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Effects of Woody Proliferation on Chemical Structure and Thermal Stability of Soil Organic

Carbon in Arid Grasslands

ZHANG Yu, LIU Yunhua', TENG Lichuang, BAI Chonghao, SHENG Jiandong

(Xinjiang Key Laboratory of Soil and Plant Ecological Process, College of Resources and Environment, Xinjiang Agricultural
University, Urumqi ~ 830052, China)

Abstract: In this study, four grassland types distributed along the altitude were selected in the typical arid area of Xinjiang, and
the effects of shrub on the chemical structure and thermal stability of grassland soil organic carbon (SOC) were revealed by using
solid-state '*C nuclear magnetic resonance technology and thermal analysis technology. The results show that the proportion of
aromatic C among shrubs is decreased gradually from temperate desert to mountain meadow along the altitude. In temperate
desert, temperate grassland desertification, temperate desert grassland and mountain meadow, the alkyl C/O-alkyl C values under
shrubs are increased by 0.10, 0.09, 0.03 and 0.21 respectively. The index of low altitude temperate desert and temperate grassland
desertification, the ratio of the mass of SOC easily decomposed by heat (SOC decomposed at lower temperature) to the total mass
of SOC (%Ex0,), the temperature at half of SOC decomposition (TG-Ts,) and the corresponding temperature at half of SOC
energy release (DSC-Ts) are significantly lower than those of high-altitude temperate desert grassland and mountain meadow. In
grassland desertification, desert grassland and mountain meadow, the %Exo; and DSC-Ts, under shrub are higher than those
between shrubs, while TG-Ts, is lower than that between shrubs. In temperate desert, from shrub to shrub, the proportion of
energy released by SOC combustion in total combustion energy (Q) is decreased at low temperature, while the energy released by
SOC combustion is increased at high temperature. The results show that shrub can increase the stability of SOC chemical
structure and thermal stability in arid area.

Key words: Arid areas; grassland; Altitude; Shrubbery; Organic carbon stability; Solid state 3C NMR technology; Thermal

analysis technology
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+ 5 LAk (SOC) i) B P S 8 AR BU i A
e g i, B KR i AR G IA RN e, Xt
R AF . it S AR Ak 35 R M /R
SR R B A T IR S A — B R T 4Bk
40% R Fli MR A, A7 T Rl AE S R G 34% 16k,
FERFRIRAGIA P E EE M A AP, Hf, HH5
A AN R GURRA B R ELAR . R, SR R A
BRG T SOC fE kAL BT &R, X4k
WRAE IR | S A A8k S Wi 3 22 [ AR B B A 98 2
R,

VHE N SEFRVE A 1) 5 8 %88 B R A ) i A e b
SN (A A TR ) i R e 2 A A AL
B ) —FR BT 5]k AR BT RE A SRR A A
ARWE . RUTKE . COL e BEREIN | 3o BE OO ke 2,
TEMEAERT Z51 150 4R 1], 7EABRAEHL, FRAE T
DR g 2 AN, SRR AT 10% ~
20% BYTHAAA THEME, A TR, 2. K
FEUN o S A BRI iy Hh v L X T, A e
M, MBS A RERED, Hoh e L
Sk UL AGTE A B U TE M 2 s R A S R S
hRER AR, Hirp, fEE R IhAE L, WEA Lk
AR BT A 0 8 A T e R HL - fi SR AR R R
BER SOC Myfig !, T MBS A
B E, WFSEHEMEXS SOC FasE MRS ik AT B
FURN T R Fl B G2 DA R B b A 25 R 80 A R ARG
o nl e AR

1 SOC Feve M M AR BIEM 7 vk L, Es
TRV R AR R BE RN 3 25 A BEALL SOC 7 H AR A
TR AR, WL B PR SOC RYkRETE, 2
e Ry N IR IE B TR B, R BB S8 2L i 2 SOC
FoE M, BRLZ AN, P SOC FaEth® kA
PIELAE A A . SR SOC Xl o MRssE 1
ANFIALSY, B PT b BT SOC fave
P R AR A PR AR O A/ N 2L RN B A 4k
aGX PRI B EE AT Ao AR SOC XK |
iR ol ik ) s R R i Ak Mok T4 B, A
W &I, XS4 )7 IR ASREAR ME R Hh S e SOC
MR e, B, R ILr SOC 415 Rk
TR T Bl A= 43 ik B 43 SOC!™,

25 PC #REEIR(1PC NMR)FAR AT LATES> Tk
V- W SOC Mfb2pbte , 382 A R 2R A R AL 431
FLlf E SOC HyRa e MEREEEN . K4y SOC My
IPRIEE AL S 4 A B ILIRIX . BERRRIX (0= 0 ~
45), SRR IX (0=45 ~ 110), FFHFHIX (0=110 ~ 160)

FIER R X (0=160 ~ 220)2% Joi Bk SE: I oy 43 FlR O B
REFA ; BEdEm N 50 SOC BHREM, A5 2 F|sh
U8 SOC AYFEMAPY, he 3k /ot S mk ) LA RE A I i
SOC WY/ fiRFEEE , fHALm U] SOC Y /)-fifk 7 BE 4L
=, AR ERAUE] SOC it R K
(43 v 71 1),

AIHT T ARG AT S BT (TG 287 F1 4 i
ST (DSC LRI EEAE K [ 2P SOC Fo M
J51 o TG ¥EF DSC 7543 3 BEAE S M AE FR SN HHAE
()5 B FTRE R A s S8 A, W ASESE N 2 SOC Fa
TEME, SRANE I IR BN IR AT S TR
Lt B SOC 73 F N 22 LA & SOC 50 )3 Ifi
GEA A T  B BE e AR P 2R R T A g
IREEALRY SOC 4/ XE AR S A4, R A
R E ket RZIRRP), 78 TG ik, #1)
SR SOC ittt (BAIRIR BE N 4309 SOC) 5 SOC &
J 1Y) EEAE (%Exo0,) 3%, SOC 43 fift — 2 i 1Y 15
(TG-Tso)A] LA ZFRAE SOC Fa s 1 M HAE Ak s 7E DSC
B, SOC FERE BB X R (1) BE (DSC-Tso)
R (ED, A% SOC MIRERASLIE S SOC Ji
T2 L) kA i SOC AR 1t B s fk

s TR T R T RAURX, LR
TP WA SR AR . IR
VSO AR AL, AR S M AR A T AR PSR 1
b ] AN [RIY ( BE Y BREEAAE AL, NS
R DL A B R . AR R LA AR B
VRBP4 258, ffiFf °C NMR $
AR TG-DSC 32, XF SOC fh2f2b#y Fhis g v kA7
55, HMET: Ot % AR b, $5RT
FAIX H b SOC ) P 25 46 FIHAKR A P Vi T A (O T
T 5 3] 1Ly b ) ) ) AR AL R s QR B R s> T
T RN TS R R A AR SCRIE SR L 3% S W AR
s 8 R A PR | S AS il W3 e b A T A
PRAERE , (E R 2 % FE AT B HE A TR] 2 R AR £
e, RN (B B s B 2 T E M) s T (G
SRE L 1l A R 28 I TRE A HE AT T SR IX B SOC 1k
LSRR E R ;. QST SOC AR
FEVES SOC fh2Agh i Z MRS 2, W2 vkqe
TEM SOC Rt LB R .

1 #RERE

1.1 HRXER
5T X AL T R LU b3 AR B 1 X g T LAY
B R Rl 2R A, KRz &AL, A
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SFEIURLIN 3°C, ARREK RN 46.1 ~ 508.7 mm, 4R
FKREN 12417 ~2046.7 mm, JCFEIIH 121d,
1.2 HmRE

ABIFFEAE R 1L A3 Hh 2R B ase BV Vi 4B 2 A
B9 4 R HAE M IFSTRERL , B 5E 5 (temperate
desert, TD) ., Jfit 4 B )57 fb. 37 5 (temperate steppe desert,
TSD) . JPEFEH JF (temperate desert steppe, TDS)
FN LI M %5 48] (mountainous meadow, MM)(E 1), Hj 3
FLLF RFRTERE . B AT BRI R R . AT 5]
Ly ), AR YRR KRR AR S R,
AERSIRAN T pH BTN, ISR AR (1
IR CAFRES 1 . S845 T FRf + (R 1), 4 ZEhiHL
rheE DL R HE MR ) O B R LR R A (GR D). TR
BRI, R 10 BRAAE . R K H A -5

MIHEA, DA AL 52 K B 05 R o 72 BEARVE I
TR AREEPEAL 4 A5 1) SHEARSEAR I i a5 7
KA YRR K 5 N AEREN ERERAS N —1 T
FERDFENT 46, HikE 10 DNEABREEEERFEN
E(RPFEN R 4, O B S e T 9 T A BE 25 1
40 cm, LG AR T ARG EE IR . BRI BE N 0 ~
10 cm, HUFI HREGIRAR R ARNKT G, —
Hor T SOC b R pi e, 53 —&B 4
T TG-DSC 1 °C NMR $ A3
1.3 ERNNE

SOC S HHAINE : BL 30 g AT kT 120 H
J5 . FHERRR 2B CHLRR(SIC), BT 70°CHLA iyt =
fHEE, T HICR T (BEuroEA3000, 78 )i

SOC FHE»l,

F1 4XEHMERER

Table 1 Description of basic characteristics of four grassland types

S B 7 o R B +5 2R A DL B AT ) Wy PSR HE Y R
(m) [EkE AW pH (g/kg)
(mm) ('C)
TD 1230 269.8 832 836=+0.15a 5.95+1.76¢ #z45+ R (Ceratocarpus arenarius L.), 12 YL

TSD 1420 2903 8.06 831+0.07a 449=0.51c

TDS 1660 314.2 734 7.68+0.08b 896+1.15b

MM 1790 508.7 5.03 7.07+0.11¢c 17.72+4.22a

458 (Seriphidium terrae-albae (Krasch.) ~ (Caragana Fabr.)

Poljak.
FAE 4 WA E S (Stipa glariosa) P.A. Smirn.), RS L
F(Festuca ovina L.)
misE B E 3 (Stipa roborowskyi Roshev.), B JE ARG L
TS (Stipa caucasica Schmalh.)
Hifa+  TCTERE & (Bromus inermis Leyss.), {BUES W (Rosa

HOH (Phleum phleoides (L.) Karst.) hugonis Hemsl.)

. TD. TSD. TDS Fl MM il # i vET e . Mk R RS . S i v AN i f), Rl

SOC fh2f454 7347 B 5 g T ke 100 H
Ja, BETELOES, A 50 ml 10% HF WK, &%
1 h, 3000 r/min 0> 10 min, F3= B, 4k
HF Ab3, dhabs 8 ¥k, R IS5 4 K 1h, 3
W 12h, 1K 24h, HF AbH5EEE SR, FH 20 ml 2848
AR B R EREVEZE RS ~ 6 IR), BT TG
BREEAY (RetschMMS500, fEE)F R 120 Bif, K5
fiff A% A5 4R (BrukerAV400MHz, Jfi—+)i#E4753#7

SOC #fa e M. B 30 mg X+ 4E3d 100
Hifii)5 , H TG-DSC B A 43 HT{Y (NetzschSTA409PC,
TEEDNHAT T
1.4 EiENIE

SOC Hh 45 28U E e A 5 b (AR XS E g . 38 3 %o
PC NMR i 06 il 25 A AH 7 X A 2 3175

FAFE SOC AFa e MEm 55 MFEARTE TG L h
%Exo; il TG-Tsy, 1F DSC 14 DSC-Tso #1 ED.
%Exo0;. DSC-Tso Al ED {Hiliflk, TG-Ts, (Eilir, 3+
B SOC #fa e Mkl . teah, 78 DSC i, isn] L

M RE I ARTRY) SOC AP H A i 2 1 B
FABE Q)Y FUAE R EAE SOC M FaE T . BT
AER 00)iE I 1E 200 ~ 650°C T IX I A X DSC
Hh £k AT R0 K3k 15 . PQ,(200 ~ 375°C). PQ,(375 ~
475°C)HI PQs(475 ~ 550°C)r B AFEE SOC(HLH
WKL R LA AR 7 A5 10) « MERE % SOC(HL4E
AR 28 oA 22 1 ) R e w2 A SOC (NS A IR« I
BT, PR RR B RE R GRE X M N g DSC i
LRRVY) i BRBERE R (Q) R T 43 L PO

T N [] 5l ] L2 R AN [ 28 50 0l ) 3 A 1]
FIENT, XF SOC & Mg bR %Exo;
TG-Tso. ED. DSC-Tso. PQ;. PQ, Fl PQ; /)
B 2 2% S (LSD)IEIEAT 25 S g

2 HBREHSH

2.1 FEMELXTEEH SOC M2 0h
BC NMR EE (B DR, AR SOC &5
WA it 10 B R A o S8R (0=45 ~ 110)F11 3 PHMERE AR 1Y

http://soils.issas.ac.cn



%6 1

FRFEE  FES 1 5 DR A B A S5 AR RTEARS S P 1) 52 ) 1141

AT — AN

0 45 110 160 200

TSD

TDS

MM

=50 0 50 100
257 ()

1 4 REHEMT5EMNLE SOC B °C NMR & [E
Fig. 1 C NMR spectra of SOC under shrubs and interspaces in
four grassland types

B AE A B 3Lk (=0 ~ 45) . F5EFMR (=110 ~ 160) L2 3%
Fe (6=160 ~ 220V . %ot F K & 1Y b e Kk
36.52% ~ 53.60%; HUCH SRS Ff, 551N
22.35% ~ 37.05% F1 10.82% ~ 29.53%; BRI & 1t
Blfe/N, M 4.71% ~ 11.36%(F 2).

THE DA 52 il 1) B G VA Ao FEE A TR P T 3] 1

150 200 250

b B ) T REEAEG, E DN D5 ik 1) LU AT TR B0 B VAT I
B HAWE R A BRI A AR (AN (2
AHLCHEDNE] , FEFEEEH, AT o Utk A AR X £
HREIR T 3.30 MAES AL, T ERI R T 2.89 1N H
Oy R TERFEARTE, HEIN N b L a Ao Uk 4 il
KON 8.25 AN E 43X 3.51 AN E A, I7 AR AR
A BIREAR T 12.24 A~ 43 2R 3.03 /N 53 45 7R3
TR HE N o Bl R SR A B T 2.76
AESTER L8 AN EH L, IR T 2.76 M EH
Sy TR, BEN T BB T 14.50 4
FATH, FFEWIEIT 8.65 N EH A M.(E 2), fE 42K
T, T AL TFREINE], BE S/ b AU L (E
BIARIN, AEFEEE . RIS | S0 R L b e
1, Z58Hn 0.10, 0.09, 0.03, 0.21,
2.2 EMEIFER SOC #FRTE A 2 0E
221 TG ¥ TG M&RIRTEMRE BT, #i
Jo et AR R A o T A L A B I B AR AR i 4k 7R
TG HhZH, 7E 200 ~ 550 °C 45 2% 1) i & 4 A Sk J& SOC
R, 550 CIRHJHYR SIC Al 4458 pmi [ 11
P, WEMN T FNHEAAIR] SOC FE 151 b AH X Jo
TEFEE AP435 R 4.38% Fil 5.09%(& 2A), FEHJEAL
T 3.79% F1 2.13%(K 2B), TEFCEE RS R
14.98% F15.59%([&1 2C), 7 1L H w4 ok 22.87% FlI
13.99%(&] 2D).

R 2 AXEMENTEEME SOC EEREFHENDE(%)

Table 2 Relative contents of different functional groups of SOC under shrubs and interspaces in four grassland types

B FE R ot SRk ot A J5 &2 ot T /o AUk
D NI 23.26d 36.52 ¢ 2953 a 10.85a 0.62 cd
NG| 22.37d 39.82d 26.64 b 11.31a 0.52 de
TSD AT 37.05a 4583 b 10.82 f 471¢ 0.81a
T[] 28.80 b 4232 ¢ 23.06 ¢ 7.74b 0.72 ab
TDS AT 25.11¢ 45.51b 18.87d 8.60 b 0.54 de
T ] 22.35d 46.69 b 18.27 de 11.36a 0.51¢e
MM NI 25.65 ¢ 39.10d 2491 be 11.04 a 0.65 b
THE AR 22.86d 53.60 a 16.26 ¢ 8.09 b 0.44 ¢

TE: [RFNG FRER R FoR AR 28 BB T S DA H] SOC B Al AR X 3% 1 22 57t 1 35 (P<0.05).

ST B RN b o ) () SOC 75t I 3 w8 T e
B JFALTERL(E 3A); TEFCBIFIEEALTR BT, JE
JARIRENT SOC &l i & 25 TERB R
Al e rf, BEAAR SOC & HbAH Ho i MAJa] 43 il 3
JNT 27.95% K1 23.54%(% 3A). TG Hi£k 458 kE 5
PR i 5 0 R AT N E 1 SOC 75 it i & AH G
(P<0.01)(l 3B), #tHH SOC # &l , TG &t 200 ~
550 CHURMA DL Z

TG-Tso NMNEFALTEIR(430.22 C). T
(409.17 C). TR HJF(368.86 °C)F| 11 b % fa)
(350.36 CHMWKBEEAR(E 4A); 1l H w1
%Ex01(67.71%) 3 15 T BE(45.71%) . B ALTEiE
(40.54%) FI37E 5 57 (58.85%) , 1T JELAL e TR 5 T T
Z %A R 25 (& 4B). TESCEY, %Exo, M
TG-Tso TEFEN T (43910 48.32% HI 405.58 C)5i
JAI(CH 43.11% F1 412,76 “C)AT B i 25 5 ; 7E 55
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Fig. 2 TG curves of soils under shrubs and interspaces in four grassland types
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(B /INE RN [F] FR R AN [ S AU B M E N e ALY SOC 5 1 26 57 ik 3 (P<0.05); K5 FBEAR RS A R FEHZE AL 2 ] SOC P33
8 (P<0.05); FE)
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Fig. 3 SOC contents measured by element analyzer under shrubs and interspaces in four grassland types (A) and correlation with soil SOC loss
quality in TG analysis (B)

AT i B JE A L b ) v, AR B TG-Tso(43
WISk 439.13.382.75 1 359.85 °C) & & T-HEME] (4
Mk 41131, 354.91 F1 340.87 C); fERJFALTEHR
Al s, AT %Exo (4% 33.91% A
61.36%) 5t L THEME (5353128 47.18% Fil 73.07%)

(1% 4),

222 DSCi#k  DSC Mgk e TR B ERE R 1Y)
AL 5). #E 0~200°C, e ATE, EEN 1%
HK AT ZE R T #it ; >200°C, REECHIE(E, S
F SOC Jhke = A= R N o
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Fig. 4 TG-Tso(A) and %Exo, (B) of soils under shrubs and interspaces in four grassland types
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Fig. 5 DSC curves of soils under shrubs and interspaces in four grassland types

FERE Y O (H(169.13 1) .25 55 T3 55(70.83 1)
AR RALTE (41.55 0), 15 (b5 (113.03 HIEH
3525 (K 6A); PQ TERLJFALTEBL(51.07%) Fil LLI b
] (50.06%) i 2 F T 5 (30.30%) il SiE 15 5
(35.77%)(El 6B); FBLH) PQa(42.79%) .35 = T Hi it
1375 15 (36.36%) . Tt 15 L i (35.86%) Al LLI b, . )
(32.96%) , T B i Ak 575 Y R 3 V5 B R Ve AT B 35 25 R

(B 6C); T (20.60%)FI T B (20.84%) ) PQ;
B3 T B R T (10.72%) Fi1 1L b B £ (13.12%)
(1l 6D) FEFE B EN T Y O B PQ (439 49.93
J ORI 29.04%) 2 E AR TN (408 91.74 T Fi
36.57%), MHNT PQ3(22.74%) % & = T HE M\ []
(18.45%)(I&1 6D); FEFLIFALTEIEL | e i S R L) b
fil, AT QEGIHI N 54.94, 233.21 Fl 164.09 J)
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BT HEME] (5090 28.17, 105.05 F161.91 1),

I HIENT PQ(43 3N 47.83%., 25.51% Fi1 42.11%)
AR T HE AR (43 A 56.31% . 43.03% A
55.01%), & JRALHE B AN LB R A FEM T PQ,y(23

H34.16% F1 30.78%) i 35 K T M\ 8] (43 51 A
38.56% HI 35.13%), Jic V5L B J A 1L b R ) HE AT
PQs(43 514 26.31% Fi1 14.86%) . 2 e T-HE M) (43 5]
1 15.38% A1 11.38%)(I& 6B ~ 6D),
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6 4EXEMENTHEMELTIEMN QA). PQ(B). PQ(O)F PQ;3(D)
Fig. 6 O(A), PQi(B), PQ,(C) and PQ; (D) of soils under shrubs and interspaces in four grassland types

Wi 5 A ED {H(26.60 J/mg) i K T 37 1
(39.04 J/mg)FIFE I #E 5 (34.25 J/mg), 5% AL
5(41.49 J/mg) &A1 1 35 22 57 (&1 TA); Tici(415.697C)
FEE J5 4K 5 155 (416.61 °C )DSC-Tso 15 T e 155 21 Jit
(368.56°C) AL # 4 (369.27°C (K] 7B). TEFEHL .
JEALTE AN o s, AT ED B (5 51A
27.08. 32.54 F1 14.18J/mg) i Z K T HE A (35 N
51.01, 35.95 1 39.02 J/mg); TEHJFALTH . FeliE
JEARNL A T, HEAA T 9 DSC-Tso(43 10 388.51
357.89 F1 358.02°C) i E K T-HEM B (4351 Ky 444.72
376.23 H1380.52°C)( 7).

2.3 HoIERAAEXHE

TG-Tsy. DSC-Tsy 5%Exo; 2 [i] i 3 HHX:(P<0.05);
ED 5 TG-Tsy. DSC-Tsy. %Exo; ¥ i 2 AH ek ;
PQ, 5 DSC-Tso. ED 2fMAHX; PQ, 5 %Exo, 21
FHOG, 5 TG-Tso IEAH; PQs 5 TG-Tso 2 HAH,

5 DSC-Tsp R IEAHK (R 3).
2.4 SOC EREFIMEX & =SS TIEIRIIEXE

TG-Tso 5 %6 S Wk #1 X & &2 2 B 3 i M ¢
(P<0.05); %Exo; 5 %48 s AHXT 7 i 5 i 2 1F AH O
(P<0.05); DSC-Tso 58638 R0AH XS & i 2 10 & A ¢
(P<0.05); ED Sl . LSt Xl & &2 B i
FHIE(P<0.01), M5 I5 Mk . FRILRIAH T & it
1EAHE(P<0.05)(F 4).

PQ, 5B AH X 5 1 5 3 IE A 5 (P<0.01),
{ESF5F . BRI i i 3 HAH D (P<0.05);
PQ, 5t AT B i 5 B 3 A DG (P<0.01), 535
Tt AERT P i 5 35 IR AH OC(P<0.05) 5 PQ; M| 5 xR
B RE A S BT PR S B G R, 5t AR X
B P UG (P<0.01), TS5 M BERRAH X 55 5 52
E TEAHIEWP<0.01) LesEk/ B ek lL{E S DSC-Tso.
%Exo, ERETHK, 5 TG-Ts, & WETFAHIEP<0.01),
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Fig. 7 ED and DSC-Ts of soils under shrubs and interspaces in four grassland types
xR 3 HoWIERZEREXE
Table 3 Correlation between indexes of thermal analysis
FAG ik N %Ex0, TG-Tso DSC-Tso ED PQ, PQ, PQ;
%Ex0, 1 -0.923" 0.579" 0.332 -0.152 —-0.858" 0.47
TG-Tso 1 —-0.668" 0.157 0.308 0.788™" -0.581"
DSC-Ts 1 0.462 -0.838™ -0.204 0.919™
ED 1 -0.661" 0.699" 0.452
PQ, 1 —0.168 -0.93"
PQ, 1 -0.157
PQ; 1
H: *FIRTE P<0.05 /K b EAHOG, **FIRAE P<0.01 /KF W EME; T,
F 4 SOC BN S ESH A IEMREIHE LM
Table 4  Correlation between relative contents of SOC functional groups and thermal analysis indexes
TG-Tso %Ex0, DSC-Tso ED PQ, PQ, PQ;
Je Lt 0.826 —-0.773 —0.812" —0.553" 0.927" 0.200 -0.967"
Jot S itk —-0.453" 0.578" 0.424 -0.641" —-0.264 ~0.688" -0.361
J7 Bk -0.525 0.525 —-0.574 0.199" -0.372" 0.279" 0.163
B AL —-0.318 0.392 —-0.273 0.166 -0.288" —-0.619 0.513™
e FL b 1t A 0.956™ -0.894" ~-0.964" -0.372 ~0.949 -0.071 —0.847
3 Wi ZRII TS5 R —E0, R dah e ildeees, Hak
TITE

PATE A SE R, LT b A 2 2l AR R
We TR I3 WA W B o3 i R 9 4 LA BOR 2 WA AR
AU 7% ) 0 DURR 5 AR Wi R (A IRE A T L SR
SR E AN, B CAE&” U AfEARRE S, 1E
el AR AT T, FEAAERIFEAA R A9 SOC i
ZEFARE, BRI LS G, ATRERY AR
TENEZ B AW PE R ZE R B, ana . K SE,
X U PN 3252 2% (9 58 AR I HRE A T A HLRAF IR 20 19
RAEZ BRI

1E SOC ‘B REMI AL LB L, ABFTE 5 LR

NBEIERR AN b, SR HRIERK . SOC EESRIRT
TR, FEFRARAL F S5 R AR R S BOR [R5
T SOC LA S5 HIAHIIR AP e S 2 AE P R 1k
SOC My BELL R SY, DRt S Bk L il e s 2 FEA
e, BRI T, A2 ] 35 rh oy
A A7 LU R, R TR, RS
R PTE NS , R T I HALAER. Chen
SRR £V R R A & 1 T O ik RV U
PRRRAR, T DR o A VA M DX SR A R A 1 A
R WP A RIS A AL AR P s i, S EUmA
SOC [Al5E JAARIFE R, DT HEIE RS RE 155 A A% 4
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o MERS SR HEN T, S5 &Rk AT & LA
PR BE PR T iR I A R, mT RE A SR PR E K
B R TR P A B ot R FUAE R i, 7ETEAA
THBEM 35 0.72 ~ 0.81, T 7EF e B SR %Al
B, HEMN T AIEAE N 0.51 ~0.54, HABSEH N
0.44 ~0.81. LAMERIBHIR IR, e Bt o Uik LU (A
KT 0.65 B, Bl H IR LR B A, AU PR
RO ot B bi e SRR LA AR [R) 2K 2 [ ) 2 5 ]

RE SR AL . R R A A 5

S TE T BRI B AL i, A I 1A 5 )
SOC &, [AFEIX 2 R H LR S I 5 R L
Ffa) 1, HEMN T SOC FAb~A 45 F A 18] F-HE M ]
FHEMEAE T SOC Mfb2#2548 . 1k 4 i,
TENEI I T B St o SE R A UL, R AL
AN T SOC [ Al AL R B Mk 2 g i fa e vk, 78
e R Ly M R, R R I i R AR TR ) S R ik
s, 8 T HERUEYXT 3 SoC BRI
FREE, Rad e ERB SCRI F , B0be e ot S ik
LAY, FE R AL TR | S n i, w] BEAY R A
JSETE N VE W) 55 R ) R o3 A A P AR ) 2 4
AU BTN . BORBESE LRI, XA L
YA o 2 B R e S, U e ot SRR L (L
T FoAbE . A A AR X P B DAE DA TR] I E AT 1945 4k
WIFAR—2, Flhn, 7Elb g, DA TE ARSI M
5 B B AR TR X RN, T A AT
W, AR RIR FERR A AR SRR, SOC fhfgh
4 AT DA ] 2 N 1928 A AR AN [R) 2 B b oA — 35
Al e AN RSB i M S . e |
H, DL SE R R BT B A RS | T AR
FRARFEIEA BT S3a0, NI Bh (0 A R (T S
B TR A S R B e [ Ry R R XS L, A L b e Sy
0 BT A 18 R 95 A IR 28 - 0 1) 0 R 11
ANl AT e AR TR 2w i P AL 23 SOC fh2
SEATRY R R 22—

SOC #FaEM45FRr %Ex0,. TG-Tsy Fl DSC-Ts,
SMTERI, AR A AN R R AL TR SOC #4%:
P 1 T R VA P S VR i R Ly b B A 7 A X —
SRR AT RE RS, EHOKS IS sl
IR B YIADG, 3R IR SRR M 1,
A S A WA BRI (R A VR P A s ), &
O Z2 (R Y R AR R R AR E 1 SOC #EA T+
e, ML T SOC #dasett, w4k, WF e
FIAE ST SOC AFa e Mt —E MR . BEE I
FhE At Yy b A i A S 3 e s AR A

(R I —J5 N T 3R E AL R A, FECT
SOC Fr i MAb(E 3), 75— J7 AR R 509 (e K Ak
B ) FIAR 40 B 7% Wy 1 n A A6 ML 5 26 1l L 151 i A=
MAS, Gy e HUBAR S T, Bk SOC #4
Fe e PR o

P JEARTEE | Fi R SR LD L v, JEAAR
) %Exo; Fll DSC-Tso ¥ THEMME], i TG-Tso Ik T
TN, DRPATEXCSE SR, MBI SOC
WAEME ., B TAV RS, e/ /b f ik b E S
DSC-Tso. %Exo; Fl TG-Tso HABAFHIAHICE, itk
AT L 0 0 DA AR 186 T Ak 2 5 A 0 R e P S 8
SOC I PEM—AFZIFH, 346, el A,
TN Sibe e Ak 5 Sl D TR J i D B ik
LAY o S HEMEREIN SOC MR E g — 4>
JRH . FEEEh, RAEHERR %Exo; . TG-Tsy Ml DSC-Ts
FEENT SHENRNE A 2253, (H02 PQ, BV/INMT PQ; Y
i, AR AIENEIG I SOC AFRETE .

$5F5 %Exo;. TG-Tso Fll DSC-Tso Z [AJAH LR
I, (HiXSEfE4RS ED %4 W& MG . Barros %617
FEPEPEF AL o SOC FasE P paF o vt & BE,
ED AREFREFHHIKT SOC etk , X Al g2 AN
AT AL HE T TR 5 A v TR A3 A D K e
AL, T REREE R T 5 2%, 3P L
THLE B REE A LA W S B K B e i
s T ED BUE R HERH:

CAERRIIE M, BC NMR AT HE AR AT LA
ARG SOC FE MR AR b, fEARIF ST
W1, TG-Tsy 5 ke A AT AT 8 2 1 A e,
DSC-Tso 5 %6 Fefie AH X 75t A7 3 i FURH G, UESE
T SOC ke e M HA AL~ 45 0 B —8uk . (B2
TEARWETE R, ABAEET G IAHSCSC R, BN, MEREfF
BRER B SLARAIN S5 PQ B EIEAHERR, 5
PQ; W EFACICHR . X0l e B N A Hr i A2
fEAT BC NMR h2p 08 X a2 [6] () BT I 56 R
—ESEAVURL,  n— b - 5 v o R i 4 4 5 BT LAAE
DSC Mgy Q) XA kel . X 7F— e B ik
BT DSC ] fig 2%} SOC #ka s PEAH AR A B

4 £k

HEMMEBUE T TRIXEH SOC Mfkaggitly,
T SOC fhgghtfaseth; AbTRRIEH Y i
SOC #haa M i A T4 Ak ) b 5 8 AR T
TFRXEH SOC #EEEM:; "C NMREARS TG,
DSC AR ] LIAH B AN SEAARRE SOC FRE PR AR 1k .
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