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Allocation of photosynthetically fixed carbon in Pedicularis kansuensis in three types of al-
pine grassland. XU Long-hua'’, YAO Bu-qing', ZHANG Chun-hui'’, MA Zhen', WANG
Wen-ying’, WANG Hui-chun®, ZHOU Hua-kun'® (' Northwest Plateau Institute of Biology,
Chinese Academy of Sciences, Xining 810008, China; *Qinghai Normal University, Xining
810008, China; *University of Chinese Academy of Sciences, Beijing 100049 , China).

Abstract: The in-situ ”CO, pulse labeling technique was used to trace the translocation and allo-
cation of "C in Pedicularis kansuensis-soil system and assess the dynamic changes of photosyn-
thetically fixed carbon in P. kansuens growing in natural meadow, severely degraded alpine mea-
dow (black beach) and artificial grassland established 5 years in the army ranch of Guoluo Pre-
fecture in the Three Rivers Headwaters region. Results showed that, on the day when carbon was
labeled, 39%-71% of the "C was assimilated in the three types of grassland, suggesting that the
labeling was in high efficiency and had a great allocation difference. On average, 8.6% of carbon
was allocated to soil in the three types of grassland, indicating that the carbon was quickly trans-
located and allocated unevenly in the P. kansuensis-soil system. The 8" C values declined in
shoots and roots and 5%—27% of the assimilated " C was transferred to soil pools after labeling 21
days. The amount of fixed "C translocated in soil increased significantly five years after the con-
version of “black beach” to artificial grassland. While P. kansuensis has a certain ecological sig-
nificance for maintaining the diversity and stability of the community, it should be eliminated

rationally according to the economic utilization of grassland.

Key words: “C pulse labeling; photosynthetically fixed carbon; Pedicularis kansuensis; black
beach; artificial grassland.
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FEE G A AR TR S Y COo,, ¥t A
[#] 2 )Rl 2 BAE ) AR 25 BB AL, I o AR R L 7%
B B RIEGCE Y AERILL CO, 8 CH, 58S
R EIE AR RN KR, A MLEOE X [ e 7E 1%
T (CERF-,2005) PRI 2 0 AR 3 A T
R, WEH A VL A R, TR E R A
kfiti it 29 3.06 Pg, B T HE iR it 29 41.03 Pg, B
Jr SR FE 2 44.09 Pg, K2y &t 55 S 6 5
i 9% ~ 16% ( Ni, 2002; Schuman et al.,2002; £ 5
F-,2005) o FITLA, B BRAE R AE 4 BRBR G B 5 e vh
AL E EEAEH (Wang et al.,2005; Fang et al.,2007;
Hafner et al., 2012; Zhang et al., 2013; #X =% 95,
2014) ,

Hl B 58 (Pedicularis kansuensis ) 1E 7 5 FE B
RS RS B AR PEAR Y, SO T e R
o) () IR A R B RTAR A A 25 2R 0 1) TR A T ) O 52 3
IR R Ay i v FE ) e AR 1 EE B AR R A Y
(BRT45,2010,2011) . H AT K& B E PAEH N
HeE AR B RHIE (B EESF,2009) A
Y (R4 2010,2011 ;5 Guo et al. ,2012) 2
¥ (Bao et al.,2015a) AL EAE F (X[ @t 4 55
2009 ; 554 2011 ;Bao et al. ,2015b) 2551 . JEHT
IBIFFE AL 7= 2R B AL 25 AR BE IR, N S 2 s
JE 1 IR A B BE AR R (Dong et al. ,2013) , ]
P T i A R 1) 6 i ke K IR R A (KR
42,2010) H 2 WA BN R, TR HON S 5e &
B2 A NE | BERARAR AR SR SE L3, e idtiR 1k
FH b B ) B A KR IA B S R kb A
B H ¥ (Bao et al. ,2015a) , H il D56 & X F 4 RR
TR S5 AR E e A — AR

AR AR AR AN R AR AR N TR el A 1
T ST DY A A B B AR (AR A5 I AE, 2004
Dong et al. ,2013) , Hli B 558 X LA /B AL 1w 7
T 400 552 M 5 e, - SEE R I PR R FRATT T AR D
HAC LA A H M SeE-LERE T ahd S
EALRYSE MR A ANEL Y R | B UL S 1 A DLk
I 7 VL TG X A8 & U G A ik 5 Rk A
BB . R A6 3R 78 1 AR 2 I S8 A W ik 1 5 3
BRI EEFE, T C BA%e B, 5
PRAESEO0 AL, B2 0 HIAE 2R P b sk Ak 27 2o 72 ) 40
FEH (MOEHE,2013) o ASCRI AL CO, Bk vptric
() TRV R AR b H R B S e A i il
AN TRI R + 1) B T 1 (R Rl fE 25 AR A rh

(473 BT B0 LA OB i 75 H R 5 Se i A k- IR AR 2
RGP SIE O 2) WO AN R L A T 5O H
oy e R A o XA R AN R 5 3) PRAG AN [ £
WA T3 ARG B A% B LR AY M, X0 T4
TAT DA TR o T e A0 945 A -+ SR (B B 30 R oA

1 #REFZE

1.1 e 55t

BC Ok rRIC IR T 2011 4F 8 H 7E ST X
WM 30 B 3 i AT (34° 17' N—34° 25" N,
100°26'E—100°43'E) , i4K 4120 m, iZHBIX SR E
PR B N i i W P T W WL I i1 L =l o
AR RZEZN BB TIRIMIER BB |
MR AL, R AR 22 BN H 25 8RR, K IH 4R
gz, HIRFEE, % H D3 4E B BOESB{EAE 2500 h
DL b AR B BHE TR 623.8~629.9 k] - em ™, B %
FREEm IR 7~8 M, HRK T 2 BB 200, K
4~5 4 H, IR 0 CUUR, &4 o4 5T A
W], AEREIK RN 420~560 mm, ZETHE 5—10 H
3y A R ) - IR R R
WRZHHAVR G RFEE, i) iz ibIx
FEYAEFERL (JAEIEE,2006) . ARRRICIKE
TEPE 3 FhIHURL I 43 B R AR AL K AR i) | B 40
KA 5 AR N TR, RIB AL RIR R () MR T B
it VB A ZRHO O L, DL 5 5 ( Kobresia hu-
milis ) APEHEF, A B R B S/ 280 TR 4
D™ EE IR AL R AR DL — AR AR AR RO R
AR P EBHEY I IR (SR A 2003 ) ; 493K
BN T b e R DR 46 PP BB A 5 A
) T AP B AT PR N TR, 3 A M 1 A 4
i M AR FRAL M BN 1 TR
1.2 fkibdric

T P ST B P B AL B3 A e /N XA Ry B

F1 =WMEBEMESEMEN TEEREHER
Table 1 Above-ground biomass and basic soil characteris-
tics of the three grasslands

O AR () HELL APl LSty
AL (Ph25 emx25 em i) (mg+g™") (%o)

NG 17.9+2.2 a 4.71 45.3£6.6 a -24.41
DG 7.8¢1.5b 0.84 38.4x14.8 a -24.68
AG 4.2+1.0 ¢ 3.9 44.7+6.5 a -24.62

B NP B ARG 22 , AN [R) /NG <7 B 3 7R A (7] 28 B 0 3 i) 22 e
B3 (P<0.05) . NG: RIBUKATA, DG B, AG: 5 kA TH
L,
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EEREAE OHE3SE HE3M

2. Wik CO, bRitiE Y, £ /N X[ (6] B 2 20
5 mbl b, FHIRFRICHT— R JG, R /N X 25
—MEIEAMEE . brid = B B PVC BE RN
PRRREL I, LAEAPEARICEE T 5 om WHY P, A
F IR FL 2R 45 wm A9 e AL TR A £ 10 em,
JeJe Al B 1E 2 A A AR E AR IEE, (HAS S M)
AN K 3354, brit s JR I ZE T 240 1= LA
Bk, FRit =4 1 m, N 0.4 m (AR
0.314 m* & 314 L) . ENEER AL ZALH LI/ MR
ICIE R K PR BE S (BRESS B K IR TS O B
AEMEARICAY CO,) . 2011 48 A 1 H 1100 JFih
Fric, " CO, Bk wp ik bric i, ¥ A S aifER C 1y
CO, W AFAE B T, CO AN bRt 2 )3 i — A4~
HEN 4 mm W TFHER, HEA 10 L PCO,, X
FERR T2 P BT 38 i S = 3. 18%, M 3 B 1
12.738 L "CO, - m™, Frita T o8 4% M1 s 46
Frit, AEWHE N 0.25 L - min™', A CO, AR
RN, RESTAR I 2 NS EBRA R, FRid 40 min
JEfE Ik COTEA L PRI 4k E 0 5 h, FRicd i,
A FL 220 A B AT RS T T 3 N AR AR X
CL I P FIRE V% KA 0 A AR - R R Ak
E W COMERTH T RES]— MRAK A K (Shi et al.
2001 ;Cui et al.,2003; Kato et al.,2006; Wu et al.,
2010) , FRicsE UGB LbRitE,
1.3 FERCRES IS

Y BITFRRC S RN 21 K, A Rid /X N4
BEDLIZ B FEAR R AE Y 5 AR B 5208, Bk
Fp A Y I TR AR 15 MR HIR D538, i 5 5 2%
ARY S4TSR AR RRAR O B S AR PR
%5 em, ¥ 20 cm E"Jiﬁ&éﬁ%)ﬁ%@)\ﬁ%ﬁ%%@g’;
1, HNSEER B RS B Lt 7
70 CHET 48 h, FRE I TTHHAR  ZEM FIESE 2 EH 1Y
AP, RS T S AR 4 ¢ FIstC
{H, RS 2 mm 1Y 30 o 07 0 - HERE S
TG AEAE 4 C AN, e H4a ¢ fMabc
1H.o

A, FARE 7 25 T 3 A0 o b i 1l | A=
Yrik REJTIHARN 1 mx1 m BURETE S 4 W, -4
M T N AY R, £ RS em, EE 41K,
1.4 FESDIESH 5k

ME AL EA-IRMS (JCE T -FINL K HR
JE G4y B 356 AX, Flash EA1112 HT-DELTA V Ad-
vantage , Scientific, Inc., USA ) M 52 . H:JFUFE A . A 5

TETTR ST b s TR AR 5 A 1L €O, , B34S i
ol CO, 1 C 552 C W%, 365 [ R AR HE D) ( Pee
Dee Belemnite o{ PDB) HX G TH&E AL K 87 C Fb
A, 3 CMENTE . £0.1%0,

R SeE G A e C #EAM 2L L ikh
(AFZ B S)  2Hor FE R C i (mg) ITHRA
HKuF .

Fi-F,
100 (D
K, C R H IR (g) s FoNBRICAH Y C £
(%) ; F, WAPRIEA 3 C FE (%) o
HHAEC A BLHE] PRC(%)

13

l3c_
;=

‘%100 (2)

13C

PYC,=

L (2)Hr, P C MR 2B R E R C 2 AL

PCREE AT (%) N HIN B - RSO
AREERC BESIMAZRE"C B8N E (b
JEHE,2013)

1 Microsoft Excel 2007 X H 7 B 2% i 1Y Hb
b MR AEY R A CCOE R L
AR S, FH Origin 8.5 %X (USA, OriginLab
Corporation ) X &4l i 174 &, {#i 1 IBM SPSS Statis-
tics 19 Ge 08 A4 A B9 Duncan 32 % 8088 #E 4722
5 RS

2 ERENH

2.1 RPN H N B E A

W 2 P, Hl S S A 25t AR i R B
MBRESS N TR S RIB AR ARFE ), RIB ML R
SR LR T e AR B N T Al PR
TR, R DR L f/) R U O B o
U b AR AR S T RIB AR R A A 5
B N st LB S HEFF R A ARE L2 H o 5 5t

R2 ZHEATH FAKHRDAS LM TEYE
(g)

Table 2 Above- and below-ground biomass of Pedicularis
kansuensis individual in three types of grassland

WM EMERE O RTEE By RER

NG 0.13+0.11 b 0.03£0.01 a 0.32+0.27 a  0.23+0.09
DG 0.370.32 2 0.05£0.03b 0.68+0.57 b  0.14+0.09
AG 0.33+0.32 2 0.06£0.05b 0.54+0.48 a  0.18+0.16

B g VI B b (i 2, A TR] /N 57 B 2 7 AN 7] 24 B Rl [1) 1A
I Sew R 225 B (P<0.05) o NG: ARBALKRAH A, DG M+
B AG:S AT R,
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xR3 HEDAEITEZSEESEAS"CEE=ENHITE
(®C mg - m™?)

Table 3 Dynamic changes of “C amounts in the compo-
nents of Pedicularis kansuensis-soil system

43 2 R RS
IRREPN

NG 47.6+25.4 Aa 13.3+0.1 Ba 3.1+0.6 Ba
DG 64.8+3.4 Aa 41.6+£9.0 Bb 8.3+0.0 Cb
AG 51.3+23.9 Aa 49.9+6.5 Bb 16.4+0.1 Dc
Frid 21 d

NG 12.7£5.2 Ab 5.4+0.0 Ba 1.0£0.0 Cb
DG 57.9+1.0 Aa 32.5+0.1 Bb 7.0+0.0 Dc
AG 14.2+1.7 Ab 22.4+1.4 Be 13.2+0.1 Da

AR TR W — A PR R 4 43 22 5 . 35 IR /NG B 3R
KA FRE —2H 4325 57 .3 (P<0.05) , NG KiBILK KA, DG,
AR AG:S I TR,
R I e FE AR BT A — PR, AR NG H A
SRR AR T KA 25 AR A R
RUZ R S RGUR R BB, 222 RO
SYERIRERE, h3EG & B LY 5T i 26 AR 28 F 36
BH i B R AESFRE R 00 A 1 B0, B e R S5k
o 2R T AR IR RO, SRR P C R 5
Mt & LY 2 ik IR P g C A N E £
(£3),
2.2 MR dess- LIRS C FESEEL
kbR id 5 066 B E R C 7R HON B 5 -
RGP HAT A 50, mE 1 Al DUE e E
SERRF RS R, IR AR I 2 KA [R] S L B - 7
Lh5EH 81 CE R N 2R S>> TR, 1 (kb 22 57
AN R By S 25 rh iy 87 C ERB 5 1 AT

400 - @M Aa

OfR
300 W4k Aa

L Aa
200 Bb

NG AG
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B2 A

1 #iEHRIMERE FHREAES-TERGHE
Hy 8 CEE

Fig.1 " C abundances in the components of Pedicularis
kansuensis-soil system on the day when the three types of
grassland were labeled

ANRIR G F B F IR [ — AL BEA R 4 43 22 5 W3, AN R/ NS FRER IR
ARIAEBE R — 5 25 B3 (P<0.05) , NG RIBAKAKFA],DG:
BERE,AG:S I TR,

2401
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Fig.2 " C abundances in the components of Pedicularis
kansuensis-soil system after labeling 21 days in the three
types of grassland

AFKE FRFRRF AR R 4 57 25 5 W3, ARVNG S 8RR
R4 FRE] — 2045 25 5+ .3 (P<0.05) o NG KB LK R H A, DG,
AR AGS I T E

S HE A PES AR IR R IR T A (H 22 AR 2 (P>
0.05) ; S £ [ HN S8R 87 C i & & T
RIRIE KRR T A (P<0.05) , "JLAE W, BEMEHH
TR S A AR BB A [ Bk 1) e AR AR BE R
2.3 HilBdes-HERS"C iS22k

Stk 25 A3 AT H A B S - R e R [
M C B KBGO (£ 3.8 4) , A5 L
PN TR B AN [R] 280 B i b R B e R k-t
WAGAW T EE"C HEE (PC mg - m™) S HAMAL
Hefil, Aric 4Kk, [ — 28 RUR b H o B o =t
S HE FL B IR b R 9K Bl e Ol 74.4% ,5 1 N T
T IAR R 43.6% , T AR 40 B b A1) B s 2 5 0%
NTHHH 42.4% , 1 KR F A 5 I6h 20.8% ; +
AHBC APEE HEB 5 8% N T8l > B 4 > R R ALK
REMHAPC S RERVE (P<0.05), 5 A TH
i B HR SR C BEE sl 71.6%, 5 THEL

x4 WFIEEERDEE-TEEZERASC HHE
Table 4 Distribution of “C in Pedicularis kansuensis-soil
system after labeling

Lb BC AR ( %) B FEE
E3y Gicd LI [Epa4

FRic 24K

NG 74.4 20.8 438 39.0

DG 56.5 36.3 7.2 69.8

AG 43.6 42.4 13.9 71.6

Frig 21 K

NG 66.5 28.3 5.2 11.6

DG 59.4 33.4 7.2 59.3

AG 28.5 45.0 26.5 30.3

NG RIB A RIRFE M), DG B3, AG: 5 A TE ML,
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Hi3sE H3W

W S AR R AR LA 1Y 69.8% F11 39.0%

PRicss 21 K, AR AR IR F o) FH8 AR 1 0y
- R GOEA TS C B R 2
PR 63%) h HUORAR | b (53503
30.9%F1 6.2%) , MifE 5 #& N T RH I H ol t 5e -
RGO AR C FEE P HE AR (5
45%) h, Ho O ZE kA o (4 Bk 28. 5%
26.5%) . C [E5E LB BN 2 3P s, 2
P C R R Mrid SR EIARIC 21 K5
LC N = 7 R A R A (O RO RS /N £
UCHARIE KRR T, 2 4 - H R S8 C
%m/'\,%%‘ﬁ/*mt”c,é\ TE R W HOR
SeE-TERGENRENRZ

3 1 it

— B SY E A ARIE T R 2R A e s X A
DARG B B2 ( Hafner et al. ,2012; Zou

et al.,2013) , AWFFEEERRIY, H AT B 50w 10k 7
ZEN T A A WAL AR O N TR IR S, S A K R
RN AN TR, Hﬁﬁ”tﬁ%mﬁiﬁcﬁﬁﬁiﬂiﬁﬁﬁj\
[ (EP ¥ e W NG Y i L i WA (O BB S L B A
I B S B b R 0 28 A S T H R B o
R R A R G b 22 S 5 R Y
3.1 R 7 A R R S e - R
457 C AR R

P C R REA %S g i i, ol 5545
AL, P C kbR B W52 B [ 2 | 43 Be 5 5 4 1
HEFB, e sl A W A ik 19 22 18] (Zou et al. ,
2013) ., 5 PAFEIREAH tt,ﬁilﬁﬁ“ﬁﬁﬁhﬁﬁ,ﬁ
ICYK, AR S 2 C 2 B 4 L FE 39% ~
71% , AT LA H HARIC ARB0R 3, B AR B0 R ol
BRAE A Y RGNS B 0L, AR K
B, BRI G C B 41% ~ 67% (Fan et
al. ,2008) , BBE BRI 50% (Butler et al. ,2004) , 1l
Fi B M 42% ~79% ( Chaudhary et al.,2012) . AHF5E
5j Fan %5 (2008) FIWF R 45 AR RL, A58, HR

A E B E P C AR 25 AR AR E
CZHM, VFZRM, Fric 1~2 h J5 HHEEI AT 4G

" C (Leake et al.,2006; Katovské et al.,2007)
AWGE B, FERRIC 2 K, 3 A 5 b + Bk 43 i
L2k 8.6% , Horpr 5 % N TRt FiA %) T 13,
9% , i G B 7E H R B S i Al k- R Gy
JiC 5 5 A% Sl R A U

Wk upbric e, H o e AR R EE T B Y
FeAERE S C B e RN, e Y- H R
G rpiE— 40 0e Aric 21 d JE L, P C e B R B9 E
BlFEROR B A SR AT S I N T B M b 4y R
5.2% 7.2% 1 26.5% , Kuzyakov % (2000) H ik s
Fric SIS LRI SY T b b -H R B 43 BE, & RO
FHYI R L B K 2 30% ~ 50% i3 A E|#1 T, Hafner
2 (2012) BFZE KB, BRic 27 d J5 20% ~40% A
It AR T, LA EWFGE A 0 45 S 5 A 58—
}, JeA R ARk B R M N TAR R AR K
AW LR BRUTFR Y (F = 1655, 2010) 19T 24t 2%
BC R ZE R PP A B C P 0 A AR AS
A R ARSI, AR R C R T
Hil DB aAEEm e, Hit R8T 21 d J5H
PR OVCIER T FE, Butler 5 (2004) 75 B 4 HAR 1L
JEf1.2.3.5.8 d Bl HEATRAE AR 87 C EHRI
FERRAR S B NP RRAR Y R #1255 (2010) 76
IKAEA Y 120 d J5 RAEZ BUARFIZE0 19 8 C fH2E
S8/, Hafner 55 (2012) 7E FUHCATAS B0 B 3,
FHEATARIC LSS FRiC 27 d JE A B <2% 19 C A
FH T AEAR R Wu 55 (2010) 7655 7 5 5 4 E R
832 dJE &M 30.9% 17 C BAETE MR . Leake
(2006) 5T K B0, it A7 AR 33E 75 C FEROREZE 11
SYEC, TPEML A 73 BL Ak /D, Fan 45 (2008 ) A5 i A
FE T HAF A I T 0 b R OK RN A8 5 7E B o IS L A L
i, & BB 23 e AR PG L BITRAR L X b A% i s
P A FP S s R IR e | B b 2 R 4
PR A &% C H 7= A2 52 W ( Kuzyakov et al. ,
2001,2002) , AWFFEETEPRIC 21 d }:ﬁ{)\zﬁﬁm
FESRAF T E] ] PR 4, AR AR X 8" C i 41 i+ 22 fh itk
s,

Fbds 3 Fp A= ORI FHZS A 1 H R Do i B
BRPE B4y AR (36 3) , W LUE 1, AR 21 d J5 2B
e ZE I AR A A e A L E Al 7 o 2K R
A EZES H S W T 5 R AR A A & P 5%
R C ArBLEL B (R 4)  ULIARR S AT RE =R T 2 1
A3 WA HE AR PR TR, I HL b 2 = 0 1) o e 1
TR X AT BE S PR T B G S
FRHR T8 HU A LA ) - SR TR AL R B, B T AT AL
SSEL
3.2 ORI SBR[ H R S e P C A BT
R 1) 52 1)

M55 (2010,2011) X A< 3B 1k iy 78 54 A1 2R+
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WL H R B e i A KO B R T IE5E , R R S
e TR N b5 PR R A AR AT, B H R 5t
e O BT O e TR A S, AT AT ] R R
I C B, EREESE(2009) X = VLI XA
I AR )N T s B 5 A P A ARG S B A T T
WESE, G5 R FE A 5 AR N T8 |- Hlr
SeiE B E B E AR, LT LUH HR S e B ik C
(RS U B A 5 4R A9 N TR LY 1 C
Ak

TR TS I NI i/ a0 e el R N B
B E T RAR G A A+ X R T AT Rt
SERRAL MR AR PG T R A RN R SR M (K BE AE,
2008 ; Feng et al.,2010) ,$&% T °C 78 B4 1 [ 2
AR (HJE 25 i O G 3 T L 481 28 4 v
FATHH, Fric 21 d )5, C EE A 5 i K (E
SRR A 1Y 59.3% , X FEE OB AN B H
IR Ey S R AR TR 5 KA T KRR
AT N TH M R H AT (MR 4, 2010,
2011) , PR H R 25 S AR R [ 1 6 A R 8
e AN B T AL P A 2 B b, phy DL ]
A HON B E Ak B oT ek A 0 KT S
(N

R 5 25 il G AR R I ARE Y-+
BRGENUC FEE RGN TiEXEERR,WAUMR
By i 3 A B AR B A 5 R W7 ) 4R
B, ARIZSHEIE L 1 MR BRI 2 22 S B AR Prisg
AR AT BE S I H R B - R R A C A
B, KR ) B A A T R AR B S )
EAN, LS A i — e gE . HOR B E
Iy e B RR B MR BRI, 5% ~ 27% (R B A7 AE +
ferbr B MR IR BN N TR 5 AR S AR i
W3 BT, X 0T RE S M A v A BRI A
WA, EREEMSC TR R B R PR TR
A 3 W U W P SO R A, R C Rt
e e | B O A W AR R PL R A S TR
NI A

S, - MR FH A AbE A AR R S AR
5k LS G e 3 TL 55 4%, 2R R R IR B o N T
TS, HA 5 1 7E A [ 6B ok 2
. R, 2SR T B R S RV 275 A ) e
RETT, RFF IR Z BRI, R VR R M, S HL AT
K.

AAFFERM P CO, MK MFRIC SR TEA [F] S 7Y
Mo b HOR B E G R E S A AT B,
Brire HR e T - R G A B S AR R R R
B PR IRRIC 2 R A 21 KAr91F 8.6% F1 13.0%
Gt re L HON 55 s A s Bl stk AE
B EERETSBA TR, 5§’ A TR+
PR E S COBA R T AR R AR R AR F A AR
W, B S W T A s A AR AR
FA B RS2 R 3, AR i = FE R b ) < A e R
FEPE" bRUEA LR bR H R e

S 30k

M 7, Ffen ) g4, . 2010, mrER AR H RS
HAE RIS A IR AT L A . AR S R BT AR
19(12) : 2800-2807.

MR 97, Ffedh BCH4, 45 2011, = VLI KR E A
TR D eE YR . I, 31(5) .
995-1002.

KBEEHE , A, WEL. 2009. 12 A T4 ) 4 A0 B
LLEESE. PR 2= 3, 29(5) : 867-873.

Jo o R, RERA, [EEME, S 2011, FHRE B W
DB R HOR L S AL . P LA ), 31
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