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FEE K FhAMEERHA DS RG R E R WIS N T, B2 W G Y AR KRB, DS B0 0 b P 3 ) — VI BE B ( Scirpus
nipponicus ) FIRFFEXF G AR F] K Eh £ B HLAE FAR FH X AR ) — L R ) R PR R A= 9 k43 RO A Sy P95 i, LB Jin et
T bR B AL 5 R P REER VA ML A A8 N A T, 3 T K SR A AR B A K R SRR R S8R FH E IR
PR K £ S 75 1, B L (300, 1000,2000 3000 ,4000 mg/L il 5000 mg/L) FIZKAZ (-10,0,20,40,60 cm F1 80 cm) 4%
6 MBREE AL IR A5 IR = VLB B = AR A AN SR L AL BRI SN ( P<0.05) , Bf/K AL ) T i ok 1o 22 BRSNS T B 1 e 345 R
ASARAN 52 R BE A BRI 00, - FLZ 7K A7 A BR ), 305 Bk B R (R e /K SR R 43 R B I 5 /K A7 3 BE RN 5 I 58 B G = VT
B AR i R R A E A8 7 A S SR BE A KL FIER BE A T, VLR RERZE MR b R S A Ay ek Y B e NS AR
B s A A3 IC 32 7K 548 AT P B, 78 1000,2000 mg/L 1 3000 mg/ L 5 8 AL BRI | Bifi 25 7K 457 T s 3R 25 A= By ek 0 T 0
TR I, W A S D, SR SV R AR R AR B R A HAE 40—80 em /K32 F1 1000—3000
mg/L Eh AR BEER S v A RORZS A AT 38 B A A B AT LASSIN = VL BE B K IR B i 32 FE

KGR IR ;K AT TR s DI RETRIR s AE W A i
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Abstract: Hydrology and salinity are the most important environmental factors in the salt marsh ecology system, they
directly affect the growth and reproduction of wetland plants. In order to better understand the ecological adaptation
strategies of saltmarsh plants under the background of salinization of wetlands, and to provide theoretical and technical
support for water—salt manipulation and wetland vegetation restoration, the Scirpus nipponicus was selected as the
experimental material to study the effects of water levels and salinity on its growth traits and the biomass allocation in

Momoge National Nature Reserve. The tested soil was collected in June 2019 from the study area, its salinity was 0.512 + 0.
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0038 g/L. The S. nipponicus seedlings were cultivated outdoors for 3 weeks before the experiment. We carried out a
controlled experiment with six levels of salinity (300, 1000, 2000, 3000, 4000 mg/L and 5000 mg/L) and six water levels
(-10, 0, 20, 40, 60 cm and 80 c¢m). The salinity was controlled by mixing NaCl with NaHCO,( molar ratio was 2:1) , and
the water level was controlled by platforms of different heights. The experiment lasted for 60 days. The individual height and
ramet number were determined directly. The biomass of tuber, and the underground, aboveground parts and total biomass
were determined after drying to constant weight at 65°C. The biomass allocation indexes included tuber hiomass allocation
(tuber biomass/total biomass) , underground biomass allocation (underground biomass/total hiomass), and aboveground
biomass allocation ( aboveground biomass/total biomass). The results showed that the water level significantly affected
individual height ( P<0.05), individual height increased first and then decreased with water level increasing. The ramet
number was significantly affected by salinity, and it was limited by water level. The ramet number in shallow water increased
at the appropriate salinity. The water level , salinity and their interaction significantly affected the biomass accumulation and
allocation of S.nipponicus. The biomass of tuber, and the underground, aboveground parts and total biomass all increased
first and then decreased with water level and salinity increasing. The total biomass was higher (3.24—3.71 g) at the salinity
of 1000—3000 mg/L and the water level of 80 ¢cm. The biomass allocation was significantly affected by water level-salinity
interaction. At the salinity of 1000, 2000 mg/L and 3000 mg/L, the tuber biomass allocation and underground biomass
allocation increased and the aboveground biomass allocation decreased with the water level increasing. This suggested that S.
nipponicus focused on asexual reproduction to adapt to rising water levels. In summary, S.nipponicus grew well at the water
level of 40—80 cm and the salinity of 1000—3000 mg/L. The tolerance of S.nipponicus to the water level increased at the
appropriate salinity, while the threshold reduced at high salinity.

Key Words: wetland plant; water level; salinity; functional traits; biomass allocation

Wb Rl A S R G S K AR AR S R G A B P HOMURR (0 AR AR IR BE TR W R S PR IR 4 R e 4k
S BCGER R  Jy  RAEE EEAEMY . R RS R G K SR SR 43 2 R iR A A S
TR BN R AR S AN K S5 7K SO Rt 2 180 o o 8 A0 A A R 2 — , Ko T el v 4 o 43 A A SRy AR
RN EAT PeE AR 3R e R i b ) E PR BT -, Wt R B B S BUE Y AR e A
A SRS DIRERT TS . HET, 23R SRS ZE T 2l 3000 /K SCE el s 5 80 73 SR A 0 IR THT RR A 1 b
R FNER AL, ™ E R BRI A S R G R AR 7 FEBLTE ST, N K £ Ak R AR fE A
WAz BRAR S AR EL G R T ST, 487 Az 5 8 A XS AU I o3 A A% SR O s ), A5 R T 37 b A 25 R SE R AR E Al
fithe .

B A IR AR S R G — R S N 2 — , BB LR S WL A A PR BE Y S A AT S T e
PEST ) R R T AR BT A, AT AT i R R Ly BE TR R A A G T A R SR K iR X 300 45 A 3 N, 4 7R BRI
B ik B VR G R 7, A RF B AR K R F R W R A Xt PR B S T 0 A 23 X SR Y EE AR
HI TR 1 A R R 0 b A ) 28 T A2 AR SR A R M B2 78 A, R ) )3 1 A o 8 rh O 1 9 8 A 0
S YRS AF AR AN A A A0S 5 T (9 45 A AR me T PR AR5 T R T AR [T 7K A PR T A4 2 o i
AEFRLARE 68T 1 S AR 7 PR 38 T A A A7 SR R 03 A1 48 Jey B 2 L S5 0 T A B R B =
SCHSE A

LTS [ G A SRR DXL T AR - D P P i 5, S A ) I 2 B DR X o 2 S W e 1
( Grusleucogeranus ) F}HES ( Grus japonensis) \Zs J5 FA#S( Ciconia boyciana) 55358 W) T ELATG B 1 | ZE58 M 1 4
o L pg LT 0 BTk BT ZEBREvE  ZRP IX 12 504 — VL EE & ( Scirpus nipponicus ) BEV% . — VLR
B R BREE T O T A TE A IR BT, S RS A A — Sk S MK A E R AR KON L B
KGR, AR, SRR X i TR K B0 S S AR AL A RS 2l T30, 1 R i Ak fin i), 35 53
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D3 ) = VB B AR A R B, JERR IE R AR RO A DR, AR BIF 9 LA B S M b M R b A ) — VI
IBFFERS G RFEAANLANER AR AR = VL RE A R AN W) 3 BRI, TR boK SR AR ELAE IR P Bl R VR A )
SEMABITTETT T BN AL A B TR B ] =V Xt 7 R A A2 R Ao P S G LML, S R 2T W A
RO S PREE F5 IR K R A PRAAE A AR KR S IR AR B

1 HE5F®

1.1 W5 IXHENL

BE LS [ GG SR PR DX, TR BT S G 308 o5 A 1 3k Tl B30 L AR B o, LA bRy b 26 450427257 —
46°18'00", AR 4 123°27'00"—124°4'34" , {£471X 2013 4 fil A [ bR B 2R Mo 44 5%, S A 14.4 J7 hm?*, Horp
809% LA b oI & AR A S g AU AT G 1) T2k 2o, FEHB IR 2958 142 m, XN M 301 30 A6 g 2243
2—10 m, EHEMTR EELEW LFDFH R KM ZE RS, FEEE 4.2C, 29 FH K &
391.8 mm, 4178 Ktk 1553 mm,, %0 X B3 IR GE L WSV T X A A A LA RS R
AR AP S R AE 1.00—9.37% 2 18], X A B R 24228 R X 3R LA I e ) 0 o Ji e ) oAy i
ARFAY,
1.2 SCEeAhR

F 2019 4F 6 H AR ZLEAE HARPAY XISk 36 N = VT BE R4l 1 A b VR & - 48 i U 34— iy R
SR (3 4R HIEARFP B RAR M 25 emx25 em Y/NSCEAR Y, AR 20 em, 3t 36 A, A H EAKOREE L
BRI AR L R, EwAMNESR 3 H SRS 455 B AMA A RO SOz X LIRS 45 R RSk i
HLLHFTEE £ (Na® (HCO; F ) A E, BHES 5 (0.512+0.0038) o/L(FIH 5:1 K £ HeilllsE ) , K4
pH %45 T 8.0, )8 T HCO,-Na RUKIR 4 B2k 200—1500 mg/L, SZHE N 6 Pk LR A 6 Fh i
BB REAZ AP B SEIOAR A KK (1.5 mx1.5 mx 1.3 m) H, FI) A ) 25 B8 00 S 45 & sk sl K o7, Homsh s
WE H-10.0,20,40 60,80 cm, HH 615 AAKKAAR T e m, #8406 BB E S 300, 10002000, 3000,
4000 mg/L 1 5000 mg/L, £h/K R FITR A EE NaCl F1 NaHCO, , #% 2:1 AYEE /R o B il i A
1.3 Lk

SEHGHIEAFEE 60 d, SEIRZE AT K SR o = VL RE RO AR 7 5 9 K e iR I = VL A R
BORRES ARRE, LS K = VTR B AR BRZE M B3R 3E 3 N4 78 65°C S P ML T R, g%
HAYRSE(REA Y& T YR b FAEY R PR aAYE) IR AEY R, Hd, A
HP PR A R A Y I (BR AW/ SR ) M N AR R (M N A SR ) b AR
Yy sy Be (M b AR R SAEYRD) .
1.4 Hdabi

3 WU 2 Ty 255081 (Two-way ANOVA) J7 3 43 AT AN [RI K A7 5 5 A B Ko — 3538 A I — VT F 45 )
REMERFEAR U520 R Tukey 22 85 LA LT JG 2 A0 3, e it b 2 MK B 0.05, B 78 43 B i XoF
T5 ZE W FFUMEFNE S 0 PR R 30, AT 6 BRI AT B e i 2 A5 B a2k . B i b 353 Br B2
FHGE 343, IBM SPSS Statistics 22 F1 SigmaPlot 12.5 G844 58 .

2 #HR

2.1 KAV AR M R X VTR R A K R

R R I 225001 (3R 1) B AUKAIAE X = VLR Rk B B350 (P <0.05) , 38 KWy 22 HAEH]
WA B E 520 (P >0.05) , TEAHRIER MR BEAR T | Bl /K 7 3G N, — VT RE R bRk ik e Y R B0 f5
Ry EaF (1 1) , 76 300,1000 mg/L F12000 mg/L 5N AR T 20 em /KA HRAT 5 KMH , 7305010 1.61
1.45 m f1 1.6 m; 7E 30004000 mg/L 15000 mg/L £ EEALFEF | F 0 em AU RAE, 20510 1.67 .1.36 m FlI
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1.5 m, ZEAHIRIKAZBERES , bk B £k B AL A A AR a3 BAXAE =10 em 120 em K2, Bk i 7 AN [ 1
JEA BEME2E R (P <0.05) , B HUARER AL Py T SR BEAL B A KL 26 1R T ks el 2 22001,

®1 AREKMEERET = TEREI RN R E R ZE 5

Table 1 The Two-way ANOVA analysis of the functional traits of S. nipponicus under different water level and salinity treatments

. KA HhpE IR Ao xR
LD Water level/cm Salinity/ ( mg/L) Water levelXSalinity
Parameters
F P F P F P
Pk Height/m 4.825 0.001 *** 1.501 0.200 0.969 0.516
FREL Number/ #k 0.679 0.641 5.774 <0.001 *** 0.992 0.489

WE 1 PR FEFARIER BT, =TT o R R BBt A A7 T e S 00k sh AR Ak 34, ELAK A7 Aok i e FL 5 R A
PRI AE B AR FXTREC AN 535 (P >0.05, 3 1) FEARIRIKALEAE R A 0 F1-10 em Ab, B =T RERAR AR AL
TARHLA b BPIRAS I RETEARIER BE A 10 5 1 25 573 (P <0.05) ,3000 mey/ L R B2 BT MR AR ASUHA S 55 AR,
AR I A FIE 5 R — VT B SRR AR (3R 1) (BB KA T, N (R B A B ] iR AR B S AN B

U/ (mg/L) wmm 300 zzz 1000 === 2000 &== 3000 — 4000 c—= 5000
25 - 12 —

— )
n o
T

>
#E% Number/ ki

kR Height/m

g
n

o S S S S SRS |»

(=}

JKAE Water level/cm

B 1 KAFERENSIIEEERKHRME P ARERZ)
Fig.1 The effect of water level and salinity concentration treatments on growth of S. nipponicus ( Mean + SE)

ARG FRACRLEAE K LT, AR Z M 2253 B3 (P<0.05) ,ns FRZEFABE

2.2 KAV AR e X = VTS A e R R )

SUTEEREKEE T Hb LA R AR B W AR AN R KA R B R B A BAR R T A B
Z5 (P <0.05,% 2), 7F 300,4000,5000 mg/L ERFEANIETS , VTR AYEREE Mo T M AR FL AR B4 )
EPRK AL TR R IE ETHE T RS, k2L A YT 40 em KON IR B KA, T M b A=
FRR R T 60 em ARIARERKME (K 2) ;7E 1000,2000,3000 mg/L EHEANFF | VT RERIIERZE T b k-
A=y AR SR ) AR A S — 3, BB K AL ST, OE T 80 em KA IABIERAME (K 2) .

x2 AEKEMBEHRETZIBEEEYEMNMENEEFTE 5

Table 2 The Two-way ANOVA analysis of the biomass of S. nipponicus under different water level and salinity treatments

o kAL i IKBLxER B
EELAY Water level/cm Salinity/ ( mg/L) Water levelxSalinity
Parameters

F P F P F P
FRZEZEDY L Tuber biomass/g 795.207 <0.001"** 72.521 <0.001*** 41.853 <0.001 "
R AEY i Underground biomass/g 492.831 <0.001 *** 83.811 <0.001 *** 17.360 <0.001 ***
Mo Aboveground biomass/g 215.535 <0.001 *** 201.560 <0.001 *** 9.655 <0.00] ***
HARR B4 W) Total biomass per plant/g 760.526 <0.001 *** 262.594 <0.001 *** 14.371 <0.001 ***
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TE-10 em AKOLEAE T, BR 300 mg/L #h FEALBEATERZE 7 A8 A ER BE A RIS TOBRZE 109 A6 1, SO A & v ik
TR RV FEMIRDKALAAE T, SV R A EREE T b RN SR e A ) R AR B A T R R R R
FyEaF (& 2) , BARFE A :1000,2000 3000 mg/L 5B AL FE i 2 25T 300 ,4000 5000 mg/L £h AL B

IR AE/(mg/L) wem 300 1000 m=m 2000 e 3000 == 4000 —= 5000
2.0 3.0 -

FREAYE
Tuber biomass/g
R A E
Underground biomass/g

b A
Aboveground biomass/g
oA B
Total biomass/g

b

1O B S S

JKAL Water level/cm

B2 KirfiikEN = IRELEMENZN

Fig.2 The effect of water level and salinity concentration treatments on biomass of S. nipponicus

2.3 KA FIIER e P Xk = YT A W R A )R )

VT RE R A ERZE A ) A E R AR A a0 TC RN M A e 43 T AN TR A KAV R R R s AR
TR EZER(P <0.05), & 3 [z, 76 300 3000 mg/L F14000 mg/L EhEALH T | =T RERBRZLAEY)
T FC KA e SR e T i Ja T B BRI AR AL 3 TE 40 em KL AL BN i, 43 ) o BibR SR
VI 38.5% .36.21%F1 47.41% ,7£ 1000 mg/L F12000 mg/L $hEACFER | BRZEA Y0 lic & F T3 78 5000
mg/L ERFEALFE T W ZRI A 40 cm F1 80 em 7K o7 &b Yy XU AR £k f& 34 ; — VT8 %0 b T A= 9 & 3 Bic 76 300, 4000
mg/L F1 5000 mg/L 5 BEAbBERT , B /K 7 ) T+ A LG R RER T T 60 em AKALALERS i KAE, 43
K 53.9% 48.36% F1 48.69% , TEHARER BEAL BRI T, Bl K 2 A8 Ak i 52 BB Fhfa#he; = VLR A=) &=
53 ECAE 3004000 mg/L 1 5000 mg/L £k B Ab 3 ET F B R U " 284k F 60 em /KA AL HUAS 55/ IMEL, 43 51 R
46.1% 51.64% M1 51.31% , HoA W55 5 R a3

TE 0—40 em KO EAF T, =TT REREERZE AR W) i A0 e Rt /K 057 5 v e BIOM S8 T e 0 T i i A8 Ak ke 35, 300
4000 mg/L 1 5000 mg/L AN i 2555 T HALANIE iT7E 60 cm 1 80 em 7KA AL, 300 mg/L £k 5 Ab 3 1 2%
T HABALFE (& 3) ; =VTRERTH R A= My /0 B AE - 10—60 em 7K 5 EIF H R B0 300 mg/ L 3 5 b i i) 2%
e T HAAL R TTTE 80 em KLY F A : 3004000 mg/L 1 5000 mg/L AL 254K T T HoA b B (1A
3) ; “VTEERCHE B AW o BL K A AR AL R S T A oA R (1 3)

3 e
IKAEIE B AR BR 5 A A AT SR A ) R AR B | LR A 9 09 52 il B S 2 Z A0 A i b B3R AR Ak
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Fig.3 The effect of water level and salinity concentration treatments on biomass allocation of S. nipponicus

ke 2R I TSR XK S AR A R LM ARBIETE R B, KA R — T R e
Hoo RBOC R ZE R0, BEKAE A T = VTR bR o 22 BRI J= T B 3, 72 0—20 om 7R 40 1% Bl e K
{l., KAEIEFAN K% SRR, 78 TR LA AF T, KL T ims AR A% 012 120 0 b AR A0 e e A S TRIK A
Aok o DU 2 BRI G A 4 Ty W K BT v S A0 O I D B S A 2 e 2 4 ) A K B
KT b R ARBOE 2 i eI T Ao SO S A AR TB) (9 38 46, W A A BRI ok, 1A TR 4
SAERNFR BRI R O, R RSHFREFE IS, AT AR ARG, =V R P ROR R
J& ( Scirpus ) (R ASHE R R 2 FEME AR ST T, HEAK R A S W /K T J 36 11 PR 3 OV 1 56 3 o 2R A 11
IR G KA A LUE — PR W A A AALH 2 7E 20 em AR AL AL = VI B 04 bR v 2k B R AH
TS 7K G — S R AR AR O, 18 %2 B, Wik BE AR A0 (1 2B AR BRAIR 2 =V 25 AT 2
B, =R XM A B S (A SRR T ST DRI 5K 7 e vy e, = VR R v A AR AR i I
AR A R A B A SR 1 A A, R 2SR A U K LARSIEAE R KA 464 A 47, Gibberd M R 45 BF5E 3%
], 22800 M A Y A 2N 8] FLRR BE /Ko R e g | ELAL IR R AR B i 8 o

SVLRE AR I A Wy S A Wy 43 A8 32 B KA 8 2 32 52 s AR R T, 24K LB 40 em I, =T
JEE A% TS 0 A i iy, R KA SR T =V R A AR R AR R 7R A AR ) X T R B AR Y
CRAMAN 2 WA AR ANHE AR S 7K AL Ak 1 i 7 LA AR (B B3R = O A MR A R A
A=Y R BER KL TH e A BTN X i) BEJE A2 AR A ) LR 2SR ZEAe ) ) B A2 B R N K67 BT
AR TR AR A R, QS T B R R v DX b R 5, X8 DX — P K A A T
MKy B8 AR AR = TR A 10 A AR IE AN A ek SRR R [ K S A B i 57, DA Ay JH A K Y i
FKALA 35 em™  FEAEY AT T T, =R R BREE A i 43 ORI T A= 4y o 43 TC Bl 7K 82 7 e T 1
M ARG ORI TR, X MRS, KRBT 212020 G KL I, A e 2xil
A bR o3 A W S C LU LA - s SRR AR, B S R AR IO, X T RS i T REE K TR Y
S, LR T A i b R ZEAE o Y LU RN, R R L PR T, VR R ATC M B AGA B AR A A
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RIEWTHE, G T AEYEE Erb S EH AR & SR G T HR AT DA 2 — VL BT & /K o Fh 45
XA DGR K

o FELE AR T E BB s A AR R P AR Y AR GRS SRR =T
FE LI MRBOA 35 52 AEER X Hobk R JC W 5 . A SE g uk AR M SR Whae Ay — 0T 32 7, 7E
PIT SZ BN, — 5 (R A SRR AR R )k b B 1 b T /K LB, VR I 19% () NaCl ¥ 0 A B
FEROMEA A VLR AE pH 4 7.57 ,Na' YR Ky 25 mmol/L i, A MREUE N, B Eh B/K - (138
i, Hok o MRECRIERZE B B R AR, B = AR = AR H80UKF (pH 2 10.42, Na™ ¥ B 04 200 mmol/L) 4bFHF | =T
BT ARAET Y AR AR B ALY 2538, X T AEE R R AT B e B e AR ) 7 A2 B AR A
SR HARARZE sl Ath v B 4 U T IO AR A RE 10 RIS AR 9 S Bk 8 Xt 3 MR 50114 5 ) 32 K A 1 PR
il 38 F AR A R K U AR A2 RR B, Salter 2557 X Melaleuca ericifolia Sm. WSS W R LR HES
BRAK AR A K BT 5230, ZEAR MG 2500 T IRBE (998 05 i R 2B U2 R 5 BT RE R A 1 ATP ™ 5
Aok A AR 3R A 5 A TR SIS T e 23 IR PR XA Y el B A R AR T TR

AR I 2 S = VTR AR R i S A e A T, HLER S KA 8 58 LA IR = VT RE R AR S e
L TE AR B R MR B AR A AL BRI, = VT RE R A )T 40 em K ALIA B B K, 1 FP IR SR R BT v, =V R
AP T 80 em AKALIR B 33X 2 I A R 20 Ak AT LA 0 = VIR R0k K R B TR 52 AR T R
I3 S REARHR AR T 52 B[R] AR RIS B e k40 S B =V BE o ™ A= W o/, X il e T
P AR ) T BEAREE AR R RS BRI rh R 43 S5 5 SR B 30 5 D b R S 4 ) L AT DA A X R 43 1 W, AT
B IR S0 i 2 A A A 0 Al MBS | =45 TR Ve 2 S I A R AR AR e A2 i >
TR YA SR A E T, 0T DA 080 Hb 3 43 WAR FARARZE 14 2 ) i 43T PR iR 11 B 13 g 4

4 ZHie

VT A AR R R A A 4 T B PR AR A A i 1 S 3 B KA R B A e, YT R
25 LR b bR B AR R S RN AR A A, R v R BRI R D Bh AR Ak 8 E A KA RERS A 0 =T
FER AR A AR MR B WKL R R R (AL AR AIERZE ) (4B I Ain | R =T e T
A F G B 3R B KA T B AR, R A FIK A B4 38 ELAE G = VTR A K R i i 3 | 7RI e 3 0
W SE LR AL TR, VT EERAE MR T 40 em AKOLE B, T h R B R0 PR 55 v, =TT BRI T 80 em /K
ALK BN, 6 HHE L0 ER 234 B AT 4R 5 = TR Xt /K TR A TR 52 R B T e 0 AR AT e A A7 1) T 2 (59
{B., AT LSRRI, = VT RS A K 1 K Sh R85 Y B, 76 40—80 em /K A3 Al 1000—3000 mg/T. £553
AR FRIREE rp AR RORASBES . WSS 45 T R - S 3R A RN ER B AL 15 5 = VT B R R 43 A A% Sy A e R
AR T HA R S M,
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