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Abstract: [ Objective ] Global climate change has had a huge impact on the carbon pool of terrestrial ecosystems, and the
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changes in average temperature and precipitation patterns pose severe challenges to the management of terrestrial carbon pools.
This is especially serious in the Loess Plateau where the ecological environment is fragile. Therefore, understanding the changes
of different fractions of soil organic carbon pool and the stability of this carbon pool under the background of the warming and
humid climate of the Loess Plateau is of great significance. This will be of importance in the sustainable development of the
carbon pool in fragile ecological areas and the evaluation of regional ecological benefits. [ Method ] In this study, natural
abandoned grassland in the loess hilly region was taken as the research object. Soil warming and increased precipitation were
artificially simulated and the changes in vegetation community, soil carbon fractions content and distribution, carbon pool
stability index under warming (W), precipitation (P50%) and their interactions (WP50%) were analyzed. [ Result] The results
showed that: (1) P50% significantly increased the vegetation Gleason richness index, W and WP50% significantly reduced the
Gleason richness index (P < 0.05) and the leaf organic carbon content under the WP50% was significantly higher than the control
treatment. Both P50% and WP50% treatments reduced the Shannon-wiener diversity index and pielou evenness index. (2) Soil
organic carbon (SOC), acid hydrolyzable organic carbon (AHC), easily oxidizable carbon (EOC), dissolved organic carbon (DOC)
content and their distribution ratio of the two sampling years under P50% were significantly higher than the control treatment.
Also, warming based on P50% can further increase soil EOC, microbial biomass carbon (MBC) content and distribution ratio.
However, only the soil MBC showed a significant difference compared with the control under W treatment. Recalcitrant organic
carbon (ROC) presents an opposite trend to AHC. The correlation analysis showed that there was a significant correlation
between soil total organic carbon and each active carbon fractions (P < 0.05). (3) The soil carbon pool activity (CA), carbon pool
activity index (CAI), and carbon pool management index (CPMI) under WP50% treatment were higher than other treatments. The
sensitivity index of AHC and MBC was relatively high under the treatment of climate change. [ Conclusion ] In summary, the total
organic carbon, the content and distribution ratio of active fractions of organic carbon, and the stability of the carbon pool in
abandoned grassland of the loess-hilly area will be significantly improved under background warming and humid climate. This
will contribute to the healthy development of the carbon pool. From a sensitivity point of view, AHC and MBC can be used as
early important indicators of changes in soil organic carbon under warm and humid climates in the future. This study provides a
theoretical and scientific basis for research on climate change and carbon pool management in fragile ecological areas.

Key words: Loess Plateau; Climate change; Abandoned grassland; Soil organic carbon fractions; Carbon pool stability;
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Fig. 1 Location of study area

1.2 KWt EEREE
FIFFE S A AR Ak K2 Hb XA 25 2 Gk J2E ) 5 )
AR, 2016 4 7 HEER THETE 10 4F00- 38kt

BIGFEH . FEHBIEARRRIE DL 1, ISR
Wh: A 0.45gkg™, 2 0.62 gkg ', MHEA
1.11 mgkg ", S5 2.76 mgkg ', A% 3.28 mgkg !,
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Table 1 Basic characteristics of the experimental plot
A+ (5213 Be1m) EEI A AR L A PEEF Py Fh
Bulk density / pH
Location Elevation/m Aspect/® Clay Silt Sand Dominant families Dominant species
(grem™)
109°21'E Ep BAfas . B
1263 NbyW18 1.16 15% 43% 42% 8.2 . .
36°52'N RAR TR BB T

1. NbyW Ndbfmih, 3k 4l i MR FUE 40t (% ). Note: NbyW represent west by north, soil particle composition is the

proportion of volume percentage content (% ) .

A R A 36.69 mgkg ', AW EY R
10.48 mgkg ' 1EATEREHL I BEDL AT B = X 4,
HAXHNBEE 43 mx 3 mABE, PE R 1 m
PL_E, 4353 R R 50% (P50%: +50% precipitation ),
HYE (W. warming ), XJM& (CK) LI HFHAET
OB TR AURE Ty, TE3E T AL BRFE Ty IR S 2 e
—~ OTC ( BiFRHUF I E =, open top chamber ) 3
TG E, SCEUHE R NG T ) 3¢ AL BE, BP R+
50%K0F ( WP50%: warming+50% precipitation ),
TR 3 AEE T T IR B OTC HAY
F 375 B AT BILBE 3 21 A ) iR 7S B i, ST AR
7 1.10 m*, # 0.51 m, TEHFF O EAR 0.79 m’,
W 1SR BT FH 1 R A48 B O3 A T8 A AR SRR
Tr I SCIAET , ELAR R . AEAH S 5 IO 2 1 14
T ARGHE P4 1 AR R U R A 5 AR Y 50%, PR A 1 v
B 1.40~1.80 m 4k, H 25 cm & A9 FC PR B U]
AT S A7 TR A P AR, 424 T A P ) TR K 22
i th R CHAHIE R T KA AW RS b, b
RV 3E o S A O AR, IS T AR AN AR
K ATUR R B0 T HEIN T 50%09 A SRk . ikE6 3
T 2017 4 7 A#Ed5E5e, IR T AR —4F
T 2018 4EAI 2019 4F 7 H X 4540 BT A4 1% 4
TEFF IRV, 23 50 S AE 7 N B — AR I W Rl 24 9K
Bt s R EE BE DL RORE T o8 B A e A R EORN
S DR T RS0, MR AR AR
PR, FEREDLAT B SRR T hICE T A A )
R, SCEE 105 CRAEIEH 80 CUHLTHfHE,
B B BB R 5 3 0.25 mm 5 FH T 5 220 52 .
M ISR SE e SR SR AR R HERE Y, CORFRHT SN iR
T B FIAG B A8 /N B bR, @R R, S R £
ik (HARHN 9 em) FERAFEITBENLESH 3 4> 0~
10 cm HIFR G, /B H PR, o 2 mm

TG PR Gy, — RS R S S
T=20 CKRWRAE, I —Hn&BRRT ERAE.
BAAEHE 3 A FE R, IR AR LR 4R 4%3x
2=24 iy Lk
1.3 MEFESIHELAKX

FHFEFFEFE ( Gleason richness index, G ).
ZFEPEFE %0 ( Shannon-Wiener diversity index, H)
5] EFR BT ( Pielou evenness index, E) B[]
Ab B AR BERE SRR AR .

G371 (1)
InN

H=-)7(RInpR) (2)

E:ii (3)
InS

A, SOEET TR EE, N ORI PR REL,
PR i W FR G A AR B .

4 M WORL ZH R SR O BOG ORL BE 4k A AX
( Mastersizer-2000, /R SALSSABRAF], Jef= ) )
SE, 14 pH SR - 5828 R KB TR IR 21 )5 ] pH
S, +3EH LK ( soil organic carbon, SOC ) %
HEBPRA- WL ( KyCr07-HySO4 ) VA A%
™

5 BALA MLk ( easily oxidizable carbon, EOC )
KRR (KMnO,) A bikE . Btk
ML ( dissolved organic carbon, DOC ) % 0.5 mol-L™
BRIV (K,SO, ) BHRIEUNAE o 1 M A LK
( recalcitrant organic carbon, ROC ) X HCI 7K fi#,
ZJ5 R R TR A - MR B R A Bk e , R AT AL
% ( acid hydrolyzable organic carbon, AHC ) &4
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A MU S S EYA MU 2 220, e
Hof ( microbial biomass carbon, MBC ) K & {5
ZEE U R

A HILBI 53 BC o B Ay B P o 5 14 4 s B 1T LA
HEWTOR A RCE, XEPFA A AL BRI I T AR
D AT H R PO

A MLk 241 53 43 BE EG 51 /%= Pl ok 41 & &
(mgkg ") /HIEAPE S E (gkg') x 100

ASCHEHBRENGE ( carbon activity, CA ). fif
JEIG FEEFE L ( carbon activity index, CAI). BRJFETS
#4 ( carbon pool index, CPI), ik ZE 4 #EHE 4K ( carbon
pool management index , CPMI ). #{ J& 5§ %%
(sensitivity index, SI) SRFRFAEAS XS 1 HEhix 2
Fa e PRI A 5 R 21

DX (CK) NS H AT FRTEIRIIT A

CA= T35 FAA DR S 2/ (LA LS
LIS S A P S )

CAl= QhBE -+ HERR TS E (CA ) /B %5 T HERR %
I

CPI= Kb B +-3EA MB35 /2% LA LR S &

CPMI/%= Bk P2 48 5 ( CPI ) xHik 2 i JiE 45 %L
(CAI) x100

SI=( Ab ¥+ HEA WU 0 & B — =% LI
A HLBRAL S S BME ) x 100275 3 HLERAL 5
iRy

1.4 HiEAbE
BT 45 2R TP 32950« ArifElR (M £ SE)
TR, MAEIEHFEIESS M, i SPSS 22.0
WATEAR Gt o0, R ZE T 2253471 ( one-way
ANOVA ) Fllf/MNi 3 2 5 (least significant difference,
LSD ) 4T 22 5 L B0k B0 A [A] <A A8 1 Ak 2 - 3
B 20 53 5 i DL SR HLBR R 25 e 3 (P o=
0.05 = 0.01 ), R HIXUA ZR J5 22 70 ik R ST 3 i R0
Ak B ) A2 EAE OO - SRR R AR DGR AR 2 e, AH
et A R i 2 /R 8 ( Spearman ) K4, EI%
ALK F OriginPro.2016 Al R (' V.4.0.3) SZHL,
2 4 R
2.1 ERIEFAME TR SR R FRSHEN
AN [F] A ST 48 3 B b 4 AELBE R R SR 4 A AR Ak
WER 20 PIASBUREARE YY) e PREETR 38 1 4= B

F2 ARELETEREAEHREFE

Table 2 Vegetation characteristics of abandoned grassland under different treatments

A Qb

FEREREY SRR BAEEEC AEPRY (gkg!) R BEY (gkg') A BB (gkg')
Year  Treatment
2018 P50% 3.96 + 0.06a 1.97+0.08b  0.64+0.01lb 438.90 + 3.37ab 21.08+0.61a 1.88 £ 0.08a
WP50% 2.11£0.07c 1.52+0.03¢c 0.58 +0.01b 488.56 + 1.75a 20.57 £ 0.74a 1.94+0.01a
w 1.78 +0.02d 1.92+0.08b  0.80+0.0la 475.25 +4.91ab 17.75 +0.43b 1.41 +0.02b
CK 3.01+0.02b 2.21+0.06a 0.76 £ 0.02a 428.58 £32.52b 18.23 £ 0.76b 1.60 +0.11b
2019 P50% 3.39+0.06a 2.02+0.13ab  0.68 +0.05b 491.42 + 3.20ab 21.77+0.72a 1.68 +0.11a
WP50% 2.06 +0.06¢ 1.68 £0.13b  0.72 £ 0.04ab 498.32 £ 3.61a 22.00+1.67a 2.00 +0.30a
w 1.78 £ 0.15¢ 1.99 +0.06ab  0.84 +0.02a 485.37 + 3.89ab 19.47 +0.12a 1.41 +0.10b
CK 2.89+0.15b 2.14+0.14a 0.75 £ 0.06ab 478.39 £ 7.42b 18.58 £ 0.89a 1.59 +0.18b

H: P50%: AT 50%; WP50%: HEIEIEF 50%; W: B,
Note: P50%: increased precipitation; WP50%:

B#FZES, Th.

CK: XM, [Al—3 A 7o R R AR A B 2 [ 1E P<0.05 /KA

interaction of warming and increased precipitation; W: warming;

CK: control, different letters in the same column indicate significant differences at the P<0.05 level between different treatments, the same

below. (DGleason richness index; @Shannon-Wiener diversity index; (3Pielou evenness index; @Leaf organic carbon; (BLeaf total

nitrogen; (©Leaf total phosphorus.
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B, WIR MG R B E R T E R EER W 5m (P<0.01) (£ 3).

(P<0.05), 3N A LG Y b B EAIS T ZREH 4R
BORY 5] BEEHL, AR AR, STEAE 2019 4F
X ZREMETR BRI 5 BE R B R i AN B, X
Uk 2 Bk 2 RE MR 5 B S - K 4y 22 B AT REAEAE
—ERAAE, AN, 2018 4EF 2019 4EH) & I
T F R A ML B o R A IR AL
2.2 EEBEWAETHEREASSENTWL
RN LA R M L 1 TR 1 28 T X A A BILRR DA B R
it A MILA B B A A S R ( P<0.01 )5 BRI i 5
L R G 1 HE ) A AL S R A B R
( P<0.05); HUphs it + e E A Y e & A

X T AN ] B R A AR A b B, 3 A 3EAT
HURK B 2 08 i AT ML &5 it 0 35 /a0 4 L DA Bkt
MEALEE, HEEIE I THEHEA LIRS R, HERA
BE (E 2). HEW e B AN 35 A
HURK &5tk 78 P AN IORE AR 3 18 38 = T b 3, (R
S 2 R AR E, MY EY R
e A 184 Y0 145 T 5 E R B 44 R S A B R Y
v, HYSXTIABIER T B E 25, 2018 4F
Bt Ak B R U R PLER B B T IR Ak
FE, 2019 4714 T A1 I 35 W A 2 34 63 v T ) R
b3 (B 3).

*3 WBEERRXEERANTRKREASSEFMSE LHIBNE RS HTER

Table 3 Results (P-values) of two-way ANOVA on the effects of warming (W), precipitation (P), and their interactions on soil carbon
fractions and distribution

Kb 3 Tk#H 4> Carbon fractions T4y 43 BE bl Distribution ratio of carbon fractions
Treatment SOC AHC ROC EOC MBC DOC AHC ROC EOC MBC DOC

w 0.234 0.144 0.289  0.039  <0.001 0.462 0.194 0.194 0.008 <0.001 0.182

P <0.001 0.001 0.489  0.037 0.168  0.092 0.012 0.012 0.324 0.340 0.973

WxP 0.004 0.043 0.474  0.625 0.709  0.192 0.334 0.334 0.592 0.054 0.900

{E: SOC: LHEAHLEK; AHC: BRMFAHLER; ROC: fEPEAHLE; EOC: 5 A HLE; MBC: MUEY A ER; DOC: ¥k
PEAT ALK , P<0.05 FRonA WF M, P<0.01 R/RAM L EH M, TIE . Note: SOC: soil organic carbon; AHC: acid hydrolyzable organic

carbon; ROC: recalcitrant organic carbon; EOC: easily oxidizable carbon; MBC: microbial biomass carbon; DOC: dissolved organic carbon,

P<0.05 indicates a significant impact, P<0.01 indicates a very significant impact, the same below.

[ 1P50%
[ 1wPs50%
|

W
B CK

AU
Organic carbon content/(g-kg™)

SOC ROC

AHC
A HLA 43 Organic carbon fractions

T a [_]P50%

T [ ]1wP50%
W

. —
b I K

AL

Organic carbon content/(g-kg™)

SOC AHC ROC
HHLBRALS) Organic carbon fractions

T [ a M b 4353227 2018 4F A1 2019 4F 45 Ab FAT HLAR 24 0 & ik, [Rl— B 4 03 PR [R] Bk 4 Ab B 22 57 5 P<0.05 ), T IRl Note:
Figure a and Figure b represent the organic carbon content of each treatment in 2018 and 2019 respectively. Different letters in the same
carbon fraction indicate significant differences between treatments ( P<0.05 ), the same below.

K 2

THALER (SOC), MRFAHLEK (AHC) RALMEMEAHLR (ROC) Y A8 (LAFAE

Fig. 2 Changes of soil organic carbon ( SOC ), acid hydrolyzable organic carbon ( AHC ) and recalcitrant organic carbon (ROC ) contents
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iz § 05 T b E 0.5F
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% § 04 ég § 0.4
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®F o3t F 03t
2 L a
g 02t a a g 021
0.1Ff 2 ab ab 0.1} a g oab y
00 [T e 0.0 e
EOC MBC DOC EOC MBC DOC
AL 43 Organic carbon fractions HHLERALS) Organic carbon fractions
B3 G AN (EOC). Y AR (MBC) LIEMIEA PR (DOC) & A fbERIE

Fig.3 Changes of soil easily oxidizable carbon ( EOC ), microbial biomass carbon ( MBC) and dissolved organic carbon ( DOC) contents

RIS A E THRAN LGN TR EHRA
SHIHE X
8RR PR AR A MLAA RIS A LA 179 o B L A9
FERM (P<0.05); RN 5 A ALAH LK . ok
%i%iﬁﬁzﬂﬁﬁ@ﬂthmﬁmﬁ%ﬁfﬂﬂ ( P<0.01)
(%£3)

SRR A BT A T R AT LA 43 E L5 ( AHC/
SOC) B, 2018 4EF 2019 4E43 HIAEN T 57.45%
F1 64.84% , S 2 = T HG RIS AL P, T 4G VR G T
ZHAFEf AHC/SOC 75 2019 4F i 2 v T34 I Aixt
TRALER, K3 T 60.38%, TXEEIEA UM S R fRAT

2.3

70

60 [_1Ps50%
[ ]1wPs50%

50 0w
B cx

40

30

A1 5353 i L 51
Distribution ratio of carbon fractions/%

SNy

20

10

’—x_‘_}i |—|'_ aaa.a

ROC EO MBC DO
RS> Orgamc carbon fractions

0

AHC

BLA 3 B LU A9 7 b 38 ) 9 SRR s 358 AR (161 4 ),
BR T 2018 AR IR AL B, AELM T A b3 R, Bk
PR A AT HLAR o5 EE s FAE A HLAK (1 4). 2018 48
2019 AEY) R BIHRIE TN BAEH T 1585 F ik
HHUBRATL L] ( EOC/SOC) Wb i T Hof b 3
YR E] T 13.51%H1 13.08%, A I F R 4b
PREX AP Z R R A A B EES (K 4). 1
X T - A A P A e e 1) 43 BE L A5 ( MBC/SOC ),
R B K TR K L B TR 114 A8 LA I 2 T Pk 4
AR HE b 381 5 35 it A WL 53 L 51 ( DOC/SOC )
TEAANEB R ARG B EZES (F4),

70 P)a
S
2 ool [ [ Pso%
2 bb a [ WP50%
_ & 50+ a Ciw
& < B cK
= 8 b
2§ 40 b
s 4
XN o L
=g 30
B
g 20}
= a
=
Z 10 I
A ca b
0 l_..l__ aaaa
AHC ROC EOC MBC DOC

HHLERL1S> Organic carbon fractions

Bl 4 RS LR AL 770 B L 51 B9 A2 FR AR

Fig. 4 Changes of distribution ratio of soil organic carbon fractions

AT L S L AL Z 8] A SR S A an BT 5
P, A LR S MR AR A LI . R A PR

BFEIEME (P<0.01); 55 A MA HLAK 2 IEM
(P<0.05), SHUEYAYIERAMK; FRFA LK
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3 % g § § FAF X BB T S7% 0 59% ;- HERR 2R I

% kg % * L0 S B 7 T 35 T 94 T 09 5 A D T 4 A

soc / ’ o R AR, 7 2018 4EAT S L RIS HIAS

% * oo O 25 B T8 A58 T P 6 T O LA

i) 093 ’ - AN, IR, 2018 4RI 2019 4EHY

roc Y Jy 0 WA F S ELAE AR S 49.1% 01 57.9%, 1413k%
o BFEKF

e o4 - A MR R 43 9 RS SO R 5, B

o6 4 T A B R AT WLBS (0 SR B0 5 T

poc| 0.57 | 0.61 08 HiAlRRAL 4y, 2018 4EF1 2019 4E43 913k F] 45.59 Fil

1.0 62.40; HEVEIAFNAZ HALFETR 2018 4R HEY AL

e WAL A DR IEA SR GAIDC, *F**p 5L R
P<0.05 Fll P<0.01 Y22 5 W38 K-, 2T 2 b i e AR AR G
A2, 54 LB EIEX RN . Note: Blue and red represent
positive correlation and negative correlation, respectively, * and **

represent the significant level of difference in correlation analysis
with P<0.05 and P<0.01, respectively. The numbers in the

lower-left half correspond to the graphs in the upper right half,
representing the correlation coefficient.

K5 R HUIR K A5 21 53 =2 8] B AR S
Fig. 5 Correlation analysis of soil organic carbon and its different
components

5 5 AT B B3 IE ARG (P<0.05), St
BLB I 2 A OE (P<0.01); By Ak A HLIR 5 ik
W A 0 Bl RN A PR AT LR A OG ( P<0.05 ),
24 BEREWNLETHEGIREREENTN
+ 3G HLK R R e AR AR AL IE LR 4.
DU b Ak 3 v - 9 B 2R T T 1 i v (L B 1 VL
I HEAEHR, HAE 2018 4EF1 2019 4F 18 I 14 7 &b

x4 LEBUBKRER

MLBS B BURAEEL ( 66.04 ) & T HABALFE, {2 2019
AR W A e i Y SRR AR B (77.89 ) I T LA
Tk ZH 53, 1 BHAS ) 0 28 W9 2% 12 I 1 R4 T 28 B Ak 3
1) - A AN B A 43 1A SRR B AR T 5 PR v Ak B
A A B ) U B0 T A AR A4
TR W 22 AR FHA - Sk R RS PR AR AR I
MR ZrEE R (£ 6) T, sphs i L Bt +
SR PETE B LTS B S BLA B P S B A B
FZM ((P<0.01 ), PR R Ab B G SR 4 F5 H5ORN ik
J A5 AR B B 3 R ( P<0.01 ), HEWRIG T A9 2E
A TR 3R PR AR RO W (P<0.05 ).

3 W 1w
SRR ET, S S5RE N mkE

A 58 DX A U U AR 38 R G Y R A DL 2R A8
AR E R, ARP R, SRR, B

TE MR PR B T L HHE

Table 4 Changes of soil organic carbon pool stability index

T R0 B2
A4y Qb B
Carbon pool activity
Year Treatment

ke P 175 B2 45 %%

Carbon pool activity index

B 2 T PP A8 B R 4

Carbon pool index Carbon pool management index

(CA)

(CAI)

(CPI)

(CPMI) /%

2018

2019

P50%
WP50%
w
CK
P50%
WP50%
\

CK

0.097+0.013b
0.157+0.019a
0.11+0.011b
0.100+0.008b
0.109+0.010ab
0.151+£0.012a
0.108+0.024ab

0.095+0.001b

0.962+0.074b
1.559+0.114a
1.096+0.040b
1.000
1.147+0.113ab
1.577+0.108a
1.129+0.241ab

1.000

1.244+0.076a
1.117+0.056ab
1.056+0.08ab
1.000
1.318+0.044a
1.149+0.046b
1.034+0.048bc

1.000

118.8+5.87b
173.3£9.293a
116.3+12.46b
100.0
150.5+12.48ab
180.3£6.379a
114.4+18.76bc

100.0
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Table 5 Sensitivity index of different components in soil organic carbon pool

Ay Qb FR HHURFEEL Sensitivity index
Year Treatment SOC AHC EOC MBC DOC
2018 P50% 23.57 45.59 19.99 4.92 35.49
WP50% 11.25 16.04 66.04 41.27 25.19
w 4.67 —-6.74 13.83 43.65 15.13
2019 P50% 31.50 62.40 48.16 9.91 2491
WP50% 14.63 32.17 71.49 77.89 29.37
W 3.64 0.39 11.99 30.79 14.31

F 6 EIRIEM KR EIERM IR ER EERRIE
RERESWER
Table 6 Results (P-values) of two-way ANOVA on the effects of

warming (W), precipitation (P), and their interactions on soil
organic carbon pool stability index

TR PR A8 PR AIE
Rb3
Characteristics of soil carbon pool stability
Treatments
CA CAI CPI CPMI
w 0.008 0.002 0.295 0.005
P50% 0.341 0.110 <0.001 0.003
W x P50% 0.614 0.277 0.010 0.844

W PRI N S A AR I B e T e LA
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P it A s P ) LA AR Bl A 0 RS 1 T T
AFBEREIN T 3 LR B AL P, A Lk
R A R e T SRR PR R KL (CPL), Y
R A AILAR A AR B (% 2 Rk 4)
PEVE T 30— A o 3 2 R K 2 B i 5 e w] v M A AL
Jo B A 2 TR (R A Lo 1 i s i R
), IR Wi v L K M A i - s b, i F
— et T AR I RUE YR AR R,
KPR R T K S A TR AT A, A
T A5 b ST S 4 4y Ja PR S - i (R M)
BN A Jm B E T RO AR 2E T TR A Y
e RIARE P, AT R T L R L . VA A
YA . R A YR iR S S AR T AR mIE
HHEBENE, 5280 ERPINE, A
FER B LA I3 SN BT REAR T XA Z AR

BIA EEFRE (£ 2), XTRESE K47 BRFEAIR T
PRSP 5 & B AR, SR T RETR 9 B ] 5
e, MITFESE W 38N T P 22 B sy &) e

$8 R B TR 1) 28 AN BER SR W A MR R
R T IR AL B, FL R R R R Sk Y
AREE P 3), 3T BH B R R T A 3055 B
AW A — 2R EAER- . A, 8
AR B SE TR, B A W i o BRIl 3 L LA
T 8 T W 1) 38 B FH e oy R B e v (R 5), B
B, I B A i 1 A T8 AR A Ak T RS
1E B2 T A A B S AR W 1 B - A LA 2
Al B T BURAYTE AR . Zhou ZEUM IR T BB MK
ik 6 FRYEFAMALE T R B, TR - E A P
(ROC) & atBammy B2, AT it B iR
T ROC &1t DA KCH: b A7 AL (9 LA, i i 2b 1
FRfAHLER (AHC) Ay &at (& 2 FE 4), X F%
SRR BLAR 1) oy f e 2 B BE AT G, ROC JE T
H5EHy Y RgERE, NOuMEw o, m
AHC ZATE Wb 5, & KAk i S0 IR BT ik,
S S AR B AR W oy i i SR 4y, S
Xif AN ERBE 2% 7 AR P g ma i BT A, b
i o 4 fipk ik 2 v L W] B A% B — 840k A3 A 1Y A BIL
T BT v ALmse , Bk, 3t s T AHC
BT FEAR T AHC &4, JERMI3EIN T ROC
k. AL, Zhou A K& BRI 231 N AHC #
H, XFEFESAMIRAE (K 2) H—8, XFEE
SR BT AR AR TS AR G v AR P T RIOR A ) e
T, A 1) - SRR AR e Bk ) S e T80
I LT A A7 BILAA A6 BRL 0 348 T A BT 19 B0UER 4 B
1, 2 AR A ML B i SO RO R AR fb = 3R AE £
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