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Annual Carbon Storage by Fine Root Production
in Quercus variabilis Forests!?
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FAERE ZTAGAA B {3te SFUTHAA Aol g X FoA e A dih 8 FE xALE] A8
of 20019 495 11974 g EGAZE A5 0-30em, 30-60cm, 22} 3 60-90cm EF o]l A
MEE AFHATE. A2l 2l @24 Z(fine root carbon biomass)-& ThE F /9] 2AL B oo M B} 0-
30em EFHolA 7178 B Aoz Jekdth A2el 9@ ¢tagAbE (kg/halyr)2 0-30emel A 671kg, 30-
60cmol] A 599kg, 28] 1 60-90ecn EFZA oo 47%gz el oen] 0-90cm EQA oA A2 olet & ¢
SAYAFL 1749%g oA}, A ZTAES 0-30emo) A 0.43, 30-60cmoll A 0.96, 123 60-90cmol A 1.03
Z YeRt. Q224 3 EGeRY] A FEFY TS N 3 33.9kg/halyr, P9] 3% 1.8kg, K9] 73
% 11.4kg, 282 Cadl A% 20.1kgo 2 YT

FR0 : YA MZTALE

ABSTRACT

This study was carried out to estimate net fine root carbon production in Quercus variabilis
natural stands in Chungju area. Soil samples were taken in 0-30cm, 30-60cm, and 60-90cm soil
depths from April to November using soil sampler. Fine root carbon biomass was higher in 0-30
cm s0il depth than the other soil depths. Net fine root carbon production (kg/ha/yr) were 671kg in
0-30cn soil depth, 599kg in 30-60cm soil depth, and 479kg in 60-90cm soil depth, and 1749kg in 0-
90cn soil depth. Fine root turnover rates were 0.43 in 0-30cm soil depth, 0.96 in 30-60cm soil
depth, and 1.03 in 60-90cm soil depth. N, P, K, and Mg input into the soil (kg/ha/yr) due to fine
root turnover at 0-90cm soil depth in this study were 33.9kg, 1.8kg, 11.4kg and 20.1kg, respec-
tively.
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7] F olitataa & Frte AFedde
A AAL 7V F83 37 Exlolw wt=A] & 23
of & Aol B} 19973 UE RENM &
3 7|33 okl 98 2010d0) MFATEL o)At
A WEFE 19909 FELE UEIIVIE ¥
it 2y, ol4tsigh WEo| 71 B =
P o]BA R} BFER G 7he-dl, $2vhetE OECD
7oz Qlsj 2010 7158} ool b2
7VsHAl E 7HeAdol Wi wow, vhek FofdtA "t
W Be AAA £4o] o2 Aoz A AR FA
& &35 Ao

MHAHAE 7] F oolAtEg A FF AAE
A A G A= G833 A 2N & 9L
g Zo 7ldyg7] QEd 2 F842 "% Az
At Al AXNZEL FI AN 9] gFhEA G
Bt 5o AT B3 71FREYP L o3 A] AHEAY
HAA F5ete BLaHE Foo TIAA A=
ol9] & Hhgte 2 37| 3 A2 A =g dtu
91t (Tans 5, 1990: Dixon 5, 1994: Vitousek =,
1991). ¥yt & ZEBAY 65% oS 2+
o] A&t glof TEAA O Hl sl & gAFFHA
£ 72 371 WEel 2 A4 vl =t 3R

Selvete] 2S5 AHAGAN a5 4 3EH
#HE 97 FRNE, A&, o]9(1998) ela
HH4(1999) S22 ol¢ Wkt Ao gl &
8], Ad5-o A AHREHA SAeHe] e BE
£ AR J' A oE Breddd e dF7
T 1 F8AE sty HEY B9 JH§ &
of ST o} g% ulf - win| g Aot

B AFE FHEE 23AYAM A83n Jde
FAE F4E S gz 29 AaeE golg
sl AHeE e Al F 7P Gk wEd 99
Z-3 "] (monthly increment method) (Fairly and
Alexander, 1985)& Al&3}a] A 2o 2|3 2|8}
Hel 47t wraadRe seksiel AP AHAN B2
&8 209 o8l 571 Ad AN =Yt

JEXTRT

1. ZAX] JHE

€ A7e IAEE 274 AW A X5
3 e T AAdEE e 20019 49%

B A2 AT & 24 7132 A HHEv)e
114 ¢, A7 |L 177 ¢, 34 HE71L 6.3
coly AHAR}SFFL 1261mE I3 6-8L A
33 . 2 A9 SUF HdE L dn
300-660mel| #£X3H F2 FE-gA AlH] ¥
a ot gEYELS 409 g 2AEHN D, F13
A& A 34emel] o]2H, HEFIE 13.5m, &
BEE had 835808 ZAME. B A7AY A
A e FaYe AR, ST, U
FHE, A, AERUE, AHUYR Fol Exda YA
. 2 d7A9 EYEALE #4% 27 0-10m E
Fzoloia Gl ETFL 8.0%, AaTIFL 0.29%,
XA K& 0.32me/100g, E% pHE 5.03, 2812
ol &X| 8% 18 4me/100g2 2 eI

2. EEMH A EAUY

2001 449 & 4749 YT & F 8l
©] 10m X 20m Al@FE AA8 ¥, 2 AJgTelA
g (4€-119: % 83]) ESAZ(FAH 7.4m X
4ol 30cm)E AMg3le] 0-30cm, 30-60cm, 283
60-90cm EFZoldN EFAES AN &
AT A MEAHE ARPEE 0] 83t random
o2 YA

g HE2R F EFHUZSEL SA) vl Hol A
A= 93 3 BF 29 A WA me) Hde)
Aot MEHT EGEL B EGAE ALY &
o Bl s £ ¥, 2molste] A2E BEddon
(ke sl490] GOt B AT by gnde
2 AHSHE 2m olde WE Aoz g
), Welo A3 A% 52 vdsd Fedes
AHREl & 53819 ) (Burke and Raynal, 1994 Hwang
Jae-Hong, 1997: Persson, 1983). Al AjAtol] o]k
AT BAFE FEE] HH EFE AT BN
% 70 CE I =2 w7ix] Az Y. A
AT BRAFE kghaZ ASEY, F 8] A2 S
S8 d& goles Y A 2 (fine root carbon bio-
mass) AE-E Y8} AL E3a, &R (fine root car-
bon production) 2 Fairely9} Alexander (1985) 7} #)A]
3l decision matrixZ o] &3} AArslsith(Table 1),

B A7 Aol g e AL (%/yr) A3t
A F Had A2 A Fe ¥ & (the ratio
between annual root production and average root bio-
mass) (Frissel, 1981: Burke and Raynal, 1994)2
A&stg ok, A2 ©4Eae loss on ignition WY
& AL&3le] B34 th(Bickelhaupt and White,
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Table 1. Equations used for estimating fine root production(Fairley and Alexander, 1985)

A Live root biomass

A Dead root biomass

Production equation

Increase Increase P = ABjive + ABgead
Decrease Increase If ABgeaa ) ABiive
P = ABjve + ABaeag
If ABlive > ABdead
P=0
Increase Decrease P = ABjye
Decrease Decrease P=0

1982). A2l FEFFE A4S F 38 Yol 24
< 98 82 &7 B 7 A} doj) BEES
oo 2709 AES UE F, A AaxFgFe A
gwioz 72|31 P, K, Ca #8& ICPE 248},

27 ¥ ad

1. Fine root carbon biomass and production

B A7 A2 o oA FL Mol
7Hd Bol £¥3tx e A2 gelA gle 0-30m
EdZold A 714 w4 el (Table 2) (Burke
and Raynal, 1994: Ruess et al., 1996). H]& ZFA}
EgZol7l g 2X]7 Hwang Jae-Hong(1997)9 &
71t 2uRde] 0-20am ESAo]oA 2] 1322kg/ha
HEge B AFAeA F o A4 JEgd. E3H
Burke$} Raynal(1994)¢] 0-28cm E% Zol9 u|F
55 895949 1.15ton/ha Bo: 24
Elydtl. Ruess 5(1996)2 <alx7}e] white spruce
HollA] & A7yt L3 soil coring WP AL
3 A3 A 9@ g2YA Fo] 17ono)etn Ba
3], £ Aol v2 AFERY v ¢ B2 YA P

B2

2 A7 Aol o g2 AFe] AL 0-30cm
EddoldA Bdo(59) JnAE BHYow, o A
#= Burke9} Raynal(1994)9] n|2 EFE 99
2H5PoA e Ziel dX)gch(Table 2). T
McClaugherty 5(1982)% 493} 590 429 Q)|
2ol 71 Btz Budtn ok A2y gags
S AFF 46%2 EXHJUY. A2 A4 F do)
Ho Holg & o2 gA] jlon, B dFdMx
Hoj7t & Ao g Uelgon, 60-90me] EFzlold|
e Faad vsg E22 A5 Ueloh(Table 2).

A2 2% e (kg/alyr) & 0-30cmell A
671kg, 30-60cmollA] 599kg, 18|31 60-90cmollA]
479%go 2 0-30m EFRolA 71F B2 Aoz
vHEbsTH(Table 3). £ A79) 0-30cm EYZ oA
9] 671kge Hwang Jac-Hong(1997)¢] &7]thavt
5 0-20cmol| M o) SekiyAbeE 1192kg Bok A4
A Jelytow | T3k Burke®} Raynal(1994)9] n)
= BEH #3549 0-28m EY ZojdlA e &4
AHgF 1100kg/ha BEtF AHA velgol. Ruess &
(1996)2 <&et27te] white spruce ol A 742kg,
balsam poplar@ oA 2017kgolgksl Hudln 9}
Hwang Jae-Hong(1997)& 9343 rtdauzdy

Table 2. Fine root carbon biomass(kg/ha) in Quercus variabilis forests in Chungju area at 0-30cm, 30-60cm,
and 60-90cm soil depths. The number in parentheses is one standard error of the mean (n=8)

Soil depth 13 Apr. 4 May. 9 Jun. 18 Jul. 20 Aug. 22 Sep. 27 Oct. 24 Nov. Mean
0-30cm 1552 1770 1670 1460 1572 1424 1673 1480 1576
(215) (355) (280) Q77) (342) (1552) (317) (325)
30-60cm 588 609 794 538 629 795 480 543 622
(340) (358) (514) (380) (197) (636) (201) (263)
60-90cm 305 373 634 563 569 488 326 456 464
(110) (253) 417) (488) (428) (460) (175) (325)
2662

0-90cm
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9] 0-20cm EZHoloAM A9 ¢ANFS BE
(4-59) 7 & (7-8¢) ¥ 712(9-109) o Zol Yet
woian Badted B Ao el 0-30m EFZH ol ofA
o} FAE 275 B H(Table 3).

B A79] 0-90emel| A 9] F e e 1749%kg
o Yehgth(Table 3). @49} o|5-%-(2001)=
35, 3%, 233 I SFUFEAAY @
9] ¢etA#ZL 1100kg, 1200kg, 2813 1000kge]
g1 Bt gxedtd i A2y Fa4e
A3 o A (Hansen, 1992; Cooper, 1983; Burke
9} Raynal, 1994) 7ZZ€ AAYR £ dHeA=E A2
o 9% AP FE AT F SYITY g
BES A3 de o3 caLaF T 2ot BA
UehA AR A A Y Al o8 daed
¢ $23 Ao ARHEHY

Table 4= £ G71-2] A Z3LAHE(the ratio bet- ween
annual root production and average root biomass)-& 1}
bt} dubA o g2 AT TAMES FEZZ0] Vit 9]
oA Fe Aog HyFHcH(Chabot and Hicks,
1982; Mooney and Gulman, 1982). Z18jv}, & A+
A ATDALES FERZC) U o AlI8HE
60-90cm EFZololA 71 2L Al2ui&S BY
o B dpoie A2uAlELS Vogtd Bloom-
field(1991) 12]3 Hwang Jae-Hong(1997)0] H 1
AL Welo &dla glon, Eqke ¥R
BtiE Shaver?} Billings(1975), Hwang Jae-
Hong(1997) 121 Ruess 5(1996)2] BRn4d 4
Z3 g2 wabA thekd A2aAbeE Bt
£ Aol dxste Ao g AR Ech(Table 4).

2. MIE_O_I Ns P, K9 :]-E-L—ll Ca ‘%=|-Ec!:

Table 5& 4|22 N, P, K, 1223 Ca 82 el
AF(0-30ecm EFo]). 495 1147179 #AF
& 715 <de AS GRS Hoghe N9 45
0.89%, P2} 7% 0.048%. K¢ 2% 0.3%. 283

Table 4. Fine root turnover rate (%/yr) in Quercus
variabilis forests in Chungju area at O-
30cm, 30-60cm, and 60-90cm soil depths

Soil depth Quercus variabilis
0-30cm 0.43
30~60cm 0.96
60-90cm 1.03

Ca9] A% 0.53% % Jehstt. & 43& Hwang Jae-
Hong(1997)0] E1g 27|tk oAl 2] No| 3
T 0.81%S wASHY, Pe) A% B AFdA] %3
A Jebsttt. 3 Burke$} Raynal (1994)¢] B3
g M EFHE A9 gF5AAY A2 GBS
9 g3} FAkEHA el AdE A HH N3
Pl A% F= o|E BH4YH 54) o] =%
L83 27187, 8, 28lm 9Y)dle Fiel W
Ao g Jepydth a8y Kok Cagl A5 4A g
g Holz &3kth(Table 5).

Table 6 A2 ZAl(fine root turnover) ol 23t
Egoge] ¥EE9 A FY & YeEATE Hw-
ang Jae-Hong(1997)2 Aol o3 A it
to mgeze §U3L ArGadrasl ¢
20.9kg¥ 0.93kg, 128]lx YE4He) B 48 6kg
I 2.76kge.2 ¥ ApdM B A Jelytiz
Bala ok EGo 2o fd o] A2 ¢E
gz} Aol o3 et o8 A ] w2
$Z 7 23 AY T 5 Aol g7 FEFF
Aol e} £3) A (NPP)S] Ffojof wra} {4 &ol
AA ARH A A FF3H A Fzle] 2L AR
ol Wl 2 fdHFL & AolE B Aoz Algdd,
Joslin#} Henderson(1987)-& White Oak <&l x| Al
oo o3t Egdo g 4R %S FHF=d. N
o] 73 % 14.6kg, PY AF 0.7kg, K9 25 4.1kg,
ag3 Ca®) 4% 10.3kgo.8 ¥ A1 0-30em E
Fzlolol A9 A9 o §- FAFSIA VHEFETH Table 6).

o rlo K

Table 3. Fine root carbon production(kg/ha/yr) in Quercus variabilis forests in Chungju area at 0-30cm,

30-60cm, and 60-90cm soil depths

Soil depth 13Apr. 4May. 9Jun. 18Jul. 20Aug. 22Sep. 270ct. Total
~4May. ~9Jun. ~18Jul. ~20Aug. ~228ep. ~270ct. ~24Nov.
0-30cm 236 0 17 170 0 248 0 671
30-60cm 28 185 0 91 201 0 94 599
60—90c131 §8 261 0 0 0 0 150 479
0-90cm 1749
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Table 5. Nutrient concentrations of fine root in Quercus variabilis forests in Chungju area at 0-30cm soil
depths. Values are expressed as percent by weight (mean =+ standard error of the mean, expressed

as per cent by weight: n=2)

Nutrients 13Apr. 4May. 9Jun. 18Jul.  20Aug. 22Sep. 270ct. 24Nov. Mean
N 0.18 105 08 008 080 0.74 093 088 0.89
(0.05)  (0.08) (0.07 (0.01) (0.06) (0.05)  (0.01) (0.05)

o 006 005 005 0046 0044  0.039  0.049 0.046 0.048

(0.004) (0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.003)
K 033 028 029 029 029 0.28 033 0315 .

(0.007) (0.014) (0.007) (0.014) (0.007) (0.014) (0.014) (0.007)
Ca 0530 0480 0535 0585 0580 0545 0555 0465 g

(0.014) (0.021) (0.021) (0.021) (0.001) (0.035) (0.021) (0.021)

Table 6. N, P, K and Ca input into the soil (kg/ha/ yr)
due to fine root turnover in Quercus vari
abilis forests in Chungju area at 0-30cm,
30-60cm, and 60-90cm soil depths

Soil depth N P K Ca
0~ 30m 13.0 0.7 44 7.7
30 ~ 60cmn  11.6 0.6 3.9 6.9
60 ~ 90cm 9.3 0.5 3.1 5.5
0~ 90cm 33.9 1.8 11.4 20.1

Coles} Rapp (1981)& &A% &H+H (14 sites)
ol A litterfallo]] 9J3F FEE9 EFo R B Y
Z(kg/halyr)2 N 2% 614, P9l 2% 4.0, K9
AL 416, 283 Ca9l B 67.78 Hidli gic).
B ARz Ao o3 GE 2HFS A9 AyA
T 2} oF 1/2 - 1/33 =9 FolAg, EFo R
FEFYo] AR T F2 Hghol ol o] FoiA
3, X FFAM e A3 F 3} (weathering) ol 2J8) ©]
FolA7] W&ol FaEdeol g A2 7dExEE
& Ao Atsd

EEH

HB5(1999) 7RG AR FAGR WA
AeA] rngel B8 A7, FIYYA 88(1):
93-100.

U4, ol$9(2001) 3%, 28, 223 I A 2
FH DAY YA BN Y AT, §7Y
&3]2] 90(6): 692-698.

A, AEA, ol 47H(1998) A K, dvd IHES
W gad 34 AYdt=gyd 57: 178-183.
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