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A review of effects of fire on soil organic carbon in forests
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Abstract: Soils have twice content the amount of carbon (C) present in the atmosphere and C in soils is about two to three
times greater than that accumulated in living organisms in terrestrial ecosystems. Due to the large C pool in soils, small
deviations in the different C forms may also have a significant effect on the global C balance and consequently on climate
change. Fire is a major driver of ecosystem processes and the C cycle process in forests. The forest fires are widespread
worldwide phenomenon. It is important to understand the effect of high intensity fires and prescribed fire on soils. This paper
reviews the effect of forest fires on the quantity and quality of soil organic C (SOC) and C release. It is focused mainly on
soil respiration and soil organic C fractions; i.e. microbial biomass C ( MBC), light fraction organic carbon ( LFOC),
dissolved organic C ( DOC) and black carbon. Generally, intense prescribed fire or wildfire can lead to complete destruction
of the organic layer and SOC in the topsoil. On the other hand, the effect of moderate prescribed fire is often minor and
sometimes organic C increases after fire due to increased input of partly charred material or litter from decaying trees. Low-
intensity prescribed fire usually results in little change of soil C. Soil respiration, including autotrophic and heterotrophic
respiration, is an integrated result of the belowground processes. It has been widely used to evaluate the effects of
disturbance on soil carbon pools. Fire can change the rate of soil respiration by reducing soil moisture and organic matter,
increasing surface temperature, and reducing soil microbial populations at varying degrees. Soil respiration rates have been

shown to be an increase, decrease or no significant change with burning, depending primarily upon fire intensity,
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observation time after fire, forest type, vegetation regrowth process, and climatic condition, etc. On the other hand, fire not
only perturbs the level of SOC, but also redistributes different labile fractions of organic carbon. Changes in labile SOC
induced by fire have been noted to be more complex. Overall, fire significantly increases the soil DOC, but decreases soil
LFOC and MBC. Relative to labile fractions of SOC, black carbon, a byproduct of wildfires and prescribed fires, is more
stable and contributes to the long-term C sequestration. Despite the importance of black carbon on forest soils, there is
limited information about the influence of fire on soil black carbon. Some studies note an increase, and some other studies
indicate no effect or little effect of fire. Forest frequency, fire intensity and soil sampling depth are important variables for
assessing the impact of fire on soil black carbon. In the future, more researches would be required (1) to determine effects
of climate and forest management on dynamics of forest soil organic C, (2) to elucidate the process and mechanisms of CO,
release following fire, (3) to assess the influence of fire history and frequency on soil black carbon, and (4) to determine
forest soil carbon dynamics affected by forest management such as fire under field conditions and especially in subtropical

ecosystems.
Key Words: fire; soil organic carbon; soil respiration; labile fraction; black carbon

KBE AR TR E AN , R AT X AR B R R g ST A R A K BEXT NP
SRR BRI IC 28 A0 4 B BRI A8 7=y K SCIRIL AR AL 2E BRI B B AR BRI &
BENL DG | KBt A S RGBT 2 A6 T+ LA B AR 2 B> O E A T R4 R A W U B 1)
RAHH) CO, b7 BAHHEHUR B 1737 30 B 347 P AR AR ¢ B2 ) RSB CO, 8 o A HE i 1Y
2.7%—3.9%"" , KBEE A RERABE A —A RSN J1, RIS KPS AERRAG IR o BV KA 7 i it
SERBRAGIAI T M UERE . A 56 OB X RRATE 2R (14 5 i F 9 Bk ik 2212 ©) ) R H 115 R T 9% JCRe Xt AR bk £ 8
R I HT BRpR 1438 A LR 1 FE M b

BRI 1400—1500 Gt i AA ML A7 T 158 b | J& Ffi Mo M 98 722 ( 500—600 Gt) 11 2—3 £i%, J&
SERKABRIE (750 Gr) B 2 f522"°) Rk 8 R G Ve N BEHA: DI 20k, ASUAS B 2R3 3 K BB (24
i ERA B BR R Y 86% LA L) | IRl Bf 4k 1525 B K0 30 (29 5 2Bk 3R R Y 73%) 1, IR , AR bk A:
B ARG A OV A 2 S ERAE IR PO A ALy, 76 BRI P 5 R TR IVE R . AR SO AR AR K e
Xt A MR TR, BFE SRR AR 52 GR infal Bl R FHA AR 3 B 4 £ HE 08U, s 2%
g S AR HER, B - A HLER R AF

1 st T A PRI E R R0

TR SR G I A P SIS AR A A LT AR 1T HE S 4 1
IR I REAT S BENE | I EES A AR E M R | MRS BE T LA R - SR AR Wy (A B AR R [ U BRT 5 ) AR Y
FEHF RO LI R LR SR B R Y I LA, L3 BB SR T TR
7w SRR B R, WS E N Z i, RS R G LRk 2 2 5 4Bk - e ALk
PEIY 73% ,JERRARAZS R GeH LR HUBRAERY 2—3 511 R HLBR R B2 AR bR -3 LR 22 14 B3/
AR AT G RS CO, MR EE R AR AL TS M 2 BR A AE Ak . DRIt X b 38 b A WL 2 11 2 25 A8
A TEPEALBE KR 0 D 28 AT 8 1A T 047 ) 4 R A AL A Y — I B A BRI T, 20 L A A%
PEFIA TR A A 25 RGBT , WNARAMCRAR AN KBRS L et K CO, HET A 520 1] Rt 52 FE AL

RRMCRARE X RART R W) BEATBE e 22 0 CO, B4 1) RATHERC . AR A= ) S48k o8 o J e 35 k) 5 i
T AEA RIS BT 22RO, I T JCRE T AR R B LA AR (3 1) 2% kB 43 Jy it
SE (V) KBEREF K, BIUE Ke— M BE B AR, AN 23 fi A 25 2R 8 e A AN T 3 9 A8 A T 2 A R o i 2 i 1)
JiE 0 A SR . Wang S5 REE T 200 24 JCBEE 3 HURR G AS LSS SR, A5 ) rR o 3 BT AT fif

http ; //www.ecologica.cn



2802 H

PO

35 %

A LB 25.3% , TTUE KBEXT A ML AT B8 52, HLAh, Wang %5 Meta 43 HTid 32 1 £ Ak
KA KR 3 AR W] REAR (25.39% ) 17 ] bk 138 HLBR H1 1 1 (29.0% ) . Johnson T Curtis'™ 3 5
Meta 73 M &0IA S Kk g R kA8 e A AL e b 36 30 T ) 231, b8 o b S 25 Bk AR AR B S e O F AN 1 3, e
JE PRS2 ) R %ok - B B ) S B K LA Liechty 5551 B9 & BUAK SR B2 K BES 10a +4E 1) (5—10
em) HHBYBR BTSN, X ATREVR T AR 3 NG : (1) BRI S Y SR W) B AE 8 5t 33 v | xfE AR E W Aoy

F1 AR T EBRM NG
Table 1 Effects of burning on soil C

Hh gL ARG pieL TR EE R 27 30k
Location Forest type Treatments Results of soil C Reference
B KF|. Australia FeB Mk Eucalyptus forest T5E K Be 55 BE (S k%) WA REES [13]
KR F)I Australia FEIFAK Pinus radiate forest FEE RN 0—60 cm 1 )2 . —40%—50% [14]
NS T D Jé I Tasmania *ﬁfﬂ]‘/ﬁxﬁi BT 0—10cm 133 .-50% [15]
Mixed Eucalyptus forest
JINERAHIEF RS L SEMNFK Pinus contorta, H = 12 A ks KBEJE 9N —20%—30%, [16]
British Columbia M Picea glauca e KBEE 21 AN H +40%—T70%
Mz MK Picea glauca, B
N KMk Picea mariana, L& HHE — AHURZ: - 15% 38 Fi + 2
Brf R hn Alaska WK Betula papyrifera. Wil NGIEE RIS A A 5 [17]
B Populus tremuloides
=7 % . )
355 B Florida oy A 3 FE 1 ¢ A LR :~33%—50% (18]
Tropical coastal forest
fi#] 5 TR ST bR . I O ZHR KB i+ 52
B M Mag ;
K G KM Maine Mixed hardwoods and conifers Kk Wildfire ViV [19]
& M B S =
%[H%?;Eﬂm K FABK Pinus palustris forest R 1.2.3 da FUE KBS 1 IR O~E%h9€’ TRLERW [20]
South Carolina ViV
: [ K R S (A2 g
%Eﬁﬁkgﬂéﬂm KIEFAHK Pinus taeda forest RRAE T E K 0 ik, HRET FL 1. [21]
South Carolina +30%
(1) BRAEA R L85 (2) 4R
R B R bR Do ‘ HZKbe; (3) Bl Ta £ B KB 30a: (1) +11%;(2) +
South Carolina JHHAR Pinus tacda forest KB (4) W Ta BF 28%;(3) —16%;(4) + 6% [22]
e Kkbe 11K
. ) W S AR LL AL JCbe i .
X[ M FiAe P :
%@{&%Hﬂlﬁfﬁihm £ MK Coniferous forest NP + 26% , W v R LU R R R [23]
Oregon and Washington
. -2%

2 [E 4 -1 Brewerton, AL KK Pinus palustris forest K ZETE K BE KBS Sa:+ 4% [22]

4 ; . . (1) BEFG 4a 2 FTUE KB 1 KBRF 20a: (1) +17% ;
4 . LB R lliol . )
& [FE BRI Olustee, FL TEHBAAK Pinus elliottii forest W (2) RHAE A TR KA (2) + 16% [22]
& E B W Roberts, LA KK Pinus palustris forest RHFEAZETE KBS KBEJT 65a.+7% [22]
, A RN . .
128 Europe AT o ek KA 1a:-5% [24]
Temperate deciduous forest
N \
HOY15 Mediterrancan AP PR LI 829 [25]
Pinus halepensis forest
PRI RIG W - - KR 20a 0—10 em 3, 5%
LAY } N (R i i3

Greater Hinggan 17“/!(% +ZM)H: . g];f](?ﬁf;(?f;“?g\if;) JE.-T%,hE.-38%, HE. [26]

Mountain, Heirongjiang “Arie gimetnt fores -60%
Jo b 10 . 58

R R Nanping, Fujian F2AHK Chinese fir forest B AR kg }(1}?;7)6 520—10 cm L5 [27]
-15%

=AU KA FK Secondary forest S KR KBS 7d 0—10 em £ [28]

Xishuangbanna, Yunnan

+24.9%

SRR+ R
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fift, (2) i (A HLBTRE AR B AR E A LT, (3) JOBE LIl N Py b g 0 Bk At 35 4 g 0 € IR AP RE
NIl 2 , Sands ™ ORI 3 ) SV 668 S A MRl K B 24a,0—60 em )22+ HERR & B TR 40%—50% . J7 Wi
SV IURRT 22 SRR AR ARG M e AN TR AL 5 3R A BRI e 14 2 S, 2R AR T, K be i 0—45 em
IR BRI HOX B (A8 K obe) 1K 20% , AT UL, Kpeox T HEATHLBR A5 M 2 — A S A i e, BRG0S0 4
FLARARBE IR | AT A RS e A A i Y o X SRR 7 A R A TR R e, DI ] ] Lok 7
I3 — B X I — I R B T R B U, A0 LB K 58 5 R 1) - SRR IS S A8 A

P ARG BRARAE S BRBRAEER B A SR A2 B AMTA B AL . 3 A AR 25 AR e B 2 B Pk JE B T 2 4T
RHARE o T3 RV AR B 2 XM 39 74 i 2 XS i 55 7 A 8 bR 70 A 7 3 [ (=BR[] 26 12 3t
2 R R R o R R BRI AR (o5 A2 (e 45.56% ) , — B TR [ R AL AR B 2 AR R
—, T EL ARk b 2 7 PR R A — 0 5 ) AR I, DRI T 1 gk e 0 BRb R 1) e b ST BILBIR £ 52 e o T
FIWTX A S R GERE T O KRB RO HL 2 PRI, Jin i KOBE 0 S Ry bk S Bk i) sE i it 5, A
B 7oy ="

2 xR GRE BRI

B A B R IR SR AR L L1122 512 (IPCC) T 2007 4F- 2 A 2 H 78 VR & 36 T 48 DU YR M AR AL A i 45
i R S AR L A T i 5 | A B AR R ) e T2 B T g 3 gl AR AT RE” J2 T 2K CO, MeBE T i)
FAESE A R T REME R AE 3 Uk T Y 60% 4 = B 90% ., 7E H T A SIS 35 R IR = SURHEICY h, R
BRI IR A 5 70% , IS S R CO, Ffek b TH 2 i 5 4 BR AR 1Y = 242

AT T ARMRAE MR R CO M BT 0 F AR, DRI A A A5 AR AR ) A7 ) B e AR AR iR
FIrp—E A2 R, B R ETE R ABITRA KB Bk 32 245 B S 0 CO, ik B 52 R ok
A EA, BN A BGE 1) hihe i FEUUE 2 2 JRAEFY | SRR ARAR JORR R A% i FE AR AR
LA K Pty BRARTET AR S350 10% 10°—15 x 10°hm* 1 20x 10°—40 x 10°hm” ; 17 K HE5 | EH) CO, BERLE AT ik 3.5
Pg/a(#2) b I 2 i AN AR [0 R SHEIL CO, o — 7T, K BEii i Sbe i 2 A8 1) o B 42 i) <
HERL CO,, A KT HARER Z Y L S — 5T, KOS 3BT A R A AR, ST WO B B R Y
I 2L SR AMTRI R I

R2 SHEELYRMBERBERN CO,BY

Table 2 Global estimates of annual amount of biomass burning and the resulting release of CO, to the atmosphere[3]

KBERR A A b CO, FEfi it
Source of burning Biomass burned (Tg/a) CO, released (Tg C/a)
Tt 555 Savannas 3690 1494
LMV EFY) Agricultural waste 2020 819
Fi#t Fuel wood 1430 576
AT ARBK Tropical forest 1260 513
A FNFEA ZRAK Temperate and boreal forest 280 117
A Charcoal 21 27
SERHARHCEAN Total 8700 3547
SRR (FLHG B R RN S AR R ) 2 A LA A R E IR AR R Rl AR A R Gua AR R 1)

P IR AR R B K 68—76.5 Py, it A ER AL AT MR RHER BEAE B B i (= 6 Pg) 10 {5 LA
T RN ARH 25 KA CO, B B AR, T2 R AR AR R R AR A RE T obeil
O R (R R ) A AR R, I RO A S T B B OB - T
W P 5 ) 235 R 22 S AR 3K 5 JCRE SR EE | S UL B[R] ARARZIS AL | il by b A% B 1R 5 i R RN SO M S5 55
S — BB A BRI T A P R AU LR R BET | R4 T A D i B ST IR R [ 51
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A% F I R IR IG 2—3a R AR L HERF B AL, TA S EZE P AR R IFI R, Reinke %5 M52 5
PR JFATA A (Pinus palustris) PR AESERFIFEAR T 6%, O'Neill %41 5l X BIRLHINER 242 A2 F
RS FREE R 3R T35 CO, 38 5 Y BFIE R W], JCbefe T IR RE W] b T, B 3R 3500 B AR, L N i e
WK, Sawamoto %5 WEE H e be J7 AR+ HEF 8% i E AT A K BEn . A TR iX 22l F A b+
YRR, IR BEIIG: . U0 Ahlgren 25 % UL 3658 A MK JORR 28— AF HHEfUE
Py eI AR A APkt . Z5 22 LRI = A2 AR KBS RRAIG T Ik A e A R

L X BEAE A I, —LE TSI H BRAR IR IS A 3B T a2 S A W T v, AT T B SRR i 1
5, Kobziar %%t 3¢ EHAMM K BERT G H TR ST R, KBS 2a +HEMFI 2R (745 3.83 pmol
m? s R KCBEAR ML (3.41 pmol m™ s7") AU 12% . Wiithrich %510 & SRR M 32 ( Castanea sativa Mill.) #k
R KBRS 6 N H PR KA AT MR (AR S IR SR SN 40% . Tiifekgioglu 5 438 + HHA}
VU FEA ( Pinus nigra) BRKBEIG 2a [B1F2) T HEREIGE R A 1.55 ¢ C m>d ™ & TXT MM (1.29 g C m™ d7™)
Tiifekgioglu %' i LR T B H P ALHRAS IR 1 ZEI I W ( Pinus brutia ) BRRTKBE IS 1—4 4~ F FE 3 1 17
PABRI - STENF I 38 e B KR IS -SRI AR A Ry . TR I A2 AR AR KRS IR BT 3—4 DA | Jbe it + 38T
W 3 3R o M, 33X 5 OB SR B AR T AR A A O

AT AR PN T I B AT B S B0 . Concilio 25 24 LI S 57 T 1 1l 48 2 W0 P 4 326 LU ok 14 1 1
RS PR ACBR IS - eI 56 5 oK OB MR A AT B 3 25 5+ . Hubbard %5t % B, B B2 137 52300 L1 Jok e 3B AR
KR AHRATIRICBET 2 > H g b - S0 sk 52 55 %60 Bt (O Jobeth ) 1 22 AN K

MEL R 255~ 2B 25 A 25 2R G0 N - SRR 4 6T g 7 A AN [] ) i 7, PR T I 925 X6 g 52 Wil - S
WX — SRR IS . ARG RN — B AT RER R A - (1) & AR 25 2R G0 N K e i) - S8 38R W () R
ANTAL 5 (2) ZAFFEIRAE KBRS RAS [ i 35 (KRR 288047 ) b L SR IR R A T30 5 5 (3 ) DR K b it JBE AN [ 3 A 25 R
Si i U TR AN, ST DL B 7R KO SRR TS e B, 55 235 5 7% 1K e T 3 350 ) 45 il
RN,

3 AN HIRAVERE S BRI

3.1 KBNS IS A LR 1

B X - SRR PERF B MR |, I P b BT M DILBRt R T RS AR AL, (3] H T RIS A AL
i AT — DG — 0 AR BRI R E S, EINAMRZ 2 E ARG A C RRIT ST 5 BRI E 1Y J7 ¥ R A [R] Y
Yo FRAE - IEIE A AL A SCE B S A W e R 4L HILORT T LK

A A W R (MBC ) J2: BT VA LB Hh 5 T BR AN B 5 8 AR O34 49 MBC X - 3R
BN F AR TR R AR, IR VS S8 2 RS P AR Ak, J2 3 R A BB AR Rl Bk
BRAGIR ) 2 3] 92 e TE , KOBext 38 MBC BRI ST B 338 A, & ; Prieto-Fernandez %57 % BT R B2
JERAMK( Pinus spp.) )2 13 (0—5 em) AV ILF 52 25, 1M 5—10 em IRV T 50%, KkE 4a
J& ,0—5 em F1 5—10 em )2 L3I T PIBR/ A HLBK LL 353 51 LE KBS RTIR D 60% F1 40% , Fritze %518 B 57 3
B EEEAROKBEST 12a HIEGE YA WA IR B KBERTK . Wang %512 Meta 4347 28 26 B kb (A1 45 57
FHIE ke ) fiff e A ) A i b 7 e I RAIR 40.5%, 244K, KOBEXt 18 MBC (5% i B2 B ok 5 ok be it
BEKBEAIR KB RR SR R AN, iR S R+ R SRR AT &, 5] 4 Choromanska £l Deluca™ %
PRAE VG B AN -AETE AL ( Pinus ponderosa-Pseudotsuga menziesii) 38R, KBl = RN R BE (-0.03 .- 1.0 FlI
-1.5 MPa) 3R Yy i BN AR EE A998 0 o i TR LT A S R SR K i ok Ry £
5 HRUE Y R /M e 2 . AL, BT 38 MBC RN D B8 (1) & FEAK I T R GOk Bt i A, DRI K
PeJEAEI DR DA K 5200 138 MBC 19724k, AR RAE AN R BRI , KBRS B FE AR MR R ATE
EHEORI RBURIE T MBC RN
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A TR A HLIK (LROC ) JEA i 5 4343k A D0 R A 20 1, Bk 1 2k v, JEI P ok ) 0, AR R 38 T M A L
B 1) F2 LR 43, FERBRAG R B B RV, AN 2 A 9 A A e A ) T L A R AT S g A, LA
ARSR A A W2l v, R IR A 3 — R, A 6 B R A AR R 2 L B
WFFE M, 48 LFOC X8 MK it 25 Ak 6 i 107 4 AU 2B AR it ( an Jobe ) 3 ik Bl + HE 3 B e i |
A R AR R A RORILAE I 2S00 LFOC 45, WAg RS IR 5 K AR = DA% [ KRR B AR
KBEE A RS N TR AR N T ARG 48 LFOC 5 58 A i 5 WA, 35 - B A0 T 9 LA S A 7 40 Rl 4E
AR /D S5 B I AH G, JOBERT 38 LROC 5% i 7 B 5 Kk B8 i J3E (A0 375 o oo 8 5 AN 5 e b 1) ) A
LT T L LROC WA A 396 HIURR PR AR AL A BB EE B, R L, BF 98 AS R MROlD 28 %85 48 it 4 18 LFOC )
SEM S AR FALER, X 08 2 39k [ 2 HoAA EZAEH .

AR ALK (DOC) AR H i + 3R ML AR /D3R 4, & i — AN 200 me/kg, (H B2 + 5 6/E
Yy o] LR A HURRYE . 398 LB R 5 s [ B EL IS R A s SR, {2 38 DOC 21— R 32
M, EF| 20 D 70 FARA, Rl e 80 AFAR LIS, 138 DOC 5 5 )& ZR Ak 13 DOC A B i 51 d AT/
R AERE R 39 DOC (Y45 N R v, i T8 Mo e LR i AR A A5 R U R , 17 DOC bk 2 S LR 22 4t
R FERAEZ — R ERTT A [F SRS 6 DOC sh 23R 52 ), SR AT AS [) 8 RS sl % 2 Mol T A7
AE 1 ) S S ARARAE A BRBBAG IR VR R SEZEM . B0 R SCHRHRAE T Tty 1 IX 4%+ 382578 DOC Xf
B AR T A IR S, T AS [ E MRS X AT I A 3 DOC s R Bl B H ik g A
FUBETE A RS 928 0 R SR B DL B 3 AR it S5 DOC BRI, B AR R 2 WIF 5T 2 B PR i vl 72
DOC & B R, (B A DX 7 T ALK ATE 2 . i T RPN T IR K o S5 3R 58 I 25 A 4 4 P 2 ] g
XF 4235 DOC A2 B AR A 52, PRI R BCE M , DRk 18 DOC [y iy i B B R 42 2

Bifi 7 4 BRAS A 5T BN IBTER A, KRR R R MR 3 2248 B it X 1 38 DOC 3l 25 B9 52 Wi IR 1 8 1 37 H A0,
AT W IR 5 AR AR -1 DOC 2R A H AR A7 (H H A 2 KBt 48 mT v v o HLA 3% 40
T2 X AR TEA WL TR S IR TE D, AR5 26 WA ZR AR 5 AR OB 3 DOC e BE ANy
TRTF A RARE FUR ARG £ B8 R AR A9 i £ 07 g AR I8 kobe 5 88 DOC ¥k B A i 2 7
Andersson %5 HFSE & PR, B ZEAK L VG RS BRI KBRS 12 d, 13 DOC HEBE HER KB 85%,90 d RS
15 43% , Battle 257 UL 1 T35 M PG R F0IE AL B A ( Pinus palustis ) {830 K B85 +3E DOC W B & T
R Ibeth, 18P HEF AR BB A, kB Im 6 N H HHEF I DOC fi i nl ik KOBERT g 4 £ 7 AR
K Wang %R T 200 224~ 7 4Bk 35 22 M X R ORI i Ak oBg 5 1F 9 45 S 2 W, S ]t 348 fin 4 5%
DOC, ATE KB K, T Kbetnfaeh s +3 DOC 7= g 45 H R DA 9e

BT3B E AT T 148 DOC MR RINIE D, B TR K Ges2m 11 DOC B iy i F2 S AL A 7
RAMESE . RIS £ BAE NP5 6 T R - B R 1Y 40a AE R AR M (AT KBS, R )2 T4
(0—10 ecm) DOC F i KA AR NECRTIBOR) . (Bl TEIMNSE T, R E R 5 KR % Ay T4
BRI 20 398 DOC, KB R s R ARTE2E . NI, 4 76 55 208 7 VLI LRk | il A 2 AL SE 50 Bl T
HE— AR HE DOC X JCB2 i 7 K ML
3.2 KRR A AR ) 5 )

25k (Black carbon ) f2& A= W) sl AL A7 RIS 58 2 R 58 BT T i B ) ot | 7 s A2 AE F HIERIUTER Y b, &
S SRR I TP R A 0 B AL G, AE HIREBRAE IR b A A T WS R A aT  HEA HL
BRI 5% —45% , A7 26+ HErp SRR ZE 253k 60% LA EUS T Sl TSI IX. R R ZRAKE R R R4 07
T AR S S i A R 2R A 24 i A ER AR AL U — PGS R R T A B X - g S
TR T AICHTF I, TR 56 T R HEAR AR AN Z2 0L SRR RO A 5 B R IR, Y
A 0.05—0.20 Pg A=Wy BRI B S A 1 A3 380 7T ELR [RIARR AR [ FR B 14 kb £ 4 v S
BRI A SE AN TA] 40 Ansley 252 1) FH A 8 L3R 5 AR BIFGT IR 230 37 SRy 0 [+ 18 BELRR (1) 52 M), 2 PR A
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KBEAL R 0—10 em +3EBAR S BN 1.6 g/kg, 11 6a WHEFT 2—3 IR KCBAb B SRR & BAU N 1.4—1.7 o/
kg, FE W Jobext +HERBRIFE A K, Eckmeier 25> BFFT B AR BN RICH Fp 38 i 7 bR - 18 SR (4 52 g
RIKBEG 1a KJZELIHE(0—S5 cm) BRR G BEIFAB G AR (0 0—1 m 1 P B GEHM, Czimezik 25
W5 R, IR o R it A L A LT Bl CREAIR 3 0, FRBRTE 1 IR ML I 2 T R, AR
KNI HaR ALY 99.5% ;5 1M KB = G LT, S 5 AT ALY 3.6% , 3% W] fig J2 R A Bl 4 K e
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