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Variation of carbon source/sink of subalpine coniferous forested wetland along

water environmental gradient in Changbai Mountains of China
LI Meilin, MU Changcheng” , SUN Ziqi, WANG Ting, WANG Wenjing
Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

Abstract: The high latitude and altitude areas are sensitive to climate change, and the feedback relationship between the
wetland carbon cycle and climate in these areas has attracted much attention. This article aimed to explore whether the
carbon source/sink function of swamp wetlands has been transformed under the background of global warming in the high

altitude area. The carbon emissions ( CO, and CH,) of soil heterotrophic respiration, annual net carbon sequestration of
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vegetation, and related environmental factors (e.g., temperature, water level, and soil organic carbon) were measured over
one year by the static chamber gas chromatography and the relative growth equation method in five kinds of natural swamps
( Carex schmidtii marsh- C, Shrub Swamp- G, Larix olgensis-Sphagnum magellanicum swamp- LN, Larix olgensis-moss
swamp- LX, and Larix olgensis-Carex schmidtii swamp- LT) distributed along the water environment gradient in the high
altitude area of Changbai Mountain. According to the net carbon balance of the ecosystem, the carbon source/sink effect of
each swamp type was quantified, and the change law and formation mechanism were revealed along the water environment
gradient. The results showed that: (1) the annual average emission fluxes of CO, from five swamps ( (97.68+8.64)—
(291.01£18.31) mg m™ h™") increased by the stepped type along the water environment gradient ( LT and LX were the
highest in the upper habitat section of the environmental gradient, LN and G were in the middle while C was the lowest) ;
(2) The annual average fluxes of CH,( (—-0.051+0.003)—(0.087+0.001) mg m~ h™") from C and G showed CH,
emission sources at the lower moisture gradient; while three coniferous swamps showed CH, absorption sink at the upper
habitat; (3) The fluxes of CO, emission from the five kinds of swamps were promoted by 5 or 10 c¢m soil temperature (C
and G was inhibited by soil organic carbon or water level) ; the fluxes of CH, emission from C and G were mainly promoted
by 10 c¢m soil temperature or 10 cm soil temperature and water level, while the fluxes of CH, absorption from the three
forested wetlands were mainly promoted by the 0 or 5 c¢m soil temperature; (4) The annual net carbon sequestration of
vegetation ((1.22+0.29)—(3.14+0.36) t C hm™ a™') increased along the water environment gradient; (5) The five
swamps all showed carbon sources ( (—3.84+0.20)—( -1.12+0.45) t C hm™ a™') and climate warming effects ( GWP was
(4.31£1.65)—(13.96+0.72) t CO, hm™ a™'), and they all increased along the water environment gradient (LT and LX
were the highest in the upper habitat section of the environmental gradient, LN and G were in the middle while C was the
lowest). Our results suggested that under the background of global climate warming, marsh, shrub swamp and forested
wetland all acted as carbon sources and their intensity of sources increased sequentially in the high altitude area of Changbai
Mountain. They had positive feedback effects on climate change, and their formation mechanism is that the soil carbon
emission process was stronger than the vegetation carbon sequestration process. It provides an important reference for the

management of carbon sources/sinks in wetlands at high altitudes.

Key Words: high altitude; swamp wetland; greenhouse gas emissions; carbon sequestration; carbon source/sink; global

warming potential
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i DX Ay IS Bt R A, 5 DXV 2 1282 m, KAMESE BE 7E 5°—10° Z (8], AR P39 E 2.8°C , e T 7E
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TRk 2—3 BRAYEAPRUEA  TERIAE 9 A AR FHAE K HERURR AR ZE KO0, SR J5 TR AR AR A8 43 B XU 2 4542
PRI AE FAF (9 M A8 A K AR N AR A K i, IR A I 1 L BRARIR R S A 7% P A X
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HRIRAE T AT
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Table 1 Relative growth equation for the dominant species Larix olgensis of coniferous forested wetland community in temperate Changbai

Mountain of China

W H 8] )9 %X Regression coefficient R ER L
Species Biomass/kg by b, b, b, Correlation coefficient Significance
FSSHIFAugIN ) 3.1490 -2.6870 0.6410 -0.0014 0.999 0.000
Larix olgensis =+ 2.6390 -1.7430 0.3470 -0.0002 0.999 0.000
RIAR 1.0800 -1.2970 0.3170 -0.0054 0.999 0.000
K53 -2.4390 0.7490 -0.0560 0.0034 0.999 0.000
g -0.0930 0.1130 -0.0220 0.0024 0.999 0.000

by by by by AN K R R B
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M RPN SAREE IRt s P T SR AE R SRR KA RN 5 V) Py T AFRHEIRA T B AR EE SRR FRift R
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50 cm) KA HEE ROk &, (8 85 R4 A, £3EIEER 4 )2 (0—10 em, 10—20 ¢m ,20—30 c¢m 30—
50 em) , TIHEA LIRS H Multi N/C 3100 & & 53T ( Analytik Jena AG, Germany) Mz, %2 [ FR5E R+
32,
1.6 BRUE/ICHI E

R R AR T V310 A 285 2R 50 1R el WA S Ay R e [ il 5 48 5 9 PP IR A B HE I 1) 2211, f (B
REBEBRG G WA, EAEACRAE R R GG M) K38 7R 1 F LU SR DR R TR B Ak 5/ [ R
1.7 Bk

AR SCEAIR R T SPSS 26.0 FRAFHEAT LR 2R 5 2253 BT (one-way ANOVA) i Fl fe/ N i 35 25 595 (LSD )
AN TRV B ] 0 S 25 22 S, B K P BN «=0.05, R Z 0B A4 MEXHSK CO, .CH, 538N 1
X RIAT T, H SigmaPlot 14.0 FXVER] , B b A B0E & V8 E +hRifE2E

F2 KALSBEE 5 HIBFHREEFEHR

Table 2 Overview of five environmental factors of swamps at high altitude area in Changbai Mountain

AT B 7 I Sites
Environmental factors Soil depth/cem C G LN 1.X LT
3R Air temperature/C 7.31£0.55AB 7.49+0.22AB 7.8320.20A 6.82+0.43B 6.98+0.34B
JKA3E Water level/cm -3.15+1.86A  -23.11=1.71B -33.17¢0.96C  -50.50+0.80D  -62.29+6.46E
ALK 0—10 26.12+0.74D 28.8622.27D 154.27+11.65A  92.93x11.21B 52.68+2.34C
Organic carbon/ (g/kg) 10—20 40.17+1.87A 22.14%1.78C 39.78+2.80A 31.09+6.72B 28.13+0.87BC
20—30 151.70+16.57A 15.72+0.38B 19.24+2.59B 22.42+2.38B 19.86+1.21B
30—50 228.06+5.15A 13.07+0.38B 12.83+1.21B 17.72+2.83B 13.00+1.86B
AEHME 111.51+4.17A 19.95+0.53F 56.53+4.37B 41.04+5.77C 28.42+0.48D
K 0—10 1.08+0.10B 0.80+0.01C 2.46+0.07A 0.89+0.02C 0.80+0.04C
Soil humidity/ ( em®/cm?) 10—20 1.24+0.11A 0.71+0.03B 1.43+0.18A 0.4620.04C 0.36:0.01C
20—30 1.57+0.24A 0.69+0.01B 0.64:0.06B 0.4120.03C 0.32+0.02C
30—50 2.30+£0.25A 0.80+0.04B 0.49+0.01C 0.3320.02C 0.29+0.00C
AEH(E 1.55+0.16A 0.7520.01C 1.25+0.03B 0.52+0.01D 0.44x0.01D
+ i 0 3.63+0.84C 4.910.17A 4.5420.10AB 4.62+0.12AB 3.97+0.38BC
Soil temperature/C 5 3.20£0.46A 2.92+0.17A 2.92+0.17A 3.16+0.28A 2.76:0.20A
10 3.18+0.35A 2.86+0.18AB 2.67+0.18B 3.11x0.12A 2.64x0.13B
20 3.00£0.28AB 3.29+0.28A 2.75+0.22B 2.75+0.04B 3.13£0.14AB
30 2.88+0.38A 2.97+0.34A 2.69+0.22A 2.83x0.11A 3.12£0.32A
40 2.69+0.33B 2.83+0.25B 2.62+0.18B 2.79+0.11B 3.32+0.07
50 2.38+0.26B 3.05+0.22A 2.52+0.16B 2.95+0.05A 3.19£0.05A
HfH 3.08+0.36A 3.18+0.34A 2.96+0.16A 3.30£0.17A 3.15£0.03A

C. HJBPE Carex schmidtii marsh; G . 7 MHE Shrub Swamp; LN ; V&M IR SR BETRPE Larix olgensis-Sphagnum magellanicum swamp ; LX ; 7 M4
BEVRPE Larix olgensis-moss swamp; LT ; VEMIAE BYRPE Larix olgensis-Carex schmidtii swamp; B ECHE 5 1K B SR g A 5] R Hb ] — Ab B8 1 A
(P<0.05)

2 ERE55H
2.1 KA E R X R E 13 Co, HEiGH &

L 1 AR 3 4581, 4 (1 LU sk DX 7K o PR AR BEAR IR 43 A (1) 5 FPR R ZE ALY - 58 CO, 4F 343 T A7 AE
WS, H A CO M 7E (97.68+8.64) —(291.01+18.31)mg m > h™" , Herh ) LT F1 LX B35
THE 3 MHEEE(LN .G F1 C)52.1%—197.9% ( P<0.05) ; LN #1 G X @& m T R A B HBe iy € 71.9%—
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74.5% ( P<0.05) ;1 C 5%,

AN 5 FVHEERR R HE CO MR T IS B H A~ (REI T, B R BNEH , BT IR TR,
KRR HA R AL T CO, HEE(E A B S L B AR, G(FES AF 7 AT $A
44432 mg m> h™' F1577.73 mg m > h™ ) FILN(7E 6 H A8 HI 2 381.44 mg m™ h™' F1527.50 mg m > h™")
B 2 AN, HLS A A HE G B T 3 B3R T A i LX (6 H R 949.09 mg m™ h™') (LT
(7 ATFFH 119832 mg m™> h™" ) A1 C(8 A F¥H 303.00 mg m™ h™" )AL BL— A, ELIG(E H B a4 vk
FER—AH
2.2 KA R XRG4 CH, HEGE =

AP 1A 3 A58, K A LR XX 5 FhiB PRI 1 48 CH ARS8 it A e i & 2 5k, HL 3% CH,
AEFIE M (-0.051+0.003) —(0.087£0.001)mg m™> h™" , Hiif € #1 G > CH, BRI, B C 89 CH, 558 i &
T G 83.3%(P<0.05) ;1 3 R ARMIAEE N CH, BRI, H LX F1 LT B9 CH, L3 2 3 & T LN 112.6%—
134.9% (P<0.05) ,

UEAh,5 PR 3 CH R M BT S BEA -2, C M G 13 CH, Hok 2L PRk B
VPR HE e (255 E RN 1 BB DA TR, C 8.9 iy 12k A 3 2 A HE % (0.494 F1 0.375 mg m™
h™') T G AXAE 7 A R2EA 81 A HEBIE(E (0.269 mg m™ h™') ;3 FhgRARIEEE CH, MG (B4 F 0 H B
AN E], LT B 3 RS (e 6 HTIFEH A 8.9 A 2 A B 3 N IE{H-0.096,-0.112 F1-0.104 mg
m 2 h™)  LXAAE 6 H 2B A 1 AN (-0.162 mg m™ h™") , 1 LN 7644 W0 + 38 CH, M4 i HL
B/ AL TEAE .

%3 KAUSEEREX 5 #HZFEEMTE CO,M CHAMEEERZTEE/ (mgm 2 h™!)

Table 3 Annual and seasonal fluxes of CO, and CH, emissions from five kinds of swamps at high altitude area in Changbai Mountain

f6h5 pUbIITg FEE Sites

Ttem Observation period C G LN LX LT

ARG HE 98.500+22.80C  178.310+38.92B  128.040+11.99C  186.620+30.14B 234.810+4.63A

CO, Flux H%E 151.280+13.22C  304.680+83.94B  335.340+69.63B  631.080+45.03A 676.270+78.19A
h 83.710+2.81B  135.020£15.96A 127.800+24.43A  134.910+39.60A 144.950£2.15A
EES 61.020+1.57D 73.980+8.51CD  87.120+8.28BC  91.350+5.88B 113.280+11.72A
FE 97.680+8.46C  170.450+28.75B  167.880+24.47B  259.170£25.09A 291.010£18.31A

3 HE 0.027+0.002A 0.013+0.001B  -0.023+0.002C  —0.034+0.001D -0.032+0.002D

CH, Flux H%E 0.138+0.008A 0.108+0.030B  —0.024+0.002C  —0.119+0.010E -0.084:+0.005D
€= 0.1903+0.006A  0.035:£0.002B  —0.026+0.001C  —0.032+0.001C -0.057£0.005D
A7 0.0210.002A 0.021+£0.001A  -0.015+£0.001B  —0.020+0.003C -0.017+0.003BC
AR E 0.087£0.001A 0.044£0.008B  -0.022+0.001C  -0.05120.003D -0.046+0.002D

KRG F Ry [l —Z= 45 A ) R b 9] He 452 (P<0.05)

2.3 KA ERIXEZFE 1 cO, M CH, i & i 53 28k i) 3242 H 1

KA sk X 5 FiEEdk

T4 CO,F1 CH, HEC S PRI T B Z T8 A0 A 45 R R W] (K 4) AT

A, C B E3E COHES 10 em HHERE B EADE, 5 - HEE MU & &2 0 3% NG, 35 ] DU R
AFFENY 71.8% , Horp | YR B R ALK & 50 B RE 57.0% 1 14.8% ;G 5 5 em 38R B EHIE, 5K
A7t ARG, 38 AT DA R LR 251 69.0% , - 381 BE FK A7 73 5k B 46.6% Fil 22.4% 5 1 3 AT mbRIH ¢
PV 5 em TR B F AL AT LU B HAE 2219 58.5%—65.9% , C i +3% CH, HEV S 10 em 1 3E7E
B W TEAR G, A DA R AR 2519 55.0% 5 G 5 10 em 1383 B FIK A7 1 b 35 F AHOG , — 3% T fil e LA 24 1Y
62.1% , - HER E FIK A7 A] it B 40.7% F01 21.4% ; LN F1 LX 8 CH, WV 5 35 )2 3R 5 B 35 1EAH 56 | Al i B¢
HAS X 28.5% F1 71.2% ; LT 1) CH,WUEAL S 5 em 38063 5 2 E ARG, W i B AR 2519 82.1%
FEAS [ ARAE TS T, 5 FA A 1558 CO, HEBOT 7K 43 PR AR 6 BE 19 23 (8] AR 4k 15 /K A6 52 Wb 35 T A 5%, AT L il

http ; //www.ecologica.cn



2262 - I 4 5
1800
1000 . 1600 | —o— EMEAVE R IV
_ o HUAAE —o— VANHIABES AT
800 —o— VMR 1400 —— EH BB
= 1200 -
en
mg 000 1000 |
B L 400 800 |
o=
8% 600 -
‘g 200 400 L
EN 200 | X
S 0
Q 0+
- 017 —a— FEMARE BT
1.0 . EE #* Hﬁldﬂﬁﬁ{ﬁé
o —o— HENER —o— VAMAREER IR
= 08 —v— PR R
=
o 0r
mg 0.6
9 %
< B
T = 0.4
0.5 -0.1
E 0.2
S
5 0 -0.2 }
_02 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
nmuunmunuumununNUunNUNULNUuNNUNUNWUV N nmuunmunuunnunUuUunUuUunUnNUMNNNUVNUVNN NN
AN AN A= O = A= O — O — Ol — O] — O] — Ol — AN AN AN~ A== ==~ — ] — O —
AAS S b d ki L i ch b o SA O bbb Lttt ichch 5 o
OO0 m— mt rmt SO ODOOO OO OO0 OO O~~~ — OO0 OO O
BURER ] Time (H-H)
1 KAWLSERRX S #ZF R+ CO,f CH AIMBEESTHE

Fig.1 Seasonal dynamics of CO, and CH, emission fluxes from five kinds of swamps at high altitude area in Changbai Mountain

REHAZIERY 83.3% 5 1M+ 58 CH, HET T 7K 70 BREEAR B 14925 ) A2 A 5 7K 67 2042 35 TE AR 5C, al fil B AR AL i

87.6%
x4 SHMZFEMTIE CO,M CHHMBESHERFETESLERITARH
Table 4 Multiple stepwise linear regression analysis of CO, and CH, emission fluxes and environmental factors from five swamps

K Gas B Sites AL Model R? F P

ZHERKR CO, C F=7.357T,,-0.864S0C+170.602 0.718 41.919 <0.001
G F=12.402T5-0.864WL+332.587 0.690 36.649 <0.001
LN F=14.029T5+126.980 0.659 65.645 <0.001
LX F=21.113T5+192.494 0.637 59.649 <0.001
LT F=21.057T5+232.894 0.585 48.021 <0.001
EZIN F=-3.233WL+85.865 0.833 98.071 <0.001

HHe CH, C F=0.014T,,+0.041 0.550 41.517 <0.001
G F=0.006T,,+0.004WL+0.116 0.621 26.992 <0.001
LN F=-0.5337,-0.020 0.285 13.527 <0.001
LX F=-0.0037,-0.035 0.712 84.219 <0.001
LT F=-0.00375-0.038 0.821 155.452 <0.001
30N F=0.002WL+0.081 0.876 91.443 <0.001

F. 5K & Gas fluxes; Ty Ts . T)9:0.5.10 em H3EIEEE 0.5,10 cm Soil temperature; WL: 7K i Water level; SOC: 1 34 HLK & & Soil

organic carbon
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2.4 K TR DX TR N A R ) A 7 T S A e

L 2 v K I R R XS R R AR R R A 7 T AT [ il B A7 A S 22 et AR B
RN E PR 1A AE (3.1020.73) —(7.092+0.81) t hm™ a™", Hid LT F1 LX ' 25 25 T HoAth 3 FPiE 7 38.5%—
128.7% (P<0.05) ;G Al LN &3 & T2l KIEE & T C 56.8% (P<0.05) fil 26.1% ( P>0.05) . HAH i 4F 1 [
I AR AE (1.2220.29) —(3.1420.36) t C hm™> a™" , Horp (LT A1 LX .35 8 T HAh 3 FiE 3 60.9%—157.4%
(P<0.05) ;G FIl LN X g2 & & F C 45.9%—50.8% ( P<0.05) ,

Tﬂé
=~ 14} a r
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g 12+ 85,
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g g A
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Fig.2 Net primary productivity and annual net carbon sequestration of vegetation in five swamps at high altitude area in Changbai

Mountain

B BEARFRA R H 5 280 2 ) 22 5k .3 (P<0.05)

2.5 KA R KA B A A2 2 R GERk U/ I A 4 BRI TRV 3

H 2 5 15 2], K L SR DX I K A3 PRS0 FE IR 3 A 1) 5 V8 PRI i 1) A 28 R e U5/ T AE A i 3 25
Sk, HARS RGO M TE (-3.8420.20) —(~1.12£0.45)t C hm™ a™' |5 Ty S AU R IR B (14 4
WCUE, HOLX LT AR E 2 T HA 3 FhyBE 38 0 44.29%—241.8% ( P<0.05) ;G A1 LN SR X & & T C
99.4%—101.1% ( P<0.05) ,

®5 KALSERE S MBFEMESREBE/CEA/(1Chm™2a™")

Table 5 The source or sink of carbon from five kinds of swamps at high altitude area in Changbai Mountain

15k R Sites

ltem C G LN LX LT

A B AF 14 e £ ( ANCS) 1.220+0.285C 1.839+0.193B 1.782+0.229B 2.961+0.352A 3.138+0.356A
+Hi4E Co,-C HEL (€O,-C) 2.33820.204C 4.096+0.699B 4.024+0.589B 6.220=0.604A 6.98320.442A
+HE4E CH,-C B (CH,-C) 0.00620.000A 0.003+0.001B -0.00120.000C -0.003+0.000D ~0.003+0.000D
- IAERRHE I (ANCE) 2.344+0.204C 4.099+0.699B 4.023+0.5898 6.216+0.604A 6.980+0.442A
TR/ (CSS) ~1.124£0.450A -2.260+0.816B -2.24120.382B -3.255+0.253C -3.842+0.198C

ANCS .t #% 4F ¢ [E i 52 Annual net carbon sequestration by plalnls;(:()z—c;igﬁE CO,-C HEC Annual soil COo,-C (-tmissions;CHA‘—C;j:%f:lE CH,-
C #Eji% CH,-C Annual soil CH,-C emissions; ANCE ; 34 HEIL f# Annual soil carbon emissions ; CSS: i /I Carbon sources/sinks ; K5 = HE A ]
PRI RITR I AL 2 8] 22 51k .35 (P<0.05)

[, 3% 5 FBEEEIE) CWP WAFEREZR (K 6) . HAEBRGH CWP I/ i fE (4.31£1.65)—
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(13.96+0.72)t CO, hm™ a™' Z[A],5 PR EFZB I R IE ) GWP {H, BRI S AEASBE 00, H LX LT )
GWP B2 T HAh 3 FiE 2% 40.9%—223.9% ( P<0.05) ;G H1 LN () GWP X B & T C 89.3%—94.7%
(P<0.05) ,

UEAN K 5 BB A AR R AT B i | IEARERRHE LI (CO,-C Fl CH,-C) EZS R Gl 4 BRI T
TR (GWP) 5 HAR R (O EREE N F AT 2 038 A Rk I E 4341 (32 7) , 45 B 1 Ll e i A DX 7 36 T e )
AR AR | AR R HE R A A AR G U A A BRI R VR B VR Ak A K o A A R s (R AR b Y SR A
FARIE RO B AR AL 1) 84.1% 88.2% 80.0% F11 78.8% .,

*6 KALBBRKXSMBFEHMBESELIHILREL(GWP)/(1 CO, hm™?a™")

Table 6 GWP values of soil greenhouse gases in five swamps at high altitude area in Changbai Mountain

EisL7n FEHL Sites
Ttem C G LN LX LT
FIHFIL GWP o, Soil emissions GWP ¢, 8.58+0.75C 15.02+2.56B 14.762.16B 22.81£2.22A 25.61=1.62A
HEBEE GWP g,

) _ 4.48+1.04C 6.75+0.71B 6.53+0.84B 10.8621.29A 11.51+1.30A
Vegetation sequestration CWPCO2
ARG GWP

4.10+1.65C 8.28+2.99B 8.21x1.40B 11.940.93A 14.07+0.72A

Net exchange of ecosystems GWPCOZ
LI GWP gy, Soil emissions GWP ¢y, 0.210.00A 0.11£0.02B  -0.05:0.00C  —0.12+0.01D ~0.11£0.00D
i GWP Total GWP 4.31+1.65C 8.39£3.01B 8.16=1.40B 11.82+0.93A 13.96:0.72A
CO, 5Tk /% ( CO, contribution) 94.35 98.64 100.66 101.06 100.81
CH, 57 #k%/% ( CH, contribution) 5.65 1.36 -0.66 -1.06 -0.81

GWP I8 73 Global warming potential KEFHRARFRREARFH (%%E!ZIDJE%TEFM%( P<0.05)

®7 KBLUSBRREHEFOSERESHNERTFESTRSEEDIITFNR

Table 7 Stepwise linear regression analysis of all indexes and environmental factors at high altitude area in Changbai Mountain

&5 Ttem BT Model R? F P

L AT i Bl £ ( ANCS) F=-0.034WL+1.014 0.841 68.855 <0.001
HIEAFEBHE I (ANCE) F=-0.078WL+2.058 0.882 97.061 <0.001
IR (CS) F=-0.043WL-1.049 0.800 51.924 <0.001
SRR HE(GWP) F=-0.154WL+4.027 0.787 48.106 <0.001

CS.fiili Carbon source

3 e

30 KEIPERECHEEA COLHRMUN R 2 B T

RBFGTBIC I S FOAYES - HE COL AR RE K S B ER B Bt AL A 5 R 1
5 VA CO, A RS K AP BB E SR 5280 1) S 0L 5 A VR A 5 R
INP-W8 i K A7 AT T 384 PR AL

SR A S+ HESE TIPS RIE KA RCH S SR A = Sk K o AT R R
RIS BT | R 0 COL HEHLAS S BT, FLK 3 M A U 12 W
LHE ORI, ARICIF R 8545 0 - COLHE LI 125 R 332 Ak il — 52
FOUK (F 4) . MR T BTV b K 40 R BEBE I 90 BUK A M B, 7 K B K f e
(=3.2 em) ATRUR RIS TR/, -6 COLHEHCREIE M AT P ITE A 0526V 0 T o 524 UK 85
HBE K BT K R B (~23.1—-33.2 em) AT SURIZE 8K, EHE COLHEHCA FRHI, P2
TP IS B ES B P AL T L AT BUK A M A K P B (~62.3——50.5 om) 45 AL 1028
FISE— S350, B T S0+ CO, HERLRLRS . KO S B VRS -£ B CO, AP R B A P8
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Pof S B a1

AN IR R I 5 PB4 CO, 2517 3 S A 7E JLIg RN R 2 ARl R N 7E T + 38 Co, HE
CZ T KA RS R BRI VR AN B TR R RNV TR 85 R TR I 43 i A T 7K 43 B TR R
L ERAEEE AR R A AR AR O A i A, AL T K sl AT SRR AS S KA 42358 CO, HE R 1 5% i 4K
55, BEAZ FHOR RS (£ 4) , RIS R AL BIER (C LT fTLX 2 5lE 8 A7 .6 AT KA
0—10 em +HER R RERT 13.7°C [23.4°C 1 14.0°C U ACHEBOEAR ) , H P RNEE KA R R IG , +3 Co,
HE G AE BRI v I B SIS TR V5 (A bR 4 285 B AR T 5 A 3 R VB PR T LR A b, CO, W Y B A i) 2 1
J5 5 TE AT BERIE R e e B VR AR AL T 7K 4366 B8 v 38 A 35 il B, A 1 2 - oK 85 v, A 480/ IR BRI %5 )
AR, ZKAE AN A S S [ s ol 398 CO, HE R , W 2 76 7 A7 A R A - B 78 P8 58 v R i i R HE TR AEL (G 7
7 A TFEH (KA7-23.5 em FIEHERE 17.7°C) 1 LN 16 8 H _E2EH (/KA7-46.0 em Fl+3EIE R A1 17.5°C)
TERIEAE) | TRl G 76 5 A 2K A KAHBAR(-20.4 em) DL LN 76 6 A F2F A 3R EEE (9.2°C) i, % B
FE B — A HERCR W, S0P 4 35 CO, HE S AU Y | 55 F 9% P YR R B VA VF 1338 CO, HE R (B A HE TR %
FEIREAH A BRI WA TR 5 A AR 2 TR 2212
3.2 Kralm ik KB PR CH, HE i i 28 3h 28 M 45 1

KRR X 5 FhAESH 438 CH,HEOT K 43 FREE A0 22 T 3 BUK AR BEHERC(C A G) Fn B3
A FUK A S M (LN LX FILT) B R, X 5 o 26 B IX A% TR PR 2 B /K 43 06 B2 48 340 CH, HE i IR
[r] 40200 (E s L AR R AR AN P AUK X Ry CH HERCIR , % 4E T4 X R CH, R E ALY

HIFERETET CHHERUE P B = R RE L B TE s 7 2R KRR Y %5 2 R0 R R 5
i (222454 o R A R 3 DR R A R R CH A AR AR Y R ) CH, R
23 [ A AR ) SR B2 IR 7, KAV 1o A DR AU I 2 (I3 A, CHL HETBOE i >4 AR 9% . [ A5 380 o g 4 30 i +- 45
CH, HEBU 22 [ AR AL 5 /K A7 B35 IE ARG . VRTF S MIEBRAL T RO IE 5 | 2 1 25 BUK T AR BT, R4S R 25 1]
K, 3 CH, Heilc i = s BE B AL T2 PEBUK i R A 8% AE K KA TR AR (=231 em) R AS
[ g N , CH, HE B A 5 10 94 0 A U e % VR 36 Ak T 231 MR BUK o 3B AR B, A K o B K 7 AR
(=33.2 em) , A AU A (A K T IR AU N 25 ], 4 2 iR CHL, B 55 WRSOIL 5 % I FA B VR 3 RN T IR 5 REVR VR
b T b ERAEAE BUK AR BE | AR K KR (-62.3—=50.5 cm) , A 80 25 18] 5 26 55 s 47, s sl 1
FXF CH, MR

BEAN 3K S FTE R A 18 CH, HEBE W T shASA7AE 5 FhIA (HEBCIE R (G ) FDBUERL (C) 5 IR
BT (LX) (W R (LT) FMEE R (LN) (B 1), FJFERAE T CH, HERBE sz o e oK A7 Fn B4 3%
il ENBEEAEK R T A 5T, 8—9 H /KA 5 H R B A& (-7.0—5.7 ¢m ,10.6—13.1°C) ,JEM T CH,
He = e (0 8 AR 2 H KA 75 (5.7 em) ATRERR I T CH, 491, i CH, HECE: UG TR ; DA TVE 16 Hh 34
W | KA I Bl BE AR /N (=9.2—=24.3 em) , H: CH, HEJ 52252 R BE a1, Bl - 90 2 A8 Ak i 52 3
BRI ; J5 AN BE IS VR FINTE I P B BRI AL Tk A0 B BE LA A Z KA, KA X CHL, W ISCRE il
AR, H CH, Wl 322237 +HER Bl (LX 7E 6 H A RIR S 14.0°CIE R — Mg E; LT £ 6 AT
HH 8 H FEAMO A FEH AN E B (15.19C ,20.0C 1 12.8°C) ,JERL T 3 ANWRIIEAE ) 5 75 1 FA TR
DBEVR R IAE ADoK AR B vl (E R LA A kR ) U a2, A 3 B A ), 76 AR K G A (5—7 )
S R AR (0.1—3.3C)  EHA K ZE L1 CH, IR e R R R AROKOF H 2 E i 1
3.3 KA m R X TR B A B 0 G 7 T B A e ] i

KA @R X 5 FE P BRI 904 77 07 (3.1—7.1 t hm™ a™') FAES B 1 (1.2—3.1 t € hm™
a”h) VK A0 1 S BB ot ML 5 12 05 B /N 2 U R AT V2R i T K 43 S A R AN [ 4 L
TE T 5 B WA W K B 5 NR PR FNTE TR, T ARARTR PR At A R TR, HAS AR 5T IX A K S, 3%
ENER
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5 VR AY R DAL 7= 5 A AR S 7K o IS B 2 e st 10 ) D A B U T X S8
PRI 5 R A K 20 BE b BT A 1 A4 5 1t B AR Ti) , 7K SO 8 o b e 9 140 2L Il A J S g >0
NIRRT 25 BUK TR AR ST, AR KA d5e i, FRUK A 52 BRI T HE A RN TR AT 04 A2 77, B 75 J2 UK 45+ ] B
(A FARZE) AR 7 T7 S 815 BE 7 5 AR 5 HE AR P T8 P D8 S B TR AL T 215 R BUK ih 2
Bt , KA A I REAR , — BB AR HE A TN TR AT RENS 7E LA B8 A A7 BEVE 2 IR G A a1 58 35 (H R I ) K 2
IR A AR A A AN PR R R s B 8| a3 B A T AR B A K NS LI B S A, IR Rk
FIAIRTEAR ; 17 7% WA RE TR B RNTE A 55 OB R R AL T A BUKAE BB A K Z2 P 8K AR A,
TSRS I R G A 7 s O R B A B BE T TE S AR R R R R, X 5 Davidson
25 NI S 25 EACATR B A A 77 8 T A KB A B VR A s v 3 L M
3.4 KAl m iR X TR R R/ A S R v A

K L EEIR IX 5 FhE RIS R Rt (A HECIR , HL USRI 7K o0 A B 52 B X B A, 3 5 4 Bk AR
W17 55 T e SR A e i O b Rk O DA R AT 5 FE IR A R R AT R BRI B 25 R TR (1 S
S e T LV VAR T M B R AR A g L D8 e b A e 0 A — K, TSR T IR A VR X P G 4% T T
I g b U ) SE R B

S PR 30 b B VR 1 5 A A A [ A A S 7 P B HE BT R A A R A2 R TR
JE OIE AR B K SORAE S R R T O RN AR R T T RE A AN, AR RS il
TR R R AR, EZE W T 1 5 F 0P WAR B HE O & TR Bk A v [ e i 29 1 4% (0.9—1.3 %) (3R
5) o NI 5 P TE RIS b AT R HIE I RURE B A v [ itk ot TR DR AT /N 2 e TN IE I Al K4 A A
VAR 20 D e, A5 B R B TR PR (0.58 1 0.39 £35) ANHUE 4 FliE 138 i - SRR HlE s 40 A A s 2
Jn(0.21—2.00 f5F1 0.26—1.37 %) , 17 5 FhiE I AAE B [ i 221 B#AIK (0. 10—0.60 £ 1 0.07—0.60 %) , i<
P L VA A DX T (3 7 A TR I 2R b e XA TR 2°C 1) Tl S A S B A0 T A S i e A ()
ISk A B TR (T R VR T e VAR DX A AE o A IR B, T 0k s 88 - AR X JF ™ A S s ) ) | i
A 330 S Y V3 D M S T A B 3 155 9 8 o R A 2 3 e o 3 WL A0 A, 344 S R Rl R
O LA B A A LT R LA O B BRI S AR B T ST A SR — B, BT S MRk
AR BRI 7K 3 PSR A B S B A s 1 8 Y T Ak Tk A0 B A LX R LT ARy LN AT G A AF B A ]
WA T NI C 29 1.44—1.57 £5 51 0.46—0.51 £, FIEAERHECR = T C 29 1.65—1.98 541 0.72—0.75
5 (3R 5) , W B S IERAGEIG R 3 (8 A e HE S fin i 85 A T AR A [T ik , = SO IR M 7K 20 A 522
g riEawe s <

AR, 5 TR EEE R A BRIG RIS S (GWP) 348 TEAH, Y8 B Ry A5 228 B2 58007, 1 7K J A B A 52 B A =X
BEHEALAE . EEE X 5 MRS O M HEEOE B WP $LL CO, 38 i 5 AR ML (94.35%—101.
06% ) , CH, FHECE R Wt GWP A BTk 5 YCE -2 (C A1 G Y CH,HETUY 5 GWP 1 1.36%—5.65% M 3 Fih
AR PERY CH, WY S GWP [ —1.06%—-0.66% ) (3 6) , iCH 5 A8 B 250N 3 B Bk TR FR R 5 K
S Z I COLEAcH , FLIF /KA FREEA AR AL B S5k U5/ TC A AR b R R — B0, X5 3 0 v 26 B b IX VR 2
TR AN SE VR AR AR R LS CH, HERC 234050 2 43R0 CO, AR BBl 2538 1 oA TR, Ui
o VAR DX T P M B I 2 5 A A8 A S L) T ELAT R R | BV AV R 5 KA Z B CO, i 3c ey
F, CH, HEB S s me A K

4 g

ABFFE I E B L TR X 5 BRI PR B R 4R ROBE B Y b 3 S 3R R I B 1 T (CO,-C A
CH,-C) FIAFAE [ B e i P A SCBEBRAIE PR AR, R BRAE A BRVAE B 17 5 T ¢ (1) K1 Ll g 4 DX 7K O3 BRI 468 2
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W2 e HETBCPH S 58 T AEDE [T 5k 5 (2) VR SR T 7K o3 PRI A6 B8 S B BB =R B A (LT = LX>LN =G>C) TR F
iiz%ﬁi}“zﬁlfﬁi SR R 7K A3 PR B 1 S R a1 L MR H Al o i 3 R AR [ e 5 (3) 5 PR

KA R ERIGIRIE S (CGWP ) Y TEAE , YR A S AR W 3500, H LS W 500 1 7K 3 P45 465 B ] A 5 B A
Wﬂ‘%iﬁﬁiﬂéﬁmﬁmm%f T GWP FZHH TR RS KA Z A CO, 534 (kX
), CH, HER WSO e AN K, 32 W v T 4R DXV V55 W0 b e 4 B 5 A0 22 Ak S B AL ) T 5 Rk
WA TTURIF 7 5 R ] SRy 8 1) v 1A 4 b DX Y0 sV P S R AR AL T LR A Al
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