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Effect of tillage systems on light fraction carbon in a purple paddy soil
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Abstract; Physical fractionation of soil organic carbon (SOC) has been useful in distinguishing specific carbon pools that
are responsive to management and identifying the physical control of organic matter. Density fractionation allows the
separation of SOC fractions from different locations in the soil and degree of association with mineral particles. The free light
fraction carbon (F-LFC) includes loose organic particles in the soil and particulate organic carbon adhering to the exterior
of secondary organomineral complexes, which is chemically very close to litter and has generally a very fast decomposition
rate. The occluded light fraction carbon ( O-LFC) is the fraction of uncomplexed organic matter that is trapped and
physically protected within secondary complexes ( intra-aggregate organic carbon). This fraction shows a more advanced
degree of decomposition and a slower turnover. The heavy fraction carbon ( HFC) is composed mainly of highly decomposed
materialand has a very slow decomposition rate. Changes in these different fractions, especially in the low-density fractions,
may be more sensitive to management-induced impacts on soil than the total SOC or the complicated heavy fraction organic

carbon. However, there are few direct data quantifying these two light fractions and their contributions to total SOC storage

EETA . HEK ARB2EFEETH (41005069, 40975095 F140805050) ; iR K AL E AR 2117 TR =AU ; P K2 KR
FEilt 42 (201028)

Y5 B H#A:2011-06-30; &iTHH2011-11-15

# WM IHAEH Corresponding author. E-mail ; haoqingju@ 163. com

http ://www. ecologica. cn



2
He

4380 H Eire 324

as related to changes in tillage practices.

The impact of tillage on SOC fractions has been of great interest in recent years. The tillage experiment was located at
the farm of Southwest University (30°26'N, 106°26’E) in Chongqing since 1990. In this paper four tillage treatments
including conventional tillage with rice only system (DP) , conventional tillage with rotation of rice and rape system (SH)
no-till and ridge culture with rotation of rice and rape system (LM) , and ridge culture with rotation of rice and rape system
(LF) were selected as research objectives to measure the contents of different soil carbon fractions. Soil sampling at the
depths of 0—10, 10—20, 20—30, 30—40, 40—50 and 50—60 c¢m was performed with a soil drill after the rape harvest
in the spring of 2009.

Results indicated that most carbon (69.6% —92.7% ) was held in the HF, carbon dynamics in the whole soil were
controlled by the behavior of this fraction. The proportion of F-LF carbon to the total SOC was 5.03% —26.43% . O-LF
contained the least amount of organic carbon (1.37% —4.93% ) of total SOC. In the four tillage soils the greatest contents
of F-LFC, O-LFC and HFC were found in the 0—10cm depth. In the whole soil layer (0—60cm) , the order of F-LFC
contents was LM (4.36g/kg)> DP(2.11g/kg)> LF(1.74 g/kg)> SH(1.46 g/kg) , and the corresponding proportions of
F-LFC to total SOC were 17.12, 14.00, 12.17 and 11.29% , respectively. The order of O-LFC contents was LM (0. 82
g/kg) > DP(0.51 g/kg) > LF(0.36 g/kg) > SH(0.34 g/kg) , and the corresponding proportions were 3.36, 3.45, 3.00
and 2.71% , respectively. Compared with the other tillage systems, LM treatment significantly increased the contents and
proportions of the two light fraction carbons which suggested LM could improve the soil quality in a purple paddy soil in
Southwest China. Additionally, the data analysis showed that F-LFC was the most sensitive pool of organic carbon to detect

changes in SOC due to soil tillage.

Key Words:; Tillage system; Free light fraction carbon; Occluded light fraction carbon; Purple paddy soil
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KL Iﬁﬁm?)“zﬁﬁﬁzfﬁ“ 00 A BRI E AN S A BRI DU S P A e 4 A DL I AN 3
- A AR AL T A FE R 38 F5 L Boone ™ #38 A% 1 4 3 36 2 e 4UA HLBR 5 A HLBR A9 LL 810 19% —
25% (T A HAS S, SR, B RTA SBHE 7 AR X PR R 4 A HLBR 52 e B 58 348 LD o 934k,
ST BT T V4 R i X 28 (KA A HLRR A S R T 2 28 F B T — BB TAE Y (HZHURBR T A
BUaACE b, PR AR5 LA VY R i X5 G K R R BIFGE X 52, I FH A 3805 B A3 28 v, R A O AR f X
A BB 53 R
1 #MR5H%
1.1 W58 XA

Fet A 2BV S b AR08 4R T 1990 4, 0 7E 3 PR T AL A X PE e K 2=l 4k 75 (106°26 'E ,30°26'N) |, 16
£ 230 m, AE SR 18,3 °C, AEF Y[R & 1105, 4 mm, 5—9 H & 5 2 4E R =AY 70% |, 4E X H 18
1276.7 h, - TEFEI 334 d, RN KPR AR LR B S KRG 1, HIEARFALER R . pH
7.1, 680008 23.1 g/kg, &R 1.7 g/kg, &5 0.8 g/kg, 24 22.7 ¢/ke, BMF A 120. 1 mg/kg, FH W 7.5 mg/
kg, HAH 71. 1 mg/kg, KikL 144.2 g/kg, REHT— B R &K HPAERBHE 2
1.2 W5k
1.2.1 RBET

ARIG T 4 DMEF(F 1) . BAMEBUNX R 20 m® 4 WEE | BEPLIX S, 4540 BH A it AT 1
jb.N 125 kg/ hm?(JRZ) ;P,0, 60 kg/ hm” (G BEBRES ) ;K,0 75 kg/ hm? (EALAD) . FFAEIMSE AR 1Y it HE 4R

T WIS AR IR IS — Uit 5 IR R Y 273 YRR, 1/3 VEIB A ; SALA e R AN A 452

1 RIS EHE

Table 1 The description of experimental treatments

HrrE 2L fa R TR EETR BRI & (kg-hm2a™"))
Tillage system For short  Crop pattern ~ Management mode Quantity of residue back to the soil
S T AR SRR T AR, IR AKZHEE N 3 em KRS H . 2748.0—3301. 5
(; vional tillase with rice and P PRI Iik s BBk B =R ARSI & 0.0
prren e W e ! BEIEVRIE Jy 2530 em, K RSHCHEIS K Zx BB 1912, 5—3154. 5
winter fallow system S P FH 14660, 5—6456. 0
. AU o KFEIE 2697, 0—3532.5
KT S kTR RS KRR  PO3 {jﬁgmi 20570 %
Conventional tillage with rotation SH HRE TSR TFVEHET A8 ALK, Bk, Fhah 32, ah3e4 Je R T .6217. 5—8004. 0
of rice and rape system KW a], AT G M O DU 278 P TERRK E‘EFHE-%-SZ.S—IZSZS.S
VEZEMAE Hg . —2E—3H 55 em, ZETRFE 25 cm,
YHFE 30 em, WK 35 em, W/NKAES 2, K
A4 FERS AR B BRG] /K i 5 2B 055, 48 3L KRSIA i 13562, 5—4024. 5
Notill and ridee culre with LM e RPTTRRRAPUKE 2530 om (MR ISEA 742 5—040. 5
o o rice g : HKIET 5—10 cm) s KRB HEKFENTAKAL, 24804 [Tt 8746.5—10011.0
roration of e and fape sysiem Bl PR TR R B 2 1 FIAISE  INSRZE AR HIEE.13051.5—14976.0
K], KA 5—10 om ( BIZB55 K
20—25 cm) , PRAFZESERNE
SR KR M4t :2697. 0—3532. 5
- B 7 PAY:2 5 SEAEE . JSEAS 4. 768. 0—987.
Ridge culture with rotation of rice LF - SR ety SRR T U S R AR DRI s AL T 768.0—987.0

and rape system

R FK ARG AR AT, B 1

ZRETIL A 16217, 5—8004. 0
B F R 19682, 5—12523. 5

1.2.2 FESCR&E

T 2009 4F 4 A T AIMSCISCR fG RS L ERE 5 B HEVE T BEREAILIE RS 3 AL, ZBVE RN 2B R R AE R
FESREEAEZE | REARFNRE R IR, L 10 em H—N2WK, 4914 0—10,10—20,20—30,30—40 ,

http ; //www. ecologica. cn



4382 A E = 324

40—50 cm F150—60 cm FAFRES: W —BHEEE T AR 20 50 oRE R IR G, U AU 2981
FEA, BZERABRAREYIAR R AT G 2 mm G, fRA7F T 2550 A B8 & H
1.2.3 Hrrik
i 18 Golchin 27 Fl Roscoe 251" 55 s AR M BRI RL B O TR B A ALBR 70l 3 28 A R4 B (1%
Zoad P BRI F Rl A (2 R SRR AL AR ) (SR R R EL) . BARTT
AR (D) FREBGE 2 mm i A9 )T H8E 20 g, A 200 mLL B5.04H, Al 100mL Nal W (d= 1.8g/cm’) , T
IR SN IR E A, K FEERIEWES A 15 min (3500 r/min) J DLW 4 77 200 1] Pl g 1) B TR TR
FIAZA 0.45 wm JEMEAIUEF il L 38 B8 AC 1 14 895 A 100 mL % CaCl,(0.01 mol/L) Yk, FiHH =
> 200 mL ZEMR/K VRS, K UEAR A B R K wp ik EER R AR E A9 50 mL Bebhrh, SRV, Pl B0 45 N 100
mL Nal 9, A LR 8 2 IR BUIR A, § B 24 b, 76 60 C T UL EE & X5 AR, %4150 B H
HARZH 5 (2) 10 B0 A N ARSI 100 mL Nal ¥, 78507 3 , FHER A5 I A AL (JYD-650 &5, i) 7 100
W AT 4 15Smin, Bk 4 h 5B C L, B0 AT IR 1 R ER 2 kG RIS HETRIBREE, ik F L, X — 4153
KA S5 (3) [AEOE I 100 mL 2848 7K , 9%3% 20 min, .0 20min (4000 r/min) , 3525 1§, E VEE
3L, IE60 C LR, FRE, X —d15r B,
Ph b 4% 20 57 FI3S B AR AE S | 3 60 H Wi, #5 20 708 LK % 1K FH Multi N/C 2100 Z3 M (P2 E A w] )
TRPE
F-LFC & (g/kg) = HHRAEPAVEBRS & (g/ke) x A HFRA 4Bt b7 4%
O-LFC & it (g/kg) = MIARA LAY & (g/kg) xHIEFRAH 1 7 3%
F-LFC Z3BC L] (% ) = F-LFC & H/TOC & #x100%
O-LFC A3 EC B (% ) = O-LFC % 8/TOC £ &x100%
HFC 43 ] (% ) = HFC & &/TOC & H#x100%
A, F-LFC 4 B R4 A PR ; O-LFC R & 44 HLik s HEC Sh S 41 Lk, TOC A +HE S Lk
1.3 it
K Excel 2003 FAAER, 12050 A6 38 18 77 22 5341 (ANOVA) F2 J5 AT G811+ 50 4, R 2 8 L 807
(LSD) HeAe s Ab 3 a] 22 5 g Ve 5 il i M Iy B A S A A DL & 2 5 T SR LR & = Z [ B SC &R
2 R
2.1 BHEJS SO R 4 4 B 5
AFEFHE T, A A DU S 2 50 T Lo RRAE (1) |, RORERE - 58085 B 38 i, S 30
A ER A . BB O R R A AR & i BT ARG AT AR R A b S R B
RZEERG, LM P R A DUk E 25 575 0—10 em HJ2M,10—20 em )2/ 1 3.21 g/
kg, T DP SH 2 LF &b B3 FIREAR T 1.12 1,72 .0.21 g/kg #10.79 g/kg, % 0—60cm A+ 2T 5, A
PHE T B R A DR D 1 58 LM(4.36 g/kg) > DP(2.11g/kg) >LF(1.74 g/kg) >SH(1.46 g/
kg) . MR 20T R0, LM AP H fh R4 A HLEK B3 = T DP ORI LF AR EL (P <0.05) ,#  3% & F SH &b
FL(P <0.01), RE/KFEL A RFRAUE VLK & 28 BB m TR E.
L W UE ASFEBHE S T, G R A P & i bl 5 1 R B i3 i SR 2 R, H5 A
H1 B2 2 LA [ 1) 2 P B e 2 A DR AE 398350 T 1 %) 2 B AL BH 2, LM DP DL Rz LF Kb B ) i R (B #R
HIAE 0—10 em +J2, 23914 1.38 .0.76 g/kg F10.56 g/kg; 1M SH b3 A 55 2 18 90 AE 2030 em +)2, K4
0.49 ¢/kg, [Al—FZAFEBAETT X Z B PG R A DA 19 2 55 bl SRR EE 038 I sk b 2 RN s, M
0—10 em % 50—60 cm + )2, [f]— 1 JZ AN [FHEVE AL B 415 41 A HUIR 5 KA -5 S5e/IMEL 2 18] 19 25 (8 53590
1.05.0.72.1.03.0.30.0.39 F10.32 g/kg, FEFEAD 0—60 cm 3G I, A FIFHE X LI S84 A PR
SEH4 SR IM(0. 82 g/kg) >DP(0.51 g/kg) >LF(0.36 g/kg) >SH(0.34 g/kg) . PR E I 220 W], LM %
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Fig. 1  The contents of soil free light fraction carbon and occluded light fraction carbon under different tillage systems

DP Jg &K A, SH /R RAEAE LM Dy ZBAR G BF, LF 2245 Bbk

BFEET LF M SH AL (P <0.01) , B& & T DP AAFE(P <0.05) , 5 A hRHA YUK, 5 Ok L&
BRI BRI B & T B A

£ 0—60 cm A VLM, LM DP | LF & SH 4bBE TOC B)F¥ 3 54351 22. 74 (14. 57 .13. 10 g/kg I
11.92 g/kg, LM 4L TOC &4 W% 5T SH LF Ab3(P<0.01) , .3 5 T DP(P<0.05) , W] LM Ab3# H:
‘B3 MEME T AR B AR S DAAOK SRR E R IR B BE 20T R R4 5 5 2 A
XFHG, & B LM AR B 38 SR BLAs S L 20 43 i B AL 2 TR AL, T LF R SH AR PR R AR R A R (£ 2) .
W] DP A FRELAS g LM 5 T-3ESCA HLER Y RBURIE T B i R 4UA DLk PG 52 41 L DL R 4 ALKk
BT i DP AbREEAS Sy LF F1SH 5 4864 ML 826 I 13X 3 A 2 182

Wit 2 FTLAE I BHE T SRR AR S DAY R 41A HURR 2R AR I B B K, o R A A 4L L,
A BB RN 2 A LR 1 AR AR/ R ITE A DILBR S HEVE T A A AN G A HLBR BUSK 1T 3 3240 Bl
TP 4153 DU XS HEVE T A2 A0 1 L S HLaR SRS (BAE L 2 T, A B 3R 240 Bl L A 65 4 20 A BLAOxT
PEVE T AR UM T o, R S B P R A A DR O A LBV E R SRR P 4 R I R AT+ 3
T 4 5 i TRy 5 3 R SR B

F2 HEMMEHESZXKBTEEREIERASHEL %
Table 2 The changes of soil carbon fractions in other three tillage systems compared with DP treatment
LM LF SH
TOC F-LFC O-LFC HFC TOC F-LFC O-LFC HFC TOC F-LFC O-LFC HFC
56.07 106. 66 61.18 46.93 -10.10 -17.56 -29.52 -7.96 -18.17 -30.78 -32.26 -15.35

2.2 BHEDy SO -3 m 2H 3 43 T LL A5 %) 5 il

3 3 AAFFE T 2N £ 415347 WA 73 e L 471 Bl - S8 R BE i 284k . AT BILBIRAE &5 443 1 3 A v LU
£ 0—60 em HIEIREEVE N, A4 L R¥N E A A VLR BC LBl im , A Rd Rz, M E& R4 Rk, Nt
SRSy AT LA Y BE SR BRI, AN FIEE 7 20T B R 3R 4 LR 53 e L A TR R, B 0—10 em £
JEHY 17.10% —26. 43% FF&EF] 50—60 em +JZ ) 5. 03% —5. 90% ; 11 5 414 HLEK 23 Fe He 461 ) 728 7 43 K, iy
0—10 em +J2 69.56% —80. 49% Tt %] 50—60 cm )2 A4 88. 73% —92. 73% ; A& 5 4145 HLBR ) 43 iE L 1)
A ARFIFHE T X TIAH 1.37% —4.93% . 32 FTLLE N, 75 0—60 cm RN, AFRBHE T T
A i 20 A WU BC HL S TM(17.12% ) >DP(14.00% ) >LF(12.17% )>SH(12.19% ) , A8XF TG #HE )7
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3 DP AbHE LM #2557 A A LRS- BC LR, 00 LE A1 SH RS T A 4G MU Be H B, ASFBEHE
Jr 3 IS R A LR 53 BE EE BT AR 22 A K, LM DP (SH \LF 7333128 3.36% 3.45% \3.00% f12.71%

*3 BHBREFNKR ASBRAGNBRUREAGIBRERRMEAR TH B/ %
Table 3 Proportions of F-LFC, O-LFC and HFC to total soil organic carbon in different tillage systems

0—10cm 10—20cm 20—30cm 30—40cm 40—50cm 50—60cm SF34 Mean
Dp F-LFC 20.28 18.67 17.07 11.69 9.13 7.14 14.00
O-LFC 4.05 3.16 1.51 3.72 4.11 4.13 3.45
HFC 75.67 78.17 81.42 84.59 86.76 88.73 82.56
SH F-LFC 17.10 15.82 12. 61 9.76 7.44 5.03 11.29
O-LFC 2.41 1.98 2.84 4.21 2.89 3.67 3.00
HFC 80.49 82.20 84.55 86.03 89.67 91.31 85.71
LM F-LFC 26.43 23.48 21.44 15.65 9.82 5.90 17.12
O-LFC 4.01 3.95 4.93 2.69 3.22 1.37 3.36
HFC 69.56 72.57 73.63 81.66 86.96 92.73 79.52
LF F-LFC 18. 64 16.42 13.65 10.09 8.35 5.88 12.17
O-LFC 3.32 2.12 3.08 2.27 2.56 2.90 2.71
HFC 78.04 81.45 83.27 87.65 89.10 91.22 85.12

2.3 HASTAHPRAR
F H 22 B2 DA 0—30 em 12 M-S/ A DL S 5 B A PR B2 sl B8 IEAHOC (£ 4) LB
AL SRS INITHEIN ;30 em ARG LT P& 4100 FP A HURK 5 109 B BILBRAH OGP E AN B35

®4 TREIEEHBA MSBANURBEAFAINBEESSABAVRZENXR

Table 4 Relationships between fractions carbon and total soil organic carbon in different soil depths

sj?ﬁﬁi " F-LFC 0-LFC HFC
0—10 y=0.33x-2.35, R>=0.999 ** y=0.05x-0.24, R*=0.959** y=0.62x+2.59, R?>=0.999 **
10—20 y=0.32x-2.10, R>=0.993** y=0.06x-0.50, R>=0.873" y=0.62x+2.60, R>=0.996"*
20—30 y=0.23x-1.04, R>=0.786" y=0.08x-0.76, R*>=969** y=0.69x+1.80, R>=0.964"*
30—40 y=0.21x-1.36, R>=0.922"" y=0.02x+0.25, R>=0.307 y=0.78x+1.11, R>=0.992**
40—50 y=0.11x-0.25, R>=0.989 ** y=0.04x-0.02, R>=0.164 y=0.85x+0.27, R*>=0.999 **
50—60 y=0.08x-0.15, R*=0.912"* y=0.01x+0.18, R*=0.061 y=0.91x-0.03, R>=0.994"*

y 435483 F-LFC, O-LFC Fl HFC {8, x MAEE B SH, * FRTE P< 0.05 KF ERE; = = F_RLE P<0.01 K¥E B

1E0—30 em T2, H R4 FE AL EA A DL & 5 5 A DK 2 0 B0 B ARG, 3
0—30 cm + )2 SAWLIRIIF R Z B E A 0 h i L EZ B2, 76 30 em HEERELIR, A RAMEHL PAH
ML B 5 55 B HLRRAH OG22, T A5 4505 i ML A D& AN BH (2, BB 7 30em IR LT, 3
SE LR AR R H A2 B R A RN 2 AR 1SR P A ot SR LR B2 AR
3 iFig

YRR LA A U8 BE D5 A7 0 B - SR DR I AR A LB AR PR 1 22 5, ] LUK BLAR 530 H R %
HA B A R AA DL A A ek, o, B R AR LR S R A IR SR R A Pk, %40
A BB B AT TR R AL TS [ il B B B AB D BRAK , EL TR I TR 22 R R s R AA R AR R LA S —
Lo B AL S LR BRI T AR AR R E R ROK AL A Y R A 2B (IR R ) ik Ak
B e SRR AR, R HE R E LRI R (5250 wm) R EEEEM", BHAH
ML AE: Fh 220 A DL 000 e J B B 9 BB 5 B L DA D 5 JE 0 Jo o 2 AR A ALY Jo (3 B2 A A T )
U, S AFE T A HL-TCHUR A A A DL B, 25 i fase
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B A LIRS P A R A LR & R TR B R 30, AR R B B R R B R
L 120 378 Ao b [ T 11 Y b AR [) - it R PR O 2R A AR A 5 A & B, K - AR A WL B o i - SR
JEE S I SR AT /N R B 3 A R TR A Y A AT L P B 4T X D) R X s S P A AR R
THRLA ORI FE 45 59, AT B 35 B R [R) 2 B BE RO 3R R 4L A, Boone > 3 1t Xof 56 [ jal 4 B A2 M 4
ANERA AR AR T 20, i 1 U8 7 90 A AR AR - SR A A LR 0 TR B TR 5 i T B A 1 a o Y AR L X
8 CCHRS AR TARRFE 48 6 A0AR A= 9 4 1) o3 A AR A6 AT i AN [R) 1 )2 24 80% Wy 20 A3 MLAsk 7 et 1l
Ak, 2 LR B - G BE A 38 I FEAIG , 5 0 rh A SR AR AR R 7 - S5 I A 40 AR e 1, et
PAEF H R AA WU RPN W 0 3R )2 B G, W78 BRI A T 0 B A 0 L3 A%, R BOX Pl B4 19 i
PRI AT i 5 R pR DL T S R« 1 SRR VR TR AR RS AT A R e R HEER 2 N BB S A B e SR )2
FORS AR RN 8T )2, TR )2 e P e 20 A HILRR 9 7 4 v 5 AR, Se e R BB AR VMR R R R AR 2R 1)
MiATA], Baker 22 % Bl AR EIAE 7 2 P AR 2R 190 A R EASTR] , S A F AR 2 1) S R Ak % J
AR, R S R A FE A AR 2R 4 20 A B e BB FE 08 T L, AN [RDBRAE Sh BE AR 2 BE A AR A e A e 22
S AR R E AR B IR B RO MR HHERE R,

ANTRIBEVEIEE P A2 2 LA B P & R A LA B 250 R 2B AR S bl e s, 27K B AE R ZEAE BRI
IKERAE IR 2K AR — Bl Reik iR R 5 =X, A K DR IR BRI B AN T2 41 A BILRR 119 43 1
AR b ZOK PR AR N Z2VE ek ia X838 Ao (8] S I 1 el A | ol 4 48 190 /K AR 100 e 5 A
WBTERGSR, FEURLA WU S B, (0 2B VR ot —AFFh 2 Z2, AR A HLARE I H 2 Lt &K H P E 2
8390—8519 kg/hm’ , ALY TR Bl A 40 9T R AT | 54K AT L, ZBVE e bk /K REAR o0
A A, AR KIS, 10 em PUF H)ZR R 6% —15% , FRAEIE HHE B3I LA LA E DR 2 il 10 5 25 |
A AR R R A WL S BT . AU HURRAE 3G BILRR I 5 P4 43 1T 2 B A A i | 45 2B VE B
IR ACAE A Y PR AE A Al 5 A K PR (B i T 2848 o 7 3 n0aiads v RN T R 3 Bk &, T
L BB 358 (R KRS A SR AR U IR | S S5O 2B A7 DR 43 A o e o 4 55 e R AEG s K R 8 VR v IR A
BAEH B3 A YUR B A LEREIR S T R 2B E s D R i 3 S0 4 A ALK & Ik,

Roscoe 2510 T WIZE R 5 A LB AA [R) A+ 8/ AR FF A 9% 1 4% 41 50 A HLBR (1 37 25, Roscoe 26110 3
b 0 P I8 B i AR AR T B ISR R B, A R A A LR 0—2 em 121 38% T FEH 67—110 em +
JEI 1.86% , B AA HLERN H1 61% T+ 3 98% , 1A R A MUK (4 36 AR AL AR B 8 2958 1%, RIS
T X e RO T IS R B, FEAL A ALY EE B 0—10 em +)219 72. 57% TR 5] 60—80 em 12
B 95.39% ;1 A AR 0—10 em A9 25.27% FR&F] 60—80 cm )2 K 3. 72% ; A& 54044 ML AL 5 4
BHURIY 1% —2% , ABFFE o AR DU BC FC B e DL L A 5% B0 SR 3 — 28 76 3% Ao fh , iXFh 25 57
FIRESE Y A P =X ISR L R Bl S Y Y 22 S 3 U , A PT R 32 ORISR [m] R B v
JUT Ak P 0 B 9 B S A TR (HFRATT A IS A LR A ST B 2 B, 2 HILBR O LR LA 1 R R4l A HL
fe o |, AR 3 T A A S ) 3 R 0 5 DA DA A R AT HLRR o il , SHL Bt SRR A AR AR I

FH e 3 T LA M % v g b DX 58 6 K R = S A LA ) AR SRk U, AR Bk i/ e K, A R LB IR 2, 1]
G E D, B R 4 WTLVE W A HERZE AR A 45 DL R 2 A LRSS A R
A ML AR B B ORI PR % R 3, A e R DL R A L AR B s . P A4 1E 30
em HIERBELUT , 5 A PR & 5 A A S I &8, B8R A DA A 450 A A BB LA AR e A B AL

FEAR Z2 I AH DG SR Y, #2498 B ok e 7 30 sl A 2 20 BSR4 0 1 R - SR 25 4 S5 A R
AIRERL P I LR & 5, Boone' ™ i i SCHRZE A IS & B, Ak HH 36 2 + HER A A MLER 4 e L 61 1% —
25% s WAMFFE R R HAES R T HHZ A WU 2 B LT 20% , B, BR T 22 0E S bk i i 41
ARG L B A e 3 PRV 2 - R A A LA A3 T L B T RGE VO BB 2 N R A AU 2 - ek
TS PR R A, S - AR 2 T o 1 S AR A, L 7 3 ST AILA 1Y) B ) D) R e T A 3 ML 2 1) B
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I, DMEGEHEE Jr XA K -1 S 6 BR, 28 VB Gk 1l e 4 LB R PAT & 20 AL A LA 0 ) 38 T
106. 66% 1 61. 18% , F WA 7K AR L 2B VE G Bk BERU A RUb 4R & H e MU i, X5 Tan %5 A9
FEAE AL, AT AR IE & 3R, St - b R 20 A LA 75 2 LUAR BEBRE R 94% . Malhi Il Kutcher ™ Y57 th
KB, Gty SN R R A A LR A 3 TR SME

ARSCHBAR AT, 23 3T 20a MIFFVEIRSS: , So b AT L 398 MLAR S22 (0 B 5, i BRI U] 2> R A1
Hfrm A0 LT B MLk 4 A DU DL A& R AU Pk, B i 2l A WL i) 2840 IR B i K, iX 5 Zhang
%WEDP}E:”Z?/I—TPE JFreixo %[7] TE P4 g 5 i HEL A 22 75 L &2 Roscoe F1 Buurman ! 78 E P HAGHS 75 A
KH R BRI FE 45 R — 0, A1 & IUBRE 2 B AR & S B LI | S5 41 MLBK LA S P15 e 41 MILAR R AR, L
H iR g1 UK B R R AR i i 1Y), SXSeFoe 4 R34 36 0 A B R dl A Lot i 5 3y 05 1S i A28 L He
A HILAR T UK
4 ZEig

(1) fE e S HLeh AU LR 5 B AR 3 LA e b il Bl MR 32 1 38 i 75 5 B iR R Ak,
LAY e LA I A P R 2 1 384 A T R AV 5 P 2 43 v A ARSI AT, G0 T L A8 1 e LA A BH

(2) ZBVE5 Bk -1 [ fh 2418 DURK B P B R 1A BIURR ) 25 1 B H A e 9 359 8 T e ey 5K, R 7e
VT 1 X 58 (KR - S T 2R S B R AR 5 A LA T

(3) H R PR HEE T 2R 28 A e URK, 46 R 3 LR AR fL Y K355
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