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SUMMARY

Acer pictum Thunb. ex A. Murray var. mono{(Maxim.)Maxim. ex
Franch. in Korea has a long history of being used for collection of
fresh sap for drink. This study consists of three parts. The objective of
each part is as follow : 1) to develop a technique for efficient sap
production, 2) to obtain informations on site characterization, natural
regeneration, and nursery seedling production techniques; and 3) to
develop management systems for promotion of forest incomes.

The objectives of the first part were to understand biological and
environmental conditions to promote sap production from Acer pictum
var. mono and improvement of tapping techniques.

Tapping holes made on the stems 30cm above ground in the south
side produced more sap than those 60 or 100cm above ground in the
east, west, or north side. Tapping did not decrease growth of new
shoots or N, P, K, Ca, Mg contents in the leaves compared with trees
without tapping. Fertilization with Ca and Fe in the previous summer
failed to increase Ca or Fe contents in the sap the following spring.

Vacuum pump connected to tapping tubes increased sap production
4 to 8 times in a single day both in a sunny day of abundant sap
production and in a cloudy day of no sap production. This technique
may be applied to sap production during the cloudy or windy days
when sap flow is not normally observed. |

Sugar concentration in the sap averaged 159%. The high sugar

-yielding individuals belonging to the top 3% group showed on average
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sugar concentration of 2.7%, with the highest concentration being 3.2%.
Within a single tree the second year sugar concentration was highly
correlated with the first year concentraion, with correlation coefficent
being 0.84, indicating genetic control of sugar concentraion. In the
future the top 3% individuals with high sugar concentraion can be
vegetatively propagated for high sugar sap production.

Topography affected sap production. Trees growing on south slope
produced more sap than those Vo‘n east, west, or north slope, mainly due
to longer hours of being heated by the sun. |

In an investigation on the healing of tapping holes, 112 of
observed holes failed to close within 2 years, with a possibility of being
attacked by fungi. It is sugested that the current tapping hole size of
12mm should be reduced to 8mm to pfomote natural closure within a
year. Adaptors connecting to main tubing systems should be omitted to
effecively reduce hole size to 8mm. |

Five species of higher fungi were identified which grew on
decaying woods of Acer pictum. The two most common species were
Microporus vefnicipes and Bjerkander adusta. Using axes which was
commonly practiced until 15 years ago critically damaged the trunk.
Cross and longitudinal sections of trunks of above tapped trees showed
severe decay and wood stain in both heartwood and sapwood. On the
other hand, boring holes with 12mm diameter promoted natural closure
of holes by callus tissue in most cases within a year.

In a study on the extension of storage period of fresh sap,

membrane filtering(pore size 0.45um) followed by UV irradiation
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significantly extended storage period by more than 7 days if stored in a
refregerator. The most common bacteria found in the stored sap include
Bacillus, Enterobacter, and Microbacterium.

For vegetative propagation of high sugar-yielding trees, grafting in
spring was successful, while greenwood cutting in summer failed

because of the old age(50-70years) of mother trees.

The objectives of the second part were to perform site
characterization of Acer pictum, and to develop techniques for natural
regeneration and nursery seedling production.

Acer pictum var. mono was distributed in a cool-temperate forest
zone ranging from 50 T to 90 C of warmth index and from 6T to 1
2C of Holdridge Index. It was a local edaphic climax tree species near
streamside of the valley in high mountains. The results of soil analysis
indicated that the soil conditions for good growth of Acer pictum were
674x164 % of water content, 52*0.4 of pH, 17.0%x52% of organic
matter content, 0.80X0.27 % of total nitrogen content, 17.22x3.00
cmol/kg of CEC, and 31.0£14.0 % of base saturation.

Stand density of Acer pictum ranged from 81 to 200 trees/ha, and
importance value ranged from 24.8 % to 44.1 %. Acer pictum was
associated with Carpinus laxiflora, Fraxinus rhynchophylla and Fraxinus
mandshurica in the canopy layer. Sapling density of Acer pictum was
significantly and negatively correlated with coverage of Sasa borealis,
a dwarf bamboo species, and positively correlated with contents of Ca"™

and Mg in the soil. Germination percentage of Acer pictum seeds in

- 15 ~



the nursery with lime treatment was significantly higher than that of
control. It suggests that lime may be used as a soil conditioner for
enhancing density of Acer pictum saplings to promote natural
regeneration. Basal area of Acer pictum was significantly and positively
correlated with moisture and total nitrogen content in the soil and
negatively correlated with slope and soil Na' content,

Studies on the seed test and seedling production technique were
carried out in the laboratory and nursery, respectively. Purity percent,
one litter weight, 1,000 seed weight, germination percentage, and
utilization value of Acer pictum seeds were 71 %, 526g/ 2, 162g, 21 %,
and 15 9%, respectively. There was no significant difference in
germination percentage among different storage treatments of seeds, but
it was the highest at cold moist storage (21.3 %), and followed by
warm and cold storage (19.0 %), and dry storage (16.7 %). Acer pictum
seedlings in the nursery soil applied with lime, compound fertilizer, and
urea were higher in dry weight and lower in T/R ratio, with the above
treated seedlings being superior to the seedlings with other treatments.
Acer pictum seedlings at the planting density of 90 seedlings/m' were
the largest in total dry weight and root dry weight among four density |
treatmenrts. A study on the effects of shading on the seedling growth
indicated that shading was not necessary, if grown under sufficient

irrigation.

The objective of the third part was to develop a computer software

package to support forest managers working for Acer pi_ctum var. mono
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sap production. The software package consists of two separate
softwares; one for database management and the other for spatial
analysis.

The first one is a database management system (DBMS) to
manage database of farmers producing sap. Also the software provides
functions to analyze cost/profit of sap production and to manage the
inventory of Acer pictum trees and sap production data over time.

The second one is a spatial analysis model to assess a sap
production potential of forest stands as a function of abiotic and biotic
environmental factors as well as working environments for field
workers. In developing the model, considered items to influence sap
production of Acer pictum were the environmental factors including the
distance of stands from stream, elevation, soil moisture, slope, aspect
and shade condition as abiotic factors and forest stand type, stand age
class and stand diameter class as biotic factors. The distance of stands
from forest road and the slope gfadients were also considered as other
major environmental factor affecting productivity of sap production.

The software package of the database-based and GIS-based
softwares was developed to run in an integrated environment, in which
the softwares run mutually interactive to exchange information on sap
producers, tree allocation and tree inventory. With this running
environment, the software package can be used as an efficient
management information tool for forest managers to assess sap
production fee, to manage inventory and sap production history, to

monitor sap production over time, etc.
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N2z 22U Y4 SEI MAb|=s
MEF A

2 o

AR AAE RZAUT $o JAe A WED A e
Agses o) F2Holth o A3 e AF AFAME FFEAL
YEY 9 71 Be #2332 Byon, ggoz 3, A, 2o otk
AF wole AMRAA 30cm¥ #W Y FEFo] Bkew, 607 100cm
goldME frEFol gastgrh FANIZ AP $29 Tr)GdAHe
AT AE $9 AA= Askd Qo N, P, K, Mg, Casl #F3} Az
Bgol A8 7HALA Yotd FAAAZ YR JFdEE vmy
2 v Aoz Ba=UTh Fed Ca Ao 9% Sy nulg o
23 NYANHE AP Edo] 2 Fo] BE AHN2ZA 7 EFo|
Ae A8 ¥ AN EHIL GEA] @i,

AFPLE 0|88 +YAH ZAAYAME Fodo] Bo] Yo T
g3 Solo] A ¢ YoE ¥ 2o A BE g7 Hste 4ujR
g sul7tx o Be sdg AAsgnh o 71¢e vFTH st E
olml &5 gon Fode] Yo %= NFRANNE ol AHHY
F 9x A2 Fleclgdn ¥ F A

T ABEHMA ABAGIME 135S AS vHuEe BF
UREE7h 15062 WE 2Rl BRYES 176%01%00 2400 2
2 DEE AL A4S 3% AAVE ALy B Ad2e PF
9EE 27%0I9on HuAE 32%0IUth BakA Miutd] ot M

d

2

o



28 o 1%71F Y 4 AAT FIAAUAA 1AdE 2ahdE B
e AoATE 0342AM BEE BALIRGE A 2He FAH A
Az Badn

71 AR EL AA #RZH FA FE2FH B4 IdFAME vl
EAY 23 dolle £ FEo] A ofFojAA &t AA &4 0
g 4% F47EZF ZAIAME FAES GAEe S ¢ 1247H, 1
A MAIEY Z$ 2 F 2ANRE FYdFEo] AFHNLH, FAELE 2
F 4Me zEln FAET AAMEE 2F 6Ald FAFEol FEHAG
uretA Yo o] F3te 2E/L FEdte Ax wE fdo] FEE
gx & 4 gen, 9% AdAN 7 BE 23S 24

AE AF &P AT A AFFAA 11%7F 29t FF=F
< A AgstA Eatd AFHA SFd A AHEst e 12mme
AEFAZE 3-4mm 7tHF o F4A9E, 2de] giF e HFo] AFE
Aoz #ddn 84 23 g+ ot (adaptor)E AH3IL ETFLHYE
28 AF 7ol AZAIGE HFAHEE 9mmeol 3tz ZA FEA A&
Heog 9% AHY & Avx dddH.

a2HUR EQFFRY FHATAAME 25 55 5F9 UFEHAR
g AP FAHAAL olFoA JHF EF HAL E¥AH v EHAR
Aot =719 HFeo] BAFF v o] #F dFdME 164
A7 =712 9E AA7t 2g2 #FEHden YiE s3Iy 3L F
FWgor FM FH9EE FAdedH, =70 A4 X HAS
AAFEo F58Fo2 50cmol e FAHFAE WEAeH, FA=AM
7HAE 4R 4AE UF 2 AAe B, ¥4 E FHA sk

o] AAIYH NFAI oM E membrane filter(pore size @ 0.45/m) %}

AAA(UVIAEE AZ F ALSAHZUC)T B¢ AF7LE dz27d ¥
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sl 139 o4 © 4R F ANL, TR A7 Vel 7
st ARIIRF  wASE W ARS  Bacillus, Enterobacter,
Microbacteriume 7173 &8/ 2= E Adold, 3 1439 AL 5
Jatged oE Aze YuHez LaFdAN BAHE ARH FAR
2%z #49

TEE AP AWAAY ZHNPAME HES HEL BF AE
U, =ALEe AS 50-10d48 =HTo2RE A4E AAHAT
dEo Asgon, HEL 194 USE 188 3% B% YAES
ugch
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ABSTRACT

The objectives of this study were to understand biological and
environmental conditions to promote sap production from Acer pictum
var. mono and improvement of tapping techniques.

Tapping holes made on the stems 30cm above ground in the south
side produced more sap than those 60 or 100cm above ground in the
east, west, or north side. Tapping did not decrease growth of new
shoots or N, P, K, Ca, Mg contents in the leaves compared with trees
without tapping. Fertilization with Ca and Fe in the previous summer
failed to increase Ca or Fe contents in the sap the following spring.

Vacuum pump connected to tapping tubes increased sap produétion 4
to 8 times in a single day both in a sunny day of abundant sap
production and in a cloudy day of no sap production. This technique
may be applied to sap production during the cloudy or windy days
when sap flow is not normally observed.

Sugar concentration in the sap averaged 159%. The high sugar
-yielding individuals belonging to the top 3% group showed on average
sugar concentration of 2.7%, with the highest concentration being 3.2%.
Within a single tree the second year sugar concentration was highly
correlated with the first year concentraion, with correlation coefficent
being 0.84, indicating genetic control of sugar concentraion. In the
future the top 3% individuals with high sugar concentraion can be
vegetatively propagated for high sugar sap production.

Topography affected sap production. Trees growing on south slope
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produced more sap than those on east, west, or north slope, mainly due
to longer hours of being heated by the sun.

In an investigation on the healing of tapping holes, 11% of observed
holes failed to close within 2 years, with a possibility of being attacked
by fungi. It is sugested that the current tapping holes size of 12mm
should be reduced to 8mm to promote natural closure within a year.
Adaptors connecting to main fubing systems should be omitted to
effecively reduce hole size to 8mm.

Five speéies of higher fungi were identified which grew on decaying
woods of Acer pictum. The two most common species were
Microporus vernicipes and Bjerkander adusta. Using axes which was
commonly practiced until 15 years ago critically damaged the trunk.
Cross and longitudinal sections of trunk of tapped trees showed severe
decay and wood stain in both heartwood and sapwood. On the other
hand, boring holes with 12mm diameter promoted natural closure of
holes by callus tissue in most cases within a year.

In a study on the extension of storage period of 7 fresh sap,
membrane filtering(pore size 045m) followed by UV exposure
significantly extended storage period by more than 7 days if stored in a
refregerator. The most common bacteria found in the stored sap include
Bacillus, Enterobacter, and Microbacterium.

For vegetative propagation of high sugar-yielding trees, grafting in
spring was successful, while greenwood -cutting in summer failed

because of the old age(50-70years) of mother trees.
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Ald A £

1. 79 924

BEH Y (Acer pictum Max.)T B3, 48, I8 5o ¥
2 ¥ dH9uEFFe2 EFY dFUFH(Aceraceae)d ©F Y
F&(Acer)dll &3t @Foe @A 18F 9 @FUF(O1RE, 1980)7F A
i glew nRHURE AdpdEe ¥k, A, ALY, 2 F
4= Addel A don sd 100-1800m AlelolAl HAET. 24
5o e JARE AR, AFF, 28, A4 AFFA a7 A
g d3A gov(&5E T, 1992), 715 ofstd AHAd sFe] 9
o] FE8EHUATD T g 2AUF £ Gt ads TeHez
FHANGLE & F oy, 94 kA g vgTs i 3l
T oz Hol AAFrEAY A7 383 dvn ANY FHEe] 2
8 23 glonj(e]lAE F, 1995), A 2T A9 art HR}
F718ta A= FAolt HIde A= AdEE, B9 FAA 4
dtglell 9Jstd RS RE de ogdHn 3, A AL At
AGol = ot FAEY 583 AF3 n2AUYFZREH HHE
FH4E o] g3tn glom A& FRAA ngdg MY Fx Ud

ol=el Ay, 53 Muded vixe HEYIFYUYF(Acer sacharum)e]
T4E 2009 ol ol&¥ HJAE A3 glen of FAE FFIH
maple syrupE UEW TR FHHZIARZ o]838ti g (Kriebel, 1989).
THAHL 5, 2 3 AFLE FEEALAA Fadd HJNE AAI}2
At} Maple syrup2 "534 st A Frlo] g &ate SHAMERA
waffle(Z= 2] Mg el £ Hrlste FAe9EE 3t Aok 7
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= 380l e A, 209 el 2R §F S T FAUY dygo
FE 2%0A 4%2 FANZEW BT goH, A M Fdof A
g F7FA71 Ak (Leech. 1990). 4£9 -, HaToA AFYF
g F2 olgdtdq A LRE MUsty A# Fol YtH(Terazawa 7,
1984). 2lAlote] A= AT FAg o) &5tu Yot

TUAlA 22 HFE olg 2 nR YR Fodo) APRAZ2A 4
EE7He 2R/AZHA L 250l Hu Yo aFAAE BT n2HY
o FAARH ol s AATIENF BF o] nAF 4
ojtt, 2 HYF Fd FAY AT E ANFAA AdLHoz xGFq &

e ATEATH o B Fysojgrl S APA7 Aste) F

x
ot

nls
2

UEL o8 FEEH 7Y 72 ol4std UT P Fo 4HE vz =4
AAQA wygog W digol Pt oG AAHA £ & 4
HE H71n A2 A Fa7t LAEE A 5o YR APHA &

N

| Heue HeAY BRRAY s A sAsE Aol AU
(O1AFE 5, 19%). H2) YR FUESo st Fe FIL L Holx
g A2 dgsd Fde AYse AZE AE7} oFin Qo 28
g @Fe 37, gol, ANG A+, B AAPd, A FFE 9=
APy ol B¥ SFeHoln AANA AT o)A ¥x Yok E
& Jl4ARs sAguBHe] BA, ARAH FAINFHRe BA, F
& %< BN 543} FA4AFH VA ol #F A7 Ae
o)folxA g glolA ol @ H&HQ Aol Wastin 4ZAY.

A2 AQAFLESG AYF S g BAol Fobhd wa mzy
7 Ade e 2530 R AU RAFSY /A EolRE 29
A AGFA wAE &t FHY A2 PP oo We 1z
AuF A49 37182 mEs VS A DEAUT S B
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@ AFE AFE olFolAY FAZ AzEH, B AFAge] 491
A% AP AEH AL BolA Hol Bz 2537, A9
pe@elAAe A¥ R RAFH 5 Fuisttd 79Y Reg )
cELS

2. A7EH
DEZAUR $99 AA7)E ARH AQ AAF B, BNAT P
A, vhgez AFY 24N HAZU A £ U HA FAYY =

A stete 9o ATe BHe WKz aA TEAAT

7t. #9377 B AR5 7E AP
agHoln A&EF sAAH Wwye AAIss] st ATYy
MNFEH S A7)0 BE HAANHF A, AFF JFez AP %7‘&94

A53 A& 27 71¢ ALE EXS @

D A3%d A% 2o /ide 4%’-‘11011 g AHLRE A Az}st
7] fgtd HEL 2719} JiF, g go|F dddY AAF 7t 2A
€ e #AF9 A7)E 570 £2 05 07, 10, 1.5, 20cm, & AFE
ARgd wet 17 B 2~3709] &5, AF3WdY Eole FAHAGEY £
oMol golet Folo] M} olAH(E FHF

2) AAAANF AR - AZBFE AAAFFES Y59 dAE #AX
o] AA%h 3/ AAF £F(20, 30, >30cm)Al A FHAH wWE A%
= AstE AHAA, FHGAMAY A7, AFAF o2 FH3o] v weo)

3) HE AF FA7E ALL FIAA RFE WAy AHE F

AANZ7) AAstd FHE AFA Y AHE S denbl(2X2E 323) @&

PN

Ay
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A7 (EtOH, HOp), G EXA (B4 ), #REX(ReWHZ FR3d a3
NRetn, 12del AA 4 Aew f¥ENe wusdie wEgos
A AANAFAAD AAAGE AN BEe BET

H ABUZE o)8e FAANIE

cogEe B A4S ARG BAS UolH, NHEAe] B
He RS 2o BANA FolM FeAfde AN [N etk AF
Az olgad sAY M 2E ¢ £dg AN AL 7Ee 7
ey

(ujn

fifo

G, e ng 2 AA7E AL

Fae F7RBE AAA = FH2 ¢ AARYL PASa,
FrluaA 24 & At B4 nAge g 2dg WA Asto
R4E ARG ALYZ PUe AYE AT dF $4F AAE
8t oAure] FF A7] (5um, 1gm, 0.2im cellulose membrane filter, 1um
glass filte) Yool YW E ¥4 FEE AV H4 AP
ARSI, o Wl @R 44 A8Y & Q=T AN A5THL
AA B

4. 599 E423 %

S0 £49 3 8909 LolFF} obulwy, muTe FFE Z7HA
77 fatel Auel B NS §F A 49 F AFEE} 2L &
& AAE Adsel oF REQUS §3 A2 Huac v B3
208 1AYE g3 /2o BYuES Ca Fe WZU2E BEA 23
2, 208E Bol ANEE +de nuY 33 FVEHE APEDG. 1%

E AR A A2 g Hetode ST T 27 AHHE £
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o] AREE7 25%°13% SHAE e

. A48 F Bol BPAR 54 74

AFAR FoAM S LAY, B, 3P, 0hE, LW FAPNT
st BAE W3 WA ANBH FAM AL, B9, FAE, EFF
23 soqgaEstel BAE FIU.

=
o

L
o)

3. AFUE 2 AA

@AM GAADL Qe DEHAUF FAAAY T4 BT, YR
85 z2Xo) WeP YUE YS&u, 4ds slqs T, spAges AF
9 24N 4F2Ae & Ut $FAAY Mue BHoz AdE
FYA e AT FRAEY R2HUR REAH HEH I
£9% 84 FH9 Y2E Ao} A AUYAEZ REF 49 A
8 HRSHT REE APAAAA AT AF A% 714 Ag 2 9%y
B 2AL 714 87 2 AA@AT FANFHe BA 79, 2Ee ¥ol
S g BE +AFEF A £ RBFAIE Y, BE} AR
o AHA gF +AYEARE AYB

Nl
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A28 A4

L 94 A[71<MF A7

i

7t. BF3EA9 AFxole 2F
FAAAS HYY & A= AFPAY FFEE 2R A8
21740l 18-48cm W9 vl YA Atz e n2IUYF AANE G 7
A SAAY AFSGch W3LY NG 7TAMNN FALE 139 E, B
ol 57/HAd A EZHEH 30cm, 60cm, 100cm Foldl AF 2 A3,
FAFE0] UAUY 399 717 Fo) Z 29, 14, 1948 & Hddo] 4§
FE ZAA .

4. 5 A sEQGFd A= 9%

T AMH 22y YFe FEdEd L FEAE FA8] A
o 4788] ZARA % 1709 mAfF JDo2RE 69 Fool 9& AFHHA,
49 N, P, K, Mg, Ca, Fe &334 %9 Zo|E nusch

o Al @ o nF JEHF ug A7
Fes} Carlvle] ol FAYPE F F
A3zl AsA, 2000 89 10¥el A WLF FFo] HAF FAEY
T HFo 1071A4]2] 224 JF o) Fe sulphate®} Ca sulphate® 7|42
Zt 400g8 Al A ZY ZE AAE HNIEE Fosio %
od XA, 2 F AlH XNEl"E AAE 1, 2, 4,5 6,7, 8,9, 11H0]
o 22T g 20012 390 AFs n2HUF Fd9 my
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22 ICP(Inductively Coupled Plasma) Emission Spectrometer® ©} 83}

o BlulssiTt

% AZHEE o4 FHYH7 =

71AZA0l 24 gE Bk FAE AHY F Ue 7S Es
gsted 2001 3¥€ 16YRE 179713 A @A @R AFH FF AR
A e nEHUFTE gz AT HEE ol&3 AH7V|E 4dE 44
s, 9A REAYE F a2FE AAGRLH, 4 Z2HUF HAPL
22.2cm ol®, #2 Lz FAHL 265cm olYth & 2FE &7 @
AES AFHEE ol&35to FdE AF3d FEFFE AT F A
A FoL AFHIZE ALSEA] 3 AdFe2 FEHE 7Y #2

=
2 2459Y. ge ¢ 1FE B2 27 BT F¢HE AdHe

-~

295 49 #23L 24UL, 08 ¢ AP T AFYELE A
23 #23E AT 2 Q¥ ARY sde A YEE
24390 1F BT Y StemHgE A ALEART AAE (Y
169)e e g2 Fdo] AYFHoR FEHE FzUoNen, A

2 (39 179)2 3¥ d2H Fdo] A Jex FE HJEHA
2. 1F5s AGEFAAe A

7t 2R A%

20004 =] 4%, 20014 X 6322 ZALA|A, & 871AA R4
TE oz £AF A9EFS SAHAT 2000d 20 HAE =4 H
AAE AUt GRAEE W24 §F MYz, HeIE 600-800v]

gol fAAse, ARP9A7t A% FAEEE HEhlE SAFBN 35 0



1" ,E 127" 36" ), 893N 35 06 , E 127° 36" ), 223N 35
06° , E 127° 35" ), &A(N 35° 07 , E 127° 36" ) 5 4 Fo|t}. 2001
ol AAE ZAGARE B4 FEAFY X, AAE, AAEFH A
A g ZA e slopF, 4599, MUt F 66Xl ZF AR E FAF B
Hdeg FEE AZAEE "3 A4

. 54 3 d95x 53

ZARA ] AFAjEO] Q= .T'_idﬂ‘—}—‘?- MAES HFTAM FAL=HA(F
4=08cm)E Wi 05ml 7139 NS 4L fFslod 2HES &
ST 2HAAE 200048 A$, 2€ 1797 29 299, 39 29, 39 11
Yoy, £ FEFo] YA 2¥9 179 ALYz, UoA 39 94+
Zo] 4% 7100l R, 2001849 A€ 3€ 197 39 29, 39 169Y=
M FdfEo] FA4 7 &3 Y.

AAALL A 7Hsd & Be Se NAE Gl slez &
FoAA AE3A FAHAE 7 A€ 0-10% %‘-ﬂ(’a“@.E 01%)9 Fd& =4
A ( Refractor Model : N-10E, ATAGO, Japan )& A48 99 23
&g 245U 2UEE LEwst WA BgHDE, FAZ FF
+8 Agste 4R e AAEAY.

Fulg S28A6dAH 9L FEEBrx) #olA AA Hgs:=gE FA4H3
7] 918l HPLCZ H¥g¥EE A3 FHESTE A4 22 e
A% MAE FoA FZAIANEZ FAYE HAST F 72 WA 40
m)S AFHsA ofojxutro] A HdPHE K713, A F HA A
Y5 =% HPLCE &3ty FAHs At HPLC Al&"¥& TSPAMY P1000
FZoh  UVID AMHE7),  Watersthel  High-performance
Carbohydrate Analysis B (39X250mm)2.2 FA3lH . ALdA £
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T 80% Acetonitrile, F52 2mé/min®] £A& ARSI 2T, 12,000X gl
A A 2 A 10E FY3d UV 19%nmol A 4 Fetgct. 492
UV F3A57F d§ 27 dEo ditdez FHESHS7IRDE AHE3
°F A%, UV cut-off7t ¥ &ulE A3t HEHAEE 19%Bnm7tA @
Fo2ZN HEFAE 001%2 @& & YA o] gL T2HYF 99
ABEE HolE ZHESI SEF Zoin. &AM SHAE AE38H
Z2d&S HPLCAA £ dA ko Aoz AFAN
FAAE A s T A¥EE £ AHEEAH.

Iy
ol
)

i

. 4354, A9 AA% 54 F 4FFsoe B

ALAE 600-7007 Bl FAMAS AAE FAPTAA WAMN T
M58 Folstu, WERAE YASUT 2AYTL F3, FRYF, A
Y, 4gFEoln, Age AF, AJANA(ES), FHAR(E e TP
o sgsdrt. AZAEH SHARY TEE AZezRH AR
Ae F 7he B Wit AFS4R 4YEE, AYH AFFEe
Ful

BAE FHEHS JULFRARY o2 BHsq

2t g Fsd o AR aY

FAA s FAN dFFxel A HAEAAY n2HYF Jd9
AREE 2XE AU &4 ZANEE 49 10% 49 g o
FTE ARBYR AAE ToAAH AL SEF AASAd ZHHUIE ¥
st @H HAEE, HFHoz HaFeErst U FH 3% AIs
< HAES Asdd.

rr

al
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o Ag B4 2 AH HAg

Az FAEA N AlEE AZEs)oE SAS(ver. 6.12, SAS Institute
Inc.)$} Simstat(ver. 1.31, Provalis Research)olt}. HEFAH 24L& SAS9
PROC REGE *H£3t9 d&3AE FaHn, AP A4 2ARA o
€ FE dHEE SASY PROC GLMOA 448 FEHE REGWQ vF4
A3 84 Agsuen, ¥re 2¥S4e SIMSTATS FREQ Zie
o] &3ty T3t

3. 71784 A, A3, =4 JAFH a4 v

i
ol
r
2L
X
4
=
o
¥
ofs
X
lo
ox
e
i
2
fr
2
e
L
=
ofN
lo
4
2
Jo
i
.
2
S

7b AFAR3H

20000 8€ 99 10¢o] TAER 74 AldEz2 AFE o 29 AR
(BAHE-FAE, MR-, FAB-FHEZ, SAME-TA)AA Z
24, 53, 73, 2271, ¥ 172709 A FE FAYPE s {F2F 9 U
g HEo] AFE FEE ZAEIAUT. ©] A9 HFA7E 12mmz I
A= gloiM, ¢ FREE B FE 2mm, $AREE B $olE Omm
2 83, FERYE Afde nFde 749 A3 E mmdHE SA3A
1=
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AFF F2E A8 23S Estr] 93 20004
99 Agdista AFde e 9o 5 F9 12HYFE AU,
HAE £33 F HATFH F9E 28 A S0cme] ZolE st was)

A

o R24YF FFARAZS 22UF SA4 ¥ 5F A

Aehgde F4T B9 FHT XA HAA 2000 6. 4. -
2001. 9. 28 F<¢t TAFA, LAY, FAYH, 71T 5 HALAY BF=
AL AABIET HAS £IE FA S4F FAE Ve ed, HAY
FAHAE #st A2AZL, ALA vlATRE @RSt 2ALs
den, £ ZE FL& & dF A7HA BE{]SG Uoh

Ztel 7], B, 2AAH, 4, dA, Fd, 439 2, do FFF
B, 9%, 4, FE4¢ A, gy 37, 2g, BUAH, 4& FAEY, 3
3 QENS, ALFTE, A2EHYo}, EAFE AUl selA BwEEr] 4§
3t ZtEINF, FEY, UEIY HUE WEER g Hdsid ANEE
ANHste FeAv|Fdez F@sH

l

5. a24 Uy FAZZIAZ Y AL 59 34 Ad 3

7t 24 UYF e Fr1AF $yse

T F7IA%F 71eL 24 dxd AHE F92 UVE ol &3t 4T
P & AAEAY. UvAlgls UV Combination Filter(membrane Filter,
pore size 0.45/m)& TUst HASUT AFHAE AY 2=E(PHFEH,
4T A2 AZ7ITHZ, 4, 8, 10, 12, 149)2 2 2X ol 5utE o=z A4
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Astd. 48%WELS UV Combination Filterg& o] &3t n2 s 4o
€ ded F Ztz ded YA Bad £ 10062 AFsd g4 Ea,
A7 we NA nauf=| o] vt AlF colony & @@

Y. 224 4R 4y EAs= AT 3

nAEe] £, F4de "dMIDD) £4& o889 A AP x
49 BAE Edz 39 FRPAY nAE FAR FAA FHol
H7] fsiMde o8 4¥ELS F9 Dataso]l VAIJEZ A7 ME A7
S7HA % T4 A

D AZ 3 9y

AYel ALRE FF= NASH PDA 2AA A 1213 o2 widd ¥
TS ZAu Ao A 242178 5 A Atiujddte] Ao AL AU vjYgS
5 28C=E 3t '

2) FAMEs(Fatty Acid Methyl Esters) 48 93 A 89 Fu]

Gas Chromatography & ©] £ § FAMESV 4L Millerd w159 o
Bt MRS aAujxlelA  wigFg o 50mg(Wet weight)9] cell&
Teflon-lined screw cap tube(213+*100mm, pyrex)s]l &3 ¥, 50%
methanol?l 15% NaOHE H7}g €9 Iml& Wi 100 ‘colA 3023 7}
dsto] Ao 43} d7]9 methanolic-HCl 2ml(6.0N HCI 325 ml 3
methanol 275ml £3-&%4)E #H M8t 80 °collA 10£3 71E% H IF4
g ¥ 1.25ml9 hexane/methy-tert-butyl ether(l:l v/v)& ¥1 1087 &
HojEo A2 AT F wgdo] 209 Fo2 FEFHA F5dUS

AA32 3mlel dilute NaOH (10.8g NaOH/900ml D.W)E #H7lsto 587
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4o]F31 saturated NaClE ¥ #& "Hoj=d O3 599 2BHAEE
septum-capped sample vial(12*32mm, Alltech Associates , Inc ,JL ,USA)

2 &7 capping 8t ANEZ A&t

3} Gas Chromatography©l] 2]%t Fatty Acid Methyl Ester (FAMEs+®4])

FAMEs2] ¥4jol= Hewlett Packard series I Gas Chromatograph
model 5890A(Microbial ID, Inc, Delaware, USA)7} co]l&EH%loH
separation columnZ 25m X 0.22mm X0.33m methyl phenyl silicone fused
silica capillary column(HP 19091B-102)& A}-&3ttl. FAMEs profile<
Microbial Identification System Software(Microbial ID, Inc, Delaware
JUSA)E ol &3¢t B AF9 AlEd Gas Chromatographyd AL t}
&3 2. Carrier Gas, Hydrogen ; Column Head Pressure, 10psi ;Split
Ratio, 100:1 ; Split Vent. 50ml/min ; Septum Purge , 5ml/min ; FID
Hydrogen, 30ml/min ; Initial Temperature, 170 °c; Program Rate, 5 °
¢/min ; Final Temp, 270 °c; FID Temperature, 300 °c ;Injection Port,

250 °c; Injection volumn, 2uf

6. 1s= 473 AdAA F4 7= A2

T AR AdE 22AUFE FFENEY] Hstod B A5
< AAAH. 5L 194 224UF 44 B85S YELRE o83,
Addd AAZRE HF-E A3 20010 39 EHE AAFAH. =
2 A5 69 w9 Fo AAISRAT AEAAL vermiculite, perlite, 2.2}
& I'I'12 4°lA 20cm Hel2 73, Fe42E dEd 10cm HFH L2 4
E Edo AN HHE A AFLIAY FEA st ot

2
AE4e okslo] MA ST 70% ABBoZ Wold L= 44¢ vt

+
i
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A3d 43 4 23

1L 59 4A7N&AZ AT

7b A3 AFxole 2F

FANAE HNEHE £ e AT LG dFxolE A} HAsto
Z 730} 18-48cm W ¥ ] vl=d PA A2 e 2AUYF AAE T 7
A s} 5AAY ARstATh ATFH AYL THAA FAGE 44AE, 3
Fxole 54 A A E2EE 30cm, 60cm, 100cm Fold] BFS A s,
FAFZo] AU 389 71T Fol 4 29, 1Y, 194 & Ao 4] &
FE& AU AEAH HEEAE E>F>A>E] o HF=Eole
30cm>60cm>100cm o2 FHH4Fo] BRoh(2d 2-1, 29 2-2). w
A AT dEueet gole EH F9 30-60cm Ateld Hog2 YENTH
ojg] g A= ol 7t WA FHE HFLEN £ 227 S}
A FEE Y2 F90] o & Y2 719 78 (&5
T, 1992)¢ dA3te AFgolg. HAAA FrIEc] FEE AAFZEH
60cm2th o ¥& Rol% v B3 Jed, 71 vtF AT Fole AA R
Al 60cm olWietn & 4 Uk

8

60

Tapping height(cm)

0.4
9.3
o \

/ € : 30
\ / 0.000 0.200 0.400

Sap production(kg/day)

a9 2-1 A3d Y a9 2-2. AEEoY 49
& #(kg/day) 4% % (kg/day)
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4. £ A 5% A= 9%

4789 A9 1709 m A F Fd 3, 29 N, P, K, Mg, Ca, Fe 333
AZxZol g Hlastg oy F28 g 2ol E TR XA, diy
£9 A4 2378 AT o]FAAE MMEAM o 22 FAE HEUHNY
THE 2-1). W&A, £94E AR\ PA7 124 UF9 Fr1gF el
= & 9¥E T A K A& ¢ 7 AW

oA, FYAH7 LEHUFY AP riAe IFL B71HA 77
FELEHTE ol FARF T A71HU FFE nEHor & Aoz &
e

I

E 2-1. 7 AP vAAAE A& Zolg 99 2aFE

Az 2 o) (cm) Q) AAEE(%)
FF(AL-FY)  SDIN) | FFHA-3d)  SDIN)
SEE 7.21(45-105) 159( 50) | 1.97(053-2.33) 0.46(13)
A 3 7.19(38-10.0) 1.35(115) | 221(1.76-271)  0.25(30)
g A 7.20 (165) 214 (43)

o Aulo] @ o vdg JEFF A A7

Feslt Carlulo 23t A4 E F F opME dF9 A48 &2
371 HsllA, 2000 8¥W 10Ul Hd WA HHol AXF FAHY £
g 2ol 107449 24T Fe sulphatest Ca sulphate® A#Z 7
400g¥ Avjstth TS ZE MAE Z/AYUEE RAsd @3
BEAlEA=H, 2 F AM MEE A 1, 2, 4,5 6,7, 8 9, 11¥o|t
2001d 39l AT nEHUF FAe mdld FJFE HuG A Ay
Aed A% Ade Uv A2 Uy 53] Fed #3F2 AAHA &
2 A= of¢ vnFd Ao YeHTHE 2-2).

o
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® 2-2. AMIH el o n2AUF 49 mulg FFisi(es © ppm)
A g Na Mg P S K Ca Fe

2 [1.05%0.16°|6.46 £1.43°|0.78 £0.31%|0.72£0.07°|70.71 £ 25.26°|69.05+ 13.12% | trace

AME [1.57£0.98°|7.32£2.02%|0.48£0.15°|0.76 £0.33°| 73.75 = 1861°[85.86 = 17.34" | trace

A EZFH7E e Roez Hol AH] MY AH|Fo] EFF Ro=
Fzsn AF AW 85, AP B 714 d¥o] ¥ag
Aoz padd.

o] Y] EYL o] BL AXNAZ H UM, 38D EF
T3 A& EHo] g Fo|7] Wi, AHE Ao, HEHES BFE
F Qe THol ¥& oz UdHT wA £ 4L WU FHA B
Aol Z& g FoZ AYE AAse Aol vidAsoa 2o

% AFYUIE o4 $AAATE
AFTHTE o] 43 AAY $99 F2TL A #4237 vRdA 2
Ao]& HATHE2-3). 274 YolN BT #2 L2HYFe 3¢ AF Y=

n
2
2
Jo
iy
off
i)
i
K
Sk
2
g
[?
i)
)
o2l
1
&2
flo
oz
2
38
+

o] %L HIH HA Y 2-39M49 Zol AF HEZE ol8&H BF
91ml, AD FE5%F9 A$ 74mlZ AF HEZE o) §§ 759 FFo] 54
AT Btk EF 9F #2 223UFY FA$ 2F 6A7A AF JEE



o] g3t fdg AT A A9 FEFo] A UE
JA7A A&AAN F90] FE5A

2EA7E A9 Qv EYU g2 gt oz o] =4
FEHA e A4zdoIdEd, JAF YILE o it AHT 7
S E 1ol 2E vhe} Zo]l B2 2 n2HYFqME A1 57mlY F9&
AN £ A4t 22U G2 4 T2HYTANE AZFHUIZE o &5A
E A AAY & AU A J)42RA 2A %L 0, F sEAY,
HI7b o vidte) sl ¥R, Selol dex @AW, A% ge AF 2

dastA] @i,

224 2 Lol

Yoz

#i= J3SpumpE o] &G, 713 AC #BAGC) FAE iﬂ-ﬂ‘é} T 3
A do ol Z2 dFE HxH JhUdeME 483 Yot §3] o]

Bol #zto] %2 tgd A8 & A Yoz BAA At

E 2-3 AQZHY} JEHLE 0|8 ’“Qﬂ e R 9= vxu

123} Z2(2001. 3. 16) 22} Z4(2001. 3. 17)
A oS #2 g3 #1 B #2
& ZFml)| BE(%) [ FEFm)| BE(%) [FEFm)| FE(%)
09:05-10:05 49° 14
10:05-11:05| 118° 2.0 4 1
11:05-12:05 32 15 32° 1.1 41° 15
12:05-13:05| 137° 0.9 6 2.0 0
13:05-14:05 34 1.7 47° 1.8 57° 14
14:05-15:05f 137° 15 2
15:05-16:05 8 15 22° 1.3
16:05-17:05( 114° 15
17:05-18:05( 115° 15
* pe MET WEE o]&d AAT =9 F&2Y
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’—; 300 1
0 200 - NBEO
il 101 [ Ress

0

g3 g3

29 23 449 Ad #EFH ATULE o4 3N
S AAY 5 FEF

2. 1% AGERAAL] 4

7 R E ARES A4S AEY BE

FU¥ 2727 (refractometer)& A48 49¢F) $3& HPLCE ol %
#4 A8 A & FUY 2EAAS Brix@o2E 4EIFYNE
oA AHesteTh @AH 249 Brixs 4¥AZ $74 HPLCZ 3%
BegsEse wAE T v F W50 VASE 094672 S E
o Brix2 A4 U= AWEEE 248 4 € A2 Yeho) Brixg
gd nEal o 3 APUF FANE ohAY 4 17 Bon AATUE
a9 2-4, 59 EASAT

Sucrose (%) = 0.8758 Brix - 0.2965 (R® = 0.894™") (& 1)
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700
y = 304.59x + 5.6957‘

600 R°=0.0908

500 //
400

300 /

200

/./

100 v

0 i A L L
0.00 0.50 1.00 1.50 2.00 2.50

Sucrose Conc(%)

mAU

9 2-4. Standard calibration curve for UV{(195nm)

determination of sucrose concentration.

Brix-Sucrose(%)

y = 0.8758x - 0.2965
R? = 0.8943 (N=105)
. 2

W
o o

Now
N O

Sucrose(%)
N
o

-
o O

o o
[on NS |

(o]

o

—-—h

o

oL

o

w—

o

40 5.0
Brix

23 2-5. Calibration curve for determination of sucrose
contents(%6) of A. pictum sap by Brix.
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T4 F ARTFol 2% o)E nFE AFTFH A1 nFE=A
A Adstr] AAM 200085 FHEE HMHEEIHE, AFHE, F
gEE, AN FUEF 2AE AL SAT n24Fe 9
F oY T AGEFY FEE 19 2-69, 2001 dol 63X AR GAM F

€ e #EE a9 2-7d deEpddedH, AAHez
1.7%9] o ge zte AHEX 4L YA,

L2HUT s AL 067-320% HH, BT 17%E AHEA
THE 2-4, B 2-5). 1x3pdEQ] 20008929 4H(F 2-4) JF AEFETS

ox
L
FlJI

oft
oot

A =z
T F A

e

1.59%91 HHd, 2apd =91 20019 =9 7 $-(F 2-5) 1.76%22 <kzhe] Ao
2} QI%Ach 2d7ke] ZAM ZANEE D2Asde AuEPo] 2 Ho)
g ngon FA40E Aol AolE 1%4 AN ARE 4 AT ol R
& Wool geae AANelLTHE AT Wolrt § 2 Roz Be
Su, 1 49e dAEAe) Hebd B3 JAREs QA8 2y B
o AFFBH FEFAA FA Aol7t 9] MEl F28 e 4
@He AT Wole uta Puus

Solg We ZAAel W 49FF) RE7} ST Holg nYEH
(=00001), BAFED AALRlS @A HFUTo FAUT GRS &
DRTH BB wH A0 %A EE BE BT AAED 2o
o) BAIE T GAlEe] Wa| AUHoz YzAto] B 71Lo] 7] o
2ol £AfE el HoiM H4o| A B WEoz AEch HeA,
DEEAAY ALe AugsEz Sgdoz Adse ol HPa] o
gol, 2 ZANTHY S5 4 49 3% W DEEAA FAH 45
g7t GE8 AAE AW Aol EAsdon Q@AY AR
EE 27%°l ATtHE 2-7).
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SURICH(m=1.773,5=0.333,N=82)

20

TOTAL{m=1.589,5=0.406,N=296)

il
40

30 l_\ 5

0 Wy
0.1 04 07 10 1.3 16 1.9 22 25 28

20 02 05 08 11 14 1.7 20 23 26 28
SUCROSE(%)

Frequency
=]

Frequency

10 SULTONGBAKGOL{m=1.404,5=0.431,N=43)

10

0 el vy
01040710131619222528
020508 1.%141.720232629 8

SUCROSE(%)
5
gy
2

0 . kgl
0.t 04 0.7 1.0 13 16 1.5 22 25 28

0.2 0508 1.1 14 17 20 23 26 29
SUCROSE(%)

Frequency

HURIMOKGOL(m=1.302,5=0.319,N=73)

Selected Total :j

1

11
1 M g 9
10 % 8
8 & 6 g _‘.H_
5 :
g N : I
g2 s 2 _ _
g s 0 Lvaetl s
. 01 04 07 10 13 16 18 22 2.5 28
02 05 0.8 1.1 1.4 1.7 20 23 26 28
2 SUCROSE(%)
L | |
0

0.08 038069 0.96 1.0 1.581.08 2.18 2.48 2.78 HANJAE(m=1.731,5=0.357 N=68)

0230530.831.131431.732032332832.93

Sucrose(%) 2
. .
B o1s
P \
5
a9 2-6. 0004% J9E v § ddsk

0
01 04 07 1.0 1.3 1.6 1.8 22 25 2.8
02 05 08 1.1 1.4 1.7 20 23 26 249

o EX9 A AT $EEX i

_66._



Total (Year 2001)

Frequancy
g
)
)

0104086081113 151820222527 293234

Sucrose{%)

Total(rn=1.8,5d=0.43,n=575)

30 60 20
25 r\ 48 6 \‘
)
15 3
g g 24 g 1
w 10 e [
5 12 4
0 0 . [Prrr
0.10.50.91.31.72.2.52.93.33.7 0.10.50.91.31.72,12.52.93.33.7 0.10.509131. 2229637
0.30.71.11.51.2.32.73.13.53.9 0.30.71.11.51.82.32.73,13.53.9 0.20.71.11.51.2.32.73.13.53.9
Sucrose{%) Sucrose{%) Sucrose(%)

A Al (m=18,sd=041,n=129) 9} A](m~=1.7,5d=0.36,n=179) A AFE(m=14,sd=0.47,n=90)

30 &
. 9 2 >‘2-‘4 [
g 7 g 18 g 4
: 1
g 4 g 12 g
[ TS w
2 6 3
0 b 0
0.10.50.91.31.72,12.52.83.33.7 0.40.50.91.31.2.2.290.3.7 0.10.90.91.31.72.2.52.83.3.7
0.30.71.11.51.92.32.73.13.53.9 0.20.71.11.51.2.2.73.13.589 0.20.71.11.51.2.2.73.13.53.9
Sucrose{%) Sucrose(%) Sucrose{%)

249 ¥Hm=1.7,5d=0.36,n=39)  I]o}F(m=20,sd=0.33n=95) 45 ¥Hm=22,sd=0.32,n=40)

3 2-7. 20019 % dgeEe] A9d £%
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7128 RuoA B NG n24F F49 dgse 1-1.5%9 ¥
A= &R UAJG (I HE 5, 19%5). TAHY FHUFHSANAME HTF T
1771033%2 71 ¢, U322 HAE FAolA 1.73+0.36% A2
o, AAldel dEutEs GAlE e FE) 5T 74z 1.40%2043%9}F 1.30E
0.32%%ch AA HF FEE 1591041%2 71 219 1-15%9 /A8
A o L X E JEHRTh

B AR A3 4 2o ZAAE AT A4 Abo)9] bE AlH R A
2& e AQUIARILR TFE F U7l dEd G L4, I
9] o7t EAFRTGE AL A zEoade] FE8A4E Eo)7] YAlME
A 0 A S Fked A fo F77 o Base o @
mebA, 22bdEe) DB E AA G HEE 67 A, 5EAANE F7eto]
F 107] H<, gniAAZ e s

E 2-4. 20004F FAPAE D2 F F HYFEY RX(TH %)

SITE e MEAN SD MIN MAX GROUP'
A AT HI 1.8 0.33 0.75 268 A

W) &AL gAY 98 17 0.36 0.84 277 A
WeMFeEE 73 1.3 0.32 0.67 189 B
oA E8rE 43 1.4 0.43 0.71 222 B
TOTAL 296 1.6 0.41 0.67 2.77
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E 2-5. 20019 AR 122 9 F AGF5re F¥(dY : %)

SITE HE 4 MEAN SD MIN MAX  GROUP
A 2] Ak45eiuk 40 2.24 0.32 15 29 A

A g Aol E 095 2.0 0.33 1.0 3.0 AB
WeNAZ 129 1.83 0.41 0.7 25 B

L B 179 1.71 0.36 0.4 3.2 BC

A g A4 39 1.69 0.36 0.7 25 BC
WA ALE 90 1.32 047 05 32 DC

o B & 3 1.3 058 06 16 D
TOTAL 575 1.76 0.43 04 32

* Group by REGWQ multiple range test
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E 26 ZAAE n2H FH HFFHHEF o] ANOVA

20000 d ZAEA

Source DF SS MS F Value Pr>F
Model 3 12.51 417 3548 0.0001
Error 292 34.33 0.11

Corrected Total 285 46.85

2001 =AA|

Source DF SS MS F Value Pr>F
Model 6 27.21 453 3191 <.0001

Error 568 80.74 0.14

Corrected Total 574 107.96

Y. 25 E 43¢ A440%

1Apd e AAE nEE 4B9HEF AA AgE @ds7]) st 24
dxols At o] A9k 44w, 4690, AAE, AAEAA F 5574 E
e s dusg. A% Ad+E ¥ 2-63 & 2-7d Yeth ® 2-5
g o] 24dxd zAME AAFTAM nRAUF] Fd FF IFEE
176%°i0 e, 2 F iFE 2% /AR AeE AAE 28/AA ) AHE
2-7). AdE 1FE A9 HAE GPSE o &39 HAE BEAGU
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R 2-7 1F = ALTHAA ALZA (2000-2001'A)

0 200 400 Meters

a3 2-7 A, 2T 7JA9 GPS 9% FAE

s 45 50 4000, AT eus e
WeAFeHZ FAE 2000 22/18 4/82 Uy TRy
YAFAEZ FAE 2000 25/1.3 2/73 HURIO1, HURI10
BeadgutE AA™E 2000 31/14 y3 e ST
eAsA B 2000 3217 aos  HANJZ, FANIS,
WeAAAZ AR 2001 2518 2/129 JSB1, JSB2
WeAAALZ  FANE 2001 23/14 2/90 JSAS, JSA7
Aadslord  wAME 2001 2.7/20 5/95 ESEZC?OESI
A4t EAFE 2001 25/17 1/39 PG7
A5 BAW 2001 2822 3/40 RELaee
Wedelx]  BAFR 2001 28/L7 2/179 AC9, AC14
Ade  age oee ST 27

-71 =



3. 18R, AARA, 594 AWFHe BA 79

20004 29 109A%E &0 Aol 38 11U7A Felo] 4=
s, o RERY ARV F 4-588 F2712Hrun)e] VERTHIY
2-8). o] 717t & +ARE FolE 1€ F&o] siH AAHE oz
B,

BAUA & 49 HEEHL 71D /b WHY AVAAS Bol=
Aoz deld Yuh. wekd 7L 9B A & Qe 89 F AW A
YOIZH 4ol wek $2SE7 Aol Y Aoz AUV, F,
N, e 3N AS T HE) AAE 47 AR AP £E
24ATHAY 2-0). 2ALY 71 20| Rk7] WE 5 FE o M H
4900, §EAN NTE A debch $8A%7 sl o=x
NZHe BAES £AHBL 1200789 FE0] Az 14:007¢ Hujol
o223 ANFo] axe] AL 150001F] FA PSS AZRo|A
£ 160030, AHARE 17004 ERAUT GARS FHREE 12007
o %Z0] AEo] 15005E 1800Ak0lo) Aujel E2sT 1800474 &
Fo] A%HUTH AATS YERTE 14008 o2 Aok §20] Azt
of o] B7Hss @ 180001 EAA fB0] ALHAG. AY 72T @
Ae meshd RN F330] 713 wsith

sy =
sal

mlm
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4.0

a5 |

30 +
7 |
32T ||
-
5 I
520 — g5
8 [ [ —as
Q.
[o]
@ |

10 |

05 | |

0.0 2 . L . . ;

OFeb  14Feb 19Feb 24Feb 20Feb  SMr  10Mx  15Mer

Dato
3.0
25

g
=]

=
(=]

Sap flow rate{ml/min)
&

e
o

o
=]

0 60 120 180 240 300 360
Minutes from noon

29 2-9. 3 RAN MY TEHUT Fo9 dF FE4E B3}
"HR, $322(48); SC, $AAF(5Y); SL, HELE(N D)

TS, AMR R YV, ASR
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9 AdE Foo UF Fode FEHEHI} 712 WER BHS BAS
Uee gulstes RO ANHLH, S5 AR A BE 2N Fol
7 AEHEE JRH £2F Ane) HRH D doh A, AFEY

Aol 71 Mg Atd e dArEd ez A4E £ gl

3.0
— ®
i
8 25
~N
|
g y=0.759x + 0.4497
> 20 R?=0.7062
1]
0N
o
S
0 15 ®
ES .

)
1.0 —
1.0 1.5 2.0 25 3.0

% Sucrose (year 2000)

a4 2-10. T AN 200083 200013 MR EE0Y FHEA

¥ 2-102 200034 20019 Ee] AAEZ F o 23 dgyze 4
BHAE BAF3 o /HAE 195 2xd 2o dgyEe du
AFCCIE 08403224 g & g HAFOZAN HEgFrE: &
8% B2oe #334d 93¢ 0 Bl ¥ AL € & AJgt dF@A
LEEe] A9dFE A d3q AFY & Yod AFEAE 7
T AT 2 B EH(Kriebel, 1989). olv 4B ¥ E7 APFHQA FFS A
dowy, A Wo] R AGY A Welrt o AW, ZAMR] AMH 9
AP W3 go] € Aoz Ao ety ZAANEZ SHFHo=m

AgEe Aol Byann Alza,
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47 zmmel AFEL §Ue 4> IA 17249 4% A9 BEa
St 283+388mme, WFWoE Bow SuzAs wdel FxaA ol
204 Ao @ 4 YTk 2y EEAAE BFel 9§ v @
WEASCV)7 13678%2A Wolst WS 2 Aoz usdt, RESA
S AHEA(2Y 2-13), =7 143, AE7) 086224 mFdFe A
427 BEE 9449 A3 QUNES %0 gHE 5, N%E
A7) e B} WETh Fob GFE FYEH) BITE HPo U3
o, RTFY T AUNES} 11%2 AX FRG. o AHE AF
o o9 AT GEEE fRxAo) BUsd AAHoz BHe HA T,
0 S oW Qe AN fitAe) WY oo wed o4v)
ey

A WAY 2K BolE Sl EAAS 2707t ol AolE B
ATHProF=00003). AA BE Fold 109%712& ZAR 29 Aol2 AT
% & YRS HR=0104), AR Ho] o] o] A el Aol7t @ &
Aoz 4AHAL wom, AP A ATPY, AIAY SAE, A
AN, 229 A 4u Fol o FHe 4B & Aoz Jyd.

278 S S RAF) 2o BARe B AR FeT o] 7
41mm*559 3.8mm*362 X4 FTAIHY FIHITH MAIRY HEFHIZY
2t 075mm+15% 18mm+37l wal 259 o4 f¥d BEs wlu T
(X 2-8).

dedos, @4 4491 Ut 12mme AFHAE 3-4mmAAE B4
NP1 el SHHYY HsAol Bobd AoZ AT 4 Utk HeA,
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steh. e sHrPE 29
A& Aoz AZHed, A4 AHEHI e EALH 2 HE3H FAFHE
29 379 482 HAZ @ o) HE(adapton) & 75 WY dY
oAHEl= AT WA Atold FAZ 27] WEA dA doolYer H
Ta71€ A arh wetM, Ao dejEo] ojz FH EAH
AAZ oJFEHE Bl FWH o {FE2F) ¥ FAL WAL adz 59

A 7R3 E 2L + UE Aol

M

S EEEE

AT F AP FAAH 22

EXog <ALAEFXA>Y <FAl

ol =E>7t @XFA A 2
2 A4HD AATH2Y 2-11). 8
It SAAH B £ ol
AN, F 2R FAG T
Y ARY Aoz BBY &
Atk Yoz F59 FHY

Aol =EAYe HFATL vhE

N

a9 211 B3dee ARG FAAE 99 A8sT Yok 4
U A gol vt 7 FRot dwHolx @

on), 9% A3t o8 FE2AY Y4 ANGE AAE Y& Aoz
deiA gomz, #%zA 4ol AU o FolE Ffolt Wayol
a7 %e $E You, REF Aol Y PALAE BT W STA

€ AMEdte o] A ez AAEd 28u JF F7el vodE
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WS FREA A7t WAog o]FRY] Wi HFuhle 23

] F%E Asse Aoz A= AFA AFHA

n2AGY FAAAl A
THoE vyl AQl =74
Z2 AAE o] FHRE AAFH
st = o] FAHoA FHo
2 4NE ¥z 442 A
dest eAEE &5l U
2oA AFAQ B2 Hed
2 AHALAY 2AHzA 7}
A7k BARNE AE B T 4
Atk 29 2-12914 =72
A} A= A HdA ¥+
5o F&587t o]Fo How
AAE Tl AYE FFFQY yAo] LAE AE E 5 Yk

AFTE T SAEE F2E HAsy B5aE £937] 93 2000
99 ALdUdn AFHEY /e Qo] 5 F9 IRHYFE AU

HAg £ F ATEY F9E XA 50cme] ZHolE Hd3te Bud}

At

a9 2-12. 272 A% £HAH )
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Frequency

0 1 2 3 4 5 6 7 8 9 10 12
Unrepaired hole diameter(mm)

I8 2-13 vHY d4F A BE

B 2-8 FH4AHAF vFE 3T IAH(mm)
ZAA (AL E EFEE) N Mean SD CV  Min Max

Elg A (53) 22 41 bH5 132 0 120
FYIEE (98) 13 38 36 92 0 120
MEWET (4% 5B 18 37 W0 0 120
482 (3% M4 08 15 205 0 50

% nzHUT AZARAZSG T2HUYF B4 257 §3

FRE 9Y718A TAE AR 7)Fo| go} T2 Fulate] 4P
& MATE & AT HEd A, 714, 34 gUE Heoh 9
EUMARE RSFRF BAVNE Y4 AW FATF San) 2
24g 7M1 ov TA4E YYsd FA44L B ol WRE
Aol ANt FA FHYRY Ahash dade BAsd F%
2g dE Au¥oz 2 9% GPm 2A&BY s @,

T3 AotARe EAL ¥4t YJormz Aoz sud oL}

L

flo
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At g & nRANNGROG D2HURA Adste BARFRFE HE
F9 22490 S nzHUT AAsh WA $FE oA T2y
RS #BE el s ARdez wRsA BEE 98e B

F0 WFESHNARE A AdHoz Lo 15009F F 1/60)ake 4
| ole wekstel RHE ASH AT BasH
4 717 FHoE WHA ATE W PEET. gy YT
34, 745 DFTRE GG o5 EHY 49 Fosq nz
HU® BAHREY FAe ol FHE AFE Fdateiof .

FiN
o
fr
ML
=i
of
oﬁ
HN
(o]
I

1) %3 HA Mycoacia copellandii (Pat.) Aoshi. et Furu.
THEIES Fuadoez giide 7139 Fmd HJEAGT AAY

EEEL ate] mHEel MRIY I xkES gt Hx Jrtz AW
T Ekel s YA, e Af-EEEAY Fd 4L 9
o gtk Zole 7-1lmmolH, e FAE ImmA =)D Ao
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ABSTRACT

The objectives of this study were to perform site characterization of
Acer pictum, and to develop techniques for natural regeneration and
nursery seedling production.

Acer pictum var. mono was distributed in a cool-temperate forest
zone ranging from 50 C to 90 C of warmth index and from 6T to 1
2C of Holdridge Index. It was a local edaphic climax tree species near
streamside of the valley in high mountains. The results of soil analysis
indicated that the soil conditions for good growth of Acer pictum were
674164 % of water content, 5204 of pH, 17.0+52% of organic
matter content, 0.80*0.27 % of total nitrogen content, 17.22%3.00
cmol/kg of CEC, and 31.0£14.0 % of base saturation.

Stand density of Acer pictum ranged from 81 to 200 trees/ha, and
importance percentage ranged from 24.8 % to 44.1 %. Acer pictum was
associated with Carpinus laxiflora, Fraxinus rhynchophylla and Fraxinus
mandshurica in the canopy layer. Sapling density of Acer pictum was
significantly and negatively correlated with coverage of Sasa borealis,
a dwarf bamboo species, and positively correlated with contents of Ca'’
and Mg"' in the soil. Germination percentage of Acer pictum seeds in
the nursery with lime treatment was significantly higher than that of
control. It suggests that lime may be used as a soil conditioner for
enhancing density of Acer pictum saplings to promote natural
regeneration. Basal area of Acer pictum was significantly and positively

correlated with moisture and total nitrogen content in the soil and
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negatively correlated with slope and soil Na~ content.

Studies on the seed test and seedling production technique were
carried out in the laboratory and nursery, respectively. Purity percent,
one litter weight, 1,000 seed weight, germination percentage, and
utilization value of Acer pictum seeds were 71 %, 526g/ ¢, 162g, 21 %,
and 15 %, respectively. There was no significant difference in
germination percentage among different storage treatments of seeds, but
it was the highest at cold moist storage (21.3 %), and followed by
warm and cold storage (19.0 %), and dry storage (16.7 %). Acer pictum
seedlings in the nursery soil applied with lime, compound fertilizer, and
urea were higher in dry weight and lower in T/R ratio, with the above
treated seedlings being superior to the seedlings with other treatments.
Acer pictum seedlings at the planting density of 90 seedlings/m' were
the largest in total dry weight and root dry weight among four density
treatmenrts. A study on the effects of shading on the seedling growth
indicated that shading was not necessary, if grown under sufficient

irrigation.

- 102 -



DEAGE Fode ASPE e, AP, ZAL 5 AR FHE A
d9 328 25440 Ax Yot 53, B2HUF FA4e Y IF o

FHL A AF S8l W NIZES Folde wi £87 FHIE
FAeIt R2HUuFe AFE M ZLE 2gitd o2k We
TXWE ojF2 o, Huy AdAoz ANt Ye ANGL A
R ALE T ¥ A AFH AFH AcHYAH], 1988). o)¢
o] FHALR EALKEIXE v A& NYY EY2A T Y 27%
7t ®en, T340 WiH Asr) diEoljgn ¥ £ QAo wakx, n
EAVE HAYY A4 wEst JIFE AL ddME JIF, AY,
Ed 59 45 34 &3AAe FHs, 48 72, 98 5=, 247
A FEE Tebste €9, AAWATA R BAF Ve Agse A
°] T8% FHAolt}.

AR v Selde dedFUT $o Fdo) £8 ¢ ZArizge
2 g A]dEEo Joy, 4587 2L 2R o 3¢ A7 &3
Ho2M HAY 7588 2 AFY 2o AAFHoZ o]FoX1 ]
T(Sharpe &, 1992). Se] 3¢ L2HUE F4L 23 AREH AH o
5o gtou, AFAYA dAA FAHEA nR2HUFRY $HEE
G717 A HAd FEHA 9FY 2AHE AT $IFRE HA Ve
M R AS HAEAIAA A dFALol nnsle nEH U 29

g B714Y e A B T AFTYE 2A0) AAHLE 0] Fof
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A7 @1 ok B A7 BAY AF2M n2 YR B¥el JRT
), AT HAEQAY, 1998), TZAURE

ZMAE4 F, 1934
T 5, 1998) o ojg A+

ERE AAEYSFF] 832U FH()E
7 s oy, g dRAq £EE E@ulg 9 Hgd F¢5
o A AAZQ AEE drldle uFE 4o

B dFE oldg AN D2AYEF HaY WMoz PI¥ET
qe Aoz mEAUT 4%

e g Weah A2, ZAY AL

L

e

1
b

3 BAAA, YRFES FH L AABA FFL 2AREL, $IFRD A
He A% LMY FAAPPY, A, 4%UE, NLNY 5¢ 7Y
o2A, Z2HUTY FH 438734

A3 R FE J1EE Ased B
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A2d As L I

1. 34 35839#

. =AF 43

DEHURY HH AKERAAE 2] st nage 3
REAGY AAFE Wes, ey ZAY 5 34 AXE ez AW
FY3 HED 5L LA F 510 ZAFFEAMA X 2AAE X7~ 1170
AeL)E YA Z 2ATE T2HUES NRY YgHos BE
33 Y Add) ARARROD TATY WAL 00w AR B
Aol 27} AR FAAEL Fuhl B BEAVA AUE, AYLAY
& AR ERUEE 254U F5RET, 2ANAGE $AEQ

AGA-224 AR, AR $BA-25A AZL ARsA

U 4554 2 83494

Z ZAFY EXAIE @ F TEZHURE IPY $29 3, 32
L R

1, 5#%, Ay, ZRAR 9% FuAF 443 52 2ARA 8
Bo| 7bsd WA A4 A% 2ATE FFE 174 F 1879 n2Y

A%, FY25=(Yim, 1977), Holdridge?] $(Holdridge,
1954) 59 718, g, BAE, B9 59 AYAA EFFE, BEA,
718, AL, FEQY, FoleAN@EF, d71xEE, K, Ca', Mg",

Na' #% $9 =994 $¢ =ARHddt. 3%, dWAS,
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HoldridgeAl 5 52 7]4AAE ZAMA A 7H¢ A3 SF A9 FH2 10d
it 714ARS T 100m F7HE @ 7lLo] 055C #HA e

o] 2(Yim, 1977)°l Ysld FAIFTEE AR S ).

2 #Z 2] (warmth index, WI) = 3(5T |4 €387 71& - 57C)
Holdridgexl4= = 0C ©|42 47 7122 & / 12(719)

EFdas 4 AT W34 B, F A f71EFE ZBold

% 0~50cm olo) £ HAsted wdFuiuel Wol 4YAT sl
2ostan ool n2AUT 4S54T AAN ZANRE FHEY

st HH AKUAAAE FHAT,

. 9% 7z 2 54

HEAUT BAY 9¥ T2 % W 2AE Aok AH AS¥R =
AA A SN ZATUHY AZHURE ZUE 2 2 23 58
RYoz WSE, kw3, BEF, 1~294 AF 59 H4zez TR
st £%, $3, 247, I% 5 Y428 ST 4459 FRE
Monk(1969) $¢ dg %Zshel 439Be oF: $BZE BZR
43QBete £BF 5 £ 2m 4L olTES £33 2m olae)
TE B0 AT 4R FH oA A2 ot Foi¢EA

(importance percentage), T 4E, AAFEE 58 E439H(Browerst

A
P

Zar, 1977).
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. AANEA
22T BE Aert 23 A 745 Ad 92349 A
AL AR BT SEAR 4RI F 2 20
2HUE AANEAE 2D AYLAE 20 FLE 2T, 23
g YT 244 AAT, 2RUE TTS #3404 AA £ A7,
ANE Y A4 AA £ 108 A7, 2ANE T 834
A4 AA F1-1R AT 5 538 By 3MEez Ry wEy AY
o WYL Ad HF2 AAT = H2T ZAWE THE #3244
AATE 22 5mx5mE AR ABAANE AAR = Y}PE 5mX
Im, 1-08¢} 1-1E AAFE 47 5mx2mZ 3Hth AG3E &3 A
28 22HUF FAE wEd 50084 F 3000”274 X39E X5009)
€ Aosd. 1-0B AATE 50cm (A HAWyoez wEy 2734
F 16272 A& X3V EX27F)E HAFRAT 1-1E A AFE T0cm 1F )
Avryg oz WbEY 12574 F 2F QAL XINEX12F)E AAGATD. A
A 2AAIZIE 2001d 48 7~9¢€0lx, RAY F o 509 WH2=E X
TUAF dolg AL T ZAEIAG,

¢, 1A= ZA AT AR MY n2HUE 1~234 A5 D4F
o] EF Ca’ 33 Ho3HY H FBRAZ UANY F& 13 43
&9 A7} Lol g mAE FIAL FANELY] AT dEe AY HEE
cHWGR BEZ 2AYsAYT. 494 G 3uEe 2x3a04
deoz v 12 8L M (A4 EDAN T4 HIFAHFR
st om, 232918 Zzt dixF, EFu|E AuT, BgHlg+asA)u T
2 o M, vrEE AT dWFL ImX1mZ R e, 7 Y
T3 10089 ¥53 AF FAE FAAAG FFA 71 20019 489 29
ojRon, BF F AF dold 74X 79 AL E Wol g & EAME AT

koK

.
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3. ¥u7le

7t. FAEFAZAA

AT 1xPA =Rl 2000 7HEd T L2HUTF FAE QAR &
FE BHF AF5F 109 87, lked BF, ¥ol&, & 5& A
HY7ZW 5, 1995). ¢ H &2 4utE oz 29 ANFEFTAE FHete FA
g FAs BAHo], AW, o83 T& AT &AF
F eATA Y ANERETAY FTF RELE Mk §HFE qEo=
100me] &AFAE HAsld FAE AT F 10T FA@Z 484
o AFFS MiEoz 500de £AFTAE %Y FAE AR F
L000EZ FAZ #idstdoh. 162 d59 lked e 242 100mes}
100g B H5E AR ¥ ZZF 1L 9 ke B HTE e Yolg
& FAAZY Y & Wolg AFolA welgo] AF A UEhd dF
AA 3NrE HF ol &g AHEIAoH, BES THFEXHIE/100
oz 3yt

U FAA G

AT 1AEE 2000 JHEol =AY FAY AFL FL2AF, ¥FH
A%, A2AZ T 3 Fgez stk FLAFL #AM FAE 4¥4
o A2dAM Radid. dFHAZLS e 2P FA
Yol MR AR HSAZE AL 2o FAE HolA 4T
127412, 18T 12412 AAHEES 39 3AET WL27)d HAsAT
(Forest Service, USDA, 1974).

FAAY Ao wE wolg g ALY H3td, £H g

T BEH
FeA3, BEAAY, LA 5 342 By Bz YT

uj 2]

i
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sk M2y, #29 AYTY BHL ImxImz sen, 2 AYFY
AgHel FAE 10cm A FYPe2 10094 F G00W(GSH X303
x100%)¢ A3t FALE, HEe A4, BE FL YUAY @
E3U9734 5, 199)2 483tk $3A7% 20019 49 29090
B, HE £ AFLo}d 74A 79 DA Bolg e A,

t}. Aln|

AH7E 2 YR BEAQ G nlAle 9F§E 2AMY) HEtd, &3
HEn BEFo] FARF, 6T, H3+Eug AETF, 43+5%
Hg+84 AH[T T 433 dFAY 3WE02 APFE wlAsAT. Ha
d, BEY AlPFe 93 ImXx2m2 FHeH, 4 AYTE 20049 9
FHAY TAE FHostHoh AEHANE Bd)e VI¥EA 400g/m'&
AF AET Alvisden, Benlg(d4 21 ¢ A4 17 78 1D &
A(F 4 46%) Lot 2094 ¥} 5, 6, 749 27 3Bg/mA AF AP T
AuEtg . B Al E 7 2A ASARENE lkg/m Al L3
REA7IT 39 30~31golRen, #F F o 37i¥ THoz2 74 39
B A% gasHE 108 6Y A, ¢Ed 10549 25 T3

2 4% A%t BRI, 293, 727, #9Y 153 52 AR

4. 459 s

47 ASUEE wetsy] sk, AU 30, 60, 90, 120 F/m’ 5 4
Mg ¢y 3Boz AYTE MASHUY. AP, B2 APy ®
e Imx1mZ AT 2 A¥TD 60049 W&HAF 222 39 30~
319 Adagon, 4% wolAr)d 59 o] M Y YLUEs}
=% 322/ £AsAT 4G BuE 102 xd Ay, Wz
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L T R L e s

Bl 2427 Z2HYRY BB nAe dFE 2A87) 98,
0, 35, 55, 75 % HlSAE §F 447 dAY 3NF o2 ANYFE XA
o A, R AFFY UYL ImxX1mE ddon, Z AFEFZ 200
Hol YEHAY TAE FHAsAch HEAAE FA geld AFE F &
oz A9 v SRS T ANPFEE AU FFAVE 34
30~31¢ellen, 79 347 10¥ 6o AHed, vHEE 10749 BE g
AN 44 238 nn, 29F, F2E, ¥9E AFF & 2AE
et

M, n2HURF 559 HH FFE AEY] A5 Adsa
F717139 BRAHEZAVE o83 2=, 33E £FFEFE S
A, FA BEL 1-082A 259 F3d 30k oz 2R3

l
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A3d A3 2 3

1 33 B3583A9#

B, AN, ZAL F 3N AAE ddoz AWTFE T

A% A2 20 AIFAN R2HYFY 28 WE} w2 gL A

Hol 4 2AT & £ dAgus AYdAE E -1 2o 224

UEE B E s 520~900m, A2dAg s 520~1,100m, A4
g_:l'

Nl

X

AW 200~610me] AZFAA uny g WEE FPIYLH, 2
ARe Weyst Mol vsted wlEE %o HLuddl LEHn U
. olAe AARel #wmsl We4 1218m, A 1915m, =AM
g8amel W nAY o, TEHAURE AR A Eold 30~70% s

ool AR EEaE A AMET 2AT AN EFAGE 5.
1~92.3Celle¥, HoldridgeXI4+¥ 7.7~11.6T°]3th. Holdridge(1954)<
A7 AANE Holdridged 55t 25l lste) 3142 TP,
Holdridge| 4 6~12°C, 93 24 % 1,000~2000mmel A %<& JLh&&
Pol 90T AR Yim(197) Suets] AH4NE PS5 g
Ngdsusiel oste FRE o, YUy A$ LIS WAL 5
0~90Ten stk watd, R2AURs} vy Yeg %L Y& &
ZARE deigd &3, n2AtrY 2Ede YU Ag ¢
% ek
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¥ 3-1 AR, A 2AATY ¢+ R oswanst AdA
ZA s 24 d¥AIF Holdridge
T (m) (C) (C) AF(C)
FAAA(SW) 11 520~900 62.6~785 -19.3~-288 85~10.2
BEZAME(NE) 7 620~880 635~74.1 -215~-281 86~97
FAATR(SW) 10 520~980 59.7~783 -19.4~-309 82~10.1
BEAE(NE) 8 750~1,100 55.1~685 -245~-342 7.7~9.2
EARE) 7 200~470 805~923 -124~-183 104~116
MAFR(W) 8 370~610 74.3~85.1 -21.4~-160 9.7~10.8
A A 51 200~1,100 55.1~923 -124~-309 7.7~116

&4 A

=

E 3-20lA e AHRE, AMEE AT EYY 38t 549 B A

o} FEHUAE Vel 370 AR AAe HEd FFEAA ) E, 1=
HAUTE ESTETF 674%164%, EGUE 52104, Fr7|BHF 170
5.29%, DAL 080£027%, %ol LA B8 17.222300cmol/kg, 471 E
35 31.0£14.0%%) ASE, FE £& AIGE 22Xz Ak WAl
3 APie] wFAUT BEA(AY, 10008 MTHD, 2 YR
FTFESH, FUIESF, AFLEH, FoIXNELY, A7IEIE FO
< E%¢ X3 U o)8d ARe n2H YR ASE AXEY
T2 XY2G £FENY, 1986)°)gE FE 2dE o, n2HYUF
=

gl FUE AT ATZHA EFTE, RulH, U &k Fo] ¥& E¢L

W

A7} AgAGE RS AAsn Ao

AAE, AEE dgae wE n2durd yrFudi, BIF4,
WEel WaE 29 31 29 20 WLANAL YA BEAY B
% A2 e Bomld n2aufe drEnAA FE5nst I
Mg Bgon UEE #¥ 00miA HAAE RAt AL AdFH =
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s

22k S 850, 450mll M H X E BT

£ 3-2 4K, Aud 2T Ede gasey 54 gEAs BEUn
LR, =] 2] 4k ZA Ak Total
ota
SW NE SW NE E A%
Water
| TI9I27 666199 748193 7BOLI00 464145 HSEI29 674%164
content(%6)
M
f;T 1074001 106+002  107+001 106+002 1042001 1062001 106+002
Sand(%) 5616  60+7 5616 6617 6515  69t4  61*8
Silt%) 314 29%5 3144 265 95£3 2414 98+5
Clay(%) 132  11%2 132 8+2 10+2  7%1 113
Soil texture CL L CL L L SL L
pH(1'5)  49%04 50%03 52403 54+04  52+03 5504 52204
OM.(%) 21646 15122 197+34 182149 100+13 140+30 170+52
T‘z';jl) N o 064026 0864015 076+025 0814034 0592010 0.63£0.14 080+0.27
0
AVPOs 084115 379470  397+00 4414212 288+123 30.9+83 392+137
(mg/kg) _
CEC  1848+3016.18+19 17.15t17 1903+34 145522 17.02£37 17.22+3.0

(cmol/kg) 0 2
K 0.39%0.11 0.35+0.08

Ca” 3.89+2.34 360+1.75
Mg" 0.79+0.43 0.881+0.53
Na' 0.23£0.04 0.18£0.02
Total base ~
+ +
(cmol/kg) 53x29 50x23
Base

saturation 274%120 30.3x114
(%)

5 0

0.34£0.09 0.43%0.13
253%1.37 5.87%3.15
064+0.28 1.141£0.32
0.15+0.04 0.18+0.04

36%1.7 76*35

207+74 387%119

9 2 0

0.37+0.14 043+0.15 0.38+0.12
344%2.26 600£342 4171267
0.75£0.39 1.03+0.49 0861042
0.22*0.08 0.15£0.05 0.18%£0.06

48*28 76*40 5632

31.0x146 415+18.0 31.0+14.0

¥ Water content(-E8) = (AFEYTA - 16C AREYFA) / 106C ARESREA X 100%
Moisture factor(F225) = FRESGEA / 105C AZEYFA

Soil texture(E4)
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20 15
Mt. Baekun Mt Baekun o ©
| l@sw o osw °
E% [lone ° ¢ E ONE c e e e
T £ L
® o
S | °q Ce T10 f s .
g * 5 Cq s
= L] ¢ o] 2 oo
15 t .
]
10 N - r 1 1 5 L e, L
40 500 600 700 80 900 1000 400 500 B0 700 &0 900 1000
Altitude (m) - Altitude (m)
14 35
M1. Chokye Mt. Chokye
512 | ® e O §oas |low . *
2 oo Zx | °
L3 20
e 2 * o0
g [ ' ©o o oo 215 } o
=
10 }
8 . , . — 5 ; o
10 20 300 400 S0 60 700 100 200 300 400 500 700
Altitude (m) Altitucte (m)
15 0
Mt Chri ® Mt. Chri °
osw osw
E ONE ° 0 © o E% I'lone °©
g o o o T L4 ®
s eo © 82 } o *0
§ ° g ® o
2 =1 o
5 L — e, 0 s
400 600 800 1000 1200 400 600 800 1000 1200
Altitude {m) Altitude (m)
- - .
a9 3-1 A4AE, AR Hgne] BE D2AURY 2537 ojmB 3

HEFnAEI n

(SW: GAAME, NE: HFAHH,

=
pwe
239 935

E: A, W: AMAHH)
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30
Mt. Baekun ®
cg ®SWw
8 20 ONE
[5:]
Q
e
= e
2 10 | ®o0o
S e @ ‘e o
[ o
@ OO O.
0 1 jl 1 2
400 500 600 700 800 900 1000
Allitude (m)
25
Mt Chiri
€ 20 I |@sw o
8 ONE
§ 15 F o
= ®
> 10 }
£ o
c [
8 s } P oe® ®_ o.°
4 J’ o
0 2 L P A1 A 1 e
400 600 800 1000 1200
Altitude (m)
10
Mt Chokye (o o
NE 87" ®F
2 ow @
-‘-"‘5 6 | o O o)
g e O o
= 4 F ® e
=
e
g 2F ®
0 2 2 4 1
100 200 300 400 500 600 700
Altitude (m)

a9 3-2 408, AR Hgae] e 2R BEE} olaSE 9%
(SW: FAHAME, NE: 3EAHE, B $AR, Wi A ALR)
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7 2479 134 % 5179 L2AUT JZZAA A4AY 54 2
SR, AR, £3d S0 FuYFe ¥R EEUA
AF}E E® 3-3% 2o Y £FNAY FAW FuIRL
o179 Aole ggovt AN A AR, NEAAY HFAR,
REEREE FAAE, AAAY 3
Agoldrh. $Y X ARzl = WA Ay
25 2FAge] dAAE Bt §7 Aol F3F AFIU

ZA
SEA, WenA A

NArg e goz &

E 3-3 2ARPE TEAUER J2Ee A, Adud Sy a7

A% (T TEEHA)

ul

334

Ho

A2 4

Z A4

TR Tsw B SW  NE E wo et
20 25t16 23*14 25+05 29+10 20%06 31*12 ns
30 55125 54%10 49+08 57%20 44*14 63+22 ns
40 87+33 8613 75tl1 88+35 76+22 10042 ns
50 106+2811.7+20 98+13 120+48 106%27 134*53 ns
60 126+19147+29 121*17 146+56 135t30 15753 ns
70 158+24 168+37 148+13 158+55 162+10 17329 ns
80 17.1%141193%56 174%17 180+58 19.3+53 ns
90 211 240%73 191%27 207462 ns

5%5E froldgle

9%l AA5E A9 WY BIAUR F2E 1879 FUH

J% Agd BE FAUFRAF, £ A 43 47 39 33, 4,
59 2tk +9 309 ©¥9 $U £3Y Wel FuYF, 51
F $$AEo] GAAR BTt Btk AR 33 Fd £FFY
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@ EEAEE 032w, WAAEE 0172m M BEAEo] YA no
19M BE RO £% 3099 W 90 FLAFH FnE FAAR
A 2% 55cm, 58m, SEARAA 27 5dem, S4molQow, £ 60d
Q W PR 77 127cm 99m, TEARAA #Z 147m,
116m, #1) 37 49 0¥ W YAARAA 22 2Llem, 116m,
BEAEA 247 240cm, 144mEA 24 AV B 07 A S5 -
@ Bolgith e, 2 249 HAY AT W0EAN I Fuy
Aol RuHoz Zrste AL nJezM, dnaA N&Hoz 43
St 24 220 YN BHL 8oL U £19 A BEARE

A +23 0E7AX AN FFoy, FANEL 70d o F A

®SwW

=0. - 2.
L ONE y = 0.2892x 9639

RZ = 0.0948

N
o
!

Mean DBH (cm

10 y =0.2527x - 2.1631
= 0.9946
0 - L
0 20 40 60 80 100

Age (year)

a9 3-3 WA A PFE 187 s A% AEd g
73 /3% (SW: g4 A, NE: 53AH3)
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16
®sw y = ~0.0013x° + 0.2976x — 2.0449
ONE R® = 0.9938
gl2f
=
k=)
2 87
5 | y =-0.0017x? + 0.3049x — 1.9058
= 4L R® = 0.9927
0 L 1 E Fl L ) 1
0 20 40 60 80 100
Age (year)
39 3-4. B4 9 HEE 1859 M o3 Alwd
B 41 A% (SW: GA4AME, NE: 5 FAHH)
0.4
| @SW y = 3E-07x*°7%8
ONE R? = 0.9963
v':g 03 |
£
302 | y=3E-05¢" - 0.0005x + 0.0035
2 R® = 0.9966
o
= 0.1
0.0 - '
0 20 40 60 80 100
Age (year)

a9 35 WA A AFS 18% 9 £UAsel 9 Aa
& AH 4% (SW: $H9A, NE: S549)
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E 3-4, 5, 69X = &4 xAE AF 37 AR, EYEA I3 A F

167 %2 A4 F S9US 50 74X ARAS P 2L AAw
LEHUT FRudHe HA4L YHEY. FIoUe F4U42 @
Ae FnvdHo] FnAFY YEd YN EHolPE Be AN

o &8, AA AAE Aoz ¢ A4 Fs RolME AAE] Ek
771 03 o8tz HY¥E=7 dkd HE ;s AAE FHH
Aot HEAAG L FALE, FEAS(moisture factor), HEH
F, Fol2ANFEFCEC) T T8 #AAACIULH, A
AR H L FEAF, 718 T, gdivEs, sidn, Fol2XELF F
o] 8¢ &AUIATt ZANAG Z$ Na' &%, Ad42EF, #7
TUF, EGUE, dLa Fo] Fag §HIAU

E 34 WAAGe @73 AA A¢ n2HUF F319EAH(n'/300m")
o AT FAASs

59 23 3] A 4 (Y=a+bXi+cXz+dXs+eXq+{Xs)
W SYS A
g (R a b c d e f
1 FEX) 0.229 0833 -0.043
2 AEX)), AH=E( °, X2) 0358 0967 -0.045 -0.010

HEX), BAHEX),
3 ' ; 0477 -3.856 -0.059 -0.011 4.699
T A (X3)

4 BAEXD, FEATX), 0621 -13.544 -0.022 13.001 0.022 -0.032
2(Xs), F718(Xy)
AALE (X)), TEAT(X2),

5 HE(X3),+&UA(X,), 0.749 -15616 -0.026 17.474 -0.072 ~-0.014 -0.051
CEC(Xs)

¥ SPES F8 FAIAMAG 34 A, BEFEA 137 A T S¥ET

57 ARAT7E 7Y 2 27 EYEAY @9 E 329 FL
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E 35 Aeaxge g4A%d 08 n2AUT FIoEA (m/300m) ]
AANT AHAS

53 47 3] 7 4 (Y=a+bX;+cXy+dXa+eX +Xs)
EE sgus A%
Z (R%) a b c d e f
1 FEAFEXD 0.108 -2472 2500
2 FEAFK), 718X 0234 -5350 5419 -0.012
FEASF (X)), F71E X)), _ _
3 SR E (%, X3) 0416 -6426 6.393 -0.017 0.002
FEAF (X)), F718X),
4 hih}E = (X3), 0514 -5636 5742 -0.014 0.002 -0.0002
S aL(m, Xy)
FEAF (X)), F71E8Xo),
5 o} E&E%(Xy) 0577 -4.038 4.071 -0.014 0.002 -0.0002 0.012

312 a1(X4), CEC(X5)

¥ S H 3-4% T

E 36 ZAGAGY AU ¢ n2HUEF FaddH(n'/300m')
o A 4% FAAASF

= .
= 2% 3] A A(Y=a+bX;+cXs+dXz+eX +Xs)
W Yy A4

e (RZ) a b c d e f

1 Na'(Xy) 0.154 0.292 -0.422

2 Na'(Xy), sign(X;) 0330 0475 -0570 -0.0003

3 Na'(Xy), A& 4(Xa),
71 8(X3)

21 8(X3), (X
Na'(Xy), H3d2(Xy),

5 $71E(Xs3), pH(X4), 0.845 -0.037 -0613 0358 -0.019 0.107 —0.0005
&2 21(Xs)

0.682 0283 -0550 0512 -0.023

0.800 0.365 -0.639 0.553 -0.018 -0.0004

¥ SYPES B 349 Y.
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AiHoz ¥ o neuRe FuUEde %Y FEx59 B3
AFFo 3 AAES Na'@do] RE&4E Zilse AgolA. ¥,
#7128 2 % T2AUT FIURLD 2o Bl BT oL
A EsE g2 Be DAUR EEAY A £718 RHiE
b el7) MEd §71E%Fe] BT Ae AgHoz
At AL 9nlsy] Wzt duy

e 7=

REHAUE REZe Ux e Ad AR OAM 81~200%/hac) g oH,
AAWE B W WA A, EAN] 202 BUCHE 37, D2
? omEzd Wui AH ZAAGA 57~150%/haclGom, 4AE o
Eeueas YA Wey, APy, EAN] co Bttt LAY
¥ m22e 7 FRAFL 2B4~317molYor, TLHUYRE T
AA $29 TES YF £31E 106~124molYon], WeAT BEA
Wa 2ANAY ARG A% Nuy BF LA 227 w9
F47% 29 FYA EHolAn ¥ & Qe LZAYE LES F
neEHe By, EAL APy o2 B
2 +%9 4d93AE ¥ 3-8% 29 =
229 RTAUT FUSHAL 48~441%0|00m, Weal Az

A ¢o2 & AU Nd REAWE Ay Jde BT

>
P
3
>
(g
23
¥
rxi
mﬂ
N

BN

BEFAN DZHURI SHFIUT Ay BEAEY B SAGT
AT D2HURE FSAFIAT. Y Aol HE Aol

2

A

-—

W, 2FUYE 5, A AGaAAE AUt EduT §, 24
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ol HE Mo, EFIT 53
oA Ax HEUR, AFFUR, T
Ack. BEZ A MABREL,
23 om EHUT

EZox Ea3T AU
FUR, yERYR 53 R
H7UE, BHYR
A H X E 0.1~34%0°) 3t

e

I

E
32

olt

o) $HFL

(4]

¥ 3-7. AR AlHy Faad A
I EER! AT
SW  NE SW  NE E W
S
3 61 376 43 367 381 471
4 =(&/ha) (2000 (119)  (127) (104) @8l) (125)
234 2713 29 243 211 24
BT DBH(em) o) 9y (587)  (240) (234) (GL7) (237)
% #23(m) 105 124 106 109 120 110
L, 223 248 199 197 246 208
FagAAMM) 00 @2 62 @49 70 (60
S ERY
) 979 810 T 794 888
4= (&/ha) a24) 1000  (60) (500 (57  (88)
90 78 72 16 79 76
BT DBHem) g0 (113)  ©2) (88 (18 (92)
#H#2 2(m) 69 84 67 71 76 71
‘ 85 55 4.1 49 50 5.0
e & (e
FaddAm7ha) ) g9 ©5 (12 07 (08
@23
] 2067 2667 1697 2538 9252 1233
4%(&/ha) &) 19  © 6D (33 (3)
24 2(m) 12 10 11 10 10 11
(et A= nEAUYR
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E 3-8 A, AR, FB5E 78 39 4R (%)

ol §- 4 A g4k Z A Ak
SW NE SW NE E W
AES
1RHYF 44.1 33.2 30.9 26.6 248 276
Ao 12.8 20.1 11.2 2.8 194 174
EEIgB R 3.2 0.9 4.7 2.2 10.0 11.7
EXYUE 11.2 10.8 - 3.1 17 5.1
S 2.4 38 19.1 414 - -
3T - - - - 104 -
o}l E-&
LEHUYF 126 16.1 10.0 215 114 126
LIRS 95 11.0 112 0.6 3.7 29
A}%}Tuf-r 11.0 33 78 - 11.7 138
ZFaFYUF 7.3 75 3.2 10.1 6.9 88
U ERIGR 3.3 109 0.6 - 154 9.1
7hx)akg 12.0 152 15 85 - 128
Ay 73t 5 39 5.0 142 3.3 0.3
Tt UuF 3.7 1.2 95 15.6 - -
BEZ
TEHUYF 2.2 0.6 1.0 3.4 16 0.7
vl s e 347 8.6 34.7 22.8 129 255
7| v R - 10.3 13.7 15 0.8 0.7 47
LLERR RS 159 3.3 46 46 1.0 2.1
E B R 33 140 147 34 - -
A7} 5 75 9.6 183 5.2 2.9 14
nFLUEF 10 10.7 0.6 0.8 34 57
AbZbeb AR 0.2 - 0.7 0.0 14.1 8.0
L} 3 5 - - - 14.2 19 -
3 PYF - - - 0.1 46 10.9

A, AbEd g nd wE nAUFe FusHEAE 19 3-6%
Zoh Adtdoz 2 o nzUF Fi$FAs HAAE BHele L
= WeA Qe 700m, A A HE 900m, ALY AHL 400mol ATt
o]RE AAR sHtmrl WAt 1218m, A4 1,915m, ZA 4t 884m<]
Ae ndlE o, 37} AX BF A gl 50% A= Lol

- 123 -



70
< 60 I Mt Baekun o
~ ®SwW @
55 | ONE
g 40
3] i . . O
Q
§ 30 | e® O ®
ézo . ® e o9
£ o
10 | o O.
o L 1 1
400 500 600 700 800 900 1000
Altitude (m)
40
Mt Chri p
x
:; a0 | ®sSwW o
2 ONE ® e ®
g ® o
[} ® o
020 ¢t o o
§ € o ®
g ®
g 10 B O
0 n n
400 "~ 600 800 1000 1200
Altitude (m)
40
Mt Chokye
£ 4 | |®E ©oe
) Oow ®
E ° .S
g 20 f ® o
S o
g O
g 1o ©
1 =
E ®
0
100 200 300 400 500 600 - 700
Altitude {m)

29 364X, ARE HLnc] 4E D2HUR FESH ojmES A
A o) o)A
(SW: $AAMR, NE: 2EAM, B SAHE, Wi AAFR)
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E 3-9dM e A, ARY, F83E T, FUEE, TR 9%
FTOFdE Udegdt 25Fe FIFTF, FUHLE, TAEE 4F 14~20,
0.820~1.028, 0683~0.854°1c}. AEFY FRIErt vjndy gL AA=
ZAZARIR e, 28qE olfe 2FTT Hus TAES ¥V WE
ot WEFA FHFFI HF B WEIAY GMAEY AS
ZAZZE 97 Wi F, A2HYFY $HEI ¥ WEY FUHFE7
Ml g, oluEFe FRFS, FUYE, TASE 4T 2430,
1.199~1.254, 0.801~0.858°|0o.¥, #5F2 E@FTT 29~30 Tl
¥, T AAJA B4 A4 kR EEX (o], 199008 H]
wEE B FAAY LEHUF FIEAE =H4YFEEA ddd FF
FOGE, TAES AR oE & AFoU oA LBHYFI} =
Zhpio vty =t ¥ AL AlAea 4

E 3-9. AAE, AHEE FOHEA

a4 e ZAN
SW NE SW NE E W

FEFY
T 20 17 16 14 15 16

FOUY=H) 0839 098 0917 0.829 0.993 1.028
TAZ]) 0683 0.801 0.761 0.724 0.844 0.854
FuEF

T+ 29 29 29 30 26 24

FUUF=MH) 1225 12%4 1230 1.183 1.199 1.149

TAE(]) 0838 0.858 0841 0801 0.847 0.832
253

T 31 29 30 30 37 30

FUY=H) 1009 1016 0988 1232 1.369 1.2156
TAZ(]) 0677 0.695 0669 0.834 0.873 0.823
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U, dEFH 2 Ha34
E 3-10, 11, 1291 = A AL W4 ZANAY AEHF %9 1~2

WA Ao 3E2S IS AlEE FuA3E BEE el

¥ 3-10. A EA4AY uEFo AMEE 1~239A4 A, #1532 2R Fu AA
Y Y9x(E/ha)

Ab . #3374 F(cm)

vy FE A+ u33

¥ <10 10-20 20-30 30-40 40-50 50<
nEHULE - 30 70 63 20 3 -
HEURE - 90 23 47 3 3 - -
AgEYE - 17 33 17 - - - -
SR - - 23 10 - - - -
yEd®E - - -3 - - - -
Ao - 17 23 20 - -

'

SWogus - 10 10 13 -
FAUT - 10 7 - -
=FIUYF - 3 - - - - -
goeur - - 7 - - - -
Axgg - 3 - - - - -
EdUurE - 37 53 2 2 - -
n2HYE 38 67 9% 92 54 -
H2U4g 471 125 - 4 - - - -
Aojbe - - - 8 4 - - -

g BEE 179 92 46 17 4 - - -
e - - 4 - 8 - - -
BEhgug - 9] 4 8 - 4 - -
Ry - 4 29 21 - 4 - -
EUy® 54 125 42 42 71 17
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E 311 Me4XY BEFY ARE 1~2d4 A%, #2F 9

dEg 2=(E/ha)

Abe ) ¥ 314 7 F(cm)
gy TF AT #%2
<10 10-20 20-30 30-40 40-50 50<

n2AYE 48 67 79 100 112 27 6 -
HEJR 282 227 36 67 9 - -
AgFUR 88 148 8 36 6 - -
MEUe - - 4 18 12 - - -
UEgysE - 3 15 3 6 - - -

T el - - 15 30 30 - -
o - 15 3 24 6 - - -
EFIARATS - 6 6 - 9 3 - -
EFYgurE - 3 45 42 15 9 -
gged: - - - 6 - - - -
7k2) vbg - - 24 45 6 3 - -
U - 3 3 9 6 - - -
nzHYE 10 19 38 67 71 33 10 -
HEUR 57 181 62 52 4 - - -
AgHEYE 90 48 29 10 - - - -
) =} F - - 19 19 - - - -
UERYE - - 43 29 10 - - -
A ojr} - - 10 5 19 19 10

NE %o¥ 33 62 14 - - - -
E3YF 24 10 14 5 - - - -
EFXYUE - 71 - 24 5 19 - -
gdes - 5 - U - - -
AR R - - - - - 5 - -
7t 2| g - - 29 48 0 - - -
E o U 2 - 14 10 10 5 -
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F 3-12. ZANAY AEF AMEE 1234 A, #5F L F1 3T

¥4 Yx(E£/ha)

A} ] ) F3123 7 F(em)
e T=F ¢ BESF

!

<10 10-20 20-30 30-40 40-50 50<

nEHUYE 110 33 29 29 43 24 5 10
MEUE 34 52 10 4 - - - -
ARFYE 14 57 8% 24 - - - -

o =5 - 57 29 10 5 - - -
g d=EdE - 43 48 48 - - - -
AMojuF 176 48 48 57 33 19 - -
3aF 38 95 29 19 - - - -
E3UF 10 10 10 10 1 10 -
=FdHT 38 19 10 5 5 - - -
govy - 10 24 24 5 - - -
2224YF 117 13 58 58 83 -
HEUYF 200 33 8 17 13 - - -
AMgFuUE 108 29 129 17 - - - -
o FuF 13 63 21 29 4 - - -
UeEgus - 33 63 17 4 4 - -
W AMojuy® 100 33 13 25 29 13 8 -
FET 33 29 79 13 - - - -
E3UR - - - 4 17 13 8 -
EFUYTE - - 8 17 8 - -
gy - 8 8 29 4 - - -
7HA kg ~ 17 54 50 4 - - -~

rir

ZARAG L n2HUYRY A5 TAFS B 9 BREy U
MEY Re Ago|gth N4 WAFH BEEF YTst Y Be A

AP FAAE ol 1~294 AFE AYE o), BEEHE THT 2
AEEYLS AFEILA si7te F¥o BEYo|Yr} o|RL A2 ol
UiE AFRAGEAS S R FzPo] Umy| wRo 2B
IAE o] Frhe ¥1¥(1986), Nakashizuka(1984) 59 H 3o ¢35t A

BE + Atk 3} AAE APHoz ¥ o Ais BBF L AR

A

re
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WES NBY B £FL NBUR, ARFUL, BUFoIUT. FUFe
EoME ANSA gted Y42 2% 2707 9 Ae ¢ F A
Aed, SR BEHFY H$W Yejstn wew

M BUR, AFFURE FFFel Z7Hg we 9Ed ga PEi}
Mg 3¢ Ao et oRAe AFTALL HE WA BZH3
Re FaA UE HEEst Ropd BALgo] E7] HEo
AL FTHEFA AR RAY, 1986)8) A HLuH ADWAY
AAE Aes #5F Ysst 38 gou, 2ALAGY FedE B
GedozA n2duRe FA4Hed AN o4E FHAW, WL
43 APAAde R2AUE $AZP] &AW, ZANAGY A
LE2HURG HojlRst 344 € Aoz wugn

E 3-13014% 5170 ZAT dAS DAY 1~2d4 A5 BES
WEs A%, NP, EFEN 5 2R AANY 4BVAE e,

©
ki
"
o
i
o

O

E 313 REAUR 1~244 A% BEF USd 9%, AP £
yre) A+
) T wE Fx Zdd FE
i e %
HEL BAE Gse gds wum g A%
AerdE -0.19 -0.15" -0.24™ 0.02™ 006™ -027° -0.19™
#EZUE 011" 006™ 018" 025™ 040" -0.18" 0.16™

O
2 ©A  HE  pH  H1E ARA :,5;'3

NEUE  -023" -023" -0.20° 017" -0.17" -0.16" -0.19™
BEZYT  -001™ 001" 001" 003° 013" 025" 0.16™

CEC K’ Ca"’ Mg’ Na'
AFd = 0.09" 0.21™ 0.30" 027 -0.16™
#EEU= 0.21™ 0.25ns 0.21™ 0.11ns 0.10™

P MEAUR FTUDE, 5% FF RIH, C 1% FF K94, © K9 98
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¥ #EF U4EE 4% 22HUF Fuddze

FolHoz oy, DRAUR A5y BAFL 439 n2JUF F3
BEAGE FIHA FBRA AU R2AUYF A5 BAFE =
U Mz F9RQ R FBAA ANeH, EFY Ca' Mg @FH
Fodd Ao FaARA Yk )AL RHIF FaAs ABL R
ZA2A g dstd Wy = WA AxdcE L 1Y o,
st EF W Ca''s Mg 59 ¥E7 A5 24P 9FeTE AL
A AT},

Nakashizuka®} Numata(1982a, 1982b)& 45771 442 HBsz ¢

g AF AFEALE JAs7] WEA HABAl oY1, FEF = H
2990 HAY, HAYYEY 715E WIHCEN o= Ax 59 LA
¢ ERY & AT sgch B 2AES 22447 A5 $4F0] 29
o AEs folFA o FBAA e A 2¥Y W, 22T
FEA F, AAWANE E287] A3t 2IAAE ez e tFo
B, ofFE B3, 23Y YWAol§ T W] Yasry gudr,
D2AYE ASeARE f95 P FBE B EF Ca"9 I
F¢ setetr] ste] BEo HENYE ¥ AH A AHTE FANT
o Mgt mEAUF Fabel wopgo] BF BY FRH FAFoz
¥ 3-7, ¥ 3-14). B@uas} ade A 34 A7} A
o]RL EFUl Ca'ol ZEHUYF FA9 Lolg ERde AHst flaw,
nRAYT] HABAS A8t AN ust Bad AL Axsn At

A

Be+E

T =

ki

e

l"\r'

BN

K
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FEHYoHE (%)
&

-
o
T

4/2

&1 58 §15 524 831

4/9 4/16 4/23
ZAAZ(B/R)
—— A | —r— A R | R —— 4 B+ BU| 24+R D
pea@ s FALHL oo MBIV ---8-- BEY|R+R 2

39 3-7. BEAAY AH[AF 2X38A4YH T2 UYF Wol&

E 3-14 XA AT 2x3 2AAY L2HUE Pobg BARA

FAMA 71 (H/9)

df. 416 4/23 5/1 5/8 5/15 5/24 5/31

Mean square
4 3)(A) 1 67" 534™ 980" 133.4" 128.0™ 128.0" 128.0
Bgug e AMB) 2 62® 127° 127 51 65 84™ 84™
AXB 2 51™ 109™ 65 21 22 22 22
Error 12 53 178 149 142 124 131 131

A 1 2H T (A, A3 FA )
B :3x2 (=7, Eus, Fvls+ad)

E 315904 HedxYg n2uR PFE 1839 +9, #2473,
a9 39d WEFE YEAT T2HURE 219 Qe A2 74

Hle] A Wolsk MEA Ae Ao JEmt) o]AL I

s
v
IJ
Y
¥
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i
i)
Jo
Lo
2
o

PF2 ZA Bdd FAY +
(1988)8) K3 & 22¥ «, €719 HEF 74
Rol R2HUYT Fh9 AR Wol7t AF ol
A, WA, A2HUFY FAFE FAA7] A E F
ZE F& T R2AUF A FAANE Fole FAH FH0 223

thn ¥ 4 gtk

R
1o

vEREY

p ik

¥ 3-15 9N n2HUT JF2e 4§ B4

K
¢

o YT E 3w 49 DBH 1 AZFF (kg/tree)

A}

No.

(m)

{yr) {cm) (m)

&7

7}A)

o}
k> 4

Total

SW

© 0 N O U b W N e

520

540
610
640
630

715

760
790
835

46
77
81
51
79
84
46
91
70
47
73

16.7 98
196 115
216 118
19.0 12.8
206 118
143 98
158 135
225 117
184 159
10.7 118
17.1 11.0

88.0(72.1)
146.3 (82.2)
1449 (81.9)
138.8(91.7)
150.0 (86.3)

96.0 (80.9)
107.2 (86.3)
175.3 (80.3)
186.1 (86.0)

50.3 (91.0)
121.2(84.2)

29.1(23.9)
28.4(16.0)
271.7(157)
106 (7.0
21.1(12.2)
20.3(17.1)
15.7(12.6)
38.4(17.6)
26.4(12.2)

43 (7.8)
19.9(13.9)

48(4.0)
33(1.8)
43(2.4)
1.9(1.3)

27015)
24(2.0)
1.3(1.1)
45(2.1)
38(1.8)
0.7(1.2)
28(1.9)

121.9(100%)
178.0 (100%)
176.9(100%)
151.3(10026)
173.8(10026)
1187 (1006)
124.2 (100%)
218.2 (100%)
216.3(100%)

55.3 (100%)
143.9 (100%)

28228848883

67
72
91
100
82
88
77

21.7 136
195 125
30.1 197
208 158
225 11.2
149 118
174 9.7

339.4(89.3)
140.9 (77.6)
480.3 (90.1)
185.4(87.1)
256.7(94.2)

92.4(80.1)
146.5(87.2)

330 87
34.6(19.1)
46.1 (8.7)
25.6(12.0)
136 (5.0)
20.0017.3)
21.1(12.5)

7.4(2.0)
59(3.3)
6.2(1.2)
1.8(0.9)
2.3(0.8)
30(26)
05(0.3)

379.8 (100%)
181.4(100%)
532.6 (100%)
212.8(100%)
272.6(100%)
115.4(100%)
168.1 (100%)
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E 3-169ME HEAAY 270 Atdel 243F BANEAY A 1d
A AFHE YEd AN LS FAZ ZAdE EFT F3A4E AA
& AT dE2FAN LZHUYF AFE 270 AME 25 23R Gk
O, 98842 dAz 2AdE T 3 HAL AAT F 12H4YF
FAE HIAY A+ A§ dobgo] 1% AR F3) wekrh =AY E
EFE st HAE AAY F 1-088 AT FdE &L 64%°1A
on, 1-18 HATe BL 55~69%0lAt o]RE& n2HUR Y g4
< A% AFALA AB/E = AL HELEFHH, HEE Aste A
o BigAstte AL AAMEH. HABLE A¥ = AA AFe=
2 77 23939 479 & 2EE 9, 24 F 1d9A AdEA @d
3d71E ojEEe] Jdon oz FU|AHQ BFe) Yaddn ¥ 4 o

B 3-16. H4AYQ 2T AAANIAE M 1da 25
Fuhel pE
A g (SW) (NE)
521 165 521 /5

CESE B2 b - - - -
FE44EAN) AATF A5LT4T - - - -
#244(23d) AA F 3T Foh&(%) 13 13 10 12
24 (zEd) AA F 1-08 4T E24&(%) 82 642 938 642
g A (28 AA F 1-1E AT (%) 944 694 944 556

¥ A3 2 A A7) ;20019 4% 7, 89
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3. ¥E7 &

7t FAEZAHA

E 3-179AM = 24Uy F34 FA43A4E2H3E ded, Sl
YFAAZ TA9 EXYol&(F 3-18)0tt. n2HUFo FA £F
2 71%, 83T 526g/ L, 45 F2 162g/10008, 14T H++ 3,615, 1
kg F HTE 7,033t WolgFH &S 4z 2], 16%°IAT

E 3-17. 224U 224 E374

15HE 24HE e 49HE Ky
T FE&(%) 70 71 72 69 71
L4535/ 1) 500 544 532 528 526
A% % (g/10004) 160 162 166 159 162
102 d5() 3440 3740 3680 3600 3615
lkg? HF(H) 7010 7110 6960 7050 7033
wol-&(%) 27 20 17 21
BE&(%) 15

¥ golg  WgHAG Fa BX Tol&

. A

n2HUR F3 AFAYE FF FHE}E} Duncand] HFAA
e E 3-18% goh #F 27 ¥4 49 16990E AFHAT #93HY
Aol7k itk AFolee AFHAT A Aol: Ao W
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E 3-18. n2HUF FAe AAE By v Lol& 3 Duncan 353

ZALA 7] (€/4)
A2 HFLol&
49 4/16 4/23 5/1 58 5/15 5/24

&A% 0 07 127 163 157 160 167 16.7
¥s3A4% 0 47a 183 200 200 210 213 213
W24 7 0 27ab 180 183 183 190 190 19.0
F-test ns * ns ns ns ns ns ns

+ 1 ZFA7] 49 2¢

++ 1 *(5% & K44), ns(F949 UL

+++ 1 a, b (5% #A+F Duncan SGFHA ; FIEANT F94 gl
M2 g8 84 94 AS)

25
—e— 2 x| 3
—o— Y & X%
D | sz
9
T
(o]
30
"0 f
I+
5 o
0 L . L L S H

4/2 49 416 4/23 51 58 515 524 53
ZAAZI(R/E)

2% 3-8 ARWEl HE RTHUT FAY TR dols W
A 213%, WeAF 190%, FEAF 167%8] 02 ERh W, 3
A AZAY BF HF £ 3F A=t ARSHE Lohgol A9 Iy

T2 A (aY 3-8).
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9. Al

DEHYT 559 AMAEY BE 4S5¥A3 Duncandl U4 ddE
¥ 3-19% Zh AF of 370Y FQA AT 7Y 3¥dlE BEY F2F
I #2 AFFAA NuAT F4HQ 2ol AL, 27 B BF
Ay+EeEle, MEug, HI+EHng+ad, gixTe £o2 Fidth
B o] FEFHE A 109 699E E%Ql ALEd 25 AH A
2 FdAHQ o7k AR BE A5 FEAA d=gdu & F Qe
AA AFFH T/R&EE Teistd, HI+EFu8+24 A ToAM ¢3F&
BEo] AusHE Ao s

E 3-19. T2HUF B2 Az ¥7 44¥3% Duncan S

ZA} N BEY 29% F2% 452 e) TR
A7) (em)  (mm) (em) Q9 Z7] ¥ AA
HWEF 205 33  196ab 1.08 027 054b 189 287
A3 217 36 222a 140 032 078a 250 240
Z:j SERL 3L 239 36 225a 154 038 085a 276 251
H3+Bgug+84 218 37 188b 155 033 0.73ab 260 296
F-test ns ns * ns ns * ns ns
HEF 36.3b 69 268 34b 25b 66b 125b 091b
A 3] 721a 99ab 37.7a 104a10.0a 14.8a 352a 1.33a
123 A3+E3H 8 782a 11.8a 38.6a 125a14.0a 17.8a 44.3a 1.45a
A3+B3H§+8 2% 730a 100ab 3752 11.6a134a 175a 425a 1.35a
F-test ** * * ok *k  okk * ok *ok *k
g A5de

D2HUF BEY 44UE AYd¥ 97 45335 Duncand) 3
474 A3 E 3-205% 2ok 2AAE AYY BE 4SYANN fo7
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A Zel7t ARew, VEESF NF/m AP ToM AAAFTFR R
AFZFol 71 #A derde g2 $FEFo] A4HE A2 UEyo

F 3-20. 224 UF BEY ASYE AHd HFE AS¥AH} Duncan
= = B

REES B ZEF F2% 352
(F/m)  (m) (mm) (cm) o)  Zy] mg A4
305 64.6b 9.0 31.3b 63a 69a 87a 219a 144b
60 60.2b 85 305b 51b 52b 74ab 17.7b 1.32c
90F 70.7a 9.1 3452 67a 68a 89a 225a 1.56a
1205 60.9b 8.2 308b b51b 46b 67b 163b 1.43bc

F-test *% ns Ak *ok ok * ok ok

T/R&

ohovl g R 3943

n2HUE 559 vSAEd T A{5Y2H Duncand 9533 2
Fe ® 3-213% #o FdA4Fol gEHE FAA]Y] 104 6¥0E T/RE
€ AYE BE YA F4HA Zel7t AAG v FAHE A
e g2l B3, 2973, F2%, AFF F°] /M¢ ke, T/RE
o] 7bF W3tk & APy F¢ AFAHoER BFE AW P AT
d, FE8 S5t ojFHdd n2HYUT BHEY HSXNEe HaddA
% Aoz JElGY. §H, A¥AUY FHESHFX A it 2=,
Fod 12AUE 559 £RFAAZFE 38 A 20, 25, 0T EF
PPFD 600 gmol m” s'dld A& 2HYHY 3-9). TY F =M
= 25C7F 20, 30C 2o &34 o] gt
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® 3-21. 2R BE H&AEd H7 A58 AF Duncan B35 HA

ZA} A2 HEy 2943 F2% A5 Hg) T/RE
Al 7] (em) (mm) (cm) 9] 27] =g AH
Z=++ 242 37a 196 1.29a 030a 058a 2.17a 3.19
79 35% 235 34ab 204 094b 022ab 0.43ab 1.58b 3.23
39 55% 246 32bc 209 0.85b 0.24ab 037b 145b 3.64
%% 243 30c 181 0.77b 018 038 1.33b 350
F-test ns ok ns *ox * * ok ns
HETF 667a 95a 370a 9l1a 89a 126a 307a 162
104 35% ©6l4a 773b 308 62b 6.3b 78b 202b 1.70
6 55% 57.0ab 6.4bc 29.1b 33c 35¢ 42c¢ 11.0c 1.75
75% 510b 56c 295b 22¢ 26¢ 31lc 79c 184
F-test * *k *k * K *k *k *k ns
5
— —a—20C
T4t
NU)
‘e
g 3r
@)
[e]
5§27
70
2 1}
ol
ﬁo
K OF

200 400 600 800 1000
Z< (PPFD, pmol mi2s™)

a9 3-90. Fxo wE 322 UYF gEo 2y S£BFAAF
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Aad 4 &

1. {5873 AR
2R HAF AKEFARZA JFZALE 2FAF 50~NT,
HoldridgeA s+ 6~12T<% Y2 EA Gt AYxAdL 4 xol9 30~
70% dgsncie) AFR AdWolon, BgAHe] FFAIHRTY A Fo]
F5EPTt. EFZAL FEYF 6741164%, ESAE 52104, F71S
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SUMMARY

The objective of this study was to develop a computer software
package to support forest managers working for Acer pictum var. mono
sap production. The software package consists of two separate
softwares; one for database management and the other for spatial
analysis. The first one is a database management system (DBMS) to
manage database of farmers producing sap. Also the softwaré provides
functions to analyze cost/profit of sap production and to manage the
inventory of Acer pictum trees and sap production data over time.

The second one is a spatial analysis model to assess a sap
production potential of forest stands as a function of abiotic and biotic
environmental factors as well as working environments for field
workers. In developing the model, considered items to influence sap
production of Acer pictum were the environmental factors including the
distance of stands from stream, elevation, soil moisture, slope, aspect
and shade condition as abiotic factors and forest stand type, stand age
class and stand diameter class as biotic factors. The distance of stands
from forest road and the slope gradients were also considered as other
major environmental factor affecting productivity of sap production.

The software package of the database-based and GIS-based
softwares was developed to run in an integrated environment, in which
the softwares run mutually interactive to exchange information on sap
producers, tree allocation and tree inventory. With this running
environment, the software package can be used as an efficient
management information tool for forest managers to assess sap
production fee, to manage inventory and sap production history, to

monitor sap production over time, etc.
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