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Growth Characteristics of Pinus thunbergii Parl. after Replanting

in Reclaimed from the Sea( 1)
- On the Spatial Distribution of Fine Root Phytomass -

Kim, Do-Gyun* - Kwak, Young-Se**
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*Env. Conservation Res. Team, Research Institute of Industrial Science & Technology

ABSTRACT

This study was carried out to analyze the vertical and horizontal distribution of fine root biomass
of Pinus thunbergii transplanted in reclaimed land from the sea near Gwangyang Bay. The fine-root bio-
mass according to 6 planting ground types were as follows: 98.5 g DM/m’ for P2, 51.1 g DM/m’ for P6,
478 g DM/m’ for P5, 44.6 g DM/m’ for P3, 382 g DM/m’ for P4, 31.8 g DM/m’ for P1, respec-
tively. The vertical distribution of fine root biomass decreased at descending soil depths of the 6 mound-
ing types. Fine root biomass was 31~55% in the topsoil of 20cm depth. Fine root biomass that were
related to the distance from the nearest tree were unevenly distributed horizontally in 6 stands. Spa-
tial distribution patterns of fine root biomass were closely related to soil hardness and alkalic cation
(Ca™, Mg™, Na", K*) concentrations. Therefore, in order to have good condition for the growth of land-
scaping plants, we suggest that there is a need for the construction of planting grounds as well as a
need for soil improvement in bad soil environments.

Key Words : Planting Ground, Landscaping Plants, Soil Environment, Fine Root Biomass, Fine Root
Necromass.

YCorresponding author : Do-Gyun Kim, Dept. of Landscape Architecture, Honam University, Kwangju 506-714,
Korea, Tel. : +82-61-753-1793, E-mail : doaha@hanmail.net



78 Ax - ZogA|

(B R4 AL Vol3l Nob

. Mg

YA s FES] §839 oS Exoz
1960th o] F titEE ZAEo] $oy FAFA
A 273 AeAlZE aEy, $49sh ek
AT AEHA ) AA7RHe] AN T2z A
A 19 4S8t 2A5EE AAske Akt
F7vate itk vithl ER)9) H3lo) Qlojy F&2 A
B 4% e, dxRA, WA, diFeol Za)
o 3%t 7Hg wol ERAE Y & v =)
=3ke] R A FFo|tH AR, 2000).

22y iR 2EE AA3E o] % Az A uk
B Aol Jod A B3 A Qo] FEA Y
i} FA3 AR R ZAER) Bl 7397t Bo
bg =3te] A9 E s AAb s g3 A
A& dallxe B3 429 AY-Aeld EAS osfst
ojof & Flojt}.

TE A E Sefshedle A4S A
HEY S Ao AGE FHEAY 5ol A=, 2§

o dgsh= Wels B3 S F48ky A #si,
S, AAHEE = 5 AEA A uj$- o}
¥ 7158 Ssdaled (Fitter, 1985), E<¥sh4el W3}
of mat HFHOZ Walshs EAo] ool AF,
1995). 53|, 29 A2 5t ZAR= 553} o
o) FEAeol whek A g A Fo] a3 HEFHO
E uh3ate] o]zl Aol #ed(Persson, 1980:

fotr .

o

Smucker, et al, 191) 322 A9 374 BExo] )
g AR B9 Fzel weAteE, HA A Y uid,
B g, walAddE 2204 o8 7}
A ol tidk ARE AF(Waisel and Kafkafi,
191) & & & AHoltk

TE AdEe] 3748 BEEd U3 7|29 de
A2 el 2 A2 I REe A W
(Ford and Dean, 1977), Ful$-@AGolXe) Al Lek
(Castellanos ef al, 191), M3 YA G H 5454 &
3 A E A2 BE(ZYA, 1993) Fo] 9o
U atchl g2 24459 Ao tig A1 opy
AT QA gt

2, vy A Y Set $7b FAQ HE =3
TE A&l AZHe] Asfel| wel 247} A E s}
At JARRE AR 7B Agded PR ¢
B A Ay 712 287 9o e e
vtk ) £EAA9 AL Fong FvE o 2
871 FE5 AA oIt AT, 2000).

mEbA & Ate Fdn vlehiE A A 6709 4
ARAE EGSA ©E FE H2F 5£3-597
TR g 54 ZAMEA sl Bt A
£ selpto e 244 2 fAlgd 823 /%
AQ A4S AlFsked 1 S4o] o

I, 5t 4y

DL+56.5m

DL+4.dm
Hiahest hiqgh water
lavel durlng SOyear
DL+3.0m
High water
ordinary tide
DL+0m-
Mean sea Isvel

— :

p .
;
To improve soil

p e

R A R
he original ground

P1: A Eof2x|El P2: BEDEX|Eh PR: SMEX|L, P4 CHME 8L | PSIAEAI , PE: N EX A

T2l 1. TARK|Q] ARIR|E B3



20045 2]

we} ohgA B o)A AREA(D) 79

1. Z=ARK] JHE

ZA A diAe] A 4 Ee deds
N FEAELN S widEigA o, YAt F
o 782 AN ol AEF L 49 94
of w2}t A AENHAHPL), HEFEAHP?),
FAEANPS), WHEAHPHE FEIHYL, o
AEANR: Al A7) Ao w2} AP (PS) 3 A4
(P62 AFtAHIH 1 F=2).

¥ @7 violgA) 24559 4% S U@
A% A7EAM ZAL A v A 24, 4
AL 24, EF@AY B4, 7139 54 Sl ol
& e ARAT e EA EFRA0] F&3
LEFY Agd Ae GB(AEF T 2000), %
F A EA FE AAAY EGEAEY B4R
i §. 20015 Axd, 2001) 2 SEARY SRR
S 2002)° vebd uhe} 2,

2. ME H ZAY

FAFEA F&9 A7 9 #4L Pl e
1989 129 #3 25xFAF 08, £9 A7) 30~
$Bemd] 2718 AAFIL, UriA Aol 1991d0)
FIL 15XFHE 08, £9 37] 20~25em®] BEES
AAAY 14~17me] 7422 AAfsHnk FAEY
H2e] FHEE tig ZAR A4 79 F9) 1998
10978 1999 19 Aoje] FH710] 67 Az A|uk

FEEE PFEYd 23l 554 & Adsle AL
Ak

A2 2 3¢ 10% 3 £33 02: X8
A Zol 60cm7HA) 5em ZHHOE 129AIR, £HAL
2 F702XE 11~105cm7HA) 10em 7HE2E 105
AT AZ uESE $EG 58N 47 4
32 (n=28800), HZ717+= WRY 373 43m, =
o] 5em?] x| FokE o] fste] RENA FHOE 4
At AFEATHIY 2 F=R), A2 AEL &3
237} 7H53 006~2mme] A E o] &35 T, AHa)
g} Z2omals T3l §TNA 48A17 AZRAN F
5% A3

3. EAIEN
A8e E4E SAS ver 612(SAS Institute Inc.
2000) & AME3led ANOVA(analysis of variance pro-

cedure) 9} Duncan's multiple range test& £k v)w
Ak

n, da ¥ o
1, AIRIR|HEY M0 Attea)at
ZEO AZS A Balgs O Wal B BARY

23 FATHLE FAFE 1% olelA HAx)ubE
2 A7k AN, MR FE HE HeFRG 37~

[A Plane Figure)

{A Cross Sectlon]




80 A= - HogA)

[(BEE 2 EE Vol3l, Nob

120 - oOwm? 98.5 B fine roots
100 - ! M dead roots

80 -
60 -

44.6 47.8 511
© - 318 38.2
17.8 I I
20 - ls.4 47 40 7.3 7.3
0 — i . B A —
P1 P2 P3 P4 P5 P6

P1: HEDHZXIEY, P2 HEDIEWIIE, P3: SHEXIE
P4 HEESHR,  P5 HAEAR,  P6 IGEFY

T2 3 USHORRIR| ARHR|GHE & MiDel 2EE

068 BWATHIHE 3 7R,

AR FE A2 A e AEERN
(P2), tHAYEAZPE), RAEAR(PS), FHE(PI),
WAER(P4), AENYANKPL) 22 72 B35,
511, 478, 446, 382, 31.8g DM/m’0|Q o, & g
%2 P2, Pl, P5, P6, P3, P4 $0.2 7}2} 178, 84, 7.3,
73, 47, 40g DM/m’ Vol gich

A9 B2+ BERFE P13 PR M e
Bato] £33l F2 A2 FAY] & FHd YA HA
AT, THE AAANINE HZH He)o) Fito) &
so] Y2 ZA EEsch

AE PAUHPL) A M2 AHEE| ko] 71 &
L AL %) AT} 27mm o4 ¥, Na” 08 megq
/100g, Mg™" 0.73 meq/100gS.2 Eo} By £
2 ERAA (AT, 2001) 3 FA7E dg Aotk
EWEETL 2imm o)deld A EY AFo] (AL X
gated, AYErt 2255 G5 AL wol A
2o} i 2 AAEA £33, ARAZS F7t] o
2 Alde F7t Badle Ado| AFRG 43l d
A7) JEFHE, 1976: 253, 1981)Y Aok T3
282 AR oM Na'# Ze& BAQ o]Lo] Y&
FOoH EX(toxicity) & ZH =Hof A §A3} F7)
A2 YL JAANIIE 59 AN HEY A
AAAE 2 (739 4192, 1996) 87 wjiEolct

HEDERWHP2) oA M2 AHEEege] 71 B
sedl, o)y AE9 AR Fo] o] BEsH
AN, AESY FAEY FElZoA At gt
o 2§ o|F300, 829 40~55cmellA JAFLe]
E371 29t7) giolch AEAEAuHP2) Y EYSH

7AE AP Yol AE7} PL+20~30emE HE
so] 4%9] AE9} 31&9 FAEI ERYAo] M2
o|AH|UY, EFTFTHL 48%E H%2oH, Na'2
08lmeq/100g( AT, 200 02 £}/ Yoz 1B
A}, dEolA B F2o] A= AL dutzoz
AEo A&o] 28 oA E%(marginal soil) ol A A
HACZ Fa3 AXE A3 9, A2 B
AN FEE FFshe 580l AXN A2 4 ol
HE (0] AF 1995) Y Rolth

ZFHEAWHPI) S PL+120cmE AEEH glo®
AZFo] HL AL 3439 EYAEE 26mm ol
(A= 5 200102 7] fF9 AoZ Algddh

PL+80~120cmZ HAE7} B A E3HR-(P4) oM
Hdego] & AL &9 20~45cm FAA A=t
E7, pH 75 o)4e 424 EYOR & s
g} BAZE AUtk E3 EYATIF B2 FolA Aol
¥ o]y z7] Aol Eesiga, F4 Alo)g B
oko| gl FEol A Alo] Bol EXsh= Zlo| A
AT ol 4 Alole Egfo] gh3Fo] 9lojA Be
AR FElg 270)7] WL AZE ot

A EAFH (P5) 3 AAHP6) ol A AHRE]7} B A
2ol £ E Yy £AHo R A st 4F
go] gtk oA A EA o] FHEZ PL+2X0
~250cm AEZ HES 1 Yo 4ES PL+80~120
cm AE QH¥$7) @ AutogM thAEAPA(PS)o]
PL+120cm%Y, EYHE7} 19cmY/ke EFeEo]
95%, E% pH 53, EFA/IAEs} 021dS/m, Na*
0.22meq/10g 2.2 ESEA0] 4s3lg o HAEA
2HP6)-& PL+300~350cmE, ESAL 19mm, ESE
Zako) 11,1%, E%F pH 63, ESA7IAEE7} 021 dS/m,
Na* 023 meq/100g( A=, 2001) 22 Aol ok
T3 EGEA0IAN] WEY Aelth

FARL P13}k P4ol A Alde] 27+ FRiol dA st
EEaged, ols EYe] EUHL, Efo] Fot E
2T} SR W3l B BEgke] 87 Wl vlzte}
of Ml2o| WA Woluprkr] Balx 47+ Fio LA
Roz A

& walzke AevEakP2)o] AEAHPS, P,
P6) Bt 3~4uf @sked), ol AEFEAN) F&



2004 2A]

o oA ol AF AREA(D) 81

3Rz Hie} ol frAEA ] €3, Hel 45~56cm )3t
9 EGEH0] 7 ZBHNY) g F2 Favt
wol wAE Aoz 2PN ol A2 F2
He o] EY 4 SolA 37170l AR 7131 o
d s ey Byite] £E YAFE
g2 Ees 5, ol Hsle Ta9 Aad ¢
29 B%g A3 (Gruber, 192)& Ao o4Hdch

2. Mizel #2318 BX

FEL AN F& ALY S F2
el 743 e AN E BEAlo] FojFd w

ooy, 374 B2 AH2 HAAhEe 4
ol 72 UelRTHIH 4 5 F=).

EH] Aol mE P ExE 7
717} Bl dAE HdS ez AT 2
Hae B8 Holdlth B0l 435d 444
2HP3, P5, PO)ellAE el H2¥ e #38 £
E7+ REAA A8} 10cm7HA] 571 & Ealo] Hojd
FF gashe FAN Y, EGEA ) £FF A4
A¥HPL P2, PhAMe EF3eH £2dke He
UERHSIT, o9} Zho] A2 AtHteld) £ 28 &
A3 £x7t HAAPER 27 bdE2A vehde A
B 270 uiet a9 Ay 3 me
39713, AA, WAel 927 dEd Aol

& A2 AR F £ B2 LE AAAN

A AlZFe] 0~5em FET 6~10cm FolA o Bol

0.0 4,0 8.0 12.0

16.0 4 DH/m*

[eaaiihtlis

J8 4 AshoHER] ARHRIERE ZE0| M2 Al
AN BE

0.0 0.5 1.0 1.5 2.0 25 » DN/m®
S L T
10
15 |
20
25 [
g 30
B L
g 35
ac [
45 r
L
50
55 [
L —w—P2 —e—P3
60 \_ N —e—P4 —m—PS -+ PB
T2 5 SHoiRIX] ARKXiHHE D& Mol Z2f2|

TN EX

dasie] UL, AR YHEE B &
3% P3, P5 P6 AAANeIME BEZHE A
20cm FEo|A Al 2eko] A B 31~55% A=
2 PR3l glon, AAAe] £3g ANKPL, P2,
P4)oME A8} 30~40cm FHo) F2 B E3} YN
Y 4 FR). A2 AREejgo) £330 74
g AL Ag 2L 2] Fakh A Athe]
FEFoE B drrt HoAE A EYY ol
o Wt IYEFH, FTFE FEYY T AFPSF
02 Z+Aas= @AM Persson, 1980; Kwak and Kim,
1994 748 A9, 1996) 3 #A7} AL Aotk A
Balgko] 0~5ecmZETH 6~10cm 2ollA o Bol wet
3T Qe AL A7 23 AHYE ¢ s &3
E 50| wo} 7RE ol VIR T 95F 873l
A BeEkd Mg 98l EY Azt ASEA
U qgd & BEYLTI ALEHE Ao| TAbal
Ak Aol A IT(FGA, 1993), A FAll
Y-S A oM EE9 4 BiolM B3
HEe] FHU AsEy| Wi R FsH),
Ay £AF YEE Owk ARy 2
Fe #4302 FEZFE 12cmel] AA A2 90%
7b SR (FGA, 1993, ©1AF, 19%5) AT £ FALA]
ol EgsFo] %3 AAANIME FEZRE
A3t 20cm FEoA Hl23o] Ax 2] 31~55% F%=
2 B YoiA, AR o] B3 A e A
3 30~40cm FHdl F2 2¥sh= A 2oj7t o
Atk olHY H29 EE7} 2R G H BEZA A



82 AT - HodA

(RREE R4EEE Vol3l Nob

FEXSE AL S FE I Y AH E
F FE Fo] AHFM 7HE 3 3ovi(Kwak and
Kim, 1994), &3] AN He3EFE A & &
AT, GEESA 28 B YYHYFE o183l &
PE4E 94 8 4 971 ¥ (Haris ef al, 1977 Cas-
tellanos ef al, 191)olA|gh, AP REEANTY
FEA 5ol $£AHo R viwH FASHA £XHA 9l
7] Q& Bal7t RE) YASA 4T EY UA £
AT EYY W Ao w} A2 £E PIE
g2 Yelue 20 g Az

7 YA F& A2 AR £3F EXd
A AEd@A A2 A EXE RESNE
A8t B/em7HA] w4 L YOE FUF FAE Holtt
7t EMo] AolAFE Zasgon, S8 A3
H 20~25cm Aelo] @ol BEQT A} &
a7t BAsA £Xde RE Aed Hiel ol E
A=t 2imm o)FLE WS AN (AT T
2001) gloiA] #ale) By} Bele Fds) oj¥E F
A} Aolo] 43d EY SollA L3t 3U7] HEol
o FE Rk A ael Bo) BEa St A
L A=H EFY] g@hoE FEEAH0] H$ W) i
of F7h¢ 717ke] ZojRH EkrHo] H&3o Big
dgo] nzAsA A s dE F2Hee walo]
B A0 2P}

AEEA M E A 4 g2 L Ha
%2 e A3} 10cm7HA] F7}ekz, A8t em7t
Ae “3F Yo 2 F7+& wHEsin, NE2RE 45m
Aol7tA 7} F EMo] ZAAFE #adle A%E
Yehyth o] Al ie FEZRE Bem7tA Y AE
ZolM B2 ¥ ARl FRHUL, A} H~
45em(0 FE)olN AES} FHEY o)AEYge] Ha}
£ #4828 03 05~1ecm ATY FAZ 2 U:
9 AlgZo] B3It HES FAE Ao fa%
ol RERE AlZFo| FF3] HARthrl 456~55em
29| FHENA YT olelol] B %o Al 94
29 Aol AR EANY dHtd £ AU,
male] & Ryol a3 HH2Ve) o o4 N}
2 B33 UUAT ZAZ7E AL A
a7l AR Qe Aol AU o ANA

FY AZY A R FL e FEHEIL 3%
Fog gol FEHo] Jle A 4AANY] EFT
o] #AEACl B3, 439 4EG 329 FHER
FAEHA o} FA7 EFRA 0] v o|AHolH, &
B39 Eolg EYYAY Hale B Na'5Est
1.0 meq/100g SIMHAET T, 2001) EoHAE A &
A7t A& Aol 459 4B} 3139 FHE EY
AEol M2 o|ZH2E fEFo] YAHY EGTE
3 EGAFE A 7 wel EAE @4l o8
A5 e W AR B¢ ojsieid Aol
3o 2n FE9 Ha 2o #Y ReE B
o £# E4 45~55cm FEolA JAddol 2R
o A, 1 aFele Berk AR R glom,
& Hert ol wAHE AL EY 59 Na"5E7t
FoR HEHYC JF Wo1ReE ATE 23
o] Bo| A =|of(Epstein, 1972 ©]4F, 1995) AR
3oz 9gsy] fELE 4gen.

WA BN E HENFA Y 73¢9 o] 272
3 & & A2 R} 350 EEde A

FAEAN Y EA Y AT YR BE
A A8 10em7tA] Z7keirt 1 ol % 28 60cm7}
A Zaske 7oAt 2W9 3R A5 60cm
FEAN A2 Exe AEIEA A ol HA
I, UojR 574 ARt E A%oE EXIoH, &
3] AEAFFAME 718 Bol A3 Ui E
Aol 23 AFFEQ JEAIRKPS, P5, P6)oA Aol
FHHLE A EXde A2 AHHYEANN 7714
o] ¢33 Hart A wE(3E, 196)2 & 3
7l HELE AZEUT

3 MZe ~Hy BXZ

F7ro2RE RO R 10, 20, 30, 40, 50, 60,
70, 80, 90 H 100cm A2lolA AFH G Al AHF
9 FHERA HE Aole FAEY FF feFE
5%AA FJg Zol7t JUA T ALFS FLo2R
B Hod5E HolAe AFolH, OE AN FA=
60~80cm &AM F71e F #Hashe AFoInt
(19 6 3=2).



20044 28] dlg} w2z F& o)A X AREA(]) 83
12.0 P = P2 P3 P4 _w-P5 —o_P6 Ag7o] Fad AR MM AT B 31~
oo Lo . P 5% AE|Yom, B0l Ba AR e B

e 25t 2l A3 30~40cm FHo] FE B ]
o AT

Seof. F& A2 W £7H RIS £7020E B

U e A4S 7AsHE Agd, TIE ARG ARE By
B R I oA o7 Z7ksHE 7ske Uenigich

20 | EQa70] FE HEA M)A FAHQ) Walug
oo e e dE gen, AEuEAte AR gAY T8

t0 20 30 40 50 60 70 80 90 100

. SISHONRIX] AXEXEHE ZE A2 | /\I-“*‘El
TEHY 22X

I
o
o

HZol 7ol N BoldeE Fidhe A £Y
A AT rHA F37F FA22RE AL} Eold
5 #4sh= 2% (Ford and Deans, 1977 Persson,
1980) 2} frAbstel, ol2id AME Rt +E 4%

& S&¥oE Foic 489 A nEd
(Russell, 1977) 470208 WAPIOZ +H3lA 9

Zog Mol fEoe Azdn.

Aol O AR AAE FEAA F2F F718)
T AL HA 2H4e] 14~1Tm BEE AARY A2
o] A7 WEolNem, o MY 7t AY A
Aol Hael A BRI gt AR FFHUE
o RS AT 3T B WELE A=

V.

M

g

% e FET YA ] A F&f A

A Al S2Hele] F7HEEE B
&9 MTHE ZH AAAPEE 2o 7} AN L, A

o o waZdc) 37~968 BTk AR uk
T& Al Mg P AEAERKPL), HAHE
A% (P6), HAEARE(PS), FAEPI), HAESNR
(P4), AEYANKPL) ¢02 z+z} 985, 511, 478,
446, 382, 31.8g DM/m"0| 1.

F& A2 g F £33 EX = AAAubdg
Aol7h ARY, BENA HAZFE A2 7&’*3}
o, REZREH A3} 20cm HEAA HIZe

S‘I n}J
O
J{x

wE

T AESEAMAE HANE RedEe §
AYOH, F& A2 FHLI FPL TN £
37 A B EPIE 2 A4 GRS BH
Blo] glgir)

meb vl 3ee AR ARL
Bap7] FHNE HES sl JAANe ERuAe
ol B, EFRAY B BRLAL A3l
Asiolol & Aoz AR,

¥ AP R e Sl 34
A2 324 T A 9L AT e ¥
stglom, olgid 97 Ass vio YA S8 A
A% 243 EPNF D FEAY Bl $8F RY
2 AT & Qe Ao A}

Jent Rl 54 ERB 2dlol G 1)
Qe 712 AL B % gl WA} dgen
2 B SRR ERIAH A 9890 e 4
4% 717k Bead,

ki

F1 g DM/m’? : Dry matter per square meter

F 2 322 A2 ¥ 202N 42 RIE Boluriy
A NEE ZAE AE}G Yrted Z4E0] FoAA
F2$ ojgo) QYRS Yo R ol

T3 MEELE A2 FHRYe 2 F2 5L B oFd B
g7t 7H3 A AL o UeldM Xt FRe A

2¢ 208 BE T2 ARY F Ao FINE B
ENLS

IEE8

1 98, A92(196) HEFWE e =4EY obtnimg,
2, YA (1993) ©F 439k A Bt YA B 543

HES G4 AE] EF], AL o A=,
3 AEF2000) AeeNHAS 2AE A BA -Bogure)



84

N7 - He

(REEREEIE Vol3l, Nob

10.
1L

12.

13.

&3 LEVMRE $40F gudisty tiEtd g
A, AHE 244(2000) dalvigR e ERgA0] F&
3 enpRe gl vlAE A3 AR A 28(4):
9-20,

AEZ(2001) YeolPA AR uhE Ede) Eejsjsty &
A ATRRBAFE7 1 38)A 4(4):12-18,

AEF, A&, P 27F(2001) FAT JsigA F
& AAXNY EURAY FF 54 I=LHFAY G
15(2):186-192.

AR, B ARSQ002) FET JAEAY FE o

4 o]Fe] AR 5. FIEEAHEIA 16(1):1-9,

 olAF(19%6) F2AES HLHIL BB
| ZRS(1%81) E%) A% RS Xl WAL 9% -4
=,

AR £ 271 AU "R A, Adl
WA 16(1):17-25.

FHEE=5(1976) AT EON D HE{FE L, BELIRt
Castellanos, J. M. Maass and J. Kummerow(1991) Root
biomass of dry deciduous tropical forest in Mexico, Plant
and Soil 131, Kluwer Academic Publish in the Netherlands.
Epstein, E.(1972) Mineral nutrition of plants: principals and
perspectives, John Wiley and Sons, New York.

Fitter, A. H.(1985) Functional significance of root mor-
phology and root system architecture, In ecological inter-
actions in soil, special publication of the British Ecological
Society, Nod(A. H. Fitter, Eds). Blackwell Scientific.
Oxford.

ol &)

15.

16.

17.

18.

18.

20.

21.

. Ford, E. D.. and J. D. Deans(1977) Growth of sitka spruce

plantation: spatial distribution and seasonal fluctions of
length, weight and carbohydrate cocerntration of fine roots.
Plant and Soil 45:463-485,

Harris, W. F, R. S, Kinerson., and N. T. Edwards(1977)
Comparison of belowground biomass of natural deciduous
forests and loblolly pine plantations. In J. K. Marshall {(ed.).
The belowground ecosystem: a synthesis of plant- asso-
ciated process. Science Series 26, Range Science deve-
lopment, Colorado State University, Fort Collines, Colorado.
Gruber, F.(1992) Dynamik und Regeneration der Geholze.
Ber. Forschz. Waldokos.. Reihe A, Bd. 86/Teil 1&11.
Kwak. Y. S. and J. H. Kim(1994) Spatial distribution of fine
roots in Quercus mongolica and Quercus acutissima stands.
The Korean Journal of Ecology 17(2):113-119.

Persson, H.(1980) Spatial distribution of fine root growth,
mortality and decomposition in a young Scots pine stand in
Central Sweden, Olkos 34:77-87.

Russell. R. S.(1977) Plant root systems. there function and
interaction with the soil. McGraw Hill. U. K.

Smucker, A. J. M., A. Nunez-Barrios and J. T. Richle(1991)
Root dynamics in drying soil environments. Belowground
Ecology 2:4-5.

Waisel, Y.. A. Eshel. and U. Kafkafi(1991) Plant Roots -The
Hidden Half. Marcel Dekker, Inc.

0

=

o ¥ =+:20038 43 30

HE+HE F+:- 20034 113 259
321919 MAHE



