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= EEyrE 2dske] o]59 Hrhe A9 s th(Susan and Frank, 1991).
ZHE ] (fine roots)© AHPE](living roots)2} &2 ¥2](dead roots)Z 2] 3}t
A EElel o el Feliy e AF el Aew vyl ola, R AE 24
o] 9loJ(Susan and Frank, 1991) # FAX|x] o F2 MG uls o= 3%
o™ (Boshm, 1979), <& ¥+ # 3ojAA Zir F¥A™(Susan and Frank,
1991), & HAAL ofFE M w= Aoz et (Bohm, 1979; Gregory,
1979). eln] ZARA] @R EX Ao ] Fol A ®(tip)e] T Ao ¥
(cortex)o] =2 7|27 &0 Sl o7t HaHA= oA 4k Hele}

et oyt s Femy Hol H2]o H4-(xylem)7t

AN

o B R e At
of gl AL 3FAH ~EH A(stress)E L1 Y= R AdEn A gz 7F

TG FEE B BFo HojA 1E27I(dry oven)oll ¥ 85Tl A 4847
7 o

AedFes A2 A2 253 3327t A& sk

[A Plane Figurel [A Cross Section]
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Fisher 230A pH meter®, ECis= DM35 Conductivity meter® z+z} =43t}

A g gFol e &7 EF 10gS IN CHsCOONH, =& [0} A E4HCH;COOH) &
7}ste]l pH 48% %A1 503 37 100m¢ AHz+Zekx=e] Yo 3083 183 oS
o] 2 2] (Whatman No. 44)= o] 743k o] 2} H-S Atomic absorption spectrophotometer
(M-901)& Ca™, Mg™, K, Na & A% 3

AetA(Total Carbon)&  HI < 5T ol &
homogenizerE ©]&3ste] A3 EHAA 7|1 =FFE 3438 T TOC 4 AXE
o gsto] Ao Fael wel dAiAakstaow SAHEAT

A 2 (Total Nitrogen)+= 0.5mAE 343 FAMNEESE Fardo=z 1g9 54 E
U3t 6g9 A Hel A (KSosCHS0=9:1) 2 5me] 23 HySo s ¥l 7143
of EafAZ TS EaAlHES 100me] EFMEY Zapaaw A& skl o] dofA
20mE FHsted 40% NaOH 20méet &%, S/ o 1/14N HySos Ew &Ho=
A skl G skl th(Jacklson, 1967).
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A5 AANAAY 2352 BFEA B4

A27ge] dslvPA o] 2H 55 Aol #3 o224 IS EUIZ A3l A <
el A o] 2AFE AL #e Ve JMAES =EST ol HAASY] flshe
AtE A ] 2 FE AGEGIN EYG olstehA A gk Ao n@e FAH
(aggregate manner)¢l WH O R 7]&3F5 )

1 %
TEAFA A G (height), AFEAF(ring), ¥l A (root) Z SHHEFA 245
fel¢l E%}@E(hardness), E Y= (pHs), ZE(K), Z%(Ca), vt
adlg(Mg), AEA(T-N)o| #¢ 2 H7F Fo] TA% 542 & 29 #Zo] 89
At

E 2. 9dupe] eAA 2ok

Mean(Std. Dev.) Min. Max. | Skewness | Kurtosis N

height 28.7 (17.649) -187 61.2 -451 -.270 60
ring 51.7 (17.728) 116 82.3 -573 -.503 60
root 68.0 (29.895) 13.2 132.3 464 -.798 60
hardness 28858 (17.273) 276.0 325.00 1.292 166 60
pHys 5429 (975) 5400 | 5750 3.093 7.826 60
K 6.80 (.883) 4.75 7.20 -1.845 1.468 60
Ca 530 (3.776) 58 10.41 063 -1.710 60
Mg 632 (1.155) 469 8.26 210 -1.277 60
T-N 59 (.108) A7 .80 489 -1.142 60

FaAFS AT 287cm(EFHA 17.649), A3k -187cm, HHFL 61.2cme]H,
< glom HIFEE(skewness)E

() oz eEFxor mert 5o Fx FHolth FaAgel lojA AA
Ao FARTGE e AL s FAEoR Aol & U UE

War At
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19920l 13.3em= Aol H34 8k, 19939 H Axzow Frhske FAoltt
(717 5). Akl 1992 0] 71 22 A2 1991l o4 ol A& o] vh

oA aL, #ele] Aeh, WA ol okl Aol AAaH] wel uEhhs oA s

before transplanted after transplanted
Year
1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998
Annual 2 1329|512 408 | 137 | 229 | 268 | 369 | 448 | 498 | 498
growth(cm)
Accumulation |, 1 55 o | g9 | 150 |163.7|186.6|213.4|250.3| 205.1 | 344.9( 3047
growth(cm)
Growth ratio 150 : 3947 = 1: 263

cm

60.0

50.0

40.0

30.0

20.0 r

10.0

OO 1 1 1 1 1 1 1 1 1 1
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

Year

N Ry

& A ol d =l 191de] AE Fol 10.4mmoll A4 1998'd ol = 30.2mn
= 2890 ¥ AR 4)

AgAFe] A=l st FAlCA Aol AA HAashE sl AA BFE099149)
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I o] Fa(1992d) 18] 3 1997 ol ATH L™ 6). A A FdF} o] Fsdd AFAG ]
2ot AL S A9k o] o] 2EdHa wFd Aol o] F 1993
WRE APl dFHor Frtste FAoly 1997 d0 Tad o] wHAsh=

FaAYF M= YEA askd Aolw, oju Aol A A2 A4 1) 7]l

A oz
of duAgel FFL v WEew FHAY
x4 FEY AEAF
before transplanted after transplanted
Year
1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998
Annual 2 135 (39 23|19 |21 ]25]|32 |29 27|45
growth(mm)
Accumulation| | 53 | 651 104 | 123 | 144 | 169 | 201 | 230 | 257 | 302
growth(mm)
Growth ratio 104 : 302 = 1:289
mm
50 r
40
30
20
10
0.0 1 1 1 1 1 1 1 1 1 ]
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
Year
29 6 BEY AFAE
we) g

Roe FrE JEAGD QEARAGY JeE Py dd PR 34Hl



FEl7h wel vk wE, AFHAIZIZF 129 ALHo|AFl= A et 4l
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o2 YEth
® 5 HUYFY AFAF

before transplanted after transplanted

Year
1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998

Annual
growth(mm)

Accumulation |, 1105 015 | 046 | 258 | 268 | 286 | 323 | 346 | 376 | 407
growth(mm)

Growth ratio 246 :407 = 1:1.65

? 38 | 54 | 33 | 12 | 10 | 18 | 37 | 23 | 3.0 | 31

mm

50
40
30
20
10

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

Year
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+ 2 dRHY o, FAEV & stFo e BEwdo] HA FE
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E 6. #EH =EHUY s, AFAAA, P A
species Mean(Std. Dev.) N t Sig

0 38.900 (10.438) 30

height 0.000
1 18.666 (17.692) 30 4.299
0 549.352 (154.454) 30

ring 1.404 0.166
1 485594 (194.893) 30
0 51.990 (23.235) 30

root -4.908 0.000
1 84.108 (27.292) 30
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A 22 iR BFe olFstH HZ

1. 9l gx B o|sety 42
EA
EAL OiRE AYEe AYESL oY, FH4E A9 AMFAYESCLE &
HAch BEFe] Fiol wE EXS AE 7 ]
(LS)E FEEYT. AEE w9d v sez EFozr EX Z7A47 w57}
5

°Eio}°4 e A5 a3 =

Bt 219mmo] ™, W= 15.0m~33.0mo|oh. Baude = gS
S ARE AR=7h A UeEd N9ge AEmfHA G, AEA IR GE o
46cmolste] FolA A A om WAL ARt = UL AN F& T
T Ad A FA0el od AstA AgE Aoln, AE FolA gAHoR Ak
7F = vEbd A2 AAANE 24 88 FAgHe] ds wjEelth
IZETF
EFEFFE Hat 336%0H, W= 233%~58.7%0|th AEE 34.1%°]H, &
EE 309%°ltt. XA 2= AEu @A o] 3256%2 7 vtor tE Xd9E
339 ~349% 4 o]t}

it

rlo

it 84%0lH, W= 34%~227%°|t}. MEE 85%°|1, =AHE
E 68%0)Att AIgHZE PAEXRH] 104%E 714 =1, WA EZAE S =
7y 7} 65%9F 6.7% % 7F4 yir).

M
rt

EY 2tx== pHys 5.0~pHB09 HAE 2HAFoA Fddeld ES7HA + =3
EgEid EQNEE MES A9 pHs 6608 FAoH, FAHAEE pHs 75
Gz EYoz FEEHJY. AE FoA = AAA|gte] vtu Edfo] dfFe] 1L
2]
=]

A9 pHis 75 ol =4 YErl= &t

;
fu

S

e

5) SAA= 0.06dS/m~1.33ds/me] HHZ YEWT EY FHF
ECis— 7—]15(}1\_%)9} %QE-‘@J ﬁé"—i EC1:57]' ZJI—Z]]_ 0.36d5/m, 0.73dS/m= 2,4594' o

i
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YE&FNa)L H 0.36me100g0]™, HY 0.02me/100~1.42me/100g0] ™, AES} =4
EXx ZFZF 0.30me/100e 9t 1.09me/100e 2 A E B} FAEV ¢ =4 YE:

Z §(K)
ZHK)Y FEE HiF 2.84me/100g°], B Y= 0.09me/100 ~4.64me/100g 0] TF. 2 E 9}

FAES K &S 77t 284me/100eSt 2.62me/100e2 HEVF FAHAE HU thh Ee
Ao 2 e
Z #(Ca)
4 (Ca)d TEE Hit 0.44me/100g0]™, W= 0.03~1.90me/100g0] TF. ME S} &

ME Ca &S 7t7 0.44me/1009F 1.18me/100g= UEFY AE HTp FHEZ O &

vt 24 & (Mg)
nadlaEMg)el FEE Hi 052me100g0]™, W= 0.32me/100 ~0.94me/100g @] T}.
MES} FHES Mgdae 217 054me/100g2t 0.48me/100g= A EVF FAHAE BT} @
kTt

A2 (T-C)S Hr 0.29%0]1, W9 0.04%~1.62%°|tt. EY EHE HeA(T-C)
= AMeEs) FHET 247 0.31%9F 024%= AEZ) 2AHAE Byt vhih =9 T-Cr7F
S

AEo A FAERG B JBG AL REFY 4d £71% Sl YAHL 3

HAA2A(T-N)
A& (T-N; Total Nitrogen)E= Hi 0.06%°] ™, H$+= 0.02%~0.18%°|t}. HE 2}
FAES AALT-N)= 272 0.05%2F 0.04%=2 5 ASo a3 HAw HU)
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FHHoR Waksts A EGREn Efoltt &, Ego] 2d5E EFGTE
FolAr], #/18E BE PRAM mov, Ege] Beud 4Ue E
A BFHAoR Wi Aoz HusA

HE FolM ECs7h w8 AL 230 A d7ddeol d&FE A, T-Co

3. AAA W Eold] me EF ol5ea 43
QAR ol we EF olsistd 4Ael Aol AAAuel old we
& AZAUAY, GRARAY, AIRAIA 012, PLeLo~
HEoln PL+3.0m °]de A9 HEAHNTE F

FE 7 AAANE Sgolel whE EoF o]skstA AdH o Aol

Soil Unit PL+0.3m °|3} | PL+1.0~10 m | PL+30m ol
sand % 77521 74.483 75.167
silt % 10.738 12.127 11.645
clay % 11812 13.450 13.220
hardness mm 23513 20.895 19.208
water retention % 33.262 34.333 33683
water content % 7.734 8589 10.404
PpH1:5 - 7.097 6.640 5.825
ECu5 dS/m 0521 0314 0.163
Na me/100g 0.482 0.264 0.232
K me/100g 2.410 3171 3478
Ca me/100g 0.672 0271 0.097
Mg me/100g 0.539 0554 0.440
T-C % 0.370 0.270 0.138
T-N % 0.052 0.054 0.055

EA AAARe] golo] welt tEA Yyt

EF Aol ARt 2345 EFH L] o= A2 K, ESFFEFelH, 4
QA REo] S E EYAHo] dolx= A2 pHys, ECis, Na, Ca, T-C 3 EY7
Lolw, A AN oo we} WMErE fle AL vALE, JES T-Nolw, &E1% %
EGEAE Mg otk oA o & Hol AAAyto] L X2 e 3L HU FRFE



Fel o]zt AAS A 24T A 2AGFE AR AdlE=

[e}
EYAE pHis K, Ca, Mg, T-N& 67§ 2210 AtHE 8).

® 8 2AyEe] AFAS Edadl 24

Soil Unite Mean Min. Max. Proper range | Criterion
sand % 76.092 54.000 94.300 . -
silt % 11.329 1.150 27.550 . -
clay % 12.578 2.750 20.300 . -

hardness nn 21.923 15.000 33.000 25 oy~ X
water retention % 33.689 23.380 58.760 - -
water content % 8.464 3.400 22.700 - -
pH - 6.733 5.010 8.000 45~80 " X

EC dS/m 0.390 0.060 1.335 15 oy ~ O

Na me/100g 0.367 0.020 1.424 . -

K me/100g 2.842 0.095 4.640 3.0~0.6 X

Ca me/100g 0.442 0.035 1.901 50~25" X

Mg me/100g 0.527 0.325 0.941 3.0~0.6" X

T-C % 0.298 0.045 1.620 . -
T-N % 0.052 0.026 0.180 0.12~0.06" X

s 0 AU (TR, 1999, 2FAAVNFE EAET 27, 287)

wx L 25T QA el 98
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1. T5HTS 4 SHASF ST 4BdA
FTEWTA TG (height), AEFA G (ring) 2 BB (root) T SHHEFA E
%74 =(Hardness), EY¥ = (pHis), ZEHXK), Z#(Ca), vltavleaMg)d AdA

L

(T-N)o| #AlE Lotr7] flate] JaEd s 4% 2dad= & 99 2o

height ring root species pHis K hardness Ca Mg
ring 634(**)

root .060 .298(*)
species | - 578(**) -.181 B542(*%%)
pHis | -556(**) -.568(**) -.251 .302(*)
K TAAG=x)  520(*%) 138 —A47(**)  -.638(*%*)

hardness | —.334C+#)  —684(**) —441(**)  —220  583(**%)  -.250(*)

Ca |-383(*%) -544(**)  -229 -131 268(+)  -305(**)  685(**)
Me 023 -092 -.050 137 194 205 384(*%%)  583(**)
T-N -227 135 141 3610t -148 ~.100 -139 137 399(*%)

=% Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).

BBRA AT fOE MFE FAA FURAL Y B RS F14FH K=

7} 0.7440) 3, frelAdel b vre 4w B AL EFHE KE A4y

HHATE o AE Tl A AHBA A= A T AHAFTE =
Ae ST Ko, $()o] AnBAL A A F ABAFL B AL ¢
FAAY EokA T o|t),

FYH % EFHET BA

TG B olgtsty Ao FiEA Ay fFodol e AE FoA G
3}

DBAAZE 74 E RAES KE ABAF7F 07748 B (+)9] A#ola, pHis¢ ESEE
To 7 AL o, F(-)9 Aol T FuAFT FFE AAASTI)
05782 F2Ade] dom F(-)o A3 #A7

,48,



AEARH 2 EFH R B

ol

2 ABAGF7E 06840141 H-(-)<]

FH=

L=
HAZF =29, pHis

o)
w

o]
HH

g(r)el gato] st

L

R

(59 Z#eln K

»
AT 7 BFHE} B

=]

L

FBAF 04412 H(-)e] AgolH, pHiset K Z18]3l T-N& *bo]”7

}

EU
Tl

-

)

<0

)

bl ()9l

fo)%

05422 =11

=
T

YT FFae] BAANA G

BH
-

)& &

Hr

ol

S514(+%)

Mg

Ca
.806(**)
.548(*)

R I e R i s

AL Mg= 3AS 0774019, daAF7E 7 e AL A

A T-No2 A& AS47F 0.618°] t

K
.(a)
(a)
.(a)

(a)
.(a)
(@)
(a)

hardness pHis
.(a)
(a)
T78(*%)
810(**)
296

root
-.063
(a)

(a)

112
=274

-.564(**)
- 49 -

o By T-Noz A#A S 0.4040] ),

ring
.031
-.871(**)
(a)
.(a)
- 770(**)
-.663(**)
-.404(*)

height
697(*%)
390(%)
-702(*%)
(a)
()
-.666(**)
- TTA()
-618(**%)

ring
root
Ca
Mg

le 5
T-N

a Cannot be computed because at least one of the variables is constant.

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

hardness

SRR 7 EFHEH] BA



AEAZH 4 EFHAEHRS] #A

ANA GEATF7Y

A% 07700, AT} T-N

Nfo

i
b

oy

Hr

o]

2

Aol

AO

e
AT 7 BFHE} B

A}

0404019, F(-)9

oA ZeAS7E

Nfo

i
o

!

-0.5640] a1, F-(-)

A

el
~

A85(**)

Mg

175
-.162

Ca

113 2ol vebstt.

}___‘Z_
-.848(**)
.095

268

-.590(**)

540(+%)

-267
-371(%)

pHis

hardness
.998(**)
-.584(**)
S564(**)
-.206
-351

root
664(*%)
-539(**)

369(%)

271

ring
782(**)
-.698(**%)  -.679(**)
637(F%)
-424(%)
A37(%)
134

259
** Correlation is significant at the 0.01 level (2-tailed).

S549(*¥%)  6TT(**)  -.664(*%)

height
.650(**)
.633(*%)
-.570(**)
TT3(*%)
-573(**)

A468(**)

o AT} £ ol

=]
K
Ca

Mg

F

* Correlation is significant at the 0.05 level (2-tailed).

ring
pHis

root

2) =EHUF
B}
hardness

-

o)
HH

#AG = 0.369°] Tt

$A3T % ESYEH BA

"

K= A#dA4 0773012 A (+)] Ao,

AEREHR 4 ESHERY #A

5 FoA 7t

)

#A g

-

s

&

Yol

¥

DH1:5E /61'3’1’_]'74]4: 0698E !?‘(*)9]

Caz F¥A7E 0424019 H(-)9]

&

AO

o)
NS

o)
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2B 2 EFYEA #A

T

= FEAS 067901H F(-)¢]
< Mgz A#AF 0.36901™ A(+)e] Fatoltt

5

1:

pH

[e)
AL

o)
HH
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PERELCEEES ER SRy

X

b |

184 (height), 9 F 43 (ring),
1

BH
T

AZT EF o3 A A #F i F FAEA
A7 (root) 7 o] ol F &
F(species), E%74 =(Hardness), E %A= (pH;s), Z&(K), A
A gRlstdn. AFWHFa FolA Cast

AEdS Adllets BEdaclolr] Wi B

W 2 A e

% 12, AEAHEA
Canonical Adjusted Approx Squared
Correlation Canonical Standard Error Canonical
Correlation Correlation
1 0.842976 0.828884 0.037676 0.710609
0.583040 0.561474 0.085933 0.339936
3 0.167388 0.126562 0.126541 0.028019
Eigenvalues of INV(E)*H = CanRsq/(1-CanRsq)
Eigenvalue Difference Proportion Cumulative
1 2.4555 1.9405 0.8187 0.8187
2 0.5150 0.4862 0.1717 0.9904
3 0.0288 . 0.0096 1.0000
Test of HO: The canonical correlations in the current row and all that follow are zero
Likelihood
Ratio Approx F Num DF Den DF Pr > F
1 0.18566457 10.4182 12 140.5163 0.0001
0.64156967 4.4725 6 108 0.0004
3 0.97198114 0.7927 2 55 0.4577
Multivariate Statistics and F Approximations
S=3 M=0 N=25.5
Statistic Value F Num DF Den DF Pr > F
Wilks’ Lambda 0.18566457 10.4182 12 140.5163 0.0001
Pillai’s Trace 1.07856382 7.7183 12 165 0.0001
Hotelling-Lawley Trace 2.99936228 12.9139 12 155 0.0001
Roy’s Greatest Root 2.45553092 33.7636 4 55 0.0001

NOTE: F Statistic for Roy’s Greatest Root is an upper bound.

,52,



Standardized Canonical Coefficients for the "VAR’ Variables

D3

0.4725
-0.8616
1.0046

W3

0.3539
0.5824
1.0086
0.0082

D2

1.1126
-0.9259
-0.2946

W2

-0.2066

0.6203
-0.1370

0.9346

D1

0.5117
0.5334
0.1896

W1

-0.0679
0.5985
-0.2244
-0.5700

height
ring

oot

Standardized Canonical Coefficients for the "WITH' Variables

pH1:5

T-N

hardness

H
e
AO
=
He

KX
=

(Canonical correlation analysis)

0.0001%°ll A 2] Ad o]

1261 4] Wilk’'s Lambda <] #-2&

-
It

mo
B
w

o))
Bl

e

0.842976, 0.583040, 0.167388%= EfRLOoL 3

72}

BAFES

A}

N

3

942

)

O

gholm s 27)9) ojv]

HA I

=0
T

A 9 (Proportion)®] Fte] 0.0096C0. 2 F-Ad %=

2] (Eigenvalue) = 2}

o
T

el
A
W

il

ToH
Np

&

0.51500] 9,

2.4555,
(Proportion) 2]

7}

%

mo
B

A=Y

L
.

5 Al

99.049%

&

0.81873} 0.1717%

o

o] D13 D29 27H9 M=

2~
T

= A8 A

ba A7k of |

S

=
o

el

el

e

3k D13 D29

M=

?l_

of Aol &

L
AT

v

o
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)

el

178 W

e

o
N

o))
L

o
BO
BO

go=

PN
e

A7 A+ (DALL) 9

Dz |

-100

-Z00

-300

-400

-h00

-600

-700

-800

500

400

300

200

100

D1

Legend: A =1 obs, B = 2 obs, etc.

t<= D13 D29 #7

2) 43 3ALY
IALE AHEY 27

he
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g3 Aol oA mEAH Y Q F(model specifications)dl] #3F HEZS 3 24
3 F&wse Aol Wed Wi BEY, BILF g T, WA
(additivity), A& A (linearity) 9] 417} LATHEE 14).

F 4 veAErd A9
a' Analysis of variance
Sum of Mean
Source Squares Square F Value Prob>F
Model 1433582.6179 | 204797.51684 17.897 0.0001
Error 595043.97839 11443.15343
C Total 2028626.5963
b: Result of multiple linear regression
Dep. Var: DALL
Root MSE 106.97268 R-square 0.7067
Dep Mean 557.38058 Adj R-sq 0.6672
C.V. 19.19203
Parameter | Standard | Standardized
Variable Estimate Error Estimate T-value Prob.
intercept 734.4184 1422.9930 0.000 0.516 0.608
species -82.1171 41.1627 -0.223 -1.995 0.051
hardness -10.6152 1.8313 -0.988 -5.796 0.000
pHis 485732 30.1639 0.255 1.610 0.113
K 20.0583 30.0074 0.095 0.668 0.506
Ca -8.7360 7.7740 -0.177 -1.124 0.266
Mg 80.4666 22.6699 0.502 3.549 0.000
T-N -516.1596 169.6248 -0.298 -3.043 0.003

IARY 7MY HE
e R R R 4 A, ol A, Aol A, A9
stol HAEs AT ZAPZAF(VIF)Z7F 51592 Har ol 3l
()

(e}
1000]3lo]l 1z AR &%= #HEAo] JE WHEIL e A

A= fle Aoz IAddE Y. Durbin-Watson(DW) 7 4 S A
]

N
o
o
o
ofy
of{

i

A7 A EEE st Jow, A7 He e Aoz AaEch
239 A4
g0l AL Se=V MSE, ZAAFRY, F-AAS S A4 A3 =439

,55,



A5 (Adj.

17.897= & o]

. olde] 37 RE A

A A} F

AR A (R?)

106.97268°] ™,

17d ]

o

L

Ju

o

'IT

W59 70.7%7}

0.0001% u}ERLE

9.2V MSE)

R?)9] zko] 0.667= vtEL;

A

Y

RYA
ar

i

@
!

4
gl

lin

B

)

E %7 = (hardness) ¢ Mg, T-No|t},

Z(pHps) 9 AAA(T-N) 12|31 % (species)<

Ao] 74

}

k]
pil

94

[e]

i

P

E

)

I (coefficients) k2]

A9 dA=

L

, Mg<

JNIFAA Y =Y

N
Jail

™

st %, ol

S

st HE

S

3} 3] 7] Al 4= (coefficient)ol] <]

< 516.1596

2 gl 3

=
T
st=

L
fu

]_

of gkel 7+ 2

~
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o

oF
v

ol

¢
s

il

o
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o
o
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7

A=
ad
il

A7IH, &
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=

&9 3

-

)
pil

=]
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A7)

(standardized estimate)2] Aozt Z7]e] vl E

el
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=3} 3 AASF
Mg7} 05022 U}e}

-
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sherh
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Q F(model specifications)®ll

A3 HEES 3 A3 o] Aol HQadt WMo B¥g Q3 W ¥
sk 7P A (additivity), A E A (linearity)9] &A417F 1 tHE 15)

¥ 15 $nA%e tF

a: Analysis of variance

AEdrd 2

3}

Sum of Mean
Source Squares Square F Value Prob>F
Model 13351.4438 1907.3491 19.729 0.0001
Error 5027.3411 96.6796
C Total 18378.7849
b: Result of multiple linear regression
Dep. Var: height
Root MSE 9.8325 R-square 0.7265
Dep Mean 28.7836 Adj R-sq 0.6896
C.V. 34.1602
Parameter Standard Standardized
Variable Estimate Error Estimate T-value Prob.
intercept -78.4652 130.7968 0.0000 -0.600 0.551
species -17.4063 3.7835 -0.4972 -4.601 0.000
hardness -0.4643 0.1683 -0.4544 -2.759 0.008
pHis 3.4150 27725 0.1887 1.232 0.223
K 87767 2.7581 0.4387 3.182 0.002
Ca -0.4807 0.7145 -0.1028 -0.673 0.504
Mg 2.6537 2.0837 0.1740 1.274 0.208
T-N -15.7751 15,5913 -0.0958 -1.012 0.316

) A=Y H4e A=
gFaARGe 4ol dFIAY, ol dH, wAe AiFA,
stel WER A3t ol ge] Ytk
2) 2Y¢ A7

o] APALE Se=V MSE, ARAFRY), F-AAE &8 #3e A+

"
o
Y

,57,
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An@A e W

Ao, K= A(+)e A

F()e

O 1o
AS=
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F 16 A8 HsAAdRdE 23

a: Analysis of variance

Sum of Mean
Source Squares Square F Value Prob>F
Model 1342083.5186 191726.2169 19.463 0.0001
Error 512242.4421 9850.8161
C Total 1854325.9607

b: Result of multiple linear regression

Dep. Var: ring

Root MSE 99.2512 R-square 0.7238
Dep Mean 517.4731 Adj R-sq 0.6866
C.V. 19.1799
Parameter Standard Standardized

Variable Estimate Error Estimate T-value Prob.
intercept 481.2964 1320.279 0.000 0.365 0.716
species -105.3163 38.191 -0.299 -2.758 0.008
hardness -10.1159 1.699 -0.985 -5.953 0.000
pHis 50.1122 27.986 0.275 1.791 0.079
K 185133 27.841 0.092 0.665 0.509
Ca -9.6336 7.212 -0.205 -1.336 0.187
Mg 78.5838 21.033 0.513 3.736 0.000
T-N -475.4861 157.381 -0.287 -3.021 0.003

D 3IAAEY 7139 AE
O3 AEEde Mg vEeAdal, o %A, ZAke] A, AEA, sEabdel
ekl HES At ool gl
2) 2y HA
A dF37 28 AT Se=V MSE, AAAFRY), F-24S A4

-

AA MEe 7238%E AWT F Avh F-HAS 7 A7 F=1946322 &0
0.00012 e fFoAdoe] tets] = Aoz AYEdu. oAt 371 my A
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E 17 UMY dEAgRY A3

a: Analysis of variance

Sum of Mean
Source Squares Square F Value Prob>F
Model 31537.0523 4505.2932 11.053 0.0001
Error 21194.6736 407.5898
C Total 52731.7259

b: Result of multiple linear regression

Dep. Var: root

Root MSE 20.18886 R-square 0.5981
Dep Mean 68.04967 Adj R-sq 0.5440
C.V. 29.66782
Parameter | Standard | Standardized
Variable Estimate Error Estimate T-value Prob.
intercept 479.6606 268.5601 0.000 1.786 0.079
species 53.5288 7.7686 0.902 6.890 0.000
hardness -0.3665 0.3456 -0.211 -1.061 0.293
pHis -7.5398 5.6928 -0.246 -1.324 0.191
K 17.5677 5.6632 0.518 3.102 0.003
Ca 3.4446 1.4671 0.435 2.348 0.022
Mg -4.5691 4.2784 -0.17 -1.068 0.290
T-N -53.7895 32.0131 0.192 -1.680 0.098
2) 239 HA
mygol HPAHL Se=V MSE, ARFAFRY), F-#4 Ay F43e mFex

By = AES AYa vk F, o] e 93] WA W] 5081%E AT
Ui oujolth, F-H AL F=11.06532.2 Eo] 000012 YEY Fo]Ado] tds
E2 o AYEArh o]t 37k Ry Al AdE ueld W F4E AR
o Age nygow £33 5 Jrh
3) EgWFd g3 AA

#HAY 7

Z4zol Eye o] FHWS RG] due wA= ] diste] B
Ho & fFolFFE 5ol fFoAel gl AL %, Ca, Koln, foAe] gl
AL T-N, E¥74 %, pHis, Mg® UERS T
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[m)
2
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Zh Syrh e ghel diste] @GS vl 3] Al (coefficients) 2
#e T K, Cat H(+)9] @A ok

QFBA L =27

SHAF gho] S7HgHel wel e o] WElsle ARE HEI A o] B
oA v o] =¥ A, Sy K gt 3 @9 Sk 175678 5
e Ago] FrhekaL, Cadl 3 99 F7be 3444 W B go] FUbeTh

TEHEFA dE FdF Jqdxe A7)

Z4zbe] =YWss Mg e AgA s w2 F 323} 5(Standardized

estimate)®] Aoigkel A7)l BHlal A3 FE5h I AATE Aok A77F FF2
0.902¢]", K= 0,519, Ca= 0435 £ & YEFYE

By g Aol Al Mg A dFE vA= Kok Ca

o2 o5 EFYAY FFPo| BeFE ReYFol F/sE Aow vhehdt
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ABSTRACT

The purpose of the present study is to give the information to preparation of
the planting soil, planting method and maintenance in the reclaimed land from
the sea. According to the present result, the information can be applied to the
planting plan, construction and maintenance to an artificially reclaimed lands and
re-vegetation in the seashore areas and so on.

From the references reviewed, the three variables such as tree height growth,
tree ring growth and root growth was designated as dependent variables, while
the detrimental soil factors, as independent variables, was selected from the 14
soil factors.

The relation from the two variables between landscape woody species and soil
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characteristics was analyzed by the t-test and correlation analysis. For the soil
factors detrimental to the growth of landscape woody species was analyzed both

by the canonical and multiple regression analysis.

With the collected data from the field work, the soil environment, the growth
of species height, inter-node, tree ring and root was analyzed, and the results
are in the follows.

1. The detrimental soil factors affected to the tree growth was six elements
such as soil hardness, pH;;5 K, Ca, Mg and T-N.

2. Because of the standard deviation of tree height growth and tree ring growth
1s greater than the root growth is the growth of ground parts of the species
caused by the growth of the individual tree species is more dynamically than
the growth of underground parts.

3. From the t-test between Pinus thunbergii and Zelkova serrata, both the tree
height growth and root growth showed statistically difference within 5%, affected
by Pinus thunbergii is young saplings and grows faster than Zelkova serrata.
Pinus thunbergii has more fine roots system than Zelkova serrata.

4. From the correlation analysis, it showed the highest correlation between tree
height growth and K, while the lowest the correlation coefficient was between
soil hardness and K as 0.744.

5. From the multiple regression analysis, both soil hardness and Mg affect to
the tree growth, both soil hardness and K to the tree growth, K and Ca to the

root growth, respectively.

With summarized the present results to the soil factors affect to the tree
growth in the reclaimed land from the sea, the suggestions can be outlined in
the below.

1. The physical factors of soil are the more important than chemical properties
that caused detrimental to the tree growth.
2. Based on the growth of tree height, tree ring, and root affected by the soil

characteristics in the reclaimed land from the sea, the present research product
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can be applied to the selection of planting species and improvement of the soil
conditions in the reclaimed land from the sea.
3. For the future uses for planting plan and design in the reclaime
d land from the sea, we believe that the planting method, planting ground
preparation and tree species selection should be accompanied by the soil survey
and relevant analysis.
4. The present results for the method and materials for reclamation, the height
of reclaimed ground and preparation method should be supplied already existing
information to other planting works in the reclaimed land from the sea.

The future research on planting ground preparation by the varied sites, use of
artificial materials, soil improving materials, planting method, maintenance and
tree species selection should be followed further focused on the reclaimed land

from the sea.

,82,



