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Effects of nitrogen input on carbon cycle and carbon budget in a coastal salt marsh
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Abstract

Coastal salt marshes are an effective blue carbon sink to mitigate climate warming, but their ecosystem stability
and carbon sink function are threatened by the large amount of nitrogen input caused by coastal eutrophication.
Under the action of regular tides, the high nitrogen content in the coastal waters will have a profound effect on the
key processes of carbon cycle such as plant photosynthetic carbon fixation, carbon allocation in plant-soil system,
and soil carbon release in the salt marsh. This study reviewed the effects of nitrogen input on plant photosynthetic
carbon fixation, carbon allocation in plant-soil system, decomposition of soil organic carbon, formation and rel-
ease of soil dissolved organic carbon (DOC), and carbon sequestration in the salt marsh. Based on the shortcom-
ings of current research, this review proposed the directions of future research, including the effects of nitrogen
input on plant photosynthetic carbon fixation and carbon allocation in plant-soil system, the microbial mechanism
of soil organic carbon decomposition, production and lateral exchange of soil DOC, and the potential impact of
different forms of nitrogen input on soil carbon sequestration in the salt marsh. Overall, this study aims to improve
the understanding of impacts of nitrogen input on the key carbon processes and the mechanisms of carbon seques-
tration in a salt marsh, and to provide new ideas for assessing the potential changes of carbon pools under the inf-
luence of eutrophication of coastal waters in the salt marsh wetlands.
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etal., 2019). FAHJERF, —J7TH, HiEERABEERE
MG E k. )RR R W E A N E K,
5, WA KA T IRARE S8 5E
BUR S RN, IR, e KB ISOS
BELRS F 2 (CH) ™ A2, AT FRAIC R VAR CH PR 7 2F
AIHE(Choi & Wang, 2004). t4h, T £ iE
AW 1A T TR, R PR AR MEIA BN, B
Bk W LA A A7 72 £ 38 b #0 T 4F (Radabaugh et al.,
2018). Ji4h, FRBIGHUR ], Mg A1 i b7t
A B AU 45 R VA VI Hh i 0% S T T el R R S 1)
T, PRG3R VAR M BT D BE T Dk % A= Bk A3 AR AL
SEILRRIA i HROR A 7 THI A7 A BB A £

TR ER VAR Hh B A8 4B 2 LT ) B COL N
CH A AR 1) 77 1) b TP HLER (DOC) . AT %
PETEHLER(DIC) UKL HLER(POC) A 3l 1) () 4T,
2017). — /7T, MEHEERBBIAET RGENKS
CO, &, @i H Y Fr (64 1F I e KA )
COYE AN, B HE 1B A7 71(GPP),
T8 AR Ry R E F R A R R A i B e S —
Ji T, VR VIR E BRI A AR
VIWERAE F 3 SR T ) A WL, AN TR T COL M
CHy. M4k, 1% KR A TAT G 2 35V e e
R0 TV P TR 285 PR A AL s A A Bl 7K A
HH o YECI R VA VI M M Ak ek s U R, R A
FAF BT IR A B B A (1 R 2 004 S A8 3o 2
2 1) R RV T R VA W M RO A S B R AN B T
RERIR S ENLHI R 5T, 2017) 1 1F I K
PH 8 TR SR ST NI SR A S R G,
MM FEH TR LR AT B R R, AR
M) Y52 VA5 5 Y VR b A 25 R G0 WLB R 5 R ] s i R
(Penning, 2012; & #F, 2017). i, iy ihiA
BN B PR 6 1 S EU L 500 kg km M, S
HMIE AN T Re & T 2R VA [ Bk D) Be PR LA S A=
B ARG f e Mk 55 1) E ZLE (K (Pardo et al., 2011;
Penning, 2012).

MR EUE I R AR NI, 580 R
& IR H a3 i (Deegan et al., 2012; Xu et al.,
2020), & H A 4 BRI 5 T I 0 5ok M E i — A
WEE . fEMWIERT, RERULRSHNERE
SRR AR S RS, FEuk R E R AL, dE g
BHCE N Y- . A VLR
i 11 558 WL A LR TS B 0 34 0% i A% (Hu
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et al., 2016; /%, 2017; Herbert et al., 2020), Jf
BRI ThRe =) 2 IR ZI s mi(E ). AT
WA A, KRR AT RSN E, ARG N
Pl i e A o RO R D 8 T 1015, HAEEERL
TEHLE(DIN) K £ 25 2K A (Deegan et al., 2012;
Breitburg et al., 2018). Wil & #5145 3R 3% 0,
20002050 4F ], A [H 915 ¥ 2 & N 2R 1S
30%—-200% (Strokal et al., 2014; Wang et al., 2018).
DRI, o] B U N6 3R v M BT A S B o 2 P s
ML, A Bh T48 R B4 AT 373 18 6 (Ui T
B FE S AL B2, T AR S TR
5N SRV LR P B TE AR AR LR .

1 REAXRRITEY S BRI

BN BRI B b A= 25 RGP AT 11
EBRN—MEFRIOR, EYT U5 LI
VI(An AR ER A 30 B ML (N PR 3R« SRR AR
() 2B I AR 3K 15 & (Jones & Kielland, 2012;
Kiba & Krapp, 2016). H#ifIiF R, 23k
50% 1) KA 1 AR 7S R 02 B A PRl (Du et al.,
2020). EMAEYIE R HIEL G, B A S E ik
WEHER RS RGP R, 1 LA A DA
(DON)FIDINJE R 1) &l 25 (Vitousek et al., 2002).
MDA BIRED AR, B 2BV I R 4y,
B BCRIAFAE UK B 2 5 (Wang et al., 2019).
G N — 77 T I8 SO A R Bk A= ) & DL AR AR
RS A A R AR T A 2 ) 23 B A
T 5 Ve R PR 1) 28R FH 2% (Tversen et al., 2010;
Wang et al., 2019). %4, EoEaHlisRH RN M AEY A+
YR EEH S, BAEM Ot E R SR K,
DR i e B BE 5 0 g ) 2 18] 38 Jl A7 AE TEAHOGOR
Z(Chapin III et al., 2011; Mao et al., 2018), EHEIH
In 3B A SRR SR AR R O A
&, shmisE 3 AR R s AR BnCo, 1)
Wi I AR COL [FAAE F A AL 3 BE S it
7K 7 R 803 . 980 68 #E(Guerrieri et al.,
2011). F—77 1, A% N BT Be 0 HE a7 8 B
FEAR RS, AT 5 M R A T 1) RSB Ak
(Wang et al., 2019). 552 m & A A2 B FEIK
TR AN 3 1) BRSOR 0%, KPR 25 =
TIPSR (DR BRI fE, HARIAEE K7 i
KAy JEHREREE . IR SE)ARLGEE  OCk, PR
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Fig. 1 Effect of nitrogen (N) input under tidal action on key processes of carbon (C) cycle in a salt marsh. Periodic tides bring N
from nearshore eutrophic water into coastal salt marsh ecosystems, changing the stoichiometric relationship of soil nutrient elements
in salt marsh wetland. The exogenous N input could have important impacts on the key processes of carbon cycle, such as photosyn-
thesis and respiration of plants, distribution of photosynthetic products, decomposition of soil organic carbon and loss of dissolved
organic carbon (DOC). DIC, dissolved inorganic carbon; POC, particulate organic carbon.

T MR A K (Harpole et al., 2016; Wang et al., hn A 3% % N\ (Fernandez-Martinez et al., 2014; Her-
2018); Q)EIIKEEMRE FRIEEMN S FE8MERfE bertetal, 2020). {HE, X3 —ERE)GE, KEME
PRAHIEYIN AR (Wei et al., 2013); G)EASINGIERE  ATREHIHX MOERN, £ 2774 4 85 F1EH M
ENI IR S . seal, YA E X R FHFEY) IE % £ K (Bubier et al., 2007; Peng et al.,
NIRRT A A & B 1R . N, HRELeylh s )g 2019). LERVAMRHLIT 5, Rl B, 2
(Cyperus) I BN BUR, BIEERI & A BRI, BRI R E RS T se 32 = HAEY)
a0t B ARe yr= E i sg e, H—Le 5P SREFEBREE . BN, HnZiRgmE i Cos R bk R
RS AR IRGRIIYIM B REE M A AR (R R B DL RO B COL MR B s 12
EAESE, JHEEEH B A BT I(Mao  BIEY)E A BEBKAE S1(Wu et al., 2015). {H2KH
etal., 2018; Shen et al., 2019). KEFMA TR FEAES RGBHE R B, &
ZEANXT ER AR YA B IR R R R EUES KRG NEIR G A BER ], MR
(ML, FEERIME AN, FEZ R VB S YOG & [ B B8 70 % & 890 )% (Chen et al.,
N ZRFRFIK P iR 520 (Vivanco et al., 2015; Peng  2017; Peng et al., 2019).
etal., 2019; Xiao et al., 2019; Herbert et al., 2020). X = 4R 3732 o PN
WA RS T BRI, AR zﬁi‘éﬁ)\ﬂm'”’Eﬂﬂﬁ%'ﬂ%’%%ﬁ” Fe
ReJm it B R A 1) BRI 2R B 35 1 A s A T "/
TAE 7, REAEY)H b B R A, 2 B NN EEAR | 52 e 1 ) 0'e & [ B e 7,
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W REFE WA G & P I AE R - 3B R S S T
ol AEAHE b MR AR e A SRV R A )
I RS (56 #T, 2017; Hayes et al., 2017). B
S, AL F IR e+ EE K T RV SRR A
BUBE, 5 BhER VA s POs e A iR, B KA WLk
It A7 25 0], [RIA, R At 138 o ) AR A T 2%
A A IR R, AR R N
BRI AT 1 B BRI . AR5
— 77 RS 7 AR BRUTAR Y, 2 3 ] I A LA
S5 5y oy kM R IE, 571, A TR R
REREH 2 UUARA, B b33 1B F WA AL 42 i 55
(Kirwan & Patrick Megonigal, 2013; Mao et al.,
2018). Kk, FEY)AED)EL 1) 2 18] 7 B g 0% I i 4
S R Ak RO 17 AR 28 R0 390 28 PR B A A A,
- N IR S bR, IR AR A
3R JFE (1) A2 4k (Bolinder et al., 2012). 3@ 5500 T,
TG A T 3 1R B BV IS 43 TE DK /N Ry 28 > A > 1 43
TR 43 6 B [ 5 B TS B A H B3y, R o ) 2 o
TN mAE P R A R A b Ay i s, R
WAL bR g B R AR S BICR, RIS
R A A o BL(E 51555, 2017). B RO 2
BRI R BRI, 8 0 s 35 AR 4 1 5 [
L B BB A LEWOG S Y- LI R 5
B ] A A B R P A A 1 o
(Wang et al., 2019; Xiao et al., 2019). {1, *Chkn
PRICSER R B, & = U N T 1 R s A ik
Bo 45 22 I EL B (Wang et al., 2019). %04 N\ 5 )
WO R R B ) R T iR, (HAEK S
AT REBRAG, XM B AR K B ) 2 R O &
TR AEAR 22 (1 23 RO ASE O U5 N e 2 B — 5 1)
ANHf 2 M (T8 355, 2017; Xiao et al., 2019).
JESAYEIS ERR, B N0 SR A )
by b/t ARG, TR EESZI (AR (Smith et al.,
2015; Armitage & Fourqurean, 2016)F1% % N\ 7K
(Bubier et al., 2007; Liu et al., 2016150 . FAf 4>
R BN, ERRHIAES RS, BNt
Brh R A, EWE 5 RNGE S, SEUEY T E
o S T N A, RGN 51 R AR
5k LU P (Wang et al., 2019). 9% 5 V8 7 8 5 52
FIEBRE], LR OVE S &S RE i g s i)
BRI AR, FIAN B E R e E R T A
&, dE AN 3 A LS A B IE % (Deegan et al.,

www.plant-ecology.com

2012; Alongi, 2014); Bt4b, Y F3#5 A1) &1
I Ge i 3R 58 2 WK A LR, [EIE> LI
HUBR 142 (Gacia et al., 2002). MKINHEI R R E,
-4 R 2R T = R M SRR . A
KA RGN T BRI R A K
RN, HR A ERRL, HRERRERER
IFET R (Majdi & Ohrvik, 2004); 238 e 5
B, EhVR IR AL ROGIME, St 3 A i 35 B
JCFEE WA F 52 (Deegan et al., 2012; Pennings,
2012; Graham & Mendelssohn, 2016). A] W, hiHE
i B AR SR A R X U N P o 5 3 7 0 2 M AR A
(Vivanco et al., 2015). s A KRN, B K
PR, B PR A F 2 B B AR R A Y E AL
RAEAER M) Bk, X Fh o Fic 3 A2 B A A [F]
A B MU e, 52 23 55 R 2 14 51 (Shipley
& Meziane, 2002). MetaZ>HT3RH, ZiNiE A [F
KAEY AR L AR E TG R, BBk R B
F, BN R E (L et al., 2020).

3 AMAMEB R TIRGHRS BRI
M) K% fnfl 2 40471 1

AR A AR RRES) FE
WOy it AR SR, R TS e A LB 23 A
BRI — A ERWIEORIL, K%
DL 33 LB 1T A7 1E (Macreadie et al., 2019).
BAMAFEEAEY AR e, Saa Ve =) s
FRE B, semgnR AR K S R . FRATTHT
BRI, SRR E YRR EERAERR
JEE 0k - S5 W 2 A A Ak B B S 1 U 1 4 F (Han
et al., 2014). [FI, HIFHEEY)ISRE BRI R
) FAMA RIS (#2) . AR B 3 A AL
P, PR RIERE A TR BER A R 2 R
S BTE A, B N AT LR 7 7 A 520 (Zhou
etal., 2017; Yang et al., 2018; Xiao et al., 2019; Qu et
al., 2020). — 771, & AT A $ i 3
G R Ut AT 503 A A A A A R A P M
FECESAPRA S R . R E S
AN, HEAEESEMENRERE, TR
NISER AN R RS BRCN, i
RE L IR AE R, R RN S B AT
N >K(Manzoni et al., 2012; Cotrufo et al., 2013; Xu
etal., 2014). 73— 7, BHAATAEZ (K1 3EpH,
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Fig. 2 Effect of nitrogen (N) input on decomposition of soil
organic carbon in a salt marsh (adapted from Hester et al.,
2018). Microbial processes are directly or indirectly affected by
N input. Plants mainly absorb NH,-N, which stimulates plant
productivity and the deposition of organic matter from the
rhizosphere, thus stimulating the material circulation of
rhizosphere and the metabolism of rhizosphere microorganisms.
Plant derived carbon input and higher N utilization jointly
stimulate microbial heterotrophic respiration, and then stimulate
the production and emission of CO, in aerobic condition. In
anaerobic condition, excessive NO3-N is converted into NH;-N,
which will inhibit CH,4 oxidation.

Wl g ga, TSI RE . BT
DA e A1 . B4 RT 40 1R 1 L (F:B),  [RII t4x 5] ik 1= 438
72 1k (#2 7 F:B)(Rousk et al., 2010; Chen et al.,
2015a). F4h, IR )RR o o E AL K
fife, SR P AR 0T 25 S5 X B AR 1AL S 9, K AR
iy [% fift 2F 4 3 55 18] 5 19 1k & ¥ (Sinsabaugh &
Moorhead, 1994). %5 A5t &0\ AT DA it 4 4
ENiUE s M ER RS DU S i N SR IR 1k
i, MATTT A 25 5 11 A AL 93 A o

G N R VAU Hb - B WUR 73 AR AFCE AN
P, BRHE. SEMHI AN B . AR I, EARAT]
DU 7278 3th + 3 CO, A CH, HE /il (Fang et al., 2017;
Herbert et al., 2020), {H2EZMAERSIHENLT,
TR COHE T & £ (a1 A, 5 52 2 0 )
(Xiao et al., 2019). ZH A AT LUEREHIECOFA,

X e TR T REERE R M, PRI E SRR
0 e A R ), TR B S R 9 ) IR 2 (Bragazza
etal., 2006; Song et al., 2013; Fang et al., 2017). {H/&,
TIEMEItE S 2 RIR . AL ST IR .
iR R ISR, HIECO ik E S S I
#34 (Bragazza et al., 2006). ALK, FHA
Xof 33 HUB 43 iR - 3 COLHETBUT R i v 2 o
PEFI(Chen et al., 2017), X 7] RE A H T 350
AWIIBR B4 FH (Song et al., 2010), thrRERE A
BN G 2 RO B () B F2 0P, E A E S A
ML TR 43 fifk B ARG 5 77 I (Hogberg et al., 2010;
Wang et al., 2014). [EAERKZE, BT HEE
ZEFE, JeA B N AR bR - SR BB N A B
TESR AR IR, AT U 5 - 35 MLRR 2 A A B JE
1L FE(Pausch & Kuzyakov, 2018). 4k, % At
5 W 10 A W e VK 45 R AN T g 3 T 5 W CHL P AR
(Sinsabaugh et al., 2015). CH4HH ™ H 4 oy B A i
(Angel et al., 2012), #RFTF b o 1 1 s S A e A2
T - ECHHE RO ZU A B S8 (Xiao et al.,
2017). HEAFMHSZZPFIAFERTHIE, HT
PR B 25 5, S AT HLRR (b 1 52 m
AN[E(Chen et al., 2017, 2018). HAjTKEHFFRIER T
ZAm N B G MU R DR R, (R AR
RS LA AR B e M R B T b o B, A
XFNO; -, Juncus acutiflorusii Hiff 46 i $ NH, 1E A
B, FEURBRHNO; L, 48 TR b &G H 3
A, AT T 52 2 i A 40 10 b SR 30 (Heester
etal., 2018). MEHMANEK mN, HIEFEY T RE
SRS B REAE AR MR SR AN, IR R #
2R CO AT, B A B FT R IS IINO; X £ 4%
COHFBGE A K(Min et al., 2011). T EKINO;s £
{3k R, i B MNH, S 36| CH Ak, Al fE
2 S CH AR E (Hester et al., 2018). FATHT
HAAE IR = F PN A (1 BT A3 1 S IR R I, B S A
TEAR IR 7 CHLHE, A A B AR M AKX
CH,HEBCE A AR, (H 525/ (Xiao et al.,
2017). Fa4k, FATEKRI, EASEX LIEIFIRA 2
IR, E A 2 UM 0] 45 1 1 - S IR 3
KA BEFM(Qu et al., 2020). HARMHEER
Xof A LB 23 AR S AN [R], X 22 55t T e
- 398 pH R i 35 M 00 0 R AS [R5 3K (Min et al,
2011).
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4 FHIAX
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AN IR N S R 25 Y TR - 3 DOC i 72 AE
SR, bR Sh VAR R B R . SRR T
B R Rk EEA 2R T, — P2 BLCO,MICH,
ESMIEAHEL, 5 MR UDOCE R k. RE
DOCAY (5 + 3 8 HLAR 10.04%-0.22%, {HE 12
A LB FE Hh B T R RS 25 A0 1Y) 4 1 43 (Bauer
etal., 2013). 4N, HT-52 30 78 i b o A0 R S 1
WV YRR, R TR R RO £ o R A YR VA I T
9 1B [940% (Majidzadeh et al., 2017). ZZTCEE N,
AR B NG E T8 3 3 DOC (1 77 A FURE i A,
HRERm(E3). B, SMNERMARIEEHRTE
WA AN ARSI, TR A VA D FIRR R i)
B hngefei +3EDOCHTE R RE . (H2KINEE
B8 FECGHBIR IR b, HRPRER BN T 5
fit, M FEME T DOCE & (Deegan et al., 2012). HIK,
R N 8 L 5 i - 3% pH JE] 422 5 i - 3% A LR P
DOCHEEAL, [FIH 28 AL £ R DOC X 26U\ 1 il
J¥(Chang et al., 2018). 4753 i & A A% 358
pH, | L3R DOCHRE, Mifijs/b 1A MLk
BRIV, R AS U e ik 4 vy - 48 pH, AT
fE#EDOCH: /i (Chang et al., 2018; Preston et al.,
2020). FX, FEIANI T LIEAYEY E, N
P T AV E RARES, AT T £EDOCH

HBRM TR AA

ER=RIIRTE

fi#(Fellman et al., 2017). AT H A 7T 2 P ER
i N Xt s 7 1 M T LT [ BRAL 2R (COL M CHL) B 2
Wi, AL IR KR E B IR &R BADOC )y 32 2
T8 2Rl v ) B S ke, 1) 24 26 R EEH: 2 VA 10 L ik
FEIR I R 1) B AR B AR L RO FLB S S R AE R PP

5 FUAIAXTEL AR M T R B R 200

VR b - ST T e AR R R — PR EE
BRGNS IhRE, AR A BRI A S R ARG
HL A SRR, TR B A R A Pk b A s
REHEERIS0Z % (Ma et al., 2019). 454 92brM
DR A SRR TI A B, 6 v g b o 1) - 438 sk R A
WA J(218 + 24) g'm >a ' (Chmura et al., 2003;
Duarte et al., 2005), fHELZ T, A7 #am AL
J7 FRAR M 3 R A R AUN0.7-13.1 gm P!
(McLeod et al., 2011). #Efli5, AEkERHWH 1
BrRigfEE28(87.2 + 9.6) Tgra' (Chmura et al.,
2003; Duarte et al., 2005), HBAA k% fEiz i T A
AR E SR Y ENRHRES RS, 5
FMAS RGO BB [F], V5 Hb e [
Bk 5 2 BT U P I SR APURN 8 BT ()3 7 i
PEo BEFURIN, TREFEHE A K EURIM 2,
Bt A HLBR R A7 2, - AR ER
HLA 5 3 LAy fiR, 5 DA =38 HLR A 204772 T
N, DRI Ak 2 R G B R v A B [
7Ji(McLeod et al., 2011). FAE NS RS E

DOCHi A DOC input
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§/ —— DOCHit DOC output
FEB co, .
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—— S3M#/KPE Decomposition/leachin
N#IA N input PO g
DOC#i A DOC input E%Eﬁi ( %&E%E%EH DOC > HCO; DOCHH
7K/ Water Plant litter ~ Microbial biomass . A DOC export
AR o AR _
; . DOC —>
Soil organic C  Microbial biomass —> HCO; CH,

+ IR
Soil and sediment

3 RN Hh VAR A HLIR(DOC) ™ A FIRE T

=
52

l S3H# kY Decomposition/leaching

M. AMNE U BT LB EDOCHI N, S B K, @

HAEYPRARMGE Y A RO T RIEAK AT DOCH) & &, MW 24 COMCH, I HE L X DOCHI H «
Fig. 3 Effect of nitrogen (N) input on production and release of dissolved organic carbon (DOC) in a salt marsh. N input is gener-
ally accompanied by DOC input, which affects vegetation growth. It alters DOC content in soil and water through plant litter and

microbial biomass, thus also interfering with CO, and CH4 emissions
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and DOC export.



R AR R R SR T G A S B L R RS KL 7

BFR S, B RO sk
# 2 (Mitsch & Gosselink, 2011). A #f4h
TR N R VAR VR b B A b S R - 9 R 1 5
W, V22 W o R A SR . AR AL DL K
meta 7} T4 T BOW BRI 50 1 BIEHD T 358 m it =
HAT TRV R D). PSR, FH R
DRI, 30 P26 A7 2 e s N RN it Hh - [) 110 ~F- 1 v
WM. CARIPTFERM, TIEIPIRAE e i T 2
(B & AR, X BN TR I AR AN [ 1),
= FE IR, NOs -NEES IO FRAR 1 338 ) i Jk
% (Chen et al., 2017), SRTAEMNE RS FE R HL DL A
BRI, BRI R R T R,
T AN 7 3 B 4t (Juutinen et al., 2010, Tao
etal., 2018). [FIFE, S I AT DU R 1 1) A= K
HE £ CO,, $2m i 3 A N A&,
M i 3B N o G 7E 3 RTINS K (1 1
TRAGIWT T R R IR, U 2 a3 s A= ) s gk i
P HIE AR 17 (Wendel et al., 2011, Pastore €t al.,
2017). HERII A S A 25 R GERif A7 AR AL %
AR GRS\ TR ] S G T 0 M A BR AR A R G
M TTER B A R .

TERA MR E o 2 AR W 35 VR I 1,
BN T ] Re R AR R A K, fem i
AL, IOPE LR AR R, AT R A R =%
] R mR LI iR (Hayes et al., 2017).
YT RWAER RGN S, Bk geECR e+
B2 ORI ERIEIR . U DRSO 4
HOEF Y AR, AR Rk, B AT
ERAED RGP L m I sm B T B 52 i
(Tipping et al., 2012; Mills et al., 2014). [FIt, ML
ZF, \mTEE. RREESRG T HRAHR S
i 52 3 v W BE AN B M RS D I BRI, BTN
PR B S AL B ARG B, H R AR fE
+ 3 rp B R T 4E (Dise, 2009). G HF R,
EERFEMAESRa P, A AR
(Phragmites australis)/E . $& @ 2E5E M, 8N
T R B S E(Qu et al., 2020). 5 —J7 1, i
NI ST 5 M A () R A 4 1 B3k T s ) - 4
BB RN, AR RE SR AN, &
ARSI, RGBS, R 1)
A W) 1 43 B 23 A X 32 5 (Clough, 1992; Sherman
etal., 2003). A& RGEEAEBIN N, 17 ZIEA

UNFE G RO G NE RE T R S5k 55, #E i x A A K
P2 HE B (Aber et al., 1998).

[ B, 7 b T8 I Hh 1 50 R A £ s e - 49
H L 453 fi# (Romero et al., 2005; Huxham et al.,
2010), JF 6 {2 32 o A= W oy i AE ) B S AR B
(Romero et al., 2005), {HId = i &\ 2 H 6 Al
VIR 28 S IR e o IR UL, SRSz I,
NN T BT, R 2% e SR A SR
f, AT AT BE £ 4 = 0 W 3678 1 b - 3R AV R
(Janssens et al., 2010; Keuskamp et al., 2015). [A1f,
PEAk BT R VAR H B VT D BRI B 24 X 3 PR |
EERGHE R ELSRS(Chen et al., 2015b), HHT
KZH W SRR A A ES RS (Mou et al.,
2011). X TRABAEERS, BN GHIBEY K
[l A, 03t TR AR E AR P,
&EA T AEY A (Zhou et al., 2017; Yao et al.,
2021), 40 gea P & &, 5 A LR iR
2o lhn, AT 356 B 5 ZE M AR I — AN KIR9
CETRIAIF I Tk B A4 ) S8 R IR R K R E S TR

SERK IR E R ] BEiE AR S KRG R A,
T 1) 20380 9% £ VA 3 Hb 1= 33 ) < 85 5 Th BE (Deegan
etal., 2012).

6 [ERESEE

gr Bk, IR EEFREE =T, KEXR
BT SRR M ) S RN FE A - L3RR S i
N S A SRR PR O B AR P AR IR R e,

S BRI T RE M HER T Al . B, BT
HUREA'E G ] Bk R 52 MR A7-E BB %R (Vivanco et al.,
2015; Peng et al., 2019). f&/KFZH A 7] LA 5 AH
Y E E R ), (HRIAR—ERIEE, kemEA
Al AEINHZ P IE RN (Peng et al., 2019). ok, &b

WY A TR - T R G (e B
il o A I 52 Tk ) WS 2R R0 30 8 1) 0 FiL AN 6 7 K
B, IRZN 5 R PR 1Y 7E R (Xu et al., 2020). 7
W, BH NS R0 T3 HLRR R 2 A, (ER g e 45
REHEMNSBAKE. HIEYIAHRE S E. A
() SR RRRIR R, BT8R E 8RR
(Chen et al., 2017; Zhou et al., 2017). F4b, FHA
X ER TR VE Hh FIEDOC I 7= A F1 R AR A 1B 2 5
(Deegan et al., 2012; Chang et al., 2018), iRz
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