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Abstract: Exogenous nitrogen enrichment can significantly change plant growth and the capacity for carbon sequestration/
fixation of wetland plants, and influence the carbon and nitrogen cycles of the estuarine ecosystems. In this study, we
examined the effects of nitrogen addition (CK, 0 g Nm™”a™; N8, 8 g Nm™a™'; NI6, 16 g N m~a™") and submergence
(T1, submerged approximately 2—3 hours every day; T2, submerged approximately 11—12 hours every day) on the
growth , nutrients, and carbon sequestration characteristics of Cyperus malaccensis using the mesocosm method in a 15 month
experiment. The growth, nutrients, and carbon sequestration of C. malaccensis under the experimental environment were also
discussed. The results demonstrated that the height of C. malaccensis under the T2 treatment was significantly greater than

that under the T1 treatment, and height in N8 and N16 treatments was also significantly greater than that of CK over the
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entire experimental period. Furthermore, the height of C. malaccensis was the greatest in the mature season( P<0.001).
Submergence and growth period factors had marked effects on the density of plants, and the density of C. malaccensis was
significantly greater under the T1 treatments than under the T2 treatments for all times, and the density of C. malaccensis
was also the highest during the mature season( P<0.001) ; however, nitrogen addition did not result in a marked increase in
the density of plants. The aboveground carbon concentration of C. malaccensis was stable, which was higher in T1 treatments
than in T2 treatments( P<0.05) , whereas nitrogen addition and the growth period treatments showed no marked influence on
the aboveground carbon concentration. Nitrogen addition, submergence, and the growth period factors significantly affected
the aboveground nitrogen concentration ( P<0.05). The value of aboveground biomass and carbon sequestration in C.
malaccensis was the greatest in the N8 treatment, lowest in the CK treatment, and highest during the mature season( P<0.
001) ; however, there were no significant differences between submergence groups. C. malaccensis had a strong ability to
adapt to changes in the environment, which means that C. malaccensis has the potential to expand to high tidal flat

environments under conditions of continuous nitrogen addition in the Min River estuary.

Key Words: nitrogen input; submergence; carbon sequestration; Cyperus malaccensis

MR 2 RRE B AR RS T — W R AL S R TR R SRR AR T A i A S R GE A L, T
P T ELA A B R BR R AT B 0, AE A BRERAG IR h Py i A (0 MR A 6 A T B A T
i J2E P BT, SR TR R AT AR VAR M E S R G AR WA NS RGeS A K R E R R
1 b T AV R B FYAT i A 5T AL, S 0 M B 25 R G P R iR B — R AL, ARk, i T A RIS S IR
7Rk S BT 11 30 A 2 AR G ) R ARSI, W I Y b A 2 R GG A [ Rk AR RN R | R ER L R R
HERY

T 1135 0 Pl AR B A9 M T R A S R R R A D R O T
MEASRRIRAS i A A K 2 T T RBUKE G, AKERS B kAR R 2RI, 54k,
IR BEAE X AU AR RN A TR, B s W AR K . — A AR T USSR Y PR e T,
T AR AL B SR I S 2 RN O R AR B B K 43 B oG R O A LR Y
E R X A PR 43 Wt 6 7 5948 Pt 2 DR 2600 FF o 0 R Bk o R B i & AR ek A ™) el R b T
WK AR AEILRIVER  SMNE AR A S Z A R R B A KW 24t ELEE R A O A [ ik RE
TR A S R G ik AR R . B AT O AR A ) 5 B A R R S L 28
TR T —S6fiff 5 (02 28 AE RARI RIS 1 AT 7K AU AL TRV B R T 101 RV R b 75
FHEWI G AR BRI,

) Y9 11 9 A T e SRR I e S FR AR A X ) R L A K R F A IR EFR LA
Bt A R guad e A A (U H R G T R YTIA 98 10 HAE A AE K E  EUR AR
M R AIE B R EEHLH ST LA = B R 2 S VR SRR R AR AR R Y, AR R Ml 25 i
A3 W AR s /NBUIRAE T A R TR 1R M A S A A T T e R
Fttel R BN REAEY)  E R AT 1.5 m DL M R ARZE Ak IR R AR Rl A ¢ )
(3°C FE B IMME J - 12.45——13.54%0) , LA B CA BRREE JT . 77 B A AFFE 2R B, 8 VT3 F 8 Hb AE )
S S A R R AR T T S I TS M DX A A W< 14 D R R R SRR
X T2 BRI A B R 7 4558 A T T 101 Y] 11 Y358 108 e %) 28 A, R AR A HE I Al sl AR A 4 A K
FEArFEA ERRAE T 7 TFIREAHDC AT HA LA RE S, AR SE LA R YL I0] 11 4 3 p 4pi Je 3 35 S B 5 Xof
%3 AN [ AU A FI K W S5 AR DL S B0 | X 9] V9T 10 9 M P A AR AE Bk LR 0 R W [ e 45 Ty
THIFF ST, B FEIE— 2D R U A 8 A5 P A8 Ak R T0] 11 00 b A ) A 2 N e 7, I SR 1] 11 0 1l 7 2B 25 3R
Bt 2% |

http ; //www.ecologica.cn



14 34 SRARIE A SR AR X AR R SR S BRI 3

1 HARREBESHRTE

1.1 AFFEIXHESL

] Y19 1 i £ IR b (26°01707"—26°04'34" N, 119°35'51"—119°41'12" E) J2& 1 [E 25 g 1 7 i 50 ) % 4%
T 1747 Y, A A A TR YLV T B T AR R P Y T M, 92 1 b 32 3 47 S e B S, Ko7 22 R S P 1
AR T I D AR A AR AR RIS, ERK ZR W L e o AU S B O i I A T 1 P 2 KU 9 e, i B I
T, TR, AR 19.6°C  AEY RN & 1382 mm, 6 A R b+ 3 A0 F 6 i fb 38 B i B, $h 0 8 , pHL 22
BRI ; IX N LA AR SRS A HE ) 5 48 X3, S 312 P35 ( Phragmites australis) JFE 5 ( Scirpus triqueter ) 55 & 1%
T 9 S w7 U 0 3 £ AR AR L) s S 0 VA 7818 (e NG =8P (= R TS i e e I T s R [
#2 ( Cynodon dactylon) iHiZE ( Panicum repens) SFARR T AL Y) . i £0 ¥ENR 3 iy F M BRA7 5 0hRR, shil Y £
B R S ARG B, FLA A SR
1.2 Rk
1.2.1  SEeabag

SR RE L VEBEAE IR VT 1 T SR A S 1 T . 2014 4F 4 ] 20 H | IR 3 2 A K SO R — B
HBE /NG B R BEBEARATAR S 0—20 em (W IR 2, CE BB b IRs Ml 2E A S0 g0 = Bk i AR AR =
(297 15 cm) FlHE T LR ZEZETHORIA — B @ A RN T, BEDLES A2 ELA% 30 em /55 30 cm /) PVC A
PR R HARTEREA PVC A RRECHK 10 Bk, BEHLA G s T2 TREE R 20 om 410 5% 4 B R 5L 5 bl
MU T2 AN GRS eI R Ty, PSRBT FE 1 8, 4t 15 d R s TR iE 7 A K
W IR AL PRSEEG  ReANSZEGHRSE 15 N H L, 2015 4E 7 H 15 BE5R Sei I HIRRAE RS AR K,

R4 i RSO b v g Y YR T AR A K AR O 19 25 5 (R ST 4 K B TR 29 59%—10% , v i
S5 K HE I TR 2R 40%—50% ) o S 7% A R W 2 20 R TR K A3 A BRI 5T 7 0k AR 9T %0 2 FoK i et Ab
LT SCEA, AEARONIAT 15em (5 BEAL (¥R Sem 40) 4T 4 A/NLERTBOK , B/ NMLEAZRYIN 1 em, HY)K#E
B2 b7 109% (55K 2—3 h) ;T2 SEE0 4, A0 1TSS R IRT 5 em AHT 2 A/NFLRE B, AR 400 7K 8 B ) 249
50% (BER 11—12 h) , MRIFIZ XM E A R ICREE R 9.1 ¢ N m7a™' P S WA Hifi 2 15 gNm™>
a”t P RHFFELL NaNO, Wit ZURSS , BEE 3 AU AKX CK(0 g N m™a™) N8(8 g N m™a™") il N16
(16 g Nm™a™) , ¥&5AKTFRERE T3] 12 A1 268 A AR b S IR RS 1 Ik, IR
JFF I NaNO T 1.5 LK, DI P IE i il X 58382, 454 AN [ /K i AL BEAEA T 5256, A A Ak 2 3
-

1.2.2 SR

FERR I A K FRAMSERRAE I E 7E S 6 S H (2014 4F 10 A 43, REFE ) (13 A~ H (2015 4 5 A4y,
PR A KA #1015 S (2015 4F 7 A0 AR BER) ISR T,

TEAA R, B A FREEL 6—8 BRAFARIN & Hobk =i , (RIS AR A AR B A 400 %8 B AR I AR A5ORn T R
W . RAGRE ARG APt AEICGIR G 22 BR 249, FZEIR/K ik T4, 105°C TR B /N IS 78
80 C &M FHtTREE , KRS S MEREE, 14 0.25 mm BT, MER FOLEW &8, MYk ZocE
FE R Vario ELIL JCR /AT AN E AW B 1 = A A6 ) o x5 8
1.2.3  Hllesb P 550 Hr

Jr A Bl 8 SPSS13.0 #AFHEA T /04T, SR HE I i 5 22 73BT ( Repeated measures ANOVA ) Fl Duncan
Z By 1 LU R AR BRI 9 26 5, AEIEAT 7 25 50 AT i, R RCHE 1A 7 7 2 SRR 30, AR 5 e ke A 3 A
AR S (R i ) BB AT Y A BB 4, 35 O 25 e MR 00 S P T O 2200 BT, SRR BRI Dl £5 4
Bl 5 B (17 BB £ R DR (SE) o

http ; //www.ecologica.cn



38 %

2 EREH

2.1 R RRG
2.1.1 RS

AN TR A KT TR S5 (A Rl it AN ) A R B ke o2 R % B A s i) DL T 1 R A R o R 8% B 1) A8 i
R, Horp bR R AR AL S R A (73.421.6) —(114.2+5.5) em , M54 1 28 FE AR AL Rl (727.7+61.6) —( 1464.8 +
48.8) M/m*, EEMIE T 2R (R 1) AFZAHARGL  ZE AT AKX 35 5 bR 3 2%
RN, T2 A BRAR S AR 35 = T T1 ALFE, N8 N16 AR A FE Wik i 3% = T CK ARBE R4 0 2 10 I ik v
WA, HREA RIS HAE AR SE . AR R 00 R K0 0 31 2 55 A 5 50, T
b PR A 25 T T2 AR PR A R I 2 R e, (R U AT R AN B BRAU
ANFAE KA 2 Boagmsh, Hofh 4 N R Z RIS BEAERIEA B,

Om1 OT12
150 64 H 150 134H 150 154H
g
< 100 - 100 100
=
b
(o]
jan)
w50 f 50 F 50 }
®
0 0 0
CK N8 N16 CK N8 N16 CK N8 N16
1600 - 64 H 1600 r 134H 1600 154H
o 3
& T [F
£ 1200 1 1200 F 1200 |
>
£ w0t 800 | 800 f
o)
a
% 400 + 400 | 400 | ‘ | \
0 0 0
CK N8 N16 CK N8 N16 CK N8 N16

N#i A\ Nitrogen input

B 1 FAESABNFKERGLEEHTERTNEERE
Fig.1 Dynamic of the height and density in C.malaccensis under different nitrogen addition and submergence treatments
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Table 1 Repeated measures ANOVA of the height and density of C. malaccensis under nitrogen addition and different submergence treatments

BUH Tiems e Height 5 Density

df MS F P df MS F P
JK 3 Submergence 1 0.00 13.42 0.000 1 397629.94  21.63 0.000
Z A Nitrogen input 2 0.00 15.51 0.000 2 30956.68 1.68 0.199
s [E] Time 2 0.00 7.86 0.001 2 831609.53 45.23 0.000
IKHEXZ 4 A Submergence XNitrogen input 2 0.00 0.07 0.931 2 21999.54 1.20 0.314
K #5 X} ] Submergence XTime 2 0.00 2.10 0.137 2 18691.97 1.02 0.371
U A Nitrogen inputxTime 4 0.00 1.38 0.262 4 58176.37  3.16 0.025
TR X i A X E
SiLieEeﬁiﬁXNiizgen inputxTime 4 0.00 0.99 0.425 4 42712.30 2.32 0.075
R2Z Error 36 0.00 36 18384.55

df, HHJE, degree freedom; MS, 7724, mean square; F, F{H, F value; P, P{H, P value
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Table 2 Dynamic of aboveground biomass of C. malaccensis under different nitrogen addition and submergence treatments

K A H AL 6 ™~ H 134AH 151AH
Submergence treatments Nitrogen input treatments Sixth months Thirteenth months Fifteenth months
T1 CK 788.4 +55.7 397.5 £36.6 358.9 +45.9
N8 1132.4 £20.2 662.6 +27.1 393.1 £58.7
N16 902.3 +37.2 497.9 +28.9 466.2 +40.9
T2 CK 558.4 +64.4 417.8 +46.5 374.5 £71.2
N8 1000.2 +69.7 780.1 +£55.5 560.7+58.5
N16 723.7 +54.1 715.2 +41.5 660.2+46.7

T1, /KIEALHE 1, submergence treatment 1; T2, /K#EALEE 2, submergence treatment 2; CK, X}, control check; N8, &t/ 8 g N m™2a™!,

nitrogen input 8 ¢ N m™2a™"; N16, ZUitifiif 16 ¢ N m™2a™", nitrogen input 16 ¢ N m™2a™"
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Fig.2 Dynamic of the aboveground carbon content in C.malaccensis under different nitrogen addition and submergence treatments
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Fig.3 Dynamic of the nitrogen content in aboveground of C.malaccensis under different nitrogen addition and submergence treatments

*3 AEARMAFKELEEYH MR REENEENEHFEST
Table 3 Repeated measures ANOVA of the carbon and nitrogen content in aboveground of C. malaccensi sunder different nitrogen addition and

submergence treatments

Hb LB i M

HH Aboveground carbon content Aboveground nitrogen content
ftems daf MS F P df MS F P
JK 3 Submergence 1 265.09 6.05 0.019 1 1.26 4.74 0.038
R A Nitrogen input 2 5.8 0.13 0.876 2 1.03 3.87 0.027
FitE] Time 2 0.71 0.02 0.984 2 42.46 160.13 0.000
7K #E x B i A Submergence XNitrogen input 2 46.01 1.05 0.360 2 0.41 1.56 0.221
7K B[] Submergence XTime 2 1037.44 23.66 0.000 2 0.69 2.62 0.089
R AxFE] Nitrogen inputxTime 4 56.3 1.28 0.294 4 0.81 3.05 0.027
;an ziﬁz\:ﬁﬂiﬂ N 4 8362 099 0.423 4 1 3.77 0.008
R2Z Error 36 43.85 36 1.13

223 fR/AME

2 FUKHIRS Tt yE i B AR/ ZE 2T AL e — B (B 4) 3 B/ BAEY KT 35.0, 2w
(36.5+1.3)—(60.1=2.6) , T fIRAE H BUAE P A K3, Fierm (AR BUFE AR R RE BRI, J A2 Jy 22 40 T e ]
T2 RbFR AT e bR/ B B2 5 T T1 B (F=8.12,P<0.001) AR 7E A= K HE 5/ AU (B b 5 2 e s, Dokt
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Fig.4 Dynamic of the C/N in aboveground of C.malaccensis under different nitrogen addition and submergence treatments
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FA A I XTAR P M Tl 52 1 S . N® A 3L | [ sk W 0 3 /80 T N6 A3, CK ALk 3 g 1K 5 A 40 i 40
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Table 4 The aboveground carbon sequestration of C. malaccensis under different nitrogen addition and submergence treatments

KA AL B A AL 6 ™H 1314 1514
Submergence treatments Nitrogen inputtreatments Sixth months Thirteenth months Fifteenth months
T1 CK 318.4 £23.0 152.7+11.9 140.7+16.6
N8 444.2 7.9 255.7 £14.0 154.9+23.0
N16 364.7£15.5 191.3 £10.6 182.8+14.0
T2 CK 217.2 £24.0 166.7 £19.7 149.2+27.9
N8 390.5 £30.6 317.9 £21.1 222.9+22.3
N16 281.7 £20.4 292.0+14.6 260.2+16.8
3 g

IR PRI S AP ) A PR R SRR BRBE IR 1 W b AR 3 5 S MAR B A 14 T ORI 3R TR IR
S22 IR 5 T 14 A DA TS IO /K T B 6 T LA TS 25 A0 A A6 T SR B [ P03 o o 5240 i o 1) 4
KA TR w5 14 SR NS K PR ISE 2 A B8 b BE K I, S SR A3 W ) e/ N, AL K FE RE S /)N
WK 2T, T LA 2 S IR AR b e 20 3 AR 9T 110 92 90 2 R — 30, AR TR I B N K R S SRR e s 1 T
o ZUB TR AE Y AR K 1 7 T R AR A S R G R ST R T U AR SR AR ) R KA
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Table 5 Repeated measures ANOVA of the aboveground carbon sequestration of C. malaccensis under different nitrogen addition and

submergence treatments

WH M I [ % i Aboveground carbon sequestration

Ttems df MS F P
JK#E Submergence 1 1442.84 1.27 0.267
HUI A Nitrogen input 2 53279.47 46.86 0.000
At E] Time 2 108457.50 95.38 0.000
IKHEXZ 4 A Submergence XNitrogen input 2 4553.26 4.00 0.027
K x5} 6] Submergence XTime 2 27163.05 23.89 0.000
R AxFE] Nitrogen inputxTime 4 7380.88 6.49 0.000
7K ¥ x By A Xt [E] Submergence XNitrogen inputxTime 4 615.96 0.54 0.706
%22 Error 36 1137.10

55f YRR AV, X6 — BB T R A 0 R BT 9% 96 B, SR A -+ 7K Ak B 347 B A AL Sk I 2 52 i), 3 3 B v A A o v A
Fram S ARHFST R NS N6 A4 A S A ke R v T CK AR B (L 1), 2 W AR AR ) 7K s X
31 2 AR AR 2t B B IR RN, m e PR SR 1 Y 1 YR M AL A K AT5 32 R, 220k AN 38 ‘B 7K s
A LR R KR FRCR Rt R R B R SRAE Y A K 0 55— N AR AR 4 % B Rk v A AR 1k
R WREREE & A Ty ) b B i i B L AR Ak IR AR R ] SE A AR E G R L ATIF ST AR B R A = )
RN SOK W R 5T A2 B i 3 A — 20, T2 A FR S S E s T T ARSEL T T1 AR R R T T2 Ab
B 6 HFN 13 A, A AR AR R AR = Y T B AR R S RN U AR I S TE AR DG OC AR K
SESCUAEY B R ) F R R KL TR AR RSN, 15 DA S, AU A S A Y % R £ S
AP A A 3 TE ARG OC R 7K i D 2 5 e A A R s 1) 323 R 2R A ) K A i A AR R v
o REAARAAR (e R0 2% B A U A5 7K A AT P B 198 30 7 B ) i 1 AR 1 T DAE LR AR B 4 s AR B AR Ak
A AT AT SR A TR IS R PR 2 AR 0 P 43 AU SR 20 0 T R v ) 0 o i 5 SRR W 7 1 22
R B BFFTHRA K0, G0 JR 3 R E 2R 28 3 4 T R 38 ( Myriophyllum oguraense) HEAT /K s AL BRI, SN 21 A6 A
A AE | A AR 2 el L T A v DO S R 5 7T 4 AT ) A v TS R DU [ T R v P R B R
AR R o AR S A B35 07 1 A 0 Tl e ke v 2 B A A R AR AN [ i XA 1Y, B 2R B R - 25 O e K
ARB, i — 230 R IR BE A1

AW, 2 FOKHEAAIRT AR & S A A BAE Y M i/ RUE 52 AT ) [ fk i LS R, SEER I,
T1 ALSAT Yy b/ ZU0E Ak, b b B/ U0 T B2 Bl TAEAR IR 9 8 B i 3 2 8, PR, K i
SRS A AR I I 8 v )RR B R TR X AR BT I IS 4 R AP A K ol 3R DA/ T 2
P WA —EEEIE TR T R T B A G R T R A R TR R, R 3 A T
—JE AT R R EOR RN, 8 RAE AR T R BRI Bk [ 5 5 AR R A R T
WAL R BRI T A AL i AU AR ZUE ARG I S B0E = 0 2R FACR , R
NRBEE B LR (HRSR5 R RK A P Y b A/ U A9 22 SN, 22 B 78 AR TR A K By
BORNA R IASE 0 N K T A R A S56 A AL R A . Ak s TS ha 40T AP A R
WAL P A 5 38 75 B A 43T 7K S RS A FfoK LAt — 25 RO R 9T | [ kA i/ RUMEL AL 2 G A 1 Bk
Z A YOG F S — TR 2 U A HL3EL 7] AT, 2R A\ 185 58 5 PR 358 A8 Aot oAt/ BB Ak 220 52 e i AT R i — 2D IR
A7

TR X b A8 A SRR A ' B A RN A ) 1 A A RS ) W b A ) 8 SE A R O R AR A% B R SR T A
IR ZRRB RS F B 2R A QPRSP LA B - 37K 43 A5 A (AR A B T b (4 0 S ) AN 40 B 32 358 4 0
FIHLH T — B R, B B K T S O A RS A A, AR I A A A 2 K R K e
A% 3 8 LA b iF, M 32 ( Epilobium hirsutum ) 9 A4 9 80k A>T S I W R Y H AE K ¥ ( Spartina
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alterniflora) i BT R W, H B AWy AR AR T W R0, BLAE TS840 T R B ACIRAS I R LT S W]
IMRFE T ACIRZS X BAE K A KR A BRI E R . ARBFE T, 5250 6 A H IS, T1 A B3 1A= ) B
T T2 AR5 T T2 A A 118 K TR AR K A I T S BT S OGN A (LSP) (R AR
X8 ik (SPAD {f) & RRA, 2808 9% ( Tr) Fhina sl I AE i Al & AR, A A b B
SR E R AR R R . BTSN g Ui A BN 1 R A e 0 e, AT 5 e D /U A Y
YBHL2E W ( Zizania caduciflora) AP FUVE ™ e BAR SR T /N2 Calamagrostis angustifolia ) F)FE = Fll
TR, R TR R R AR R AR b U A AR T I A L A e R
XS R TE S B R B b R K A AR R It B B R AL S A R TR 1 e R A 5 W A B A A
Wi, 3N I b AR B2 0 A ) 2R R B U AR AE AU A SRR T B e (K A B
(R B RO RS Tl e, DA YE AR AU AT, W] A AR SRR ik B 10 IR
HY 1 5K 3 BRI A5 AR AN R R B2, 2% B 38 R s S sk R P AR K S B B 348 17 BB T, TEFRREE
B N FR) VTR 10 385 b 6 2 A T v M A 1) TR XA ) T R R 3 A 00 A %) 2 R R
/1
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