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Abstract: The hydrological condition influences the biogeochemical cycles of peatlands and maintains the structures and
functions of peatland ecosystems. Therefore, adopting appropriately hydrological management measures during restoration is
important to the rapid recovery of ecological functions in peatlands. However, it is unclear how soil carbon emissions
respond to different hydrologic managements. In this study, the effects of different hydrological managements, including low
water level (LR), high water level (HR) , and high-low alternating water level (H-LR) , on soil CO, and CH, emissions of

the restored peatlands during the growing season in Changbai Mountains were investigated. Results showed that air
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temperature and water level changes were the main factors affecting the seasonal variation of soil CO, and CH, emissions in
the study area. As affected by water level control, soil CO, emission rate of H-LR fluctuated sharply during the growing
season while showed a unimodal curve in other study areas, and were exponentially associated with air temperature ( P<
0.05). Soil CO, emission rates were significantly negatively correlated with water level ( P<0.05) except HR. During the
growing season, soil CH, emission rate of HR was bimodal while that of H-LR and NP was unimodal, and they were
exponentially correlated with air temperature (P<0.05). The water level of LR was positively correlated with CH, emission
rate (P <0.05). There were significant differences in soil carbon emissions among restored peatlands with different
hydrologic managements ( P<0.05). HR had the lowest cumulative CO,-C emission, but it had the highest cumulative CH, -
C emission and warming potential ( P<0.05). The soil cumulative carbon emission in LR was significantly lower than the
degraded peatland and its warming potential was the lowest. Our study suggests that low water level management should be
taken as a short-term strategy in the early stage of peatlands recovery to better restore the carbon sink function of peatlands

and weaken warming potential.
Key Words: restoration peatland; water level management; CO, emission; CH, emission; Changbai Mountain

ek b T (Y VAR IR 2SR (S Bl R AR Y 2.84% " IERAEGE TR 173 (Bl b - ERR . R e U
B I SRR R A el oty b 8 1t R, AT 90 ok e X 42 o) AU 2 AR 25 i OB 2 T 2 00 At A o A4
FISY S BRIAT, JEARSR , A IR B YT SR | ok B JCHOR B Rl B0 S35 5 A T, 4 Bkl e b TG FEUAS T 4
WL 21 HLER) A ERZ 12.5% TR TR B 25 ¢ AR IF B2 S 8O iR PR AL R 2R Yk
HHEKBOGE TS , Je A it , AT REAE U8 e b A < BRI 208 “ B U™, IR A pR AR g 70 Bl X e e b 2
B E B HAE A R A P B B R A4 i SRR SR M AR SRR TR E BRI N B AL T

Ve b i) A AR S AL FEAR VR A FE TR S 5K SCIR A 55, JHE PR SCVR S N D e T o i Pk 2 55 s 119
AL YESHBIK AT M e 5 b A= ) e R A AT R 2 T N A R 2 e it A S AR e S R AN T
e o RV SR MR T K SCHI S AT A5 Y i b XTI B S A A i SRR 3 T BRIE S AR R
BB YR TR YR A K SO RFST EBEAR v E SR ARG B A BT SR DL R R E
TE IR R S T TR TR RIS AR IR Yk st 138 CH, R CO, A Wi B 1 A7 7E 5 i, — T
WA AR R LA AT 3 P e SO, (2 133 CO, HERR ™ 5 [l p AR Ay b K A3 5230 CH B AL fk
THFE, /0 CH, P KL A T e S 7™ R e 1 A R BBl BRI ) A 1, 380 CHL I A7) 4R
Ifi, Kannenberg' "™ FAF5E & 30, 5 W FE /K (00t S AR Hb , 20 1 60 00 T 52 0 TR T RO K 02 18 b+ 9 2 7 2k
WZH CH,, [N A WF5E R R A JE s K R 4R THE L5 CO, HROm AN ok B PR IRSCR AT RE 28 CH, HEK
BETNATHGIY " AR BFSE R BUK SR TS L3 CH HE R T R BT e rT I, AR IR AL 56 T
PRI 1 LB HE R AT AL 22 B AN 8 1 196 75 850 22 1 S A/ Mt B i K O D08 3t 8 €O, L CHL HETIOU AN [
IKSCERAF A e oL S AL

K L DX A il 2 3 Y A st 4 v A3 A DX 22—, DX U8 e M THT AR 463.31 km® | 7 LB fif &2k 2535 47.64
Tg'*" . 120 £ 50 4R I IX P A2 RV IF B HEK AR T8, Jem st AR 2, DA il X
A RIR AR B AN]R8 HR PR R P2 R BIEFE RS R 3 5 B A A2 I, 3B R AR 8 7 L AN ] K Az
PRI YA (e KA AR B AR S /KL ) SR AL é st 158 CO, \CH HEI 22 57, PR B2 Je e it 1
HE CO, \CH, HETHBON A [ 7K A 45 B A e o K2 AL , 50 AT AR LV BE A e K A7, LI Ry 6 e 0 2 el ) A=
BIRSCRE oK R PR R 2 2%

1 HARXMRERARFE

11 RIS
W5 X A7 T 75 MR B AL T PUBH £ (125°34744" E,41°51'22" N, HE3K 514 m, [ 1) ALK (L PG RS RE, IR o

http ; //www.ecologica.cn



114 EAGH A RS XK e S o 3 CO, \CH, HERLH 82 4585

TEHP MR X AR 5.5 °C, A 3R K & 870 mm, IR HLIE SRR X & B A HAR I K
TRPE, PEHIZREE N 0.8—1.2 m, 2000 4EZc A7, &R0 Je i o B S /K H, 2010 4R A8 4 BUN -5 4 T 1B 8,
(B H Tl BB A FH I K b 7K i DR B il P 1A T B 908 A T 08 1) D A A 2 T B BEOR , VR R 2 A8 T
Ze ¥ A AT LUKT 0SB (Juncus bufonius) EFF8 ( Echinochloa crusgali) Y%t ¥ ( Bidens pilosa) 559F HL71 g
MY . AERIAT NN TS T | 1B ALV e LA kAT A JAK SR, BT 7 b A= 25K B TR A
2019 4 4 AIFIRHEAT MBS LI e 3 F A8 O £ BB BB 50 em, 7 AL B 5 M 9L 5 T2 Ol 30%—
50% ., PRI VEHHBBEE 3 AR BRBEIE | 70031 e ZKASE X e AR KAz S8 DX AR K ASE X

122°30'  125°00'  127°30'  130°00'E
I T T T
Z
(=3
S| & 15
S <t
i :
4
>
2| e wx P 18
Al o A& < <
<t
FfE/m
12667 -
= 0 220 km
122°30'  125°00°  127°30' 130°00'E

E1 #HRRUERFHS
Fig.1 The location of the study site and distribution of sampling plots
NP . KIRJEHH Natural peatland; DP B AL IR Degraded peatland; LR : /KPR IR #H Low water level restored peatland ; H-LR ; 8 7K
2R A Je 4% H High-low alternating water level restored peatland ; HR : i 7KV R & I8 b High water level restored peatland

1.2 SRt

AWFFEBCE 5 DFFEREHL . KIRIX(NP) (B /KA X (HR) | s AR KA AR X (H-LR) RZK ALK
X (LR) BARALIX (DP) (B 1) . KERIX MR X (K AL AR 28 AR ) SR AR X TE AR > 700 m®
KIRIX AR MATATAT AN, KIRE VR A2 1.8 hm® , KB X ;2019 4F 4 HATIRE , 1 extb
HEFT 75 ) 2 B - WA AT -TE AR - AT -5 B 3R S B A, (K 52 IX 8 — T B 1 1, T J %o LR A7 & BS54
XK X HEATAS [  B BE ], IS DX AL A 5 /K b T S Wk R DX K i K 7 X R R REA T K, £ LK
PEEEHIAE 5—10 em; B -MRK A SE-E IX X HIEAT 15 d —4 18] B A8 3 I K A5 G PR AL B KAV X REFT MK,
il HAR O I AE-10—0 em,, iRALIX AR TT B 5 14 578kt SR BF S R AT A8, AN EAT 4K, /K SC
BEMNARKZ 5 AATE 10 A KRB ERKALE 1, FEE MR EHLIL E 3 4 2 mx2 m BIRFSE /)
X, 5 /NX A ARG >20 m, FEWFFE/IN X P i B s Al R T 3R i 0 R 2
1.3 AURKE RS 8T

FIFHERSAE-SAH EIELEAT HHE CO, M CH, AUARRE SRR RFERT ]2 2020 4F 6 H—10 H . #8546 H
LR FAFIANGE IV BE PR 2l Rl o RS JAE R N BBl ATAR BT 2H B, AR 43500 36 em T 40 em, 554354 19 em Fil
9 em, WREIFISMNEZ A —15E 4 em BYMNIRE, LS RE—MEIERE LI (PVC) B AT, H B
S350 38 em 150 em, O TN EIEPES), T 6 H 5 —UCRFERT— B LA F AR, HZE 10 Al)s
—UCRFESERUG B o SRS R PRI — K, EG B TC = 19 171 9:00—11 .00 SRAESRKE S, SARFE R
£ 5E WU B 22006 75 ZEAN K sk HEK BURE MR A TN K BHEK o SRR AT — T B M 4 LA B 95 40, SRR o i
AFACE TR B RS 1 oK %6 35 F 60 mL 7358 8% 37 RERAE SR, [B1FE 10 min SRAE— R ARFE R, 30 min
ISR AHESL I IC SR R A SR E . SRAR B SUARTE — JA 3 A FH AU 35 4 ( GC7890B ) 58 WL 43 AT, <
PRHEBGE R IR A

http ; //www.ecologica.cn



4586 xR 43 %

F=(de/dt) x(M/Vy)x(P/Py)x(T,/T)xH
K F FRSUAHEGE A (mg m™ h™') , de/de Fon # A0 N SRR BEAZ A3 M SR EE JR BT 4 (g/mol)
Vo AAREIRES T B Ir I AR EE JRAR AR (mL/mol ) , Py T, 53 5 AR TR T 28 R 4 X< (Pa) AR (C) L H
NESFEN R (m) .
5—10 H U R FRERARC R TR A

k_l Fn + FV[+1
E=[ 5

X (1, —1,) +F, xd +F, xd,] x24 xax10""

Hor E SR BRRRHERCR (g/m®) b A B AERAERE, n IS 0 WCREE, F, 05 n ISR HERCHE 3R (mg
m > h™) L, =t N nk L IS EE 0 YORMERIEIRR KA, FRL F, 50000 0 38— R JG — R AE B AR HE L
R d, S5 1 HZESH-UCRAE B BRI KR, 4, b EJE —UCRHE B 1% 10 H 31 BRI RS, « IR
ARG R BRI 5 H (€O, 00 0.273,CH, 8 0.75)

CH, Al CO, i34 ISR FH Bk S 43R0

GWP =R, +25R,,

A GWP g R ERIG IS (Vhm?®) R, (R, R W] CO, . CH, BB (1/hm?) , 100 a W 8] RUEE
I, CH, i3S IRl CO, 1 25 57
1.4 HHERESCRAE S 0T

TEAFRE L P 22 28 7K 2 3 ( HOBO U20L-02 7K 37 i1, Oneset 23 7, & [# ; Odyssey ODYWL10 7K 17 i1,
Dataflow 2\ 8] P4 22) Wl s F K67 (WL) ,F574E 5 A .7 A .10 HRERFTERZE 0—10 cm 3 77 BISZIG =
JEVRIEAEAT . TESEINE RN 1 2 mm 0, RER AR BAE IR ZOIHR G5, T AR bR I E

IS K (SWC) { ATk i 2 5 5 1295 pH i 1T B 52 1y ST3100 B2 B2 THI A 5 4 (TP ) I & {1
TR T AR B L (. 3 LK (TOC) KB A(TN) fili i EA3000 JT 2 43 AT A3 2 4 5 AT i M A LA
( Dissolved organic carbon, DOC) fifi i Aurora 1030C 4 HLER 43 HT AL 22
1.5 Sitsrdr

TEST BTN [V i ) + SRR AR Ko CO, \CH, FRARBRHE i it | 14 I v 345119 22 55 Z 17, £ ] Shapiro. test PR%X
DI Levene Test PREURE 56 8008 2 5 A7 G IE Ay 25570, W6 12 45 A 508 (o FH Oy 25 0 BT A 560 241 (1) 2 5 90
H Tukey HSD pREGHATHLES . AL b S0 i FH Kruckal. test PREUKTIGZH 7] 22 57, A H T. test PRELIEST
i, fTFHZAE R (R =a+bW) , 814 CO, . CH,HERGH R 5K A7 10 56 2l HAE B AL (R=ae" ) B1 &
CO, AR R SRR KR I IREHUENE 0,,( Q0 =¢"") . KH Pearson Hl3&4Hrik , MK 5 €O, .
CH, RR B HE = ARG . Geit st Al i ] R 355 4.0.3 F Origin 2021 585,

2 ZERAMH

2.1 R

WF5E X NP + 4 TOC TN . DOC Fl SWC i 3 & Tk X Al DP,{HI TP 1 pH 1 K Tk & X Fl DP (P<
0.05)(#£ 1), DP [y TOC & E LT NP Mk E X, {HH pH Fl DOC fRF5E =K, PE X H HR F1 H-LR 119
TP FIl SWC .75 T LR, HR ) TOC .5 T H-LR il LR, LR %y DOC W #7% T HR Ml H-LR, =# %) pH F
TP NFEREESR(P>0.05) (£ 1),

A7 NP DP LR HR H-LR /K fo; i 28 (A AN [R] (] 2) , HR — ELAL T ACIRE , HAK AL 330N
NP .DP LR ALK AR L, Z B A2 6 A N A2 8 H LA KA sl Rl %L, NP /KA 3l (-12.86
em—4.35 ecm) /NT DP(-28.16 em—1.01 e¢m) F1 LR(=35.92 em—2.04 ¢m) ,9 A ZJa/KAi#a T FEFa, H-LR /Y
IKDERR T 32 FERTRZ M b 30 2 I B R R A 4R, AR K HR /KA 0 3w T H B AL (P<0.05) , DP
LR K84, 43508 ( =4.252£0.60) em F1( =3.67+0.70)em(FE 1),

http ; //www.ecologica.cn



11 4 EAREE A ORREIK A K S Je s ith + 58 CO, \CH, HERL A e 4587

R1 TREEHKG R L REEN R
Table 1 Water table and soil physicochemical properties in different sample plots

ISEERIRT B §5873 A T Pl

> NTAES 1984 9K M
b TOC/ TN/ P/ DOC/ TR A K E IKAL
Samples pH SWC/ % WL/ecm
(g/’kg) (g/’kg) (g/kg) (mg/kg)

NP RARIX 333.48+1.25a  22.35+0.21a 1.15+0.01c  774.53+£27.36a  5.92+0.0lc  615.47+27.91a —1.03+0.47b
DP iBfLIX 57.34+1.01c 5.29+0.02b 1.59+0.01a  319.69+2.21b  6.34+0.04a  95.0122.77b  -4.25+0.60c
LR 7Kz X 60.65+0.87¢ 5.07+0.08b 1.41+0.01b  213.19+3.34c 6.03+0.04b 83.89+0.73¢  —3.67+0.70c¢
H-LR B/ 38 X 60.68+0.84c 4.95+0.03b 1.72£0.04a  157.97+9.79 6.11£0.02b  102.56+1.89b  -0.07+0.70b
HR KA IX 66.10+1.08b  5.37+0.12b 1.72+0.01a  193.34£5.19d  6.27+£0.0lab 105.41+4.55b 7.49+0.08a

TOC ; &4 HLEK Total organic carbon; TN : % Total nitrogen; TP . &8 Total phosphorus; DOC ; ] %45 LA Dissolved organic carbon; pH ; FREK
E; SWC: HHES KA Soil water content; WL: /K{i Water level 2&H RN PRI+ AR ER (n=3) ; RIBIAIR/ING TRy 7R 6] — 5 bR AN [F] A )
ZRLE (P<0.05)
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Fig.2 Seasonal dynamics of water table and air temperature
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() 3 CH, HERGHE R 230 RUGAE A FEHL ], HR (9 138 CH, RFRHE R s, 1581 91.68 ¢ CH,-C/m’, ik
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IEAHIG(P<0.05) , ZEHE X AR E (P>0.05), R ES + 5 CO, HEMOGHE & 2 B 2 M 48 5 ml 13 X &
(% 3), H HR MM et (P<0.01) , LR AR BERUSRNE Qo0 4.62, i T HE M (2.46—2.63) , H-LR
HERE S CH, HEHGHE R 2 B R EH 5 (P<0.05) , FEH B XA B3 (P>0.05) (£ 3) .

2.4 AFEIKAE LR e s 3 O, . CH, BRI R 22 5 B 52 R R

Angi, 13 Cco, BRI &5 TOC WL I E 7 AHXE, 5 DOC i # 1IEAH X (P<0.05) ; 13 CH, EH
ki S SWC TOC A1 WL B 1EM ¢, 14 CO, .CH, RBURHE &2 pH [ TN TP 52 A 3% (K 5)
2.5 BRHE L K A BRI I 0 A

K2 T X4 BRI 22 53 .35 (P<0.05) , DP ) 2R HE i i 5, 353 6.77 v/hm? , HR
1) SAERHE R B, LR 5 H-LR HERCREET 0T NP (36 4) . 7ESES SO, T HR BA &Y CH,
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%2 WMEREXLHEE CO, .CH HIMERGKALMER
Table 2  Relationships between soil CO, ,CH, emission rates and water table
_ Co, CH,
Samples ﬁ%jﬁ% . e p P m’%ﬁ& . e e P
Fitted equation Fitted equation
NP RARIX R=-31.11W+423.18 0.49 6.85 0.03 R=0.14W+6.34 0.04 0.30 0.60
DP iR1LIX R=-68.17W+362.97 0.66 13.72 <0.01 R=0.0004W+0.45 <0.01 <0.01 0.99
LR 7Kz X R=-55.33W+289.03 0.70 16.47 <0.01 R=-0.35W+0.75 0.58 9.80 0.02
H-LR BRKNMEEIX R=-34.07W+383.67 0.56 8.82 0.02 R=0.03W+7.12 <0.01 0.02 0.90
HR #EKALIX R=-4.733W+206.69  <0.01 0.02 0.89 R=14.11W-70.62 0.12 0.98 0.36
R: CO, .CH, HERGHA W KA
#3 WMEEXLTIE CO, .CH HMERSIAMRBENLER
Table 3 Relationships between soil CO, ,CH, emission rates and air temperature
. COo, CH,
Samples m/ﬁﬁﬁ . 0 e P P m/ﬁﬁfr% . R F p
Fitted equation Fitted equation

NP RARIX R=44.35¢"007 2.46 0.55 8.50 0.02  R=7.29¢ 00067 0.002  0.02 0.90
DP iR1LIX R=43.33¢"0°T 2.69 0.50 7.00 0.03  R=0.13"8T 0.10 0.77 0.41
LR 7Kz X R=6.82¢"153T 4.62 0.60 10.4 0.01  R=0.34¢"057 0.03 0.22 0.65
H-LR RSP A E X R=0.07e%3°T - 0.51 7.36 0.03  R=0.14e""7T 0.56 8.78 0.02
HR =KL IX R=15.71e*®37 2.53 071 17.5 <0.01  R=4.14e0%T 0.15 1.23 0.30
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Fig.5 Relationships between soil physicochemical properties, water level and CO,-C, CH,-Cemission

€0,-C;CO, EFBHNE ; CH,-C: CH, ZFBRAR I ; WL, /K7 Water level ; SWC ; 37 7K it Soil water content; pH ; FRBSUE ; TP ; i Total

phosphorus ; TOC : & A #LE% Total organic carbon; TN &% Total nitrogen; DOC : A #1445 HLAK Dissolved organic carbon

R4 HRRAEFMHRARANERIGRES

Table 4 Cumulative carbon emission and greenhouse gas warming potential in different sampling plots

FEHL SRR/ (/hm?) LR IR WA Warming potential (t/hm?)

Samples Cumulative carbon emissions GWP(CO,) GWP(CH,) SGCWP
NP RARIX 5.55+0.48ab 19.70+1.86ab 5.82+0.95h 25.52+0.91b
DP iRfLIX 6.77+0.43a 24.75+1.58a 0.47+0.13d 25.22+1.49b
LR 7Kz X 4.54+0.37b 16.47+1.37b 1.75+0.24¢ 18.22+1.24¢
H-LR B EK A S X 4.54+0.15b 15.86+0.63b 7.26+1.04b 23.12+0.67b
HR KN IX 3.00+0.25¢ 7.63+0.44c¢ 30.56+4.61a 38.19+5.00a

GWP ; 2 ERHE IR V45 Global warming potential ; [R]1F R [f] /NG 5 2 7R [R]—H8 AR 26 A W) A i (8] 24 57 8.3 ( P<0.05)
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