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Abstract; Wetlands play an important role in global carbon and nitrogen cycle. Revealing the spatial differentiation of

carbon and nitrogen storage in high-altitude wetlands is helpful to reduce the uncertainty of carbon and nitrogen storage
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estimation. Relative growth equation method and carbon/nitrogen analyze method were used. The ecosystem carbon and
nitrogen stocks ( vegetation and soil) and their related environmental factors ( water level, soil organic matter, total
nitrogen, and total phosphorus, etc.) were measured synchronously in six natural swamp types (tussock swamp-C, reed
swamp-L, shrub swamp-G in the lower part of the lake water gradient and larch sphagnum bogs in lower -LNx, middle -LNz
and upper -LNs habitats of upper half terrace water gradient) distributed along the water gradient ( the water level decreased
from 23 c¢m to =20 cm in the growing season) in Yuelangwan subalpine wetland of Changbai Mountain. It aimed to reveal
the spatial differentiation of carbon and nitrogen storage capacity along water gradient and its formation mechanism in high-
altitude wetland ecosystems, and explore the coupling relationship of carbon and nitrogen at vegetation, soil and ecosystem
scales. The results showed that: (1) vegetation carbon storage (2.95—59.94 t/hm’) and nitrogen storage (0.044—0.733
t/hm’) were constant in the lower part and increased in the upper part along the water gradient, so vegetation carbon and
nitrogen were strongly coupled in the horizontal space. (2) Soil carbon storage (252.05—436.86 t/hm’) and nitrogen
storage (10.96—18.06 t/hm*) showed a double decreasing pattern or tussock swamp and larch sphagnum bogs in 3 habitats
were significantly higher than reed swamp and shrub swamp along the water gradient, so the coupling of soil carbon and
nitrogen was weak in horizontal space. However, the coupling of soil carbon and nitrogen storage was relatively strong in
vertical space, and there were two types according to whether the vertical change trends of carbon and nitrogen storage were
completely consistent ( fully coupled type (G and LNz: soil carbon and nitrogen vertical change trends were completely
consistent) and fundamentally coupled type (C, L, LNx, LNs: soil carbon and nitrogen vertical change trends were
obviously different in the surface layer) ). (3) Ecosystem carbon storage (258.35—464.89 t/hm”) and nitrogen storage
(11.05—18.21 t/hm*) showed a decreasing pattern in the lower part and a constant pattern in the upper part or tussock
swamp and larch sphagnum bogs in 3 habitats were significantly higher than reed swamp and shrub swamp along the water
gradient. Therefore, there was a strong coupling of carbon and nitrogen in the ecosystem ( complete coupling in the upper
part and weak coupling in the lower part). Soil accounted for the majority of carbon and nitrogen storage of the ecosystem,
and its proportion decreased along the water gradient (87.13%—99.28% and 95.98%—99.74% ) , while vegetation only
played a secondary role and its proportion increased along the water gradient (0.72%—12.87% and 0.26%—4.02%). (4)
The main controlling factors of carbon and nitrogen storage of each component of the ecosystem along the water gradient were
different. Carbon and nitrogen storage of vegetation was mainly inhibited by water level, while carbon and nitrogen storage of
soil and ecosystem was mainly promoted by soil total phosphorus. Therefore, the ecosystem carbon and nitrogen reserves of
Yuelangwan subalpine wetland in Changbai Mountain had obviously spatial differentiation law along the water gradient, and
the formation mechanism was that microtopography determined the distribution of plant community types through water
redistribution, and then controlled the carbon and nitrogen storage capacity and the coupling of the two. Therefore, the

integrity of such environmental gradients should be protected.

Key Words: high altitude; swamp wetland; ecosystem carbon and nitrogen storage; spatial differentiation law; main

control factor

Vb b T i b 5 K AR 25 R G I e A SRR B SR AR R R A S 2 R A S R SR
510 BB KRR T AR BT R MR B RE 2 G TE T R Bl R AR 5%—8% , M AE A
AER TR 20%—30% "0 BOHAE R IRORAEIR T HAT BRI (B DRAS I/ 0 0 e i AR R fk
A BURE D AR TR O i 2 S B e LA R s ) S R RO S B R b (BRI
W) AR ROR B M DRI, v T AR A% SR T et ot S (A B D2 30 AN i
1717 LB A% B aF AR BRIV

W AR AL 75 T A HLSTR A (A JRIOR) KTt (ORI itk ) i ARk R

http ; //www.ecologica.cn



18 41 BEHERN AR LA S g L A 2 AR G SR R T K o P s [ S L AL 7979

T b 7K DR S A5 B A s A 7 U I DL R A A - S A E 2 A AL T XA
SR A AR R 32U KOS AR SR S R P Herp il B RAR [ K iR P i AU
DRI TR AT B A 0 3 e 1 I BIURS i 2 R A AR A 7 R R B BB B A
AERE K AR 22 R T KA N B, B U AT, IR HLSE i 2 5 B2, AR /K k1 o 42 B AR
R KSORBR I ZR SR IR S 15 5 0 3R VR 3 AR BRI N M A TS R G
(LR AR AT RE 2 L K SCI AR S R S AR ) R 1) SE R AN 5K R W) R RTE 7 ) A0 A B 1 4
ik Jm ) o B SR R B A DL R A W Aot B M v A BILBR 1 2 AR B A A7
A AR WA A58 3G A VPR B T A AL ) R 2 R 5 i Y b - 39 BB i A
(RS B AN A3 RO TR e R A e R SRR O 5 e SR | R A A A B i
SR LA LB b T R L B S 2 A M BB 3 2 DDAH DG, B R R AT AL A R

Bl JE i LA LR AT B SO R M R WAEAR A REAE O it 3 e 9 K
A 7 0 2 A2 Ui A A T MR b K SOIR B /NS AL 7T R R s A 0 3t Bk A0 27 AR B 2R 1 8 i) 5
PR RS RIS R S A SR IR Y R R B R 22 S, AN, IR AN RE RS A R0
PR, WA DIA R R A AR IGE R A RPN BIEA M IT R, YW CO, #1706 & 1 Bt
AT E WIS 5 R LA AR A DL, 3 AR A ML AN 3 Pl 3 L) — 2 LU E ) | BRI A A
B A 7 R L SRR A SRR B G B R, 5 o R R A R R R AR IS s B SR AR AE B DR
PR IE AN, AR T R S B A A AR SR AR R LS A R 2 AR
2 N P BURHE B R AE S RGIIRE ™ R, BF ST M AR AU 11 5 8] 43 S ML R OB L
i HA T2 A PS A (E A SRR (EARSCRIFTEATIAR A L, SOAS BF 0K B R S Mt Ay — A T Y
A, DU i U AT AERR S SR IR

1o VAR T DR AR TR A ) T B SR T A7 AR e T A2 DX v S M A A AU, T T
A SNRHE ORI S AR AL 55 07 T A HE A T AR AR AL A5 R 18 3 B v AR A AR Jmy el 2 T
RE XTI B o ™ A IR AR G T A (B U T T BB A A T A v TR R M B A
A B TFRA VGRS TR SO R o BeAh , 7K 736 HE o252 M AR ) 2R 4 A e B SR e [ 7E )
JERPRIZR S T RS SRy R U i 1 K A3 AR s ) A3 S R T R A R i v I Y
SR A ik B K S0 S ST T B A 5 TSI A 0 VG 1 I 5 L1 9 SRR -4k B K o ) L R AR
FEFIT B R 11 LI 525 L BB U i 7K S PR IRE A FEE LA oy 5 i) 43 S ML SO ML) I A7)
ANTEIE R R RAE SRR AL 57 T I DI RERe e 5 R Bk = A0

ARSCUAR A S 085 123 i 7K o B AR 3 1) 6 Bl R IRTAPE IS BN AP XT 4, iod I 4598
R A RGe R (RGO 1398 ) ROLARSCERSE I 1~ (O b A HLBT W WS , ka5 1R
PRI A 25 AR SRR\ RANEAT RETT , 48 7% L St 7R o A6 B2 114 225 8] 70 S R S IR U BIL AR , O R - A E A
B HIEAESRGE ARG IR, LU D AR AL = L a4 B T AR SR A IR

1 MREXBRERRAE

1.1 WS I

S DX 37 T AR R T LR X T AR Ry B R T PR3 (42°1475.027N, 128°12749.8"E) , Wi 3k = &
1110m,, ZHLIX HAR T | S A iR S i Rl v 22 A . — 4R ] SR AE-19.16—20.13°C Z [A], 4
RIS 3.7°C . AR A B K EETE 9.77—193.94 mm Z i AR FEAE T E] 6 58 A 4ERRK
T2 767.3 mm,, WFFE TR A A T 52 R L bR T SR A e A TR A, 67 T Ll IR A AR AL,
S F KL T RS 1 3 25 1) 1 5 2 i BT I i), B2 RS TRT G 4 1000 4F 2845

TF 5 DX PR A 7 s 2 AR PR 5 ) 7 VA Yt v (90 328 0T 2 B B A, AR UK R B AVR B P S B ENVA

http ; //www.ecologica.cn



7980 xR 44 %
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Table 1 Stand characteristics of three forest wetland types in Yueliangwan subalpine wetland, Changbai Mountain

. s W v R S A Mg Az3E
1B Hh 2 ) Fifr FRiB Stand d;sit y Basal area at Average Range of
Wetland type Tree species Stand age/a ¥/’ Y breast height/ diameter at diameter at
( ) (m?/hm?) breast height/cm breast height/cm
LNx &AL Larix olgensis 70 483 1.98 5.86 2—25
LNz JEMHA Larix olgensis 110 583 9.33 12.24 2—36
LNs TEMAS Larix olgensis 120 550 19.61 17.14 2—350

LNx: T #BA: 55 75 M 8 sk #3733 Lower habitat larch sphagnum bog; LNz, ¥ AE 55V M #A R 5B VR Middle habitat larch sphagnum bog;LNs
L ES TR A SR BE VR R Upper habitat larch sphagnum bog

®2 ARBISUEMIEKSEEESME 6 iRt BB A IR

Table 2 Soil physical and chemical properties of six wetland types distributed along the water gradient in the Yueliangwan subalpine wetland

NN N + e B LT : : "
A kfi R PR A = AR
Soil Organic matter/ Total nitrogen/ Total phosphorus/
Wetland type Water table/cm pH
temperature/ C (g/kg) (g/kg) (g/’kg)
22.93+3.27A 10.88+0.24A 581.33+£7.59A 14.23+0.37A 0.71+0.05B 4.63+0.01C
16.53+2.55B 8.75+0.86B 575.16£13.73A 11.16+0.17C 0.68+0.04B 4.72+0.05B
1.48+1.52C 10.64+0.21A 357.17£9.98E 8.73+0.82D 0.54+0.09C 4.95+0.05A
LNx -3.40+0.96D 5.66+0.11C 549.52+7.98B 13.06+0.73B 0.87+0.13A 4.72+0.01B
LNz -9.03+0.6E 5.42+0.26CD 509.17£6.11C 12.45+0.83B 0.88+0.06A 4.63+0.06C
LNs -19.67x1.72F 5.15+0.08D 482.90+5.90D 13.09+0.50B 0.92+0.06A 4.56+0.13C

C:BNBF Tussock swamp; L P ETBF Reed swamp ;G #ENTBF Shrub swamp ; K5 F-HE AR IR ZEHIIA5E R F 22 57 .3 (P<0.05)

1.3 w0

TRARZAYRDE RN A KRR, X bR P 075 >2 em AOMOARIEFTREACKSE R, SR )5 18 3 45
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Germany) il 1300°C TR0 5 25 A 8% 2 B9 AILER 5 i, 18 2L AW 70 BT AQ400 e )2 2R S, K4
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Table 3 Relative growth equation for the dominant species Larix olgensis of coniferous forested wetland community in temperate Changbai

Mountain of China

Tyl Eib A iR 2 Wtz d5 R/ em
Species Component Biomass equation Range of diameter at breast height
SNEF-ILpA R W=0.0243D7 0.9957 1—80
Larix olgensis PR W=0.0024D>%12 0.9942 1—80
R W=0.0021D>%* 0.9935 1—80
Rt W=0.0012D%8" 0.9951 1—80
R W=0.0267D>%'8 0.9944 1—80

W. 4 Bi()mei:s‘s;D;H/liU@;< Diameter at breast height

1.4 TIERRAUE S E

FERESBRIBERE 0 LA i SR SR 3 A L3I, 395 JT (100 em® ) 7E4E IR 20 em £F 2 —HURE
JEHEATHORE | B TR PSR SRR IR B S R BT . E R A 2 (0] 92 30 % 7R LA 105°C T 4L+, Il
HAEssE, W12 502 500 g AR ARG A M 9280 % KT R BUE H PR T 2 mm AR Rl
EAJETE T0°C T HET  WHE RIS 1Y 380 2 mm 3880 A5 3 R AF R IR b 07 gl A DL 7 4
Ao R R AR A Pk . Fe— )2 | B PR (SOC, , kg/m®) Y I THEE 2

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

A, Co 3R A& E(vke) DN EIERE (g/em’)  EHEZIEE (em) |, 6, M EHAKT 2 mm B A BRAT
IR 3 e (%) o IR Rk JRZE A, IR 4% T RR 25 B2 (SOC, , kg/m?®) TR, I AR R J7 ik
TR

k k
SOC, = Y, S0C, = Y, C, xD, xE, x (1-6,)/100
i=1 i=1

1.5 Hdnabrg
SCHERE IR Excel 2010 F1 SPSS 22.0 #4748 415347, FIH Origin 2021 1R, 38 B 2 2557
BT (one—way ANOVA ) FllfRz/N 2 22 515 (LSD) 43 A AN R 21 0] 9 25 M (a0 =10.05) o I FHZ 5038 8 [l X A
BRGAS A orbre At 5B F ORI H AP 2R 20 pH) FOCRIFAT /087, i ik 3
S AT,

2 HRE5SH

2.1 AHWIR A R K 0 BE 25 [R] 4 S

W 4 Fion, A28 W s iR 6 FhA BRI LRk | U0 A e 0 25 Sk . A Wik 6 o 40 A 76
2.95—59.94 tv/hm® JCrfr | A 575 AN R A B TH A (LN ) AR 4 B fifh ke e (Wb 3 o T LA 5 AR H R8T
1.7—19.3 £%,P<0.05) ; " &EBAE B vk i WA YR A 8 ( LNz ) VEPER (3 v T HA 4 PR R 2.0—6.6 £%) 5 T
BRA: I3 T AR Y A B VR R (LNx ) SRR (G) T FIREE (L) FAEEE(C) BEAR AR . HA A i
S AFE 0.044—0.733 v/hm?, [RIFEA LNs FOAEBY 00 i e e (S 38 v LA 5 AR B2 2.0—15.7 %) 5 LNz
e (B T A 4 BRI 1.7—4.5 %) s Hofh 4 FPEPEEA (LN G L A1 C) ¥R HAR T, Wk, &
FI LA SE 8 R Ll 6 FhA 2B AR i R R /K B B Y BB TR B (1 C = G) e K B

http ; //www.ecologica.cn



7982

44 %

LNx 2 LNs ) 323 i) 2 A UM | S8CHAR e i 2t AN Ut i 7K F 23 8] B A7 AR AR S 1

wetland, Changbai Mountain
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Table 4 Vegetation carbon and nitrogen storage and distribution of six plant communities along the water gradient in Yuleiliangwan subalpine

bR EIk 1EHbZAY Wetland type
Item Layer C L G LNx LNz LNs
Y/ (/hm?) Vi N 5.81+0.50C 38.51+5.37B 115.77+23.89A
Biomass MEA)Z 4.78+0.2A 2.88+0.64B 3.01+0.23B 3.55+0.27B
LV N 4.63+0.15A 4.91+1.32A 5.32+0.94A 4.67+1.24A 2.13+0.25B 1.92+0.51B
iz 2.05+0.16C 3.18+1.06BC 3.96+0.13B 3.38+0.35BC 4.44£0.95B 7.04+1.17A
T 6.68+0.26C 8.10+1.6C 14.06+0.97C 16.74+1.27C 48.08+5.06B 128.28+24.7A
&R/ (g/kg) TR 472.371.10A  472.65:2.25A  466.94x1.10B
Carbon content AR 461.64£6.74A 461.64+6.74A  452.6+8.16A 438.09+22.68A
EVNFS 440.86+9.6A 439.84+7.19AB  440.28+5.88AB  444.03:£12.03A  431.51+1.17AB  424.64+12.67B
RyE 2 442.04£3.28A  438.16+14.66A  435.90:2.22A  431.86+8.96A  435.98+9.94A  440.24x5.79A
Mt 441.45£3.60A  439.00+10.50A  445.94x3.97A  452.48+476A  448.18x2.23A  442.48:8.18A
A%/ (1/hm?) Vi 2.72+0.27C 18.26+2.55B 54.41+11.08A
Carbon storage HEAR 2.2120.12A 1.25+0.35B 1.34£0.15B 1.59+0.08B
BAZR 2.05£0.08A 2.1820.62A 2.350.41A 2.10+0.56A 0.93+0.10B 0.82+0.23B
KW 0.90+0.09C 1.410.45BC 1.730.05B 1.49+0.14BC 1.96+0.48B 3.11:0.51A
i 2.95+0.15C 3.58+0.76C 6.30+0.48C 7.5620.61C 22.50+2.45B 59.94x11.5A
SR ViR 36.02+0.02 81.0120.03 90.62+0.01
Allocation/ % AR 35.22+0.02 16.7620.05 6.01+0.01 2.74+0.01
BiA SR 69.520.02 60.78=0.11 37.19+0.04 27.53+0.05 4.16+0.01 1.4240.01
HEDZ 30.48+0.02 39.220.11 27.590.02 19.69+0.02 8.810.03 5.22+0.01
AR/ (g/kg) PR 9.24x0.85A 9.14x0.91A 9.20+0.85A
Nitrogen content AR 5.52+0.32B 5.69+0.20B 5.96+0.50B 7.00+0.44A
HAR 7.04+0.5CD 6.6+0.21CD 7.50+0.98BC 6.18+0.39D 8.26+0.59B 9.63+0.85A
iz 5.85+0.22BC 4.98+0.24C 6.68+0.42B 5.57+0.37BC 8.72+0.79A 8.05+0.77A
i 6.45+0.15BC 5.79+0.22C 6.56+0.40B 6.67+0.32B 8.02+0.69A 8.47+0.38A
AR/ (1/hm?) i 0.032:0.007B  0.175:0.048B  0.6360.129A
Nitrogen storage N 0.021£0.002A  0.012:0.002B  0.014x0.001B  0.021+0.005A
B 0.032+0.011A  0.03120.003A  0.038+0.003A  0.027£0.008AB  0.017+0.003B  0.018=0.005B
RyE 2 0.012+0.001D  0.018+0.005CD  0.03x0.001BC  0.019£0.006CD  0.035+0.01B 0.0590.015A
B 0.044:0.011C  0.049£0.004C  0.088+0.005C  0.090£0.017C  0.241x0.057B  0.73320.144A
SYBLLL/ % Vi N 35.33+0.03 72.24£0.05 86.56+0.01
Allocation N 23.38+0.01 13.83+0.02 5.93+0.01 2.89+0.01
BIAZR 72.3120.05 63.87+0.09 42.80+0.01 30.2020.07 7.21£0.01 2.55+0.01
&R 27.69£0.05 36.13+0.09 33.82+0.03 20.64+0.03 14.62+0.03 8.00£0.01
C/N Iy 68.48+1.36B 75.812£2.36A 68.13+4.86B 67.93+3.34B 56.16+4.65C 52.28+1.57C

[EIA, AW a6 MR A gk A E e 250 Ao S AR 6, BEATE A
TRPEIIRE B A Y DL A2 53 (60.78%—69.52% F1 63.87%—72.31% ) , T 75H 5 LA ; TR P&
B AR ABEAR R B 3 (72.41%H1 66.18% ) , JA7EY) 5 LA Wi kb T b v 36 3 252k 85

%

i

() RS JE S S T PR AT BRI — I AR AR 2 3, B AR )2 7 LW 7K 4366 B S e B A o 8
6 TR RIS (A Bl e | UM o — RS DA LA A 2 o R (X G A RE Rl RN et AT R 2 R A 2
L[] (5 L), Uhd B AR DY fe fih £ A RUNG B 76 T L5 1) AR AE A T A
2.2 IEBRAAG R K S0 R A 0] 4 S R

N 5 PR, 5205 LR 6 FhiE PSR - etk | R A A B 35 22 ek . G - SRR A A A
252.05—436.86 t/hm’® , Hoi | b F 7K 20 6 8 2 BEAY LNx LNz A1 LNs 2% i T HoAth 3 FhiE 326 22.29%—
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73.3%(LNs 5 C Z5MEAREEFRIM, P<0.05) , H LNx 23 & T LNs 7.9% ,LNz & F LNs 6.5% , B4 I 535 i
G T TR B C LA G ARG, HoR ARV 25 5 T 5 TR R AR (22.0% 11 60.4% ) , 71 5 1H
BB B TR (31.5%) , 201 S (R as sk B A 1 ACEL A 0 i e T /K oA B R 8 X0t D 7R ) A8
EHAERYE . T AR MR TE 10.96—18.06 t/hm?, JiHT LNx LNz LNs FIB0 A TE 26 5 35 8 T2 25 VR I A
NIRPE 55.2%—64.8% , HLPT 25 R PR FIVE AR 8 22 18 LA K B VU & 2 18] 0 22 S O B 3 diOH: 3 R f B v
IR A3 B S B LR RONTR RN 3 A 858 b 5 It W Ui o B8 VA 3 B 3 1 T S VR B VR R R AR A I A
PRI , H: A S i B N AU B e /K P25 8] RS A X 3555
®5 KAUASBEIE LB KSHEST 6 HEYEEN L EBEERERENE

Table 5 Soil carbon and nitrogen storage and distribution of six plant communities distributed along the water gradient in Yueleangwan

subalpine wetland

fatbs FERE/ em B2 Wetland type
Item Soil depth C L G LNx LNz LNs
HIAT/ (g/em®) 0—20 0.07+0.01Cd 0.070.01Ch 0.0620.01Cc 0.100.01Bc 0.09+0.01Bd 0.1220.01Ac
Soil bulk density 20—40 0.08+0.01Bd 0.08+0.01Bb 0.09+0.01Bc 0.1320.02Abe  0.130.02Ac 0.1320.01Ac
40—60 0.10.01Dcd 0.06£0.01Ec 0.2120.02Ab 0.140.01Che  0.170.01Bb 0.1320.01Che
60—80 0.11£0.01Cbe¢  0.090.01Ch 0.7020.04Aa 0.1520.01Bb 0.17+0.01Bb 0.17£0.01Bb
80—100 0.13£0.01Db 0.09+0.01Db 0.7020.03Aa 0.66:0.05Aa 0.4020.02Ca 0.58+0.04Ba
100—120 0.59+0.04Ba 0.69+0.02Aa
T 0.18£0.01C 0.18£0.01C 0.3520.01A 0.24+0.02B 0.19+0.01C 0.22+0.01B
WaE/ (g/kg) 0—20 401931252ABab  417.254¢3.25Aa  387.45£10.95BCa 375.43x11.41Chb 371.67£21.98Ca  372.40+8.37Ca
Carbon content 20—40 408.40£6.32Aa  408.45+1.55Aab  380.07+3.21Ba  368.77+18.34BCh 360.13x11.12CDa  349.67+7.59Db
40—60 380.00+12.90ABc 401.37+7.44Aabe 244.37:42.48Ch  416.57+4.56Aa  388.20:3.05Aa  345.60+22.76Bb
60—80 406.83£14.60Aa  386.08+21.10Ac  13.68+1.58Cc  411.27¢9.26Aa  314.60+24.80Bb  299.33+5.86Bc
80—100 383.80+15.67Abc  397.97£10.59Abe  10.31:1.58Dc  21.70£1.68CDc  42.11x4.54Bc 33.53+3.32BCd
100—120 20.73+2.21Ad  12.0622.75Bd
TP 333.6247.97A  337.2%4.40A 207.17¢5.79E  318.75:4.63B  295.34%3.54C 280.11+3.42D
Bfit /(1/hm?) 0—20 56.57+1.98DEd  60.35+7.13CDa  47.96+3.87Fc  75.4+2.66ABc  67.735.85BCc 85.46+9.20Ab
Carbon storage 20—40 63.88+5.99Bd  67.270.53Ba  66.95:3.09Bb  92.08+12.66Ab  91.65:14.87Ab  88.87+7.62Aab
40—60 71.87£2.35Ec  49.91%3.70Fb  103.51211.24Ca  118.09+5.04Ba  132.48+3.25Aa 92.4246.21Dab
60—80 88.43£4.97Ch  68.51x4.72Da  19.274#2.56Ed  122.65:7.47Aa  105.67+6.25Bb 99.45+2.54Ba
80—100 99.29+5.47Aa  68.65%9.04Ba  14.36+2.05Ed  28.65:1.99Dd  33.73x1.82CDd  38.756.51Cc
100—120 24.35£2.24Ae  16.69+4.08Bc
it 404.37£13.50C  331.39£9.27D  252.05+11.88E  436.86:16.47A  431.2710.84AB  404.95:22.87BC
Aa/(ykg) 0—20 14.68+0.44Ac  10.91£0.57Bc  14.92+0.44Aa  14.29:0.77Ab  15.07£0.99Ab 15.48+0.80Ac
Nitrogen content 20—40 16.38+0.07Bb  11.87+0.50Dc  15.580.30Ca  17.86:0.44Aa  17.3420.54Aa 16.52+0.44Bb
40—60 16.970.88Ab  12.84+0.24Bb  12.86+0.65Bb  17.31:1.00Aa  16.24+0.99Aab 17.51£0.41Aa
60—80 19.75£0.94Aa  16.210.48Ba 0.41£0.07Ec  16.98+0.75Ba  11.87+1.51Dc 13.890.08Cd
80—100 18.681.02Aa  15.870.95Ba 0.2320.03Dc 0.55:0.29CDc  1.38+0.25Cd 0.37£0.11CDe
100—120 0.19+0.04Ad 0.25£0.13Ad
S 14.44£0.13A 11.32£0.20D 8.8020.09F 13.400.16B 12.38£0.69C 12.76+0.15C
AIHR/(/hm?) 0—20 2.0720.15Ce 1.57£0.12Db 1.85£0.15CDc ~ 2.88+0.28Bh 2.74£0.21Bc 3.56+0.49Ah
Nitrogen storage 20—40 2.56£0.25BCd  1.96+0.09Ch 2.75+0.20Bb 4.47+0.68Aa 4.4120.67Ab 4.20£0.33Aa
40—60 3.2240.38Cc 1.6020.16Db 5.48+0.26Aa 4.90+0.26Ba 5.5420.24Aa 4.68+0.10Ba
60—80 4.29+0.31BCb  2.88+0.21Da 0.57+0.09Ed 5.06:0.20Aa 3.99+0.48Ch 4.61£0.05ABa
80—100 4.830.34Aa 2.75+0.48Ba 0.32+0.06Dd 0.75£0.43CDe  1.10£0.15Cd 0.42:0.09Dc
100—120 0.23£0.06Af 0.3420.18Ac
Bt 17.21£0.48A 11.090.74B 10.960.34B 18.061.51A 17.7820.47A 17.47£0.44A
C/N -y 23.35£0.47B 29.46+0.84A 23.5420.43B 23.79+0.63B 23.91+1.33B 21.96x0.47C

A NG F R N 2 025 53 83 (P<0.05)

TEFE E2S 0] [, NIEPE HENIRPE LNx 1 LNz Bk fif i Bl )2 R B 386 i 356 3% (€ 7F 20—100 em + 3%
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J2,J5 3 HHE0—60 em +3EZ) ; AT EEVREEM LNs Bl )2 TR EE RSN FEAH 2 (L 7F 0—100 em +3#)2  LNs 7F
0—60 cm +IEJZ) o 56 FhIRPEETY ) - HERR A 2 10 T ELOM TS SR A7 AE 2 P2 AL (38 A (C .G \LNx \LNz) I
THAERI(L FLNs) ), ZAEE S, FAATEE BEAEEE LNz LNx F1 LNs ZUfif i il 2 IR B i 344 ( C 7
0—100 cm 32, G Fl LNz 7£ 0—60 cm 32 LNx Fll LNs 7£ 0—40 em +38)2) ; 2 HPERE 2 RN
T2 B b (0—100 em T4 ) o 6 FVEEEEAY By T HE AU 5 1Y B0 A A% R Rl REAFAE 2 Fh S8 (s
A (C .G LNz, LNx LNs) FIB AR (L) ) . Rk, 6 FABER T H A & CRIEAR, Kb, 6
A1 LNz B 4 Senfig AUk i 0 A $ ot & — 808 T &A1), C L LNx  LNs 4 365 i 5 A
AR BRI R ZA AR (8 TREARG ) .
2.3 B RGREE T K A 18] A S

W 1 AR, H 22 s e 6 FR RN A S R Gk A6 e & 250, HAESRGm
B A TE 258.35—464.89 t/hm”, Hib  LNs LNz Hl LNx fiz i (2508 T HoAth 3 FiE3E 9.19%—79.9% , P<
0.05) ; FEANEEFE S (BEET LG 21.6%—57.7%) ; B 25 H B AR (R 2 & THE B PE 29.7% ) HE
TBEEMIRAG, WO AR RGEWAGE T K B B R B0 T 2 B Jdi A [ B e i AR e A . HAES RS
RAEEIIAELE 11.05—18.21 v/hm? , Hodt  LNs LNz  LNx FIHEA TR 25 5 T 25 T P A ANE % 54.8%—
64.8% (P<0.05) ; 7 25 TR AN AR B BR BARE . OHAE S R GE AU S TR /K G000 B 52 B0 FE AV RN 3 26
A3 T T IR I A B VR B R T SR TR R A TR R AR AR, AR RS R G Rt AR AT

C ] 4 [ #im

100 [— — — — — — 100 (— — — — — —
© ©
300 S | 30 S
gm 80 gn 80 H
8 60 5 60}
2 2
700 = gl ST
20 H 20 H
o | o
600 0 === 0 Y
SEEREEEEECEE SR
2 4 5 24 4
. A
5 ~ 20}
= A B A A
500
s A A T g A T T T
% T I I g T l
£ B T g
] T 3
g 400 T 2 15t
£ c 5
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= 300 D i T T
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Fig.1 Ecosystem carbon and nitrogen storage and distribution of six plant communities distributed along the water gradient in
Yueleangwan subalpine wetland

C:BENHPE L 2H P G HEH PR LN R BRAE SR V8 AR Y 5 BEVH 6 ; LNz . Hh AR A 158 7 AR S BETH 1 s LINs - bR AE S T A e A B2 T
P ARIRE FRFORA R A S R G ik RSB 225 3 (P<0.05)
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BRI A E

[, 33X 6 FVEFEISRIA A5 R Gehie AU i 1 40 BCAs R A R ASR], C LG Al LNx P42 745 R Ge kit 1 247 LA
SRR i 7 LT A (97.569%—99.28% ) AR i LUK /1N (0.72%—2.44%) ;1 LNz 1 LNs # A=
RGBT L SR i 5 L7 (87.13%—95.04% ) , (H W5 3 A A Bl b fidi 12 o Lo 204 %5 KR 1)
FETF(4.96%—12.87%) , Ut BHIX P2 A= BF I (A7 P e e S5 TR P AR B [ Ve TR o, . A S RE A
it Y DL R i e A XL S A (95.98%—99.74% ) , M #% AUM 1k o LR /1N (0.26%—4.02% ) , U LNs
PR 1 U0 1 o U 5 (4.02% ) , Hofth 5 FPRPESEAUR L 2.0% (0.26%—1.33% ) .,
2.4 BB RGWREM K B2 (8] 50 S R T

W 6 Frs , H 575 0 i LU VH BRI b 25 21 2Rl fih 12t RN 0B S VS 7K o B 2 Tl AR i 4 I AN IA] 3
PR B i it 3 B AZ KA AN pH Tl , 38R B2 i (i a0 |, = 38 6 AR 2 1 i B RAR Kl 62.8% . 13.09% F16.5%
LA AT A 3 pH 00 R A S R AR S il s ARt it o 32 A IR WA HLST T IR | T iR
HAFZN) 67.5%F 14.3% , LLWEE R 3 s AR RGuhehf it £ 252 TR 2w T 0238, pH Friil | w024 ml ff B
HAR =Y 78.3% M1 10.5% , LW A

B A et SR A2 KA RN pH BTl - I R i A | =38 AR 2 1 1T BRIl 59.0% (15.2%
H110.1% , B LKA A 32, pH 00 R0 39870 R 02 0E Sl 5 - 38 U0 B RVAE S R G AU i 38 2 R i Fn
SRR, HAHE T R P A8 251 65.8% F1 66.4% , 4 FANREM R P 78 2500 11.1% 1 11.5% , i H + 8
Rt MAES REAM R U T, B, K A L 528 W 1 7 AR Bl B fith e N /UG v
IR A3 BE 25 1) 43S 2 A2 KAt BT AT Al LG 39 R A 25 2R 0 (R i 1 PN U e 38 32 52 - S s T i it

X6 ARBETSLEMBREARESHEETFHES ZTLERIFSN

Table 6 Stepwise multiple linear regression analysis of carbon and nitrogen storage and environmental factors in Yueleangwan subalpine

wetland
——_— Kb AL 2R £ 4
Ca;bon and Eistn Woter Organic Total Total PR Soil R R p
. ) Item table/ matter nitrogen phosphorus pH temperature/  Intercept
nitrogen storage able/cm
¢ ¢ /gke)  /(gke)  /(gke) g

Tt i BT i B -1.524 %% -91.996** 4384  417.992**  0.823 <0.01

Carbon storage + et A 0.351 *** 305.430 *** -36.196 0.818 <0.01
ARG 291.395 ***  -266.301 ** 1422434%*  0.888 <0.01

it 08 R ffh 2 -0.019 *** -1.272%%%  0.066* 5.706%**  0.843 <0.01

Nitrogen storage T A 0.693 ** 10.696 ** -1.221 0.769 <0.01
AR RGE AR 0.670 ** 11.871* -1.628 0.779 <0.01

+: P<0.1; *; P<0.05; #*; P<0.01; #*= . P<0.001

3 HFigbGiig

3.1 R BB AU I K 3B RE A5 18] 43 S AL A

KA WH e LA PR R R R R o B 3 B 2 Bt g S b Brd S LA s HLOH
TR U A K25 8] B AR A . X AR AR PRI T O 22 e AR P A
B Aok ¥ 7K 0 JEE T 3 AN — 2

B U5 T A P M b /K SRR B0 % S 742 41 0 A 2 e 200 SR 7 A AR A 0 {1 b ot 9
A A REVE B EREAFRE IR S T T 1 it T2 Pl 396 0 B e 2 1) L 79 2 1 ol 34 403 i
0 JERBUK AR . 4 PR IS R K 43 PREE, JF G LR T-AF R0 LT B RIS i
R R W AR o A M SRy, — 2 1 OITE PO 22 R AR A R RE AT I P SR TR PR ANTE MR PR | DR i B A1 %
IR (32 2) AHYIREVE S5 TR 50 (B AR Z BUTRARJR ) ML A B B o — 2 A B R =
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1 AR IR A A 1) 3 PP AN e A B VR ( LNx— PP AE 3R AE KON R LNz— P A 5 A K S5 F0 LNs— B 2R 3%
AR R R E BRI (AR Z JERIZATRARZE ) | B 32 8 T = R A AR (3 2) |, TV A A o
TE AN AR R AR 25 S0k 0T SO R B AU Gt i R B AL . SRR T 6 B R A B A )
ST KO0 BE SR 2 BefE s B b2 B A | 2 R Bl m 1 O W 25 S, M R R R K A
A 2 3 e A e R S R A i OO Bk | R A U K 0 B R A AR R 8 4 — B, P A AR SR
aH,

AN, 6 BhyE R RUAE R A (2.95—59.94 t/hm? ) 5L )7 FRAK (40—64 v/hm? ) 7V M FL, 48 K2 H0R B
AR S T H T FRAER 7.4%—56.3% A1 LNs $z238 H PRI (93.7% ) ;1 4% A it it (0.044—0.733 v/hm®) 55
T ML BET- 25 AUAE 2 (0.38 vhm® ) YA LL , 2 BRI 24 T %06 89 11.6%—63.4% , U2 LNs = T2
LA BOH 28 W LR X 6 FRVA SR AL LNs MR BRI  RUE A7 RE s
3.2 HIEBREAEE YT K SRR EE 2 ] o S

R P UL 2 12 S 7 1t e s B T /K s S5 00528 i R AR AE LA | 3 5 B B AR IRk B T K
FHLIR T ARARTR ) FEIR T K420 PRV B> B 75 55 J T BRI b - AR A i 1 K 43 B St 3o
WA AN H A R B VR K SRR B S R VRN 3 A B L VR A TR A B VR R B S T
TR TR B A AL R | 0 - S 2R i 22 ) A A M AR X 455

T IR T8 TR AR AL RERS 15 Tk R K S22 51 K St AR 2 R A ) 2 R A SR AR 10 ) i+ e
AWy R A2 R IR R A A AL R AR T RO TR - R AR H ST R M b T
BERFIR (IS 2 B b ) % T JEC I b ol 348 30 ¥ T v, SO0 ot U A TR BROBUK 3B B, XA C LR G
T S 34 A & LNx LNz F1 LNs ¥ [ Hiu 3o b 3501 B 1 7K 43 B JBE AR VR 43 A (T 22K AR I £ 22,93 116.53
F11.48 cm;-3.40,-9.03 F1-19.67 cm) (£ 2) . BEE b P AKOLB W REAR , A U 0 25 (8] R [E]Z 805 0, 54
A 53 it R TR, 3R G 2R T ARG O SR B A R s e T K 0 R L W A o A 2B E K
TR AR i A P R . AU W K B S RN TR RN 3 AR B YA A I
SBT3 T SRR IHE R AR LR R T R B L A S B R E RS
G AHIE (3R 5) , 1M b 2B LNz A1 LNs 1Y 14845 8 0 35 K T LNx, (45 =3 H e AUE AR, 100 0 b 1 48 K
SEAEALZ W T4 ] | 8 37 M S AR - R S5 T R 45

[ Fsf 5 1) L - S0 A T 2 [B) 0 S AP AR 3 0 ( C LG LNx | LNz) FE 78 (L F1 LNs) 2 Fp2EA i 5
EIYRE AR LB IR K I - SRR i e A 7K 43 B PP S b B o SR I v s AR AL, R TR
XK ZE R TEE 28 FRRED WK A 2 AR 20 B, RV 78 B 2R foK 5 JE B Kt 2 7= A KA i 5
IKAEAR B | S - S DR AR 5 AT SR PR B e e, 1T ol 8 b B A 0 A A sl O R SR R i e it 2 KR A o
2 LA R K L K IEAR T4 T4 (1987—2008 45 ) 1 FTHE (FRAR IR 0.46 °C/10a) " mbi
PR SR W A0t , BT S v 0 AR SRR ek /L, A e B S I R R T 3t 1 A A Al A
JE R B P EETREEAS E R R WTE T AR R SR R ARG st L RE RS HRAR K 3 25 B
RSN AE ARG 3 LNs Ab T S L3Rl X, ZoK A S /N AR AR TR SRR HUZ ', H e — 1
BAR, R 818, HR R A B R AR . & T e AU T 2 ) RS & VA7 e o8 i 5 A
(G Fl LNz 45 382 f RS b 3458 4 — 30 FIBEASF G 7 (C L LNx ,LNs (U R Z AR 20 IR, 5
VR4 3R R 0 R VR B R i AR (kA — 3, SRR C LR LNx KA 48 , K e A i IR
SBT3 7 A SR AR R, ST A 40 TR i R £ K IV A R A R A ) N, 0 BN, AR
kb, S B R Z R AER A LNs PRAD T o P de 30, S5 AR A K AT, P RT R ST 207 AR IR
F M - R R A BRI,

AR 3% 6 FiyE 320 1+ HERR i B (252.05—436.86 /hm?*) 55 T o 8 KSR AR 44 + e mfif i (109 v/
hm?) %7 2.3—4.0 f5, HIEAMHEE(10.96—18.06 t/hm*) 5 1@ Hi + IR S (1615 vhm?) P A 4R, B
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MIBRFERN 3 B g b 48 Je 2k 8 V8 P T2 6.6%—11.8% , AN 15 25 VB PR AN HE DNTR B 2940 24 Tz (E ) 2/3
(67.9%—68.7%) , WA F 1 H #2785 W = L8 i 1) -+ 398 — s 35 ELAT 5500 iR BB A7 RE T
3.3 BB RGRESE K A 8] S

A ST R LU 9 AR 2 R Ge e i e VK A B 2 T 2 B el R B E I AR L R AU
AR B ENVE RN 3 A 5% I 17 P e o 8 TR 3 v T S VR B A TR PR AR A A . EL
TR EAFAE R R AR AP (L SR AR A TR R 22 BR A0 ) o 3% 55 FE IR AT K 242208 FRAR TR B 0 T) IX G I 4 AR bRV
PED A S R Gu b it K o S R R sl Y R o A AN — 3K

TR A 25 2R G0 b R U K A B B ) AR Ak R AR M Bl S SRR R 0 25 T, 7 b I B T S
Wi 224 H VR AR AR ST I (ISR R B b ) 28 1k 3T T4 R A T R e R R R A SR 4 TR
Ffelt L S P M R A (B 8°—10° J B 40—5°) , AR RB 3 FBEEE(CLL A G) Rk
FEREK, 52K DG S5 M50 AN W 7K Sk P PR A8 ) 25 R RIS ) AR BRI 20> | 90 7 J2 W S 28 9, 4 S ¢ i Hk A1
1o il A I ol B i e A T A A S R R B A A S R G it i e bR A AL T R B 3 FhE
A U8 i S5 73 28 R L SRR XS 2% , 32 /KA 10 S A 5557, S fi e 110 38 Vol 4% 5 L 0 ki 1 1) 2o 14 2 B4 A
UECY M = RS RGN, T HA S R A R K AR AR R 3 8B LT
A A S8 TR R 00 2 R T 25 TR R VR R 1 AR AL R T 1) SR DL, R B TR S5 VR IR Z A 5 R PRk
BRI A S R Gehht it 5 AU R K B0 B 1 AR Ak 3458 & — 30, AUS B TR B AU AL, H 3R
i AR KRG AR R, A S R A E WAL, 5 AR EALL , s TAS KGR
itV 7K 0 B ) AR AR Ak 4 e P L 3 I s L b ) A 25 R Gl i o 5 R AR L A7 e i 1Y)
AL RN .

AR, 6 Fl 78 3 26 Wi 2 25 2R G0 Bk A i (258, 35—464. 89 /hm® ) N AL 7 A E B R G (125—
149 t/hm?) "' 1y 1.7—4.0 £, HAB RS AR (11.05—18.21 t/hm?) 5 ENEHLAE S R 5 A S = (16.45
t/hm®) AR LA LA G AU S T H: 67% A 47, i oAl 4 FpiE e R i T HAF49(H (4.9%—10.7%)
I, H 22 g 6 PR B A AR S RGRE IR EAFREEE S (L A G BRAL ) YA , 7618 Hh ik
TS B o J S DAL
3.4 BB RGWRAEM KB A% R i 5 R T

K A 52 LR A S R G 45 A1 o i U = T K o e B s R AR R ) R T 45 Rl A
o T o) AT 18-S ) VA A0 2 RV L 7/ i -0 7 A B W B il s o FC VA R (5 %2
SR RIS (0 58 vk, TR) B A K 4338 T LA Y 4 8 37 45 X Rl 9 A K 00 A8 S50k 52 R v e G
F1 A RN A S 1 pH D B R R R R T 0 pH B R A R S
R B AR - e G AL AR B R T R R B v, MR R R A A K R A a2 B
27 TR RE AL R C AR, IR KA Y A K 0 A R TR A i RO R B B R R T
AT T B K A B B R AR KT

Vb - R AR S R etk AU Y R LB TR R R A BRI AR YIRS
KR, WA K AT AT R R R 2 — B & 10 2/ B AR 1) R R A A AT
— T, AR AL AR T S A RS T R T PR A A R IR A RS
B UG DL S Ut S e X S, O AR S R Gk AU L R e Rt S A
FEMAFHY LNx \LNz \LNs i) +-38 N/P(14.2—15.3) Z{X T C L .G (16.4—20.2) AR AH X SCHR A0 148 N/P< 14
g - EAFAE R BR ], N/P A 14—16 BN R BEBAFAERRE], N/P> 16 B A7 e B BRI 770 | i b2 BER ik
S3BBEERY LNx LNz | LNs [F]BS A2 0 BRI, T 2Bk B C LG (A FERERR ] . BbAbh, - Hemin
IR Z AT TS, e T - 5EE HUTUR 50 TS, BN B R pt A 7=, T R 4 - B BB 1
TERET AR B R Gk R R 2 pH FHE], T 3 pH fEfS i AR Y A 7 A0 R S A M R R R
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FERIAL AL ™ | BRI AE MU AR S AR R RS A R 2 AR X e T R R R OR TR
TR, AESRGERME D LR E SRR SO S R A R 2 T2 R e o, R e, s ik
N/P {E, i 2 BER /K 2086 B2 19 LNx LNz LNs £EZE BRI, 10T 2 Bk 4B EE A LG /) N/P(16.
4—16.5) UM =T 16, 36300 TAEAE N BRI, T x ey 2SR 247 46 N AP R, ol LR B Ayl 6B F A
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