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Carbon storage of a primary coniferous forested wetland ecosystem in the

temperate Changbai Mountain of China

WANG Bowei, MU Changcheng* , WANG Biao
Center for Ecological Research ,Northeast Forestry University, Harbin 150040, China

Abstract: An annual ring analysis, relative growth equation method, and carbon/nitrogen analysis assay were used to
determine the ecosystem carbon stocks (vegetation and soil) of five typical types of primitive swamps ( Swamp Swamp-C,
Shrub Swamp-G, Larix olgensis-Sphagnum magellanicum swamp-LN, Larix olgensis-moss swamp-LX, and Larix olgensis-
Carex schmidtii swamp-LT) in the transitional zone of the wetland in the temperate zone of Changbai Mountain. The results
showed that (D The vegetation carbon stocks of the five natural swamp types were (3.18+1.70) —(112.2+18.3) tC/hm’,
which increased gradually along the transitional zone. The conifer forest swamps had significantly higher values than did C
and G by 12.2 and 34.3 times, respectively, G was higher than C by 0.6 times, and LX and LT were significantly higher
than LN by 0.3 and 0.6 times; @ The soil carbon stocks of (296.3+42.2)—(824.50+50.79) tC/hm’ declined along the

environmental gradient of the transitional zone, C was significantly higher than that of G and the coniferous forest swamps by
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30.8%—178.3%. Coniferous forest swamps were lower by 38.7%—112.8% , and LN and LT were significantly higher than
LX 32.8%—53.4% ; @ The ecosystem carbon stocks of (408.42+57.53)—(827.52+50.96) tC/hm’ also showed a
decreasing trend along the transitional zone, C was significantly higher than G and coniferous forest swamps by 30.2%—
102.7% , and G was significantly higher than that of coniferous forests. Marsh was higher by 21.5%—55.6% , and LN and
LT were significantly higher than LX by 18.8%—28.0%; @ The net primary productivity and annual net carbon
sequestration of vegetation in the five swamp types were distributed at (5.74+0.08)—(10.98+1.67) t hm ™ a™" and (2.44+
0.03)—(5.17+0.83) tC hm™a™", of which, the net primary productivity of LX and LT was significantly higher than that of
C, G, and LN by 61.2%—91.3% and 34.5%—59.6%. In terms of annual net carbon sequestration of vegetation, the
coniferous forest swamp types were significantly higher than those of C and G by 28.7%—111.9% and 19.4%—96.6%.
That is why the net primary productivity and annual net carbon fixation of the five natural marsh types in Changbai Mountain
show a stepwise increasing trend along the environmental gradient in the transitional zone of wetlands. However, only LX
and LT reached the average carbon fixation of land vegetation and global terrestrial vegetation in China. Therefore, the long-
term carbon sink effect of the Changbai mountain marsh swamps and shrub swamps is stronger than that of forest swamps.

We should protect and restore swamps and shrub swamps in our wetland carbon sink management practices.

Key Words: temperate Changbai Mountain; original coniferous forest swamp wetland; ecosystem carbon storage; net

primary productivity ; net carbon sequestration
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Pg) P 1) 29.4%—45.2% , ILAN, HiAth A WA A AS [l A0 X B4 958 1 Bk i 28 S PR 5k, it ELAA A2 B A 9t 2%
T S0 B K SR A s B R 82 (B BT £T B AT R B VT 98 K HE A B A 22 1—8 A5
5 R AR P F 0 AR U2 G DA R S R - R A AR 250 4 5T IRUL, E AT A 2 BT N R SR IX K
ANTRIZ AR 1) 0 T REURIURAR i B | $5c 2y BB S B A Bk T b ik i B 1) A 1 5

I T 2 TR T MR A 3 AR 0, 1 B S0 4 R e T 5k R A (137 TeC a™' ) FAAEMRIT 100% A
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F5E R T LA X35 ARAS MO JR) 2R D7 £EAK 37 (41°42'—42°45'N,127°33'—128°16'E) . K H
LI B AR AT T T 52 2 XU Wi 1Y)l e R i 1 A, P X T 4K 800 22K M HE — ik 5°—10°, 4F - Uil ik 2
2.9°C, FRAFREIREE MR AE 7 A0y, PR 27.9°C AP EIR R ARAE 1 A, PR B R #]-32.0C, B
110 d; 4ROk F2AE DR 6 H ) 8 A AFERE/K R -F-I7E 700 mm, P+ 38 m T AR, b A
PR T B RS AH B AT Z AR AR AE MRS N TR, ER 10 A 452 RITE PR b, B 75 B B A4k,
I BT BUK BB W/ T KL A, BRUK ]I 28 8 2 L ) o J2 Aok iy, AL B3 7 3 i
RO R B MU BB AR EDNTREE Ve iR IR PE T iR B TH PN AN B iR vk, il
Ho T AR FR R 7% - HA (Larix olgensis) , EAR)Z FEA SEME ( Betula fruticosa) AN #EF ( Ledum palustre) ,
ARJE E BB E W (Carex schmidiii) . H & “F 5 F 5 ( Eriophorum wvaginatum ) Fl /N F ( Calamagrostis
angustifolia) 55, H TAS DB ARIEEERIARAR AL KA 9218 Je TIE 8022 , A2 AR AT 1 R AR, B
BUATS DR JEU AR 30 DA W 5 Tty T s R P e i o B [T B ) S A3k 1 3AL 7
1.2 W55
121 HMbE
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0—6.5—15,15—20,20—26 .25—35 cm) , HRIEHLTAIA A 20 mx30 m, B —{RFEZEAI N 3 B, HEit 15
Beld EbrifiEsts T 2016 4F 8 H LA EN (A KR ZEREBY) X bRt AT B AR A, Rl R AEAR i, 13 DL R U
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Table 1 Characteristics of three kinds of coniferous forested wetland stands in temperate Changbai mountain of China

. g a5 T T TR (e
AR R it . “ PR Wil
. . Stand density/  Basal area at breast Average diameter at ~ Range of diameter at
Wetland type Tree Species Stand age/a ) . ) ) . .
(¥R/hm?) height/(m?/hm*®)  breast height/cm breast height/cm
LN TR Larix olgensis 150 394 8.1 16.2 4.4—41.0
LX TEWHL Larix olgensis 160 611 13.7 16.9 4.0—38.5
LT PR Larix olgensis 160 633 11.3 15.1 4.1-39.5

LN & A - K BEVR R Larix olgensis/ gagatem ;1L.X ; TE I HN BRI Larix olgensis racomitrium/moss ; LT T #A - HVB PR Larix olgensis/ carex

1.2.2  AE#b A I E
TARJZEY R E RN A R TT R, e 45 TR R R AR e P AR =2 em BYMRORZEAT B A KR
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R, R 5 I A5 b B A% 26 K BIR 45 5 0 K 1 LU DX RRARTE BT G TRV A AR G AR KO R (36 2) 7 A
AP ARZEY &

VA 2 R AR 2 A e SR PSR TE B AR TP AL S A4S 2 mx2 m FE I EVEAR 249
10 N 1 mx 1 m BRI E FA)Z A Yy ELAAIN 2 143 ) A e R e AR AR A A e e A, I
R AR R AT HUREHE T (70°C M RLT 240 ) | S BIREA B AR A R A Y & T8

JRIEY W A2 . T 2016 AERKZRVE IS, R4S FEHL P 20 5 10 4 20 emx20 em FEJ7 YA H i 4
PRSI A B 4% A RS20 28 7E 70°C FHLT 2 e 8 52y Y |

A B A 00 5 < ) PR B/ 200 B A MultiN/C3100 1 HT1300SolidsModule ( AnalytikJenaAG , Germany ) i
i 1300°C THEEMETTARZ FERZ FEAJZ Y26 WUk & &, 5805 14 4150 09 A= 9 3¢ DAk & &5, 7J
REITRARZE HEARJZ R RS VW) )2 BB fit 1, 4 DU 25 0 0 RIAT SRATAE A A Bl 1t

F2OREKE LSRR RS R B AT K R

Table 2 Relative growth equation for the dominant species Larix olgensis of coniferous forested wetland community in temperate Changbai

Mountain of China ( Y=b,+b, D+b,D*+b,D*)

W Fh Ay EVEER MHRRE  BEME HA MR Jife
Species Biomass/kg b, b, b, b, Rsq Sigf S.n Domain/ecm  Model type
NSRRI ) 3.1490  -2.6870  0.6410  -0.0014  0.999 0.000 6 4—24 ST
Larix olgensis WF 2.6390  -1.7430  0.3470  -0.0002  0.999 0.000 6 4—24 SEOT
PR 1.0800  -1.2970  0.3170  -0.0054  0.999 0.000 6 4—24 SEOT
R -2.4390 0.7490  -0.0560 0.0034  0.999 0.000 6 4—24 SEOT
W -0.0930 0.1130  -0.0220 0.0024  0.999 0.000 6 4—24 ST

1.2.3  TIERR IR A A

FEEAPRERE - G DU FIE 3 3 > T3, et A 5T 45 >, W T A T RS A 1 g
UREEANTR) BRI Y AL 2 e B3R s, 3838 77 (100 em® ) ZEEEAIRE 10 em 1 —HURE 2, +
FEFAR G dbe ol I SC 0 = e HEAE 105°C FHET 24 h 5, e - 845 o Rl B e [R] — 2 IR B2 500 ¢ +
BELE AREMAS W SIS = X E  BUB KT 2 mm AR R 80CA A5, 76 70°C FEET 24 b PR IR ) 3 2
mm 35 F ] MultiN/C3100 43 Hr A A1 HT1300SolidModule ( AnalytikJenaAG , Germany ) il 5 4 5645 HLRR
i AN AR - 50A Pk fg =

F—t 2 i BAPREE (SOC,  kg/m?) B AN .

SOC,=C,.D.xE.x(1-G,) /100

AP, CoN IRV SR (g/kg) D HEE (g/em’)  E A TJZEFE (em) , 6 EARKT 2 mm B4 TR S Y
AT (%) .

RS — e Rk 248, B2 1% 5 I BB B (SOC,  kg/m®) % hy .

SoC, = Ek‘, SOC, = iCi xD, xE, x(1-G6)/100

1.2.4  FERFARIGRAE 7 ) AR [ flk )

FEBEEARI AT T E TR R RN A T T | B Sk 45 T AR fE RO B 245 ] 2 em R0 5042
P ARG 3—5 BRFRHEA, R AE K HEAE I R (1.3 m) AbB U AR RS AR S, A FH R AR AR5 20 B
PO AE B AR 5 AERAR A K i S5 A AR AE R Oy BT 5 4RV 34 4R W) i 1 s 45 35 HE R 2 40 2
A 7= F1 A R R DSF A A (5 a) 07 BRI AR 7 S S Hi B3R 45 R 4 A A A iR
(Hb_F B3 AR AR A R A R R I ZE T BB AN AR AR ) o

AR ATV [ B B0 3 TR A2 VEARJZ | BAR J2 ) AT [ i B 8 2o 45 I ARV I 9 2 7™ 55 LA I A e 5
N TRFRAT W — 2 I AR AT 35 2] 4578 B 2 70 () AP0 A 1 [T i 2
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1.2.5 Fdmkbri
SCHEE IR SPSS 17.0 SR T B 2 T 22 50T (one-way ANOVA) | SR /N 35 25 5 15 (1SD ) 43
PR BAE AL Y 22 S0, 8 B MK P E A «=0.05,

2 HREHS

2.1 KIS Fp IR TA 3 R B e fif 1t

A% 3 T LAAS R 4K (Ll S i A0 K SR B S A (AT Bl B it e A O S 25 S v TRV R AR ok U
K AT PRI BE MR 0 A B AV - C B NTB T -G V8 AR TR IR TR —LN V% AR BE R TR -LX VR AN &
BV -LT (RS A 7 (3.18+1.70) — (112.2+18.3) tC hm ™, Horr | 3 Pk bk B A0 M o B fi 1
FETENBESHENEE 20.5—34.3 f5H1 12.2—20.6 1% (P<0.05) , #E TR PE L m TP 0.6 15 (P>
0.05), H LX I LT &% T LN 0.3—0.6 £ (P<0.05) . PR, S K A 1L 5 R AR T PR A Al M W R A 1 U
T T PRI A B A T S S B R A B ARARIR S TE N RS FONRTE)

BEAR |5 PP ISR IE R AIRI B B A 12t 1) 25 [R) A0 A A% SR AN TR) . 76 TR B0 A b, RNV B LA 2 5 e 3
Hi7 (76.7%) , TTEMZIRZ(23.3%) 5 HENTR R VATEAR 2 AR AZ (53 (42.8% 1 43.7%) , JH7& V)2 L
T/N(13.5%) 33 FEF AR LATEAZE 5 4o R 307 (93.3%—94.5% ) , TR & YIZE (3.1%—4.7%) 5
K2 (1.7%—1.9%) FEKR)Z(0.3%—0.5%) It 5 L E /N, B0 b, TR R 2R ff i DL LX Fl LT #%
B RTH BT LN 62.4%( P<0.05) ,J5 HET LN 34.8% ( P>0.05) ; EA Rt LAME VB B S, B i 2
T3 R ARVE R )Z 4.4—8.3 15 (P<0.05) ; FEAJZ e fith it LA ANVEVERIE NTB I B i, A B = T
3 P FRTB R H AR 31.29%—90.6% F1 22.0%—77.3% ( P<0.05) (HH& Y 2t R AR B s T
AR FNE TR 2.6—6.2 f5 1 2.8—6.6 15 (P<0.05) . R, MR K P L R SR T8 600 Hb 3k I8 5 A e e i
A W S 0 2 (0] o S A v

£33 EFKAWLS HAMIRBFEMEXINERKEER LSO

Table 3 Carbon storage and allocation proportion of five kinds of natural wetlands vegetation in temperate Changbai Mountion of China

Ei2 34 QbR Treatment

ltem Layer C G LN LX LT

AR/ (1/hm?) N 64.40(9.71)A  104.63(17.20)B  86.83(9.93) AB

Carbon storage AR 2.22(0.01)B 0.24(0.07) A 0.34(0.18) A 0.41(0.04) A
FIAJZ 2.44(0.04)C 2.27(0.14)C 1.28(0.10) A 1.86(0.17)B 1.75(0.38)B
HYEY = 0.74(0.01) A 0.70(0.01) A 2.64(0.96)B 5.33(1.37)C 2.95(1.18)B

Bk 3.18(1.70) A 5.19(1.37)A 68.56(9.01)B  112.16(18.27)D  91.94(11.40)C

S3BL L FeARE 93.76(2.08) 93.27(0.47) 94.52(0.93)

Allocation/ % LN 42.77(0.05) 0.35(0.10) 0.32(0.22) 0.46(0.10)
A 76.73(0.24) 43.74(0.13) 1.89(0.27) 1.70(0.41) 1.89(0.17)
JHVE Y= 23.27(0.06) 13.49(0.09) 4.00(1.97) 4.71(0.44) 3.14(0.85)

Ferp o BRI , 155 N bR E 2 ;. ANEKS FREFR RS [RIR b IS BT BB fif 7 25 57 B 35 (P<0.05) . C:FEMIAPE marsh wetland, G
HETRPE shrub wetland

2.2 KA S FhORSR I EINE H 4 S i it

H 3R 4 AR 3] K L 5 AR SRR PR ALY IRt 0 A 7R 25 e Pk . VNt sl Y T PR A AR YR 43
A4 5 FhE PSSR Y 1 SRR it i S0 A 7F (296.3+42.2) —(824.50+50.79) tC hm ™ Z[H], Hor FEATHEE 1 2%
THE TR ERN 3 FhER i BRI B 30.8% 1 81.4%—178.3% (P<0.05) ; HEN VR 3w T 3 FhgT Ak iE 3%
38.7%—112.8% (P<0.05) ;fii 3 FhEFIFAIEEEZRAIH LN A1 LT X835 F LX 32.8%—53.4% ( P<0.05) ,
R FT I S AR SR VA RS ALY - SRR A et 1 3 Y AT B AR T S O U A (R AT 7 >
INBGESTRMIBEEE) .
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5 PP R SRR 2B A+ M i 2 1) 25 (R /3 A A% SR R R, TR B0 b, B TR R L3R AR TR, o
INREE I ZFR T 43 10 J2 (42 10 em X143 ) EMRBEES 8 J2 LN 436 2,100 LX 5 LT ek 4y 5 2, HIFl—
TRVPEZR AR 4 182 [R] A B 2% B AN ], R AT R AIVE TR B2 (0—10 em ) - 3ERR 25 B2 A1, 17 10—100 cm
5% 10—80 em I EREE & T M HRIZ 22.5%—57.3% M 15.2%—39.5% ) ; LN Al 43 3 )2, B 0—20 cm =%
IR (T HAMZE 12.0%— 59.5%) .20—40 cm FHREE B )ZE (BT A # 19.2%—41.8% ) Al 40—60 cm KAk
W LX AT 433 )2 ,0—10 em @l )2 (B T HALZ 41.2%—356.9%) 10—40 cm "R Z (T
H 171.4%—223.6%) Fl 40—50 cm K% E )2, LT 74> 2 J2,0—40 cm S H TR (B TR & 34.7%—
64.4% ) F1 40—50 cm fIRARSE B2, W] UL, B AYE EEFNEE DA VA 8 4 38R e S A J 4 e 80 (L 2 IEAIRBR A1) | i
b It R T VB i 2 A S B ) S R R R A 3 ) T L S

K534 1,3 Bl ER I ARIVE BB AR % AR R 2 (0—10 em) 2 35 55 T 5 IA B AN E AR
43.9%—52.9% ( P<0.05) ;7F 10—30 cm 1382 55 NIHEEFGE B EAT (B LX B E LT C F1 G 16.9%—
34.4%51) 7E 30—60 em - HEZE =3 AR SRR AR T 5 A TE B ATE TR B (O, 30—40em H3E2
R 13.2%—35.2% ( P<0.05) ,40—50 cm + 32 FFAIK 31.4%—76.0% (X LX FEAL &3 ) & 50—60 em +
B2 (X LN f7AE1%)2) FEAK 21.2%—28.4% (P>0.05) ) ; HH C 1 G B4 60—80 em +3EZ K H ¢ A 80—
100 em +38)2 AT UL, S FhiEEES ARG 1 Sem I [R) BEAF 16 25 W Sl (0 7K 2 ) 2 S AR

R4 BEKBWLS HARRREFEMER T HEEVREERE DT

Table 4 Soil organic carbon storage and its spatial distribution of five kinds of natural wetlands in temperate Changbai Mountion of China

+ 2 Qb3 Treatment

Soil depth/cm C G LN LX LT

0—10 63.30(5.11) Aa 61.87(3.97) Aa 92.24(9.62) Be 94.62(33.62) Be 91.12(9.21)Bb
10—20 77.55(8.39) Bab 81.76(12.66) Bb 91.86(8.83)Be 56.21(15.33) Aab 86.21(9.72) Bb
20—30 80.61(4.29) ABab 85.65(5.26) Bb 82.01(8.81) ABbe 67.01(29.87) Ab 86.07(8.61)Bb
30—40 89.07(16.42) Bb 86.00(7.95)Bb 70.95(9.37) Aab 57.72(26.45) Ab 74.62(12.24) Ab
40—50 84.30(4.55) Bab 86.29(1.61)Bb 57.83(9.35) ABa 20.71(7.51) Aa 55.41(14.96) ABa
50—60 83.08(15.00) Aab 75.53(12.29) Aab 59.52(17.73) Aa

60—70 80.13(8.15) Aab 82.05(17.30) Ab

70—80 88.18(3.82) Ab 71.28(10.70) Aab

80—90 99.56(20.69)b

90—100 78.72(14.66) ab

&1t Total 824.50(50.79)D 630.43(24.08)C 454.41(23.21)B 296.27(42.23) A 393.43(28.86)B

Feh g B Y 355 0 AR E 2 s RIRR S T FOR AN IR 28 1 + R % 1 22 7 1 2 ( P<0.05) , RA/NG 8RR Al — 2R R
) - R B A MLA it i 25 57 0 3 (P<0.05)

2.3 KA S FORARIBERIR A S R Gt it i

3R 5 AT LIS 3] K L 5 AR AR IR AL AR S R GE B At A7 03 25 Sk . TR Mo A PR B A B
WK G341 5 FhiE PR A 35 R GEhik it it 70 A1 7E (408.42+57.53 ) —(827.68+50.96) tC hm > Z [A], Hrfr BIA
TR 2 T HE VRN 3 Fhét it RIE R 30.2% F1 58.3%—102.7% ( P<0.05) ; HENTA PR 535 5 T 3 FhF ik
THPE 21.5%—55.6% (P<0.05) ; 1Ml 3 FREFIFARAEEZSAIH LN AL LT 83 5T 1LX 18.8%—28.0% ( P<0.05)
PRt AT T L 5 R R SR TR R A A A 28 R Gele Bt 12t W o Y ol AR B0 IR 1l 252 356 i A ( RV DAV 92
STEMNTHRPESTRMIATE)

WAh , TR SR 28 R G 1 I A S F A AR TA] b T b ad s T 3 A B M B () B AV R 5
TENTR PR A3 5 G0 ik i it LA - SR At it oy 208 X0 D0 35 M 57 (199.2%—99.6% ), FE 4 flk fih 0t A o3 A /)N Lb
(0.4%—0.8% ) ; M AL F{E A Py v L ERA S M B 1 3 At b bR R 1 A 28 R Gl 1 B 4TS DA - 338k 1
A AT (72.5%—86.9% ) , (RAEBERsAE it o LU AEIAT B R IR EE 4R+ (13.1%—27.5% ) o FRULAT WL, BEATE
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Table 5 Ecosystem carbon storage and allocation proportion of five kinds of natural wetlands in temperate Changbai mountion of China

=2 JEIR AbPH Treatment
Item Layer C G LN LX LT
WA/ (/hm?) itk 3.18(0.17)A 5.19(1.37)A 68.56(9.01)B 112.16(18.32) D 91.94(11.43)C
Carbon storage + 4 824.50(50.79) D 630.43(24.08) C 454.41(23.21)B 206.27(42.23) A 393.43(28.86)B
EERG 827.68(50.96)D 635.62(25.24)C 522.98(27.71)B 408.42(57.53) A 485.37(38.90)B
SECHE Allocation/% B 0.38(0.30) 0.82(1.37) 13.11(1.07) 27.46(1.93) 13.10(1.41)
+ 3 99.62(1.19) 99.18(0.97) 86.89(1.07) 72.54(1.93) 86.90(1.41)

ARG FREFORA R AL Z R A DLk At it 22 5 1. 35 (P<0.05)

2.4 KR IRVE R R B 9 A 7 ) 5 A [ i

H 2 6 I LIRS K 1l 5 PSR TE S AR B w1 9 A ™ ) 5 A e [ i i A TS ), SRR e Al
MWW A 7 ) 5 AR B B 3 AR 7E (5.7420.08) —(10.98+1.67) t hm™ a™ F1(2.44+0.03) —(5.17+0.83)
tC hm™ a™" o LX A1 LT B AR B 0 9 A 77 00 B 35 3 T R ANV EDMVB AN LN 61.2%—91.3% Fil
34.5%—59.6% ( P<0.05) ; 17 AE B 4F- 15 [ B £t 7 100, 3 R AH I PRI 3RS AU I 38 8 T S VB 3 AEE VR %
28.7%—111.9%H1 19.4%—96.6% ( P<0.05) . P, K FIL 5 F R SR TE B2 AL AR B 00 G A 7 ) 5 48 v [
B e VT b Y A ISR B R S B e s B R A

UEAh, 5 BRI TR B SR AL 7= 1 5 AR T il e 2 R ZS A AN ] 3 i EF I MR R 2R R G TR R 2 3
o7 AR ARG A 7 T 5 AR B R A 2 0 b A (94.6%—96.1%) , B R (3.5%—4.7% ) SR Z
(0.3%—0.9% ) 1 7 # % 2 i A7 5 B AT 8 1) B AR )23 o HC AR % v 90 0 A 7 00 5 AT e ] i i 1) O 4 b o7
(86.1%—86.3%) ,TEARJZ (13.9%F 13.7% ) FML (5 FHLUREE b A 5 11750 DAV V36 ) A 15 k8 T (S0 T B — (1)
AR RIS A AR Y [ Bk RE I ok P 25 () A A A R AN [R] 4 A 78 P rp B LX R LT AR R
JE A A G A T R S T VA R R AY LN 34.9%—62.4% Fll 37.0%—65.7% ( P<0.05) 5 M
TR HEARJZE RN A 77 77 54 e B it $ 2 e T s vh B0y 3 Rl it ARVE P E R 10.1—16.8 51
17.0 £ (P<0.05) ; 5 N TH BRIV TR I A 2V ) 0 A 7 00 5 40 1 [T ik o B 3 8 -l 8y v 010 3
EF I MRIEPE R AR R 11.2—16.9 51 11.6—17.8 fi5( P<0.05) , KL, iX 5 FhiB PSSR A 0% [ bk fE )1 7218
Hb YAl bt SR B ) 2 R o0 SRR

F6 BFEKBWL S HRABFEMERSESTNINFSEERE

Table 6 Net primary productivity and annual net carbon sequestration in five natural marsh wetlands in Changbai Mountains

1ekr Bk AL BE Treatment

ltem Layer C G LN LX LT

AT T*ARZ 6.44(0.97) A 10.46(1.72)B 8.69(2.19) AB

NPP/(thm™?a™!) HEAZ 0.89(0.06)B 0.05(0.02) A 0.07(0.04) A 0.08(0.01) A
LW N 5.74(0.08)B 5.50(0.31)B 0.32(0.02) A 0.45(0.04) A 0.39(0.07) A
FE 5.74(0.08) A 6.39(0.47) A 6.81(0.99) A 10.98(1.67)B 9.16(1.05)B

AR [ A N 3.00(0.48) A 4.97(0.84)B 4.11(0.47) AB

NCS/(1C hm™2a™') AR 0.36(0.04)B 0.02(0.01) A 0.02(0.01) A 0.02(0.01) A
VN 2.44(0.03)B 2.27(0.12)B 0.12(0.01) A 0.18(0.02) A 0.18(0.04) A
JiiE 3 2.44(0.03) A 2.63(0.10) A 3.14(0.49)B 5.17(0.83)B 4.31(0.51)B

KRG TR R 7R A [ R 26 T (B R 90 0 2 7™ ) el A v i i 22 57 0.3 (P<0.05)

3 Fig5itie

3.1 RORTRVRIE A B A
Tt K FI L S R SR VA S B A e e it 1 (0.32—11.2 kgC m ™) TR dthask 8y PS50 B A b 252 3 34
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A 5 IR [ FE IR RS AR T PRAE B % B (0.48—8.33 kgC m ™) Yok A 52 3ok B B0 AR ) —F, HUJ
DRIAE T TR SRR 1) 2o Pl A7 A6 2 /K o3 PRS0 B (B M 3R G212 T e, b /K LB B A1 ) |, A 400 35 7 5k
P KAy I8 ARV T BN TR R HEDNTRE T4 R G AR BE TR |V I B B 213 TH RN I s 5 B VR R A T
GTREEREVE ST TR AR E TR BRI D TR A2 000 19 35 AR s it e A X A, Tt I TR R TRV i T
T AR AL 7K I H 754K (150—200a) , BERS AR B AR W it | MOEF I PRVE BB it AR ST R . BT LN
Al it P X A I, 2 2 PR LA 130 e Y v R A B B T E BUK BRI TR A AR K. BT R
P LB ARV A e e it b PR 2 o5 T 38l RS2 1/3(34.5% ) , 3X W] R 55 W LS A% 1 A7 A 25 BE
(AT R DL VA TR ) Kbk 78 B 55 MRy A TR A G

KF LS LA TR 280 (R R i ik 5 367 AR MR B A A 11 (4.0—6.4 kg € m™) 5 A LL, A0
THPE HENEPEAL T H T BRAE (87.0—92.0% ) , 11 3 FhEF ARV FEN & T H EBRIE (7.2%—75.3%) ., L, &
R T L B AVEEE THE N TE T A A A ik i e (0 b T AP, (L L TR G e AV R A B e 0 o L
PR,
3.2 KARVAVFIEH L HEmk ik

TR L 5 A R AR TR Y - SFERR Ak 1 (29.63—82.45 kg C m™2) IR i b isk I 47 RS A6 BF S04 |- 52
TR B 5 TR [ FE IR T TSI T R b, 7 5 1R R T 0 I A 0 T T, - B i e A D S RN
RO — 3, RPN S A T KA R s ) e 5 LB A A E DR T TR K S ke R AE A B A I -
WAL R ARSI WA BB — 2 3 - 3 fl e s ) TE 2 oy T 18 a8 A A7 AE 3 K 2 A5
BERE e P A B s BE B UK ™ 5, TE A T 3R I TR 52 (80—100 em ) |, B2 H 3524 Wi H2 1o , BUK % T
B2 Ve JZ B, AL A R B e i 2 W R 2 e AN ( =50 em) (W3R 4) 25 R S HUL 14
SRR AR U R TR L b

E—5 5 3 [ KRR L IERR A% 10.9 kg C m 21 FIAL )7 ZRAK IR %R 8.5 kg € m > M HLHR, K A 1L
FIREEINTE T TEINTE PR SRR Ak ] 3R R IR AR 5.8—7.6 15 Be AL 7 BRbKAY 7.4—9.7 1% ;3 R LG 41 it Ak
TRV A SRR B T 2.7 —42 A% RS B 3.5—5.3 4%, X 1 BR KSR VR I M S A BT D BE o
TR A1,
3.3 KARABFRHAES RS E

TR L R AR VA IR B fif 1 (40.8—82.8 kg C m ™) Yash 75 BRI B B A A4 - 5 3 el b 4 5 i 41
AT b B i85 2 (47.9—106.8 kg C m™) V{8 747 50 J3E 5t B3 498 420 R TR AT K %2 U Y R U b R
(27.5—38.8 kg C m ™) VFracd P S 1 A 340 IR — 3%, HLJR N AT B A i b T8 PRI M 5 1 R B b 2
FEANIA], Bl b B e AR P T SRR ™ B A BT B A TR B R BB AR R IR IR )2 | B St 345 i o
FRUK R AR S, AR VR TR IV I\ T V3 S RRARTR B, SO B U i J 2 2 4 208 5 T VA 7 AP ot D) 2 P 3 1)
a7 AV 105 12 A5 HE e A T 1) o b A BT R 4 T2 B T L 0 i v, T I 1 96 7 A 5 DO 5 T i R, 2
At AR T FE TR TR AN [ AT BEAE T T A S R ) (AT (8—10°) KT Ja# (4—5°)) it
P S R, A B b B R UK BRI, T B8 e 2 R, ol A5 A YR Al - S i ok 25 BRI A, B =2 0k
IINVUEEAS b T M i 22 R AR /N o N TR R R G A VA U A Ak R A B I T e i o D
B B 1ot 3 1 (R 2% A D 2o D 30 4 DR 2 ol - AR i k328 D e A T AR Bl e i o i 1 B B, S 80
ARGt it et 3 DR B, 2o Y I U/ N 2 (o A e i 3 U A A e i e 2o B R A, R BUE S
R YGehcpit e AR A

KX 5 Fh AR TEPEE I 0 1 5 R GG AL 5 BRAR (12.5—14.9 kg C m ™) " [ 2.7—6.6 175 ;A 5
JEI7 Ve S (39.0—134.0 kg C m™>) I RI LA, 3 BRI AT AU 55 T 2L P BRIE (4.7%—34.1%) , 11 HE N TH
ST AR e v T BRAEL(62.9%—112.2% ) ABAIIE F I R (36.3%—51.1%) . 3 i BH IR 7 AR AR
TR R S H A T 8 e L T IR Tty 5 DA TR V355 T AVR T AR XS 35K, sxnT g5 - A e by
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e e b I R B A G SBT3 R 30 W o0 e 06 s, i i PR A T e 2 i R R
3.4 KARTBBFIRHAEY AR P 7 7 5 4 [ R

TR LS Fh KRR TR A A BRI A 77 97 (0.57—1.11 kg m™> a™") FIAEE 5% 2 (0.24—0.52 kg
m a”) SR EFER A KL IR R I A 7= 77 (0.68—1.08 kg m™ a™') S4F15 @ Bk & (0.32—0.51 kg
m™> a™h) PO (AR R AE S P PR B AR L R B BRI MR 52 (A > C.G B> LT)
], BRIEAE TG # 0FR 0 B 8 LX R LN PSR E AR ISR, 2 T AR ok i e T v o il S B =
RS SRR R SR IR T P K S BB AR B o P R B AR B M B K AL 3R (0—15 em) , HiE
B NAEE S HENR B AEAE, LA S RUK BRI, 1952 [ R B8 7 AR R 5 b 7 op T 3 Ak B b B Kk v R4
H TR (15—20 em) , B IUE B IE AR RERRVE LT , B AME KA 2108 (AR il ki) |, S 80H:
[Pl e A 5 A 2k A v 1 3 A B8 W BB Tt 35T ey | K i — 2P BRI (20—35 em) , A 3E & T A
BER N VR A B RB R R T, HIg AN A BE e AFBE [ e 58 45 B0 08 | 1 0T Biash Y8 0 [ e (1
T 108 TR v ) 0 A A% S

X 5 R AR B R B I L 77 11 (0.57—1.10 kg m ™2 a™") 5 B AR Jb A e e 2 246 7 1 (0.6—
1.4kgm?2a™) " 4H—3 {H C .G FILN(0.57—0.68 kg m™> a™ )AL HF FRAE, T LT 5 1X(0.92—1.10 kg
m a”) R BRAE, HLRE T A AR R I R 7 7 (1.0—1.5 kg m ™ a™) PP R BRAA ; AERE B
85 (0.24—0.52 kg m™> a™") J5 1, {A LX #d H [6] Fofi AR 9 4 2 [ 6 (0.49 kg m™> a7 )™ 6.1% ,1X FlI
LT i 5t A BRA A A BBk (0.41 kg m™ a™') PV 4.9%—26.8% , #CRAF K (1L 2 FhJEEA BT ARIEEE (LT A
LX) 7 Ja8 - H 25 [ s 75 B R AT R T DAY 136 B T T A 8 2 4 V2R D) o i (K 1 e AL VR VS A
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