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Abstract

Aims Ecosystem services such as carbon sequestration and climate regulation of wetland ecosystems are very
important. Accurately assessing the carbon storage of natural reserves in the Yellow River Basin is helpful for
carbon neutrality research and regional ecological protection and high-quality development.

Methods Based on field sampling and laboratory analysis, combined with remote sensing data, this study
assessed carbon storage in the aboveground plant biomass and the top 50 cm soils of typical natural vegetation in
Shaanxi Yellow River Wetland Provincial Nature Reserve. The total target area for assessment is 13 086.52 hm’,
accounting for 23.87% of the nature reserve.

Important findings The results showed that the aboveground carbon storage of the tall-grass vegetation was
significantly higher than that of the short-grass vegetation and shrubland, and their carbon densities were 496.73,
23.45 and 138.38 g'm %, respectively; the carbon density of the soil at 0-50 cm was 7.15-11.98 kg'm >, and the
soil carbon storage in the tall-grass vegetation area (5.02 x 10° t) was significantly higher than that of the beach
without vegetation (2.09 x 10° t), the short-grass vegetation area (3.40 x 10° t) and short-shrubland area (1.45 x
10° t); finally, combining the aboveground carbon storage in plant biomass and the soil carbon storage in the top
50 cm, the total carbon storage is estimated around 1.22 x 10° t for the natural vegetation area of Shaanxi Yellow
River Wetland Provincial Nature Reserve, of which proportions of carbon storage were 17.13%, 27.95%, 12.13%
and 42.79% for beaches, short-grass vegetation area, short-shrubland, and tall-grass vegetation area. These results
can provide basic data for the protection and restoration of natural wetlands and the improvement of carbon sink
function in the middle reaches of the Yellow River.
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2018; Yang et al., 2022). ARG BRZ 5 Mk
Hh I A B g IR R L ER AR, TV R BT RIS
AR COMFEERBIRZ —, —H MR T Rk
TEIR I B E A R o AT IA SR N I
Fik 7K 355 AT g A K RV R0 1 K8 i, /4R
YyHhERAL 250 PR 4 B A (L (Raymond et al.,
2013). M 1750F020134F, 4= EK ATt Ak (1) 12 Hi & A
0.75 Pg-a ' 1 % 0.90-0.95 Pg-a', A0 T £4120%
(Regnier et al., 2013). TR AIBFFL LI, AR
5 280 (¥R RSO B ARG PR R R R AN,
R 2 KA A I AR DA R K-SR i R v (B s
FHRHEEE, 2021), JA] I HE I T VAT A Bk UG X 3
SEES RGN EBHRI S, ER R AE SR
PR i T B R R B B R [ SRS 1 =, i
AR RGE AR TR G B S R R
B AIRR R AT K 2=, 2021) 0 $5 VA] It 48 A2 F ] =
M A2 BRRE, R = KBS AR AR, b
Free— Ay — Bk % 0 SR TS, R R E LK E
ABREXZ —. FrhERSLLOk, ANEFE
BRI SR L T O B KRR KRS
PLlE— ZANAEZS I E(E R B4, 2020), S EFERRAE
P I SR PG IR B (Syvitski et al., 2022). [,
i Bk 16 T S8 3 M s Y1 BRI LA )
FAMAE, A SaE o BRI A% S B 50 I Hh ] ik
BE 77 DL I L 7E A BRAS A Hp i A7 AN A FH 1 2 A,
H A1l A /M SRR A% B 2 2 A T AR R R B K
EBRGFUDES, 2015, FHFEE, 2020, 05
2, 2021), XHRH AR RGN 3 B FAGE. W
TH I AE SRR Hb e e B 1 48 1 [ Bk BE 71 (Xiao
et al., 2019; Shen et al., 2021; Yang et al., 2022), H
HO B TR B 7S R AT R R e R A
U = AR, 0 i X OGRS

]IS [ X3 () VBl i e AT — S
R R S, 2018; BoREE, 2020; MREFIAE,
2021; XUEHESE, 2021). W@ 28 3 EAD HE AR B Ak
F R RAEAE T K R v A R AT LA .
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HiRE AR A EH O A VR R BRI R A FH AN
&) 53 R R RBORE TSR] )P4 R 5 1D - 338 e A2 e
T8 AR DTS BB a0 N0 2 i ak R o B B s
HR TE) PRSP AT e 7R R R s 1 U2 e KA P R
NN TG T2 HAE 3R R e ol 55 4, 2019).
RELBY A ) Bt I WL [ sk 8 ) 1) AR AR, TR
9.7 x 10* km*fFAVH BT EARER I A&
W N(22.2 £2.2) Tg (Shen et al., 2021). ItAk, 1355k
JEEAE Rty B A 745 R G e () = AR, TE R SRR AL
HHEAMNEEH. EXBAES RS, Eih 5
A HUBH IR [ A7 RS {2 — AN B I A A R AN R
ST T 1), H R R e L 32 219G (Yao & Kong,
2018; XNAELE 2019). HIFF R, tHRIET HR
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SR 1A DR AP AN B A 0] DA DT R 1/4 190398 7, RHE Hb
ke, W IR B ) ORI E A IR AR S R G
AT TTHRIE 71 1)72%, 378376 i 1A% FH AR b 1) 47% Al
FRMII9% (Bossio ef al., 2020). JRHIAN 5 KA
Fiti 22 7S R G R ZL I IR AS 4, T HLH P R A7
TEEVGERI =6 AR . 1 H AT e Hb B G
L ALY S 3 R R NG SRR PRl St 3 i)
) L AEATL ) 45 2 4 BRB A P AT 70 16 3 55 20775 (.
BRI AL, 2008), 7 A Bl Hb o9l DA Je 1E
S Hb R B R SREA B o A= 25 2 Gk i A
KER, EHAVNREOT R Z . 2 fEEK
[0 AN RGBT, @ESE G — I S i1 5 i
S 7 VE R T I WU B B A (R i
2,2012; JH 4R, 2018).
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A2 [ 7 48 TR AR S K (VAT e e b, JF g B X
PAESANE — B2 2 E N AR T2 0.
RFFCR B A S AR REFERE
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©U 00000 Chinese Journal of Plant Ecology



WA ARG R AR, BT U R R R 55 BT 3K
M BRI AZ A A 5 75 3K

1 MRFAE

11 WHRHES

BF 5 DX B P B VT 1 25 2 B AR DR X AL T 06
P JE I ARy, AGRRERIR A T ORI, R R O
1, 78 DL IE 6 S H L i 0 & o S 5 g
BAREE, PESRACBORE A E R A, M BDLER
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Fig. 1 Geographical location and distribution of sampling
sites in Shaanxi Yellow River Wetland Provincial Nature
Reserve.
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MR AR (28 AR A E . AT B G 5
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B IR 26 7GR R B A A P SR, At
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131 #EMWRETERE

AHIE T AR AE AR R A L AR P A R,
TR AU (Deng et al., 2017; FE#kRT
& 2017):

o
C v :LXS 1
B xS, M

KA, Con WIEIEDERRIE, CONSIAFET L AR
YIERIE, SRR HET R (m?), SEEFE IR (m®), n
N ZHE P T 2 HORE TR
132 TIEWRETERE

XF TR A IR A, R O O A
(Deng et al., 2017; Fh#xiE45E, 2017) 01 :
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JEHE AT AR RIS (o, g-om):
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K, m AT NIE LR E(g), WRIFTIN LI &
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133 HES
AT FCTA FAR ) St 73 iR FHExcel 20035
SPSS 19.08 11 #E 47 J5 46 B4 1 IR A A B A 7 22
M, SR IAT MO R AR AR

2 RIS

21 BRAEMEHERBARIFXAREHNT
8] 53 %

AN AT RN, A FC X B e AR A LA
¥ (Phragmites australis) 7 8 (Typha orientalis) %
BRI BET, P20 mit, HER
90%, HEENILPFAERKHABREY) . (IR
SR BN 0S5 mc Ay, R BE R ON BE (Suaeda
glauca) M0 3% (Suaeda salsa)~ 5 (Imperata
cylindrica)~ 3 H3(Cynodon dactylon)~ ) e 5i(Setaria
viridis)« KIS H(Cyperus iria)%, 5% N80%. #%&
HE W AE 8 LLAT A (Periploca sepium) R =615
(Calamagrostis pseudophragmites) ~ ¥k (Miscanthus
sacchariflorus) 5 NEFEFN, HEIE-FEEELS mA
i, 15 NT5%, YA BRI 2 (Persicaria
lapathifolia)« R E% (Saussurea japonica) W /R Z&H)
¥ (Aster altaicus)~ 1 (Iris lactea) K& &
(Astragalus scaberrimus) « 4 & #& W 5 (Elymus
ciliaris) %5 . 4542021 4F [\ TM A DEM 45 1% Ji £ 472,
B V8 TR A g B AR ORI X DG L IR EE AR A
TRE KRR - BRI TR AR 43 S DR 2 916.70
4196.63. 178634, 4186.85 hm® (€2).

Tablel Basic characteristics of different land use types in Shaanxi Yellow River Wetland Provincial Reserve

+ R SR 532 Classification of land use type IR FIZEA Land use type A Area (hm?) AR X T AR E A
Area proportion of the reserve (%)

HARER RS Natural ecosystem type St Beach 2916.70 5.32

VHEFIEHL Marsh 8383.48 15.29

JEWEM Short shrubland 1786.34 3.26
HAh EH R 257 Other land use type 4H Farmland 8 495.16 15.49

YuYE/KIH Pond water surface 15 835.82 28.87

VT River 15 138.42 27.60

RASEEM Rural homestead 2289.30 4.17
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Fig. 2 Distribution of vegetation types in Shaanxi Yellow
River Wetland Provincial Nature Reserve and surrounding
typical wetlands.
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Fig. 3 Density and proportion of carbon content in different
vegetation types in Shaanxi Yellow River Wetland
Provincial Nature Reserve (mean + SE). Different lowercase
letters indicate significant differences among vegetation types
(» <0.05).

R2 BRIGEITIEHAE J% B ARRY XN R R A Y&
Table 2 Biomass of different vegetation types in Shaanxi Yellow River
Wetland Provincial Reserve

TR AR Y AT R (INGAS

Wetland vegetation type Biomass dry Standard
mass (g:m ~) error (g-m?)

R FAE W Short-grass vegetation 62.80° 6.73

R A 340.05 44.96

Short-shrubland vegetation

[RIEAE MY Tall-grass vegetation 1213.18° 113.21

ANFNG FRERIRTE0.057KF 1A B2 5.

Different lowercase letters mean significant difference at 0.05 level.

15;
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EHREE
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B BECPBMEEARHEIR) . A F/NS TR RN AR SR A () 22
S (p <0.05).

Fig. 4 Soil carbon density under different vegetation types
in Shaanxi Yellow River Wetland Provincial Nature Reserve
(mean + SE). Different lowercase letters indicate significant
differences among vegetation types (p < 0.05).
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WA E TR IR B E AR, T
AR YR E A 1 11 R G W 5
AR T OUMER) TR B . BF9E X 25-50 em
IR 93.47-5.59 kg'm %, fE AR X 0+
MR BT T T ORI L A R A R R M,
T ER Bl R MR Ml 2 T %) L 9 i 2% 8
T E 2. G5 A B G A 5% i AR E s v A,
JEHMEO-50 em LI I Bk it 09208 622.80 t, fICHIAE
1 RV VE BB 53 53152340 460.00 tF11145 254.45 t,
A X 0-50 e -E B A 52501 630.69 to

SEA B o A B AT, AT X O
FEBEIX . REE R X L A A X ) b AR A AN
0-50 cm+3ER EBRiE RS HIN3.41 x 107, 1.48 x 10°
F15.22 % 10° to Y X R A B, Bt R A
B ISy, M 2.09 x 10° to sk b BT A
TR HLAE 2 B SRR X SRR 4 X PRI Bk f R 91,22 x
10° t.

3 it

31 (RiEHKREEME

TR B R A AR BN R EIER T
AR RAEAEH . B Al ) HZLE A (Fang et al.,
2018; Jikbz, 2021; Syvitski ef al., 2022). ¥EihiE
o 5 it b 2 T T AR 1 5%—8%, B AT T 20%-30% [
+ 3% (Lal, 2008; Mitsch et al., 2013). 3% Eigh e
BRGIIRAE R N16.9 Pe, FHELHF120 TghIBIL,
oA G BRI % R928.0 Tgra™! (Xiao et al.,
2019). MZEMURER UL, R 25 2 GUik i & ik
(14 A2 AL A R SRR N TR L AR R P K )~ 1l
L[] I 25 FE RE M NN o) AR 5 T R 2R, R e e
BRI . SRR PSR A R FH 4,
T T AN [ f Tt R BRI S e e AR S R S =R
BUFIRR 0 A% SR GOl 55 46, 2019), T AT Fi Xt R R
BN EREREAES RS, THESREER,
WA 70 H B R A B AN R R R 28 T (R it 0 5
ALk . BRVGEE TR LA 2 H AR RS XN R A 4 7
TR 5 B AT P2 e (B13), H S R A Bk v B
T 2 1 SRR X M Bl s e () AR VR 1)
YR

THZ A A B COM I N B B R,
SR o3 AR RN B T A B 2% DL R AT LT 20
e T L Igerh, MY 2 R SR VA 1Bk
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fits B AN 3k B 7t 7= AR BOR Z2 I CR 2P 5%, 2016
WHEYLEE, 2018; FAAKHSE, 2019). (RO AR
TR IX FEAR — B SRS AE T, e R AR
T HE DAL 81 v AL PRI AL 7K 23 R P S B KA A
TR R /INEE 1) 22 36 A 2 65 M RN Th R 11 22 3 (E
MREE5, 2021), ‘FEBETE BB A 20 5 AR X
ANFR MR Y B 2R B, RTED
O FEAAR RN B i, A SBR[ R
WAB TR BE /7 o AW FU b i BEAELRE (1B % 5 (496.73
g )R v T4 A I M R U R A R A B
PS4 (410 g'm 2, Xiao ef al., 2019), {EAL T
Y B AV B R (5% 5 B (675.4 g'm 2, Shen et
al., 2021), {&HE DX RIRE HE A 14 b 2 FE ST 4= 1
SPRME . TR R R K HRE AN &, MOk A
AR 2R B Bk fi it 2 S BSORE M Bk s B A A o Bt
Ab, DX s 18] RS (Ve B i i 22 5 B B RS
Fo FRUERCGE R BAF AT AERRE B,
AtV b AR S SR U P ] T 2R 4 )
1.3, 0.9410.2 Mg-hm -a”' (Villa & Bernal, 2018).
R 6], A A B 2 P R S b X A o, AR
WHNEAEX . Bk S EEX . A TR AT
VBB IR A0 T I XK KR B# (Shen
etal., 2021). AHFFHASFRIAE AL X (1 T A= 5 3
3 I T VRSV R P B R X3, T S Y b ) P
#. HALKH (Spartina alterniflora)FE% FIE Y &1
7£4 000 g-m 2/ A5 (B SCEREE, 2014). SARASELATA
ISR A 1E R S AE e T R S BUEHAESS
FG I ] RO 28 R AE AR A (Yang et al., 2022).
32 Rt IEMGEEME

SXof U - R B i B RO 9 B 5 22 T I M R
(IRFF 7, ASBRIE ML L3RR 6 & P A7 (5 9330 Pg,
[E47.6 Pg (Yang et al., 2022), 35 E %L KRG
1 E 3B AE = V11,5 Pg (Nahlik & Fennessy, 2016).
T WL MR SE TR AE 2 Fh IR R LA 1E
THEERLA G, HARE S &' &y
A% R 7 AR R S S R R
il e A A AR P AR R I A R, T T B
BN T Rk e M R, 5 — 7 TR AR R
Gr WA TE ) 4y R RIS 0 7 3B m N, S 3L
R4 X M 2 B X 050 em ) 3w fit B 3
T e AR RRE A . AR R
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W, 0 bR i B ) 2 RS I BN (TR R AR,
2020), MMEKRE L, HEEHAES RS0-20/
0-100 emiA B 1) 305 il = 7E U8 /D (1980-20104F),
SAFRARACTZ IR 1 DX VR AR 2 R G KA AT
AR, T AL T 3 R0 T AR ek 2= 5| ke - 3383
s EHEFLREE RNV M 0 A5 A S R AU IR L,
T A 45 A AL T I 23 e, PR g 1 (X1 7
N5k I, 2005; JESCE S, 2016; 4RIT4E, 2018).
KL AL [ B 8 7 388 AR A7) 43 e PR 53 1) B J 1 R
IIRTEMNI AR, I R B4R 4 i 1 B IR
5K -F-(Dolinar et al., 2016) . H 5 & 5K KT AR
YIRRAR R TR R SRR E, WRESNEY Lk
R R (Angst et al., 2017). TEREVEAKE L, BHHT9)
FhZ AR, & BB AR R E A YR AR
G RGO, XEREY MRS R LS
YRR s AL S AW sc e, PR AR E R AR
InPERCRL, 52 B TR R R W) R R 1 O R
(Santonja et al., 2020). MAFRERE, BT
A NGB TP, BER A RGAE201H 42
SOAFAR 221t 2 104K A 1020410100 cmi FE (1)
3BT LR 5 B 43 T AN(8.49 + 2.73) kgm FEE(8.27
+ 1.68) kg'm %, FIM(28.12 + 10.18) kg'm 2% % (25.93
+6.18) kg'm % (18144, 2018) . AHFFE H10-25 em 4% 1)
T35 5 3.66-6.39 kg-m 2, b X - S5 (B
T AR B (B BE S 2020), Bk 15
T E R P E B B R AR, — TR X 2
S, TRV R i — M T N SR R R AE , 5
— 7 TH 45 b T R 2 2 0 - R P 2 e AR S st
Wk E I — 20 T (Lu et al., 2021; Yang et al.,
2022). IR, B FEIX H T H R DR AR
T KRR IR S b K AR B L, S EGE
A RGUR(E A, 2015), @i FECO
CH M =328 ) K AHET, AT 980 20 0 b ik i &2

NIRRT T IR & i TR DA S By
TRt AT AE 25 1, A i A K S 72
O PRI AT DA B 7K B 2% A4 (1) R 1A T A 3 ok o 22 S5
() 32 B S Rl R L0 RS, 2018; FH RS, 2022). i
X PRl 25 B A e A K PRI 3 XU, X — 7 T
556MEA PR 32 BORIE T KRG 5%, 523
IKBLAALAE F BEBCRZE Ko 53— 7 T 3K i
io AR - 3 R A I LA R AR A P R ) - S
i, et B3 E S KES S EURE IR R

TR RS BRIGSIR I B AR RY X BRAE R 475

PR A il R, a3k fig =, Xt 24
ARGk IR 7] Re = T 20 AR SR L A 2 &
S fits & 1) 25 B L [K] (Pearse et al., 2018). BRAE KRR
g SRR RO MK PR A ) Ty S e 1
1 P 4801 1 R 08 20 A Iy SIS A 591, PR A1 - 438 ik 1) 4
fi# i (Dunn & Freeman, 2018), X1 & Y& X F7E
— ek ENEER R, Ak, i H R
1) 3 S AT RE 2 T g i SR AR ) N S P
SAT R BT A WL 254, BRI I
ER, —EfEEARIIE T kil & 152 € (Unger et al.,
2016), 1M ¥ AT 8 0 )5 R AN TR R A AR £b 2 36t A
FLIX BB Il 2 AR S (FRAR TR A, 2020), 3E T 520
IH A, TR S AR R, A FE0R
AR S R G ik i = A7 7 0 Pk o

4 £t

Bk PE B VAT SR ORAP X B AR A A X
TBE N IX v A A DX 1 Sk A B (A A sk
fil B AN0-50 cm 3B fik B 2 A1) 5355 92.09 x 10°,
3.41 x 10°, 1.48 x 10°F15.22 x 10° t, (5Pl [X s
i = 10 EE B 9 ) N 17.13% « 27.95% « 12.13% Al
42.79%. fE A A X AR AN AR A R Ak,
RAMRBE T ERREE . Bk, BT R
G VR A S R R R B AR, R
SRR AR 2SR G R P SN S i R R
[ B DI RE IR B, FE BRIk 2, ASTR] e B AR
FETE R AG 0 2 7 Bh T M AR S KR R ik
BB ST E

Bt R E R ARk Ae 2R B 0 kA & ALX I A
H AR B (XBY-KICX-2021-12)89 % 8h . Bt
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