e 15550.147 3 5183.382 141.952"
5215 3486.237 3 1162.079 31.825™
HFEXG 8280.390 6 1380.065 37.794™
HFEXHFA S 671.842 6 111.974 3.066™
HHEAZ 1320.061 9 146.673 4.017"
FEXFXFAF 1352.564 18 75.142 2.058"
22k 19280.000 528 36.515
A 1331108.000 576
74 A 610023.972 575

R?=.968 (A ¥ R*=.966)
701 frel ol felg

FEA(GLM &7h A A B =8 334 (2005.

-
o ”gg%? A A F
FA 2y 383536.950 47 8160.361 237.513"
Eapog] 157669.878 1 157669.878 4589.086™
S5 111954.260 2 55977.130 1629.251°
= 79974.306 3 26658.102 775.902"
B 3188.438 3 1062.813 30.934™
SEXZ 56348.007 6 9391.334 273.341"
HFEXF2 = 376.063 6 62.677 1.824
GFXFA S 1522.961 9 169.218 4.925"
FEXFXE2Z 694.281 18 38.571 1.123
Q= 18140.800 528 34.358
SHA 642268.000 576
T4 A 401677.750 575

R?=.955 (4 ¥ R*=.951)
701 FelEl A el e
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3. EQSE, H, R4S T Aelst Aue) T/RE WAE 4

EGREARTY 45 BF T/REC] 1.3 olon] PAF st % 1
o= felgel gl
S s

T 4-16. ESSEES B 59 Folo WE AUF XHe T/R t=7AA

F=
s 10% 30% 70% 100% F-3k
Az .03 b 34 b 2.16 a 64 b 8.652"
() 20 20 20 20
A& .03 ¢ 1.13 b 1.92 a 2.24 a 45.347"
() 20 20 20 20
oET .00 b .65 a 58 a 69 a 15.884™
() 20 20 20 20
A A 02 ¢ 71 b 1.55 a 1.19 a 23.263"
() 60 60 60 60

*»¢ Duncan Grouping.
01 FASEAA FoT.

£ 4-17. EFFEG F-4 59 Apold] e auF AMe] TR veiiAd

o= =
T;O(;g_;m] Ocm 2em W | 2em WAL | Sem H] AL EH F-%k
Az .69 a .55 a 48 a 1.44 a 1.512
N) 20 20 20 20
A& 1.36 a 1.54 a 1.54 a .88 a 1.762
N) 20 20 20 20
5 67 a .51 ab .43 ab 31 a 2.218
N) 20 20 20 20
A 91 a 87 a .82 a .88 a .058
A
60 60 60 60

b :
*” Duncan Grouping.

F 4-18. FAT G Hold wE g AR T/R B354
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=)
o *4;0: =5 10% 30% 70% 100% F-%k
Ocm 1.38 a 1.33 a 87 b 04 ¢ 18.934™
(N) 15 15 15 15
2cm ol @ 1.23 a 1.33 a 91 a .00 b 12.716™
(N) 15 15 15 15
2cm W] 1.43 a 1.25 a 54 b 04 b 7.179"
(N) 15 15 15 15
Sem H] L #H 72 b 2.29 a 51 b .00 b 5.122"
(N) 15 15 15 15
A A 1.19 a 1.55 a 71 b 02 ¢ 23.263™
(N) 60 60 60 60
**¢ Duncan Grouping.
T01 FYFFAA Fo3
¥ 4-19. kAP EA(GLM) 23 AuF T/RE9 a3 A (2005. 6)
(SIS
PO AL AR JFAT F
A= 3
TA 2y 237.728 37 6.425 29.724™
A7 110.028 1 110.028 509.006™
e 23.240 2 11.620 53.756™
% 22.953 3 7.651 35.395™
A% 5.674 3 1.891 8.749™
HEXY 54.256 4 13.564 62.750"
HFEXFAZ 39.960 6 6.660 30.810™
FxFAZ 36.415 6 6.069 28.077"
FEXGXE2A 2 56.423 12 4.702 21.752"
o = 28.317 131 216
A 642268.000 576
A A 401677.750 575
R?=.894 (54 ¥ R*=.864)
01 FYFEA freld
¥ 4-20 T 4-22% AH 29X T/REC vA= FdFS BAS AR o|H
¥ 4-23 7 4-25% T/RE&Q vYTHA Adolth. ® 4-262 AP EN
(GLMell o] gt T/R&e] aaAd4AAE YeRdH Aot
EdedzTel 4 A 70% 79k 30% Tl = T/REC ool <
AR gFkov) I 70% 79+ 100%7- 1Holl= frejAdo] 1A H A
FAS FA e fodo] AAHA fdrt. FAT FAY FEF e
I 70% 7T L 100% T FH 70%T el L= FoAlo] AR FHA )
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'6(‘3]:

%

A=

g BAZZ7 A5 T/RE

s

(2006. 6)

SIS & = 5 o3 2 9 9 42 2 o 9 9w | _
=2 ¥ 4 S a1 8L 4 S a8 a4 3 o
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(2006. 6)

S A e T T T Bt S N ST T T et S S B _ _
=12 ¥ o 3 S22 K 4 S S8 K A S 03
oL L 0w % vl Z T o o 0% 5 w0 o 9 | |
g § 4 3 S|y ¥ oS =K g~ o @
S
o
0
Ploln 2 o & =[5 2 o & - _ _ _ |
Bl g 8 3 |z g 8 8 =
S| _ | | _ _ | | |
~o _11_ ~ ‘mwo wmwo of.c _11_ ~ ‘ﬁo wmwo of.c 1 ~ ‘ﬁo \._E»o of.c 1 ~ ‘ﬁo \._E»o OE
io° oo Mo Mo g f g o Moo e ol o Mo Moo ar |y o Moo Mo o
< - [ - - [ S SRR e S S A N =
N o BT o B X T o WX T o WX
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E
s 30% 70% 100% F-%k
AxT 0.79 b 1.05 b 3.02 a 28.964"
(N) 40 40 40
R 1.53 b 3.92 a 4.32 a 24.451"
(N) 20 40 40
5T 1.05 a .85 b .82 b 7.524"
(N) 30 30 40
A A 1.04 ¢ 2.04 b 2.72 a 24.252"
(N) 90 110 120
*»¢ Duncan Grouping.
701 FoFEFEAA foF
% 4-24, ESFEY FAFo Apolo] upE AuH T/REC v+ (2006.
6)
e A 0 2 A=y 2 H] w2k 5 H] a2k F-3k
e cm cm ul @+ cm W]l g+ cm WL
Az 1.19 a 1.33 a 1.80 a 1.44 a 0.516
(N) 30 30 30 30
A& 3.02 b 3.17 b 3.49 b 5.24 a 8.567"
(N) 30 30 20 20
5 95 a .96 a 76 b 98 a 4.011°
(N) 30 30 30 10
A 1.96 b 1.82 b 1.83 b 2.63 a 2.885™
(N) 90 90 30 60
**¢ Duncan Grouping,
T.05 FAFEAA R T 01 sl {1
¥ 4-25. A5 Fro] ol mE AuF T/REQ oA (2006. 6)
I
ERER=T 30% 70% 100% F-3%k
Ocm 1.02 b 2.31 a 2.55 a 5.668"
(N) 30 30 30
2cm AT 1.35 b 1.75 ab 2.35 a 4.760°
(N) 30 30 30
2cm H|nl & 72 ¢ 1.63 b 2.78 a 13.994"
(N) 20 30 30
Scm W] mL gt 81 b 2.69 a 3.19 a 3.891°
(N) 10 20 30
A 1.04 ¢ 2.04 b 2.72 a 24.252"
(N) 90 110 90

b, :
**¢ Duncan Grouping.

T 05 foFEAAA o3
4-26. PP (GLM) ot AuF T/RES axbdA
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7. ESFEAZTY HS B 70%, 100% 79 H-21= T4 Ocm, 2cm nl @
T Hi T/RES 1o]Yth

8. EYFEAET HF FHF 70%, 100% 19 F24%F F74 Ocm, 2cm &
Fo] B T/REL 228 714 AAS ALS st Q).
olxte] Axts Fgta Bl BEUFEAETO FH 70%, 100%, HAF F

Al Ocm, F25F7 2cm nlgkroA Wols, X EFEo AEHo] 7B =91

A, pp253

A7, 2002, 2002 =7H7] @A A3 pp 121.

TG AT3]. 2001, AU BAS 919 = AFEA]. pp.236.

gl ets], Skl atE]. 2002, wAAUTE AEdEd SHEE A
st AxZA9A. ppldd.

Dennis E. Ferguson and Clinton E. Carlson : 1993, Predicting

Regeneration Establishment With the Prognosis Model. pp 54.

Raymond C. Shearer and Jack A. schmidt : 1998, Natural regeneration
after harvest and residue treatment in a mixed conifer forest of
northwestern Montana, USDA Forest Service, Rocky Mountain
Research Station, Forestry Sciences Laboratory, Missoula, MT
59807, U.S.A. 274-278

i #E. 1986, RKAAM M o4 A fi . pp398.

e TMEE 2 1985, RAMEEZS, ppl28.

e = KiEf7. 1974. 74~V (Pinus densiflora)? KIKFEHNZ T HEAEDWITED S
FHZDWT, A IR B AR IE 28 528 15, pplb.

M5 ALR HoaZAHo wE A3y g
=

A1 d AdsA
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56 5% AAA A A%
Sd(m) | AAC) | U9 T =1(m) F 322 7 (cm) Y. /ha
13.5 24.9
730 295 | SE | 2uy= 652
s 6.0-25.6 8.9-44.0
8.9 11.3
730 295 | SE |#unw 590
R 5.2-16.0 6.9-20.1

2. % - sksE AAZS

T8 AAFRL VAR HEAYS
B AxES olEste] AYst= A 2Hs
st omn o5 had aoddom kel 2o QA
FANTY 5P R Y 5 Yo, s dAItS
I AAgoez Y § Jrh & XA FZAIA F4
48F- 02 AA AHAAIEY 9%E A s o, =4A 2
Aol 10622 19%5 AL Felade] 398 S 2 72% =
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ARG | ) TTAUANRE) .
(t/ha) FAG) | AR | A 7 v
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Aol T -esE BEA AAZEC tEiA o]E haz #He Ay ® 5-8
A2 ARE A 19 19 & ¢ e AR 428.6m = BAFE SIS
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