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Effects of fire disturbance on litter mass and soil carbon storage of Betula
platyphylla and Larix gmelinii-Carex schmidtii swamps in the Xiaoxing’'an

Mountains of Northeast China

ZHOU Wenchang, MU Changcheng* , LIU Xia, GU Han
Centre for Ecology Research, Northeast Forestry University, Harbin 150040, China

Abstract; Fire disturbance plays an important role in wetland ecosystems. Although wetlands account for a small percentage
of the earth’s land surface, they are an important global terrestrial carbon sink. A large amount of carbon stored in wetland
soils could be released as carbon dioxide into the atmosphere after fire and this could have a significant impact on global
warming. It is for these reasons that soil carbon storage in wetlands after fire disturbance has attracted much research
attention in recent years. Previous studies on the influence of fire disturbance on forested swamp ecosystems in the
Xiaoxing'an Mountains of Northeast China have lacked adequate reports. Therefore, the objective of this study was to
describe both the litter mass and soil carbon storage changes after fire disturbance in two different forested swamp ecosystems
to provide a theoretical basis for restoration of forested swamp ecosystems and sustainable wetland management. Soil samples

from Betula platyphylla and Larix gmelinii-Carex schmidtii forested swamps in the Xiaoxing’an Mountains of Northeast China
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were collected from plots disturbed by different intensities of fire and control plots to comprehensively investigate the effects
of fire disturbance on litter mass and soil carbon storage ( within 0—50 c¢m depth) of the ecosystems. The results showed
the following: 1) The surface litter mass of the control plots, the low intensity fire plots and the high intensity fire plots
were 1.37 kg/m*(0.65 kg C/m*), 1.36 kg/m*(0.62 kg C/m*) , and 0.87 kg/m’(0.42 kg C/m”) , respectively, in the
B. platyphylla swamps and 2. 19 kg/m*(0.94 kg C/m’), 1.20 kg/m’(0.52 kg C/m*), and 1.09 kg/m*(0.47 kg C/
m’) , respectively, in the L. gmelinii-C. schmidtii swamps. The surface litter mass and carbon storage in the B. platyphyll
swamp decreased by 36. 36% (0.50 kg/m’) and 35.52% (0.23 kg C/m”), respectively, after high intensity fire
disturbance but no significant changes were detected after low intensity fire disturbance. The surface litter mass and carbon
storage of the L. gmelinii-C. schmidtii swamps decreased by 45.32% (0.99 kg/m’*) and 44.66% (0.42 kg C/m’),
respectively , after low intensity fire disturbance and 50.42% (1.10 kg/m’) and 49.71% (0.47 kg C/m’) , respectively,
after high intensity fire disturbance. 2) The soil carbon storage of the control plots, low intensity fire plots and high
intensity fire plots was (23.55+6.34) kg C/m’, (18.50+8.16) kg C/m’, and (32.50+7.22) kg C/m’, respectively,
in the B. platyphylla swamps and (20.89+2.59) kg C/m”, (23.52+16.03) kg C/m’, and (21.75+6.60) kg C/m*,
respectively, in the L. gmelinii-C. schmidtii swamps. There was no significant difference between different sampling plots
at 0—50 c¢m depth. However the soil carbon storage of the high intensity fire plots at 0—10 cm in the L. gmelinii-C.
schmidtii swamps was decreased by 62.58% (4.61 kg C/m”) and 60.51% (4.22 kg C/m’) compared with the control
plots and low intensity fire plots, respectively, at the same depth. There were significant ( P<0.01) differences between
the high intensity fire plot and the control plot and between the high intensity fire plot and low intensity fire plot ( P<
0.01). This study aimed to provide useful information for the carbon management and prescribed fire disturbance in the

development of the forested wetland ecosystems in Northeast China.

Key Words: fire disturbance; surface litter; soil carbon storage; forested swamps; Xiaoxing’an Mountains
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1.1 W5 XA

WFSE R T/ N2 W v B i) PR V1A A T AU MOl JRy e I bR 75 (48°1377"—48°33"15”N, 128°10”
15"—128°33'25"E ) , 34K N 436—546 m,, %M DX iy AR i 2= KU AUfe , 4R 1 il - 1°C , 4P S [k i+
629. 6 mm , A 4FA WK B IR A FR RTS8 T BIRER , o AR K Y 709% . TERRHIZ) 100 d, R
1E9 H EA), AR R4E 5 A aIas i, ASCE R 2 LI AME (Betula platyphylla) 1835 7% M4 ( Larix
gmelinii ) -5 5 ( Carex schmidtii ) iR WG G, BRI R[P i@ e £, KR IRE R A KPR X 3k
FEFPRA Z —  Fdl— IR KK K AT 2009 45 4 H A WF5E K ki BG4 Bi,
1.2 FEHBEE

AWFFET 2010 4 5 HICHATREHLES A 1Al ARARTE 8 KR B 5 R JOR ML B {8 T AE 10 A T R Se
WORE o FEAR R4 e B | M A 2E 1 B 70 Sl B MRV 156 5 Vs A - 3 R TR B IO b 5 R IR BB, KO
LR I8 (B3R K FIEERE KB (MK ) (R IR)) AT G, el OBt 2 Kb (Ube i T A AR
J2 VLRGSR TR A 5 B JCREE 12 K BRI 3 ie BE IR BT RS2, BRI TR ARBESE AR SY . R JCBe I MEVH
PEIRARESCARN 15% , M EFE KBEREHIA 75 % 5 B IE JCBRvE AR -5 FETT R BOLAR N 13% | i KL OB
60% o FAFEHEETA)Z LM AR , HE AR 2 E 2R SME ( Betula fruticosa ) ARHEB P LE R R 25 2k
% ( Spiraea salicifolia) , 5 |2 FERGICE E ( Carex schmidtii) F1/NWHE ( Calamagrostis angustifolia) 5 7% -
FHFIRPETT A JZE VL& M P Ry OGS V5, HE R JZ J2 I HE (Betula ovalifolia ) 2 A 33 Ff, 1 A8 b A7 25 i 8 A%
( Vaccinium uliginosum) A0 ¥ ( Ledum palustre var. angustum) , ¥R )2 FEHE R E ¥ ( Carex schmidtii) |
INHHE ( Calamagrostis angustifolia) 1B -8 T 5 ( Eriophorum vaginatum ) , TE P FP ZRMIE B Kpe b (52 K
Be HEE KRR ) AR JChe i 1 A TR BRIERE M
1.3 FRARCRAR JCE Ty ik

2010 4F 10 A ZEP R RRARIE PR bR vEAE b Bl L E 52 B 3 > - BT, 7RI AR I 1 S I/ JTHR
12 FHBTREYZ 4% 20 emx20 em UL 14724807 47 I SEY0 25 N, 78 70 °C R AT 2 e it i, AR T
i, EEERERT R BN FRARTA LI 50 em LR M L2, FIZBEEREE] 50 em M1k, #
%ii%%ﬂﬁ}é,ﬁﬁii%%ﬂ( 100 cm3)7£ 0—50 cm %f 10 em H—EHUEE i#%%ﬁ%ﬁ?,%@igﬁ%,@ﬁi\
105 CFHET 24 b, P H AT [RIINAE ] — LR IREE Y 500 g T RERARE AR, AF [ 50002, X
T g, EERFERAS R T 2 mm MU R BUA A 7670 °C FHET 24 h, SRJ5  BFES K1, 1 100 H i, R F4H7
KAF(0. 1 mg) FRII 4 50—60 mg 13 50—100 mg 7247 HIRE S, F IR/ A3 X Multi N/C 3100 I HT
1500 Solids Module ( Analytik Jena AG, Germany) 4347, 7155 H4% 2 4 A HLAK ( Soil Organic Carbon , fi] FK 4
SOC.) B 12t FIYHI& Wyt o i 2340, T 2 FhRRARTE P8 (0 U8 95 W i it 1t 0 - 3B fid 12

bR AR AR A —E TR Y LR P SOC M B — R i BBk (S0C, , kg C/m?) BYIHE
AN,

SOC, =C, x D, x E, x (1 = G,) /100

http ; //www. ecologica. cn



6390 A E = 32 %

A, €O LTI AT i (g C/kg) D, WA T (g/em’) BN EJRIEEE (em) , 6, WEAEKT 2 mm (41 BRI
AR AP H (% )
AR — T b SRR, B2 %50 B HE (SOC, kg C/m?) W
SOC, = ZSOCL_ = zci x D, xE x(1-6,)/100

i

1.4 FdEibg
SCHREE AR FH SPSS 16. 0 BT B 25 22 00T (one-way ANOVA) >R FH /N 3 22 5 15 (LSD ) 4

A [RIE a4 1) 1) 22 S 1, B KPR «=0.05, H Origin 8. 0 BAFEE,

2 ZEREHH

2.1 KPR BRI I Hh 2R RV e R sk i e P 2 ]

PR NN 2 BRI AR | T
(1) TEABEFER IR RIBE DY g, | |
(0.87+0.07) kg/m’, BXF HAFEHL ((1.3720.05) ke/ £ |
m® ) RS BE KBS REHE ((1.36+0.09) ke/m ) WA T & (|
36.36% ( 0.50 kg/m*) F135.89% (0.49 kg/m*) , H¥ f b 7 )
BB IS (P<0.001) ARTTRIE JCBRRT FRERTEREML 5 15| : rod
HFR T PRI B (P>0.05) , REMEE AL E o] b I
IR R R R YR R (1.2040.08)  os |- I
kg/m” F1(1.09+0.09) kg/m*, 43 5] 4 XF BERE M ( (2. 06 L
19+0. 18) kg/m*) Jd /> T 45.32% (0. 99 kg/m*) Fl FHRHE Type

50.42% (1.10 kg/m*) , HLiIZARMIA B K e kE b 5 % iR
FEHb 22 (8] ¥4 B 2 22 57 (P<0. 0001 ) | {H IS 52 B KObekE
Mo S OB Z (] JC W 22 57 (P>0.05) forested swamps

INPLELWE 2 T KB ARAR TR FERE D L R IS B BT e, piieiie wh 8 (B platyphylla swamp-Control) ; BL: [ FE %
BB SXT IR Z B TR FE2ZH (P>0.05), HHIFRFE % XB(B. playphylla swamp-Low intensity burned ) ; BH; FIHEH
TEWIR ST 4y B A AE (431, 19+ 14. 58 ) —(478. 69 + EH L KBE(B. platyphylla swamp-High intensity burned) ; LTC: #
10.24) g C/kg ZIAJ (1 2) . HEJE KR A METR R 1 b, ”Wti%‘f‘fwn“ Ag”‘e“’”'i'cf”f’” “h””"l”""(f"”f‘"’” ”.‘T“ 75
AN 220,09 g ot gt [T S e
((0.650.02) kg C/m*) MIFEBEICHEREHL ((0. 622 i tigh intensity bumed) s 5228 FR LI bRE 2% ; I
0.04) kg C/m*) ¥ /> 35.52% (0.23 kg C/m*) Fl 32, spRR0/NG 8525 MBI % 2 5 ( P<0.05)

48% (0.20 kg C/m*) , HIM 3% 2% % (P<0.001) , 4R

M2 B K ekt A MEVE A b L 3R R VR e it 2 52 I AS (235 (P>0..05) o 8 BRI B 7% I s - & RV R
b 1) 3 2 TR TS Wik it M (0. 52+0.03) kg C/m” FI(0.47+0.02) kg C/m”, 4355 %T FEARH ( (0.94+0.09) kg
C/m*)Jg/ T 44.66% (0.42 kg C/m*) F149.71% (0.47 kg C/m®) ,IZARMRIREE IR HLS 0f HRE 3l 22 5] 2
W i 25 22 57 (P<0. 0001 ) | {H 258 B JOPe ke 5 o i KObe ke b 22 8] 0 B 5 22 5+ (P>0.05)

2.2 KTPOXT RRARTE P A e E S A A AL 5 1 05 )

FE KPR A E 4 (0.65+0.10) g/em’® , HXF BEEEHL((0.9920.17) g/em’) FEIK T 33.74%
HBFEZESR (P<0.05) , HEHBEARZE (P>0.05) ; 572 5 FIH KB M AA- B IE 3 LIEAE R (0.91+
0.05) g/cm’ H1(0.98£0.12) g/em’, 5XF HAFEHL ((0.88£0.07) g/em’) MITL LA, 25 AL A4 A i 3 (P>
0.05) (% 1),

1 AT 2 MRRAFREMENZM

Fig. 1  Effects of fire disturbance on litter storage from two
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Fig. 2 Effects of fire disturbance on carbon concentration of Fig.3 Effects of fire disturbance on litter carbon storage from
litter from two forested swamps two forested swamps
R1 ONTFHI 2 MRKBZFLETERNFM
Table 1 Effects of fire disturbance on soil bulk density from two forested swamps
+ AT Soil bulk density/(g/cm3 )
HeAl 0—10 em HIERE 10—20 ecm A EH 20—30 cm HIERE 30—40 cm HIERE 40—50 em HIERE
Type Bulk density from Bulk density from Bulk density from Bulk density from Bulk density from
0 to 10 centimeter 10 to 20 centimeter 20 to 30 centimeter 30 to 40 centimeter 40 to 50 centimeter
BC 0.44+0.05Aa 0.93+0.38Ab 1.12+0.38Ab 1.27+0.06Ab 1.19+0. 15ABb
BL 0.28+0.01Ba 0.63+0.42Aa 1.24+0.35Ab 1.09+0.20Ab 1.35+0. 10Ab
BH 0.25+0.03Ba 0.40+0. 02Aab 0.59+0.25Ab 0.93+0.24Ac 1.03+0.08Bc
LTC 0.26+0.01Aa 0.32+0.04Aa 1.13+0.20Ab 1.31+0.23Ac 1.37+0.07Ac
LTL 0.33+0.07Aa 0.70+0.43Aa 1.1420. 16Ab 1.26+0. 15Ab 1.28+0. 14Ab
LTH 0.65+0.07Bab 0.52+0.11Aa 0.94+0.41Ab 1.36+0.02Ac 1.41+0.05Ac

R P BUE N I AR 2 | SRR RS A 3R R AR 2 W] — R H R E 22 5 B 3% (P<0.05) , AT AR F/NG 8RR A
TR E + AT 2 5 B (P<0.05)

R — 25 X /N L2 W PR FRARTR AN [R] 12 A JR FH A R 2 7 220007, AR B F e i % R )2 +
HREARW (R ), BEMHEE IR AMEERZE (0—10 cm) IR 7 Bl 8O0 IR T 35. 63%
M42.73% , A 325 57 (P<0.01) MR EE KB FIMETR I S5 H R Z B o 35 25 5 (P>0. 05) , HJE kB
T RA- B FIRER)Z (0—10 em) HIER TR KB FGT FEE LR 55 94. 50% 1 150. 85% , HLAR W% 25 5+
(P<0.001),

0 o R 3 KR8 PR TR 3 L AT MR & M (87.24+30.07) g C/kg FI(154.05+45.16) g C/kg, MiALH
T KRR HETE A WL & B0 IR b ( (70.32+25.06) g C/kg) H40MT 119.06% (83.73 ¢ C/kg) , H.
2257 (P<0.05) ; FREEFNE B KB T& A -5 BOVR B A DL & M (85. 66+42.03) g C/kg F1(65. 19+
27.86) g C/kg, S5XFHEFEHL((108.33+11.76) g C/kg) Huis, 4 1B A B3 (P>0.05) .

HE— 25X FAMETR 3 FNT5 A - 5 R PR [R] 4 2 3 HLAR & 1 20, 15 2 AT X #6322 -1
ALK S A R, B 2 Al R R I METE R JZ (0—20 em) IR HLOK & 5 ((259.24+48.56) ¢
C/kg) BN HEFEHL ((119.00+30.78) g C/kg) H4TN T 117.86% (140.24 ¢ C/kg) , HZE W B #E (P=0.01),
B2 BE RN E BE KEVE AN - B FR R 2 (0—10 em) H3EA HLBR & 570 BB FEE RS> T 25.89% (73.41 ¢
C/kg) F184.89% (240.76 g C/kg) , M= K Beva AN -F REVHEER 2 (0—10 em) BB KRB/ T 79.61%
(167.35 ¢ C/kg) , HAS 4RI 8 2 5 (P<0.05) .
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R2 NTFHI 2 HARKBFLEANHRSENZIN
Table 2 Effects of fire disturbance on soil organic carbon concentration from two forested swamps
FHEA P & & SOC concentration/ (g C/kg)
HH 0—10 em AHLBE A 10—20 em LB 20—30 em HHLBR S 30—40 em HHUBRSH 40—50 em A LB &

Type SOC concentration from  SOC concentration from  SOC concentration from  SOC concentration from SOC concentration from
0 to 10 centimeter 10 to 20 centimeter 20 to 30 centimeter 30 to 40 centimeter 40 to 50 centimeter

BC 171.05+13.26Aa 66.95+51.92Ab 60.10+69.22Ab 22.86+9.25Ab 30.65+28.97Ab
BL 229.54+26.87ABa 147.24£105.52ABa 33.46+40.60Ab 20.55+26.22Ab 5.40+3.98Ab

BH 284.25+81.60Ba 234.23+19.94Bab 152.88+113.50Abc 61.50+52.62Ac 37.38+19.01Ac
LTC 283.61+30.90Aa 195.95+63.28Ab 42.13+33.83Ac¢ 8.93+1.09Ac¢ 11.02+3.57Ac
LTL 210.20+49.30Ba 124.67+99.35Aab 35.49+33.74Ab 28.91+28.55ABb 29.06+33.59Ab
LTH 42.85+8.54Ca 145.87+54.82Ab 114.76+14.18Ab 17.41+1.81Bc 5.07+3.27Ac

P EUE - (E bR ERE | R HUA R RS TR 30 [l R S Y ] — 1 R R A LR & B 22 57 B35 (P<0. 05 ), B AT ANl /NG 5B 3R
NN 1 R A WL 25 5 .3 (P<0. 05)

2.3 K TP BRARIE L R B A5 T

SRR T 25530, KOBERT PP ZRARVE 5 3R it (0—50 em) SIS 2 3 (P>0. 05) , DA S 25 FR AR
TR T kA i (0—50 em) Z A 2ZRARE (P>0.05) (£ 3), WX MR EEFN T HAS-H R E L —
VR R A R B R 5 50, KN 2 RhERARTE R 2 R A — ROC EE, Y
A KOpe TR AN - B TR R)Z (0—10 em) 388 i 400 R b 5 LR BE OB AR Hb ] — 22 - JERs A o 5
KT 62.58% (4.61 kg C/m*) F160.51% (4.22 kg C/m’), HW B E 2 F (P<0.01) , B A BE (P>
0.05),

R3 NTFHI 2 MHEREFLEREENHZ MW

Table 3 Effects of fire disturbance on soil carbon storage from two forested swamps

A Depth range/cm BC BL BH LTC LTL LTH
0—10 7.43+0.46 6.43+0.56 6.93+1.27 7.37+0.90 6.98+1.92 2.76+0.31"
0—50 23.55+6.34 18.50+8. 16 32.50+7.22 20.89+2.59 23.52+16.03 21.76+6.60

RPBME N T A ARUEDE (kg C/m?) 5+ (RIXFMEHL LB S HAR P JCRRE s R F b A (. 35 25 5 (P<0. 01)

3 iFig
3.1 ST PRXT R 5 b 2R ] Vi ) ek R i it P 5 e

KA /INEZE W T o BRARTE R b 2 U 5 0 i R i £ AT 52 T, i il 1 P MRV V3 M 3R R v )
FRsAE T, T4 BE JCREX T 350, TP/ 1 v b - 165 R T 3 b 3R R Vs 4k TNl it o, T AR
PR R 7 ) AR At 12 /DR B ke 3, o R KOBS IR/ R B OR TR B (I 1, 81 3) o AT REAS /] 2R bR
TR, KT VORI B TH R b 2 U] % 4 R e i B ) 2 e R B — 3850, 1 88 K 11 MR T V55 b 22 R 7 40 2
At B IR 24 1/3 1 2 ol Ko J3E Xo) 4 A8 - 25 VR R b 2 U 15 0 B A i i 0l 24 12 (B 1L, I 3) o 4T
HJg A TR OB IIR] , JORE BRI T 10 b b 96 K B R A0 Bt (1) M R R P 400, (145 b 3R R 5 ) 1 Bl i
s[RI K et et 7 AR AS EAR SR TR (45 U Y 0 110 > U a2 | DT 5 445 1 3 ) ¥ 400 i S sk i o
Wk s AN TR KCRREE RS BN T bR S R L, MR T b R PR IS 6 o g P e R S K
R PR T N et B D ARG 5 A KT D T e M R IR PR R A B AR —
], G H A BT A T Ve A b JObE TR S R A LR AR A R e — 8 L B IS - B R —
AL T AR AR SR B AL TR B IR R B EIHE TS AN BRARTR BERETR O ) b, PRI BE AR X =
FEABEEBE AT RE MK AR T IR B MR PR VE YRR RN s A TR R b i A &2 T RE R 3L
7o T - 25 T T b 2 U 5 ) RN it B /D AR B R T MR R R SR DR, A JE A I R (/K 30
AR AN A i — 20 R 98 KGR 5 LR A DL 1 A2 Ak
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3.2 KT FRARIE R L R A R AR R

PN TR I I i - 155 e TR R 3 X HERE b 5 e 1 1+ i B (0—50 em) 315 [l 43 A 7
(18.50+8.16)—(32.50+7.22) kg C/m* Z[a), A SCHFFEES AR T 5 A ST BF 5T /N L2200 8 ¢ BE 0 1, 1
JZ0—60 em HHEAHURAE I (16.61 kg C/m*) 2= AN L+ A HLAR it 2 A7 2 B i T b - 38
A BUbAit /N2 K A (0.027—0. 097 g/em® ) F/NITEL, [RIFE, AR SCRFSE A9 1 b 1= S 45 5 (0. 25—1. 45
g/em’ ) SH LB K, S A MU S AR, Lk SC2H %5 B 58 M 1R) 26 B = VT s LR 38 b (5 4F AR
JK B R R R ) )2 0—60 em TIEE HLER G (36. 6 kg C/m?®) /)N, T RESE H1 T A SCHFSE I AR AR IR 6 R 22
PERUK 38 SCARGUAEAEBUK B A BT s AR R o0 i 2 B A s, 3 B0 A DR A 35/ s A 22 U CH
P dh - A MBS AL T AR S R G (ARAREE ) =, SR AT Al DR b T IR A - 495 o (e a2 ) , ]
B2 S0 AR A R ) DRI, 050 75 2 AN T 4 e 288 0 - S A LRI o 1 K A s | 0 2000 AR [
WA oA B A 35 DRI e R 40 1 IR A Ao

AN KRR B AN TR AR 43 B P Fh ERARTVA 3 3 L i o 1) 25 S, A 3K T ALV - 5
TAPEFR)Z (0—10 em) B9 HIERRAK AT W51 TR (4. 61 kg C/m?) o 31X Turetsky 55 HFFEIL 5 I8 5 58k
Fe3 MHFEERZ(0—30 em) HIEAPLBRR A FRE((2.2+ 0.5) kg C/m®) — 2 AHARFE Z AL RT3 1
SERTE e 5 A Ko Pe b e] - HER 2 A MU 2 M) 25 R B AR5 Meigs ™ AT 7E AR [R] k%
SRIE T AR A S R G IR (12 0—20 em B FEIRE] 100 em) Z AL BE W) A, HoTREJA .
KBEIT , FA FEAR YLLK R AR A 2 BB 2 AR TS AR LU R B — A AR
WFFE H B KOBHEITE] (2009 4F 4 H N A)) R/INS%ZE 08 BRARTE B 3238 AR VR ik, KOpe i Ia] T BE A be 58 T )2 35
AL, AUUEREEE T PIFP ARARTA B 2 DR B 1 VA )2 (T 1) U0 PN A o G = S e fi i s i
FMm TP A HLBR AR R RS — A 2 B 2 A R AR R K TR AR R R G A R A
PR REIA] , 0 200 A7 0 S AT S R W A0, A5 27 B A AR TR AR 25 2R 56 22 8] A HERR A 12 1) 2 53 1 1) S i T
T e 5L E S R A Z RN K& MBS T Im A" ) i, Kobeni A8 RGP0 b L R 5 0k
65 AR AR Ak AT BB T 3R A 1t 114 25 [B) S ok
4 ZEig

KPR FELK AR SE ) — PRI /NPT P METR B RN T5 A - 25 F T B 1 3 b 3 U8 T 0 ik 2 R i
L, BR TR KRS AR RIS D R B A, T O I S M T M SR R VR e A i e, LA
KAEIE D R BE R I REH . KPS NS W (A METE B RS A - 25 VR R T P R ARV 2 - Sl i 1t (0—
50 cm) MRS (AR B SO XV AN - B TR R R)Z (0—10 om) T3 i A W F ik /b, ARZ5i8H
93 [ A< A T i SR A BRI R bR LS AR
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