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Effects of drainage on soil organic carbon stock in the Zoige peatlands, eastern

Qinghai-Tibetan Plateau

ZHOU Wenchang'?, SUOLANG Duoerji’, CUI Lijuan"* ", WANG Yifei'*, LI Wei'’

1 Institute Wetland Research, Chinese Academy of Forestry, Beijing 100091, China

2 Beijing Key Laboratory of Wetland Services and Restoration, Institute of Wetland Research, Chinese Academy of Forestry, Beijing 100091, China
3 The Management Bureau of Zoige Wetland National Nature Reserve, Zoige 624500, China

Abstract; Peatlands play a significant role in the global carbon cycle. They have been considered an important sink of
carbon and account for 25—43% global soil organic carbon stocks. Drainage has led to large losses of soil organic carbon in
peatlands. However, few studies have investigated the impacts of drainage on soil organic carbon stocks in Zoige peatlands
on the Qinghai-Tibetan Plateau. To reveal the spatial distribution characteristics of soil organic carbon stocks under different
drainage regimes, and to provide more reliable soil organic carbon stock estimations, we surveyed the soil organic carbon
stocks along a distance gradient from the ditches in Zoige peatlands. Soil bulk density and soil organic carbon stocks at
different soil depths were investigated in two un-drained sites and three drained sites 130 m (D130), 200 m ( D200) , and
300 m (D300) away from the ditch. The soil organic carbon stocks ranged from 816.53—1030.88 t C hm™” in un-drained
sites, with a mean of 923.71 + 107.18 t C hm™. The soil organic carbon stocks in un-drained sites were 8.1-fold higher

than the China’s average, and 9.4-fold higher than the global average. The mean soil organic carbon stocks in drained sites
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were 641.97 + 85.51 t C hm *in site D130, 606.34 = 33.10 t C hm™ in site D200, and 473.72 + 43.81 t C hm™ in site
D300, respectively. The mean soil organic carbon stocks of all drained sites was 574.01 = 66.86 t C hm™*, which was 5.1-
fold higher than the China's average, and 5.8-fold higher than the global average. The depth-averaged bulk density ranged
from 0.28—0.73 g/cm’ with a mean of 0.53 + 0.03 g/cm’ in un-drained site 1, and 0.35—0.67 g/cm’ with a mean of 0.46
+ 0.09 g/cm’ in un-drained site 2. The depth-averaged bulk density ranged from 0.56—0.78 g/cm’, 0.46—0.77 g/cm’,
and 0.44—0.98 g/cm’ at D130, D200, and D300, respectively. The bulk density of the top 30 ¢cm, 50 ¢m, 100 cm soil
layer, and the full-surveyed depth at the drained sites were 57.53%, 48.69% , 41.79% , and 31.58% higher than those of
the corresponding depths in un-drained sites, respectively. Furthermore, the soil organic carbon stocks at the top 30 cm soil
layer in the drained sites was markedly higher than that in un-drained sites (P < 0.01). However, the soil organic carbon
stocks at the full-surveyed depth in drained sites appeared significantly lower than that in un-drained sites (P < 0.01). The
different pattern of soil organic carbon stocks between the top 30 cm soil and full-surveyed depth in drained and un-drained
sites might be due to the drawdown of the water table. The peat exposed to air could be promptly oxidized and decomposed
in drained sites, where the soil porosity decreased and peat layer thinned. Thus, the soil bulk density and organic carbon
stocks appeared to increase in the top soil layer, while soil organic carbon stocks of the whole soil profile decreased due to

the thinned peat layer.

Key Words: peatlands; drainage; soil organic carbon storage; Zoige Plateau
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ML o, B B P Cozﬁkﬂlﬁﬁ[ BI00 D) RN v A ALK ( Dissolved organic carbon , ] FK K
DOC) firth AR R G20, 5 008 s LBk fif 2 B AR S 2] KRS €O, MR B, 2k — 25 i Tl = AR
B AN R HHE K S AR T YRR M A RSSO, B S B e e SRR S Rk i e s w2 e
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30 em) IEATHLBR A B -5 AR X RUR O JE AR SR LA T ST R A6 ), HivK TG B 252 me) L s lamefiti i, DRIt
M TP A DE AR TR BE B0, ARME R AN 7 R i i SR M HE K DR it - A Le i A2 228 4
Y SE IR M PTA UE 5R L HE KON A R 55 e D N b AT BILBS A kS e I I IBORE TR B, LA R 3K
I AR PR o i DR MR A P 4 T 5 4 Atk s

1 HFRXMFARGE

1.1 W58 XA AL

R S 3 T PRGBS SR M1 4, DU BB L, AR L, o 25 TSR 1L, o — B A0
R AT B L FEARE A LR B AR5 B AMA G T A i AR R sk th B DL A
i EL TR, MR B 3400—3700 m! ™™ | A D T 6 SRR M A A 49 R 0.7— 1. 1°C it
BRI A G401 7 HANL H A EIIER 10.8°C - 10.6°C s AEHIFE K 54 656.8 mm , 86% Wi it 42
T 4—10 A7 MR vk s K AR BUK AR K A R 32 B O K B RE ((Carex muliensis ) F B S 3 H( C.
lasiocarpa ) %5 VA A2 AE 8%, T8 B Ak 0 fa) 19 X 98 14 109 A8 8% Ry DY 85 55 ( Kobresia tibetica ) 4% B I 1 %5 ( Caltha
scaposa) , I Jg i fm) NP A E PR AP
1.2 W5k
1.2.1  FEHBIRE AR 7 vk

2013 4 8 A o), TOFGE DA R S 25 FRGEEE 0 RS I CRHE A H0) AT K HRE R T
B, AR T — W3S R 6] AR ST RO T, % B S AP AK GRS | B 03
BUKFIZ 5 FEBURCIR A 08 R AT 11,7 R 5P 22 AR B 0 7 10 4 5 HEKRE MO o HE K Y0 S AREE 130 K
200 K FN 300 KAV Hl , HEKAEARK 290 1970 4F 2247, BRTHEAK AR SERE R 3—7 m , IKEE 1—1.5 m, FEHb A
HEAK M Z AR, 2B MR AL e ©TH 2R, JOF B 31 3 537 3h ) B R B AL ( Ochotana curzoniae ) 1 AE Ry Bl
(Myospalax sp.) , Wiz B2 ORI R+ I BB ) Tl AL B 0 b K (R 25 75 60 3 5 30 m
X 20 m FRIEREHL JE 15 He, 45 1 Hebt M BEHLE S 0P 3 A 1M SRR 2 /000 1 m, SRR | m
F R BORE B R ARl 120 1k, IR o e ik AN ER 0 AL (BIAK A INAE 5 em, K 30 em, BifAT
SEREIR A A AR ) |, B 30 em AYEE ELHI IR EE AR 20 E14 B 10 em 808 20—30 em h 1 MRS,
B S IR SRR ] A T (4°C ) A& PF T B IS0 . RHIIEAR B 1,

R1RRMBEREHE
Table 1 General features in peatlands

e oAb R Kbt
Site Location evation P Water table (£SD)

m cm

PEFAEDE A Characteristics for dominant plant in sites

KB E L ( Carex muliensis) VG 55 ( Kobresia tibetica) 7K
CK1 33°55'8"N,102°49'8"E 3441 150 13.1(12.3) B E ( Batrachium bungei ), 5% £ M ¥ ( Utricularia

intermedia) 2 IH- 4% ( Hippuris vulgaris)

PO B AEAE D B B ( Caltha scaposa) K HUE R TS
CK2 33°55'8"N,102°49'8"E 3441 150 22.7(22.5) ( Potentilla anserine) ¥&4xEAE ( Trollius farreri) J& K 9HH

( Leontopodium nanum )

WA 5 ( Kobresia humilis) HEFLHE ( Glaux maritime) (ZEBE

D130 33°55'10"N, 102°44'8"F, 3432 50 -91.9(13.5 N
’ ( ) 3% RKWH] ( Onopordum acanthium)
2 S35 AE R B ( Blysmus sinocompressus) 1G5
D200 33°55'10"N,102°44'8"E 3432 50 -89.1(16.8) %*T“ﬁgﬁgm‘*ﬁ* F(Blysmus sinocompressus) I3
LS L]
D300 33°55'10"N, 102°44'8"E, 3432 50 -88.7(11.8) SRR TR AR gL K]

CK1: XTI 1 Control site 1;CK2: X} 2 Control site 2;D130,D200 1 D300 433 HEAK VAR AHMAYBE S 130 m 200 m #1300 m. FIF].
KL TE(E R Z b Tl A Z . The symbol D130, D200, and D300 represent the site on the transection distance of two channels in drained
sites is 130 m, 200 m and 300 m, respectively. The positive value on the water table represent the water table is above surface of peat, on the contrary, the

negative value is below surface of peat. The same below.
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T AU B R IS | AU B AORR e 1Y, IR s ] S % T E N
WAL T A0 B 2 s, RIS 3R 5 PR AR > 2 mm AR R A A @‘F?%lT@J‘JJ:m{E'Tj:i%%ﬁﬂﬁb%L
e ARSI RE SO TR IR R 65 CHET 48 /it HEEE A A E, A PURFE L
AT AR ER A [R]— )2 3 DRSS 1 ASEES B FE L 120 B (FLAER 0.125 mm) , HIR A
B R FH E AR R B LA - MR I 5 3 PR B 40 BIEA PR (SOC,, t C hm ™) AR
e Ellert £,

n=k
SOC, = Y, (BD, x SOC, x D, x 0.1)
i=1

X BDOWSS i R AT (g/em’) ;SOC, N | )2 HIRA UM (g/ke) ;DN i HJZIEE (em) ,D,
=10 cm,
1.3 HdEab

& H] Excel 2010 F1 SPSS 18.0 AW #1758 11500 . A [ 40 2 6]k FH 5. K 52 07 22 5347 ( one-way
ANOVA) LSD ZH b EHITI S, o E KR E N a=0.05, # i Z K% E N a=0.01,

2 HREHS

2.1 PR HbHE AR - R () 5
Pe L HEK B o 325 (8 1), P i CK1,CK2 D130 ,D200 F1 D300 1) i 445 25 5 )% h 70 [l
CEIME AR UEZS ) 43514 0.28—0.73(0.53+0.03) ,0.35—0.67(0.46+0.09) ,0.56—0.78 (0.65+0.04) .0.46—
0.77(0.60+0.02) 11 0.44—0.98 (0.69+0.01) g/cm’ , - e 75 5 pfi + HEVR BEIE i m (B 1) . &Gt ahr &k
B :D130,D200 A1 D300 =i 0—30 cm HIEZ T /504 0.60+0.01,0.49+0.02 F1 0.49+0.06 g/cm’, FXT IR
o CK1 43 B30T 106.50% 69.95% 1 69.36% , 1fii % % B3 CK2 43 FIBE I T 51.11% ,24.36% Fi1 23.93% ;

D130,D200 F1 D300 Jé s 0—50 em AT 435124 0.58+0.02,0.48£0.02 F1 0.54£0.10 g/cm’ , BN HE Hhy

1.0 —
—#—CK1
0.8 - —@—cCKk2
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S0
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Fig. 1 Bulk density for different soil depth in peatlands
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CK1 23508 T 75.36% 43.86% i1 61.00% , i #2%F e CK2 43 B4 HN T 50.41% .23.39% £ 38.10% ; D130,
D200 A1 D300 Je 7= H 0—100 cm +3EZ T 4354 0.65+0.04 .0.60+0.02 F1 0.69+0.01 g/cm’ , FX} FE ML CK1 43
HBEANT 37.38% .26.61% K1 45.96% , TiH % BEH CK2 43 BIBE I T 47.72% 36.14% F1 56.96% ;D130 . D200 Al
D300 I8 7% 84> T A AT 5 0.65+0.04 .0.60+0.02 F1 0.69+0.01 g/cm’ , FXF IR H# CK1 43 134 1
23.28% .13.62% Fl1 30.99% , M4 Xt &M CK2 43340 T 41.27% .30.20% F1 50.10% , e < Hi HE K FE 25 0—30
em ,0—50 em ,0—100 cm FIHEAE #3925 T 3918 43 51 4 0.53+0.06 .0.53+0.05 .0.65+0.05 F10.65+0.05 ¢/
em® | BB FEARE 55 B AN T 57.53% (48.69% (41.79% 1 31.58% ( P<0.05)
2.2 e HbHE AT A B B S A N S R

Je B RO -S54 BLa o i 3 BOR AT 20 (18] 2) o Pl CK1,CK2 D130, D200 F1 D300 i i -3 A
WU 25 B0 3h Y0 [ (Y AR 22 ) 235 50.61—212.71( 110.26+33.55) . 82.69—202.32( 156.25 +
51.18) .73.06—132.19(102.11+15.31) ,53.44—179.20( 112.09+2.69) 1 27.59—161.62(84.11+7.22) g/kg, &
R Ml ST WL B i 43 A5 L AT A R EA B SR B RE nmiRRAR R, el it Oy 25 A Je s b HE K
FE R 0—30 em ,0—50 em ,0—100 em FIEES F1 T 3 HLAR T 2 7340 5 0 Bk U3, AN T Z AR AR 25 7
F(P>0.05) , RV mHHEKEE 5 0—30 em 0—50 cm ,0—100 em FIEEAS 57 584 HLR 540 BOF 414
31N 144.05+13.59 143.22+19.03 .99.44 +14.18 F1 99.44 +14.18 go/kg, A4 [ B0 BEARE 5 70 B FEAK T
18.30% ,16.49% ,33.82%F1 23.09% ¢/kg, HEATZ B I Ak E] 2 EPEKF-(P>0.05) .
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Fig. 2 Soil organic carbon mass fractions in peatlands

2.3 U HHEAKOT 3 BLA it 1) R ]

Ve s i HE K 25 S )+ A DLk (18] 3) o gad Uy 255007, e e b HE 7K 8 25 b s ) — 7 IR I A
A7 TR B - 3 HLAR fif . Yo e D130, D200 Al D300 YR 0—30 em 343 HLBR fifi #4351 4 230.92+13.10,
229.17+9.32 F1214.17+12.99 t C hm™, &% B HL CK1 43 B3 AN T 32.48% 31.47% Fl 22.87% , 10 58 %+ [ b
CK2 43 BTN T 47.12% 46.00% 1 36.45% , i £5- V8 5 HUHE K FE SR EE 0—30 em 364 HLAR A% W I 35 A
Xof BERE OSBRI T 36.07% (853 59.11£9.31 t C hm ™) (P<0.01) . #E—3 % e 5 i HE KRS Hi 1% BE i 8
M SR EE 0—50 em F1 0—100 em {1 54 HLER it &t Z BT SE1H 2007, BEATZ 180 35 Pk 25 = (P>
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0.05) . 3G HXT R Hh 52 H& 1 U8 Jie 2 BURE | 38 B K (Rl
+J2J5 , ek H D130, D200 F1 D300 #&A4™] 1 AY + 1A
HLBRAE 20 51 641.97+85.51 ,606.34+33.10 Fl1 473.72
+43.81 t C hm ™, 5% I H CK1 40 I R&K T 21.38% .
25.74% F1 41.98% , 1 %% % B8 1 CK2 43 % F& A% T
37.73% 41.18% 1 54.05% , 30 T HE7K Ve % A o5 55
Xof R o5 - ST L e i b M ok 3 LR AIG T7 37.019% (5%
% 349.70+107.17 t C hm™) (P<0.01) .

3 it

AT FE A 7K w5 e S8 o 1 b - A BILRR A B D
SN (473.72—1030.88 t C hm™) {3 T B 4 i 1 %%
BHER 2) o BRI AT S8 0T Hi e A b, 1 9647 LA
fitr it hy 816.53 H11030.88 t C hm™, 5 = VT F A /R

TSR PLBRAE

Soil organic carbon stocks/(t C/hm?)

1200 —cxt
E3cKk2
1000 F P24 D130
883 D200

Y D300
800 - aa

600 -

400 -
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B3 RaittEHVBES
Fig. 3 Soil organic carbon stock in peatlands
TE AN FREFR R AR I AL B 22 R] 1) 3 M 25 5 iR 25 IR A
22(P<0.05).

T 1o LU A A MBS i ) B (828—1036 t C hm ™) | {HLIE I 55 T AR b L 3 8 4% V8 V26 10 s 4 39645 HLAR i
1#(90.1—521 t C hm™) (£ 2) . RAEWRRIHKIG , TG HURRAS EEREAT, (R 08 b 13 Bl fifi 1 (473.
72—641.79 t C hm ™) WL & F K /D248 1 64 LA A i (90.1—382.8 t C hm ™) , LA K P [E R Hb (87.9 t
C hm™) MM R G H A YRGS R (193.55 1 C hm ™) (£2) , [FIHF, HEK e A% L+ 396G HURR % 2t (072
{H(574.01£66.86 t C hm™>) 43S H [ i £ 4% 0—100 em 3944 ML % E [ 98.67 t C hm>(91.7—108.3 t C
hm ™) ] A4 EREGEHI] 113.45 t C hm™>(100—121.6 t C hm™) 1A 5.1 F1 5.8 4% ; ifii x:F Fe sth e 4 b - 3964 MLBS fith
(923.71 = 107.18 t C hm ™) 23 HIBE AR 8.1 F19.4 (£ 2) . Kk, X R /R 35 i R im b 2 il o A= 2 2 —1
FE AL, HE— R4 KR U 5t K 52 AR Ak U ¢ Hiu mT i S 28 015 30 o7 /= A 28 A ) B AR A o X 5 s

R2 ERNMLEEUREENGE

Table 2 Estimates of soil organic carbon (SOC) stock in China and world

X i, Region HEERG i} ?H}Aree;/ T3 mﬁwiﬁ e ¥E) WM%%Z é;ﬁgjc@t
Ecosystems (x10° hm?) SOC pool/(10°t)  SOC stock/ (t C hm?) References
At 77 Boreal e 7 Hh 350000 270—370 771—1057 [42]
HIF5% Former Soviet Union e e 156000 215 1378 [26]
;ﬂaiﬁiifféim e s b 803.808 0.982—1.025 530—1650 [43]
P4 2% Scottish Ye s 1727 1.62 938 [44]
2R Global e 7 Hh 441350 612 1387 [6]
43R Global Je s, 400000 480 1200 [4]
45K Global it 280000 202.4 723 [7]
45K Global i 350000 225 643 [45]
# [ China Je s, 1042.6 2.17 2081 [46]
# [ China Je s, 1044 1.5 1436 [47]
ZYLJR Sanjiang plain VIR Hh 400 828 [28]
K422 Daxing’anling PR TBE 192.1—382.8 [48]
INLEEE Xiaoxing anling TRIRE 90.1—354 [30,49-51]
FFE K A L Changbai Mountains PRI 385—521 [52]
7R 35 7 i Zoige Plateau VIR H 460.5 0.477 1036 [36]
IR =R Zoige Plateau MERES R 345.181 0.245 708.4( 648.7—764.5) [40]
H[E China LTI HE 22.025 0.00565 270.39 [53]
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<k Region tlr%}?fﬁ Efﬂ}Areaz/ iiﬁé?ﬁmw%z; 3t *Jlﬁf;%ﬁ%iz 275 30k
Ecosystems (x10° hm?) SOC pool/(10°t)  SOC stock/ (t C hm?) References
fH [ China b 22494265 5.04—6.19 224-275 [54]
H1[E China Hh 331000 29.1 87.9(85—151) [55]
FE China PN 108620.7 21.023 193.55 [56]
FE China fili iy 925450 100.18 108.3 [57]
H1[# China i by 901140 82.65 91.7 [58]
H1[E China fii 3t 928100 89.14 96 [59]
45K Global fiti Hty 12960000 1395.3 100 [7]
2FR Global fili 4t 1296000017 1576 121.6 [8]
4R Global fii it 1296000017 1462—1548 112.8—119.4 [9]
Fi/R 5 i Zoige Plateau Je s, 500 473.72—1030.88 EN A

Ve HIHE AL S | R U e e HLBT A AL, 17 Hos2 i) -+ S8 i T, i n 3845 e e L IR R ™9y Joie
i BAEAL , OB AT RE R R e e b BRI b AR A R R A YR AR M HERR A A BN A e MY
FHEREZ 2072 RAHHEK S , 5 R R KN IR T (£ 1) TS, Ve FUTim e, S8k
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