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8 E - % 50 M U U 3 b A ) %o R 1 80 R AR L T A A ke Rt i R R R LS 2 SRR . TR
T =R PN 3t L BE B3R A ¥ (Salicornia europaea) (iR HIBEE (Suaeda salsa) . — 40 ML (Limonium bicolor) .
Wi EE (Atriplex centralasiatica) Jw T (Aeluropus sinensis) | & 5 5 (Puccinella tenuiflora) 3 6 B it BUAE ¥y, R
FH B A I Ay 35 6 R P O D 5 mX 10 m X3, A B 18 AN A TR AR 88 /N X (1 m X 1 m) , 4 Fl A
W 3 AN 2 TR AR AR B (6 A WD SR (7 T A iR R A R AD R 9 T TR AD SR A A&/
DN M I I 4y k. SR BIR, SARKWIBIALL, 6 FA Y K5 W 28 ATt KT Na™
Ca’" \SOT \CI P i F KT 22.02%,22.03% .23.59%,19.65% ,17.37%,19.05 % , pH I Mg"" 1E H W4 fi
T REERRE B ERINT 3.99%.4.58% 4.63 % R 11.81% .14.54% ,17.57 % , ML IR H % T B B R L3
S W REARAE FABEAF . 7R [RI AR 400 26 0 (0 0F LG 2 B, b A9 R i A0 AR 400 A6 7 0 ) B 3k 43 04 R AR IOR dec i o L v

JFWIL PR R R R AR O B
R R A A T = AN 3 pH s R EE T
RESES:QI48.11 XERARERD A

B = A b A T L0 AR A AR AL i 2
PR R o 31 7 P2 P TN o Teh N 1 & o Y
ARG (Yu et al, 2014), SR, i F 5 i AT
B2 M AKA YR 5T | S ity A TR 6 T K A A B A
e AT 2 R B T8 I R T A T A IR T = A
Hby SO K TH AR ER e . — 7 T Eh Bl Oy A B
TR AR Z2 AR A, AR R A2 AL BE | it 6
ML FE AR B 45 A 6] (Flowers & Colmer, 20083
Zhang &. Shi, 2013; Shabala et al, 2014), M\ T %t
AR S R ABCR AR AN S A [A] A fE T E A
FEM R s 53— 7 1T, ER B 1 T RN R A5 3% il X
B =2 2 38 (Yang et al, 2017), K,
TR B 53 U5 v 16 b A 40 o 0 38 3k 23 i W BRI
“hy 1 b R ARG S A1 B e FE R R R OR S IR
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AR A b A ARS8 U A s 5 R - B )
#EAL BT — R B 3E N A R A BEAL . AR
I HOR R 23 B 5B VA L o3 W8 A R A T g g AR
A AR CEL A5 I P B A R0 25 PR B Ak P2 L s R R AR
T AR AR A ) = K (Breckle, 1995). HTH
0 AE A RS R A A ) A AR S R TR R AT R IR
TR AR R i AR B E SRR T
AIRE S T B 32 T 13 Eh 7 B (Lv et al,
2012),

M ¥ (Salicornia europaea ) K1 Eh i 9% 2
(Suaeda salsa) by HL7 E R A HE W (43 500 S ik IR I
ERMZER B, HAET A Rt my z
—HAE S AR A8 5 1 Se A L R T B o B
TR Sy TEAA N E RN B R L IES S B Y
(Zhao et al, 2002;2003; L%, 2017), C A #F
FEA R A AT DL R BRI O AR R It A A B R L
SRy CRTRAE, 2011) 5 £ Al 32 o 7T 12 25 [ IR 4R
Gy L IR B B0 R Bk 0 R8OR (MR BLAE, 20065
SRALIEAE . 2007) 5 i H5E MRS L FUAR P g 4
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FEL6 MR RERMEN T LEE NP 39

A AT 31,2200 GEBEPEAN TR, 2012) 5 722
W2 (2014) T 5 Biviies £ 5 WA 90 BF € J 4 B, 46 3
8 32 X - 9 1 JBE R AAOR B b, Tk 6.3200 . AR
ML ¥ (Limonium bicolor) . WP W ERE (Atriplex cen-
tralasiatica) . 8 & (Aeluropus sinensis) . 2R
(Puccinella tenuiflora) ¥ J{ T W Eh A MY, @ o
W s e R O3 SRS G W B AR SR DA R AR 3 3R 00 %
o X BNAE (2006) W5 2 B, i T Wt L A AR P
WARERE 2 S, A T R R R B AR
5 18.5 %6 5 A AR i FF(2005) % B AL AL R Xk 4k 9
THERA R RACR s BHEH (1995 Wik h 2
A AR e ARy HOB SR A AT — 2 AR
FEPEMIAFLENE . BRI SO Y 2 B I H] T Fh e 1 2
KL (H R 22 BT 7 AN O T A A W 0 6 i Y Bl R
YT o 22 Fof R %ok 66 8 ok R ) (] 20 LU B AT 5 47 dif
A A .

AW FEAE T RO B 22 A 5T B 8T = A 255
E L, PR 6 Fb i R TR M A ) (B AR L3R
M B AR O R A T R B D R T
S A1 I AL AR L 8 i SR B AR [ A K A A eV L

SRR dh L o3 A R > AR AL R WA A R e R
I3 B WSOV & TR 25 BF 5 HE X R i el AR B
T8 0 0 ) E— A0 RS 1 3 IR 2 (3t B B Al R R
(S8

1 #MHERFIE

1.1 HRREER

S RNES RN SR o3 G n A e I B | EZ S = e e ST
CEEONLT IR A8 A8 T BOR B, B 48 B0 = £ i
R 9 A RAE P X (37°59" ~ 38°5'N, 118°36" ~
118°57 E) o i 5 vt T i DX 38l A< A Ry BB iR Y L 2
MR L R Rl XA, AR B H BRI 2 590 ~
2 830 h4EH R 11.7~12.8°C , 4E LW 206 d,
=10°C BYAE IR 20 4 300°C , 4F ¥y f& 7K & 530 ~
630 mm,70 % KK A AE B 2 A28 K it 1 900~
2 400 mm(Eh ) 514 ,2011),

N e RTINS = [P 1 1 e s D e S
fa) R F . e rhoe 9 H RS 45 T 2013 4R i I
LG AT X a0 b+ S EAT TORFE A B B Al H AL AE B
GER IR 1,

F1 AT EEMBAIER

Tab.1 Physical and chemical properties of soil in the experimental plots

s o Sih/ HHLE/ EX Vi EX EX AR/ TR/ R/
(ER2) P

g kg! g kg! g kg! - kg g - kg mg + kg mg + kg mg + kg!
i 72 {8 7.54 2.74 19.68 1.26 0.48 18.49 96.46 6.89 109.34

1.2 RiEt
FERR IS O B T RIE R 5 m <10 m X, i &
18 MM A AR B /N X (1 m X1 m) , % BEEFT 3 4>
5] 6 A6 E FZ XN AN X R BR 50 cm, 45
AINXEIR S 50 em PSR RO . B
O3 R R AR R b B L kb Il B T R
B R B RN L R e RO [ % o B AL RS T
18 AR I /N X BRI ) B 3 /NI, HE
0 2F IS R T IRLE S B 0 R A /0N XA ) iR AT B R 28
FE B0, FA ] i o8 42 B ARIR B, R AR
H AR R, X 50 0 [A] O GOIR I WL 3R 2,
*2 RBBESKKR

Tab.2 Meteorological conditions during the experiment

i R/ FE K &/ AR/ HIRA [/
° mm % h
6 25.3 129.8 60 248.0
7 27.8 137.2 75 220.6
8 26.9 184.8 76 203.9
9 22.9 18.4 68 220.5

1.3 HFmRESLIE

Sy AE R A K W 6 A R (7 A
A A APAED U AR TR ED X & /NX
T REEAT RS . TEA /NN AR BERLAT B 3 SRR
HOREE),HER 2 eom +85%%E 0~30 cm +
FEBEAS/NXN 3 A FF i BURE S 3 B A Bk 1A
FEdh ARRIZ N LA B R A PR RIS I 3 1y
FE LT 18
1.4 HSoHwENE

R SR A 5 Y 19256 = A B E KUAR KT B
FEL L0 AR JE AT AL A HT . Tk R 8 pH
T (pH 1) W 2 5 1 398 4 3 >R ] B 4 32 0
GE s BHENT A KT UNa" (Ca®  Mg™" ik R H R
TR o OGRE s R IE R M SOT 2k H BaSO,
Fb R I 2 5 g AT M CL R FH A TR A 0
1.5 #HiEkE

FIH Excel 2013 5 4 Xt 54 #F 17 ¥ {8 0y 22
ST, FIHT SPSS 20.0 5 X B ik 4T 20 A
Z )7 2% (ANOVA) 4T LR,
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2.1 pH{E 392 4 16 B A ) A Kt 5 R M T T R ALK 1 R B

K1 SR A E YR T pH R AE,
WA AH Y RV 3% pH EHIEEAMFE . FEEY A K,
SHETE i pH W2 RS Iy 22 3t 45 R T
D = I el N[ AN A =% B - N9 = 5 3
g pH W EREINGER 3. SHWAMLL. pH [H%E
RN NG e ARG A EIN = e
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Fig.1 pH variation of soils with different plants

(2>, FEY A KA 0], b A RR R b B 3% B 9% 1
e SRR A K S, dh A h b e
T R PO R R R R R R A
Yo 0 2 R AR, 43 ) L B R AR T 13.99%6.16.78 %0 .
21.52%.26.15%.27.17%.26.50 % , & 19 °F- B B AR

MK 22,0200 (R 4) . R EBRERK LS
Bh O AN HOER A R R R IR 1400 (P <0.05)
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FlREE 23208 s
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Fig.2 Total salt variation of soils with different plants

K3 BEVBEEFRERKPHIE pHFTESF

Tab.3 Variance analysis of soil pH for different plant communities during different growth stages

AR Hh R £ 1 B % ZAa M LR LARACE 7 1% BAR
9 7.8940.06% 7.9240.072 7.86+0.072 7.8640.07* 7.9340.07% 7.9240.10
138 7.87+40.05 7.8740.06° 7.834:0.03% 7.8340.02° 7.9240.04 7.944-0.05°
i 7.8240.10° 7.7940.10° 7.76+0.04% 7.70+0.06" 7.70+0.05" 7.7140.04b¢
Ji 19 7.7140.12¢ 7.7540.07¢ 7.6440.05" 7.5440.07¢ 7.5640.09" 7.5540.07¢

TE AN /3R ORTE P<<0.05 /KF BEM K,

Note: Different letters indicate significant difference (P<Z0.05).

R4 BEYBHETRERKANTESRFESN

Tab.4 Variance analysis of total soil salt for different plant communities during different growth stages

AR Ehfh & b e % A Rb i LANIAEE 5B AR
W 2.6240.17¢ 2.6440.17¢ 2.7440.14° 2.7840.10° 2.6540.15° 2.754+0.16°
G| 2.44+0.10% 2.4940.10% 2.6340.08% 2.5240.17 2.4940.09 2.4740.09%
i 2.36+0.06% 2.3540.07 2.35+0.07" 2.2340.18" 2.17+0.16" 2.23+0.20%
=] 2.2540.09" 2.2040.07" 2.15£0.14¢ 2.05+0.06¢ 1.9340.14¢ 2.0240.03¢

AR PR RTE P<<0.05 K F B FHEM,
Note: Different letters indicate significant difference P<C0.05.

2.3 $H(KY)

K3 W T R (K )& RRiAE Y 4 K 57
R, K & it 2 00 B i R ke 35, 2 ka4 2k
T B o b o B RV A o b A S T A )
K& 535 2 AR, B0 09 S 8 B AR 800z ik 22,03 %%
(K5, MEMERBRRWNTE K S8l

F KT R A BB % BEVE (P <<0.05), J5 ] i K
TR A REREYE (P <<0.05),
2.4 $(Na™)

A (Na™ ) & hb Bl A 9 AR T S R A1 R 34
(4>, FEY A KA 0, 3k R R0 £G b Bl 5% BE 7%+
HE Na™ & b REARIE BER R AR RG], SR
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Fig.3 Variation of soil K for different plant

communities during different growth stages
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Fig.4 Variation of soil Nat for different plant

communities during different growth stages

x5 BEYHEIRERKANLTEGIERTENN

Tab.5 Variance analysis of soil K* for different plant communities during different growth stages

AR HhAh &6 b o % b i B LIRS 2 5B RER
i 0.13+0.01¢ 0.13+0.01¢ 0.13+0.01¢ 0.13-+0.01¢ 0.13+0.00° 0.1340.00*
w1 0.1340.00° 0.1240.00° 0.12+0.01¢ 0.1240.00" 0.1340.00° 0.1340.00°
i 0.1240.00 0.1240.00* 0.112£0.00° 0.1140.00" 0.102£0.00" 0.100.00"
Ja 0.11£0.00" 0.11+0.00" 0.10+£0.00* 0.1040.00°¢ 0.10£0.00" 0.10£0.00"

AR TR FRIRTE P<T0.05 K BEH K,

Note: Different letters indicate significant difference P<C0.05.

Fo6 BEYBHEIRERKHANLTERIEFTESN

Tab.6 Variance analysis of soil Na®* for different plant communities during different growth stages

AR Eh A £ 1 0 % b i LARACE 7 1B B AR
9 1.4340.09* 1.4240.03¢ 1.334-0.06® 1.3340.09® 1.3640.08" 1.3440.07¢
w1 1.2140.08" 1.24+0.05" 1.2840.07% 1.2940.06® 1.27+0.06% 1.2940.05%
LR 1.1440.08% 1.1640.04" 1.1740.08 1.1940.10% 1.2040.08% 1.1640.07%
JE 1.06£0.06°¢ 1.0540.05¢ 1.03£0.05" 1.06£0.10" 1.06£0.08" 1.01£0.07"

A FRRRAE P<0.05 KFBFEHKL,
Note: Different letters indicate significant difference P<C0.05.
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Fig.5 Variation of soil Ca?* for different plant

communities during different growth stages

éx#@%l‘[ﬂli R ERE R R R VR

AT 18.59%.16.17%.21.01% .

20.42%.21.75%.19.94 % , T3 REML T 19.65% .1
BE K (P<C0.05), 54 & I, AS 6] A8 90

HHIECS ST ETTREER.

2.6 $#(Mgt)

BAHYIRETS TR (Me® ) S MY 4 Kb
BEREEMCEE(E 6, EMYERKEM, DR
EEAEEHEBRNH R FRAMT 11.81%.
14.54% ,17.57% (& 8) . X FAEY AR A4 & 1,
Ja WA B RV L Mg® O it LB B VR T IR
8.2% (P<C0.05), B B RIRF V& LR M A o . — (8
A B REVE W AR T 9.5%.11.69%.,10.55%
(P<0.05),

‘7+/\
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Tab.7 Variance analysis of soil Ca’* for different plant communities during different growth stages

A K s FN LR S T i LIRS B A
i 0.574-0.04% 0.554-0.04° 0.564-0.02° 0.544-0.03" 0.5574-0.02¢ 0.544-0.03%
I 0.514-0.01% 0.534-0.02% 0.5274-0.03° 0.5274-0.02° 0.4974-0.02¢ 0.524-0.02°
w4 0.46+0.02° 0.45+0.02° 0.45+0.02° 0.4740.02¢ 0.480.03" 0.460.03%
J& Wl 0.46+0.02" 0.4640.02" 0.4440.01° 0.4340.02" 0.4340.01" 0.4340.01"

T AN R RRTE P<C0.05 /K7 F A G,
Note: Different letters indicate significant difference P<C0.05.
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Fig.6 Variation of soil Mg*" for different plant

communities during different growth stages

FETE 108 SOT & B R W W F IR GGR 9, 4000
W& Ik T 18.73%. 15.89% . 15.41% . 22.50% .
13.52%.18. 14 %, ¥R 17.37% (P <<0.05), A
6] A KA W VR Z O T i 3 25 5%
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mEth/g - kg
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Fig.7 Variation of soil SO} for different plant

communities during different growth stages

RS BEVHEEFIRERKPNIEESETESN

Tab.8 Variance analysis of soil Mg’" for different plant communities during different growth stages

AR Al b b ol 3% b i Ol o AA
T 0.4040.02° 0.4140.017 0.400.01% 0.40+0.01% 0.40+0.02° 0.40+0.027
oI 0.3940.01* 0.4040.01* 0.4040.01% 0.4140.01% 0.4040.02% 0.4040.01*
o i) 0.39+0.01% 0.3940.01¢ 0.3840.02¢ 0.3740.00" 0.3840.01¢ 0.3640.01"
Jr 9 0.374-0.01° 0.384-0.01° 0.3724:0.00° 0.364-0.01° 0.354-0.01" 0.334-0.00"

AR R R RTE P<C0.05 K i A,

Note: Different letters indicate significant difference at the level of P<C0.05.
9 SHEHYBERARAEKHANTIEVTAEREBRESEFESN

Tab.9 Variance analysis of soil SO; for different plant communities during different growth stages

AR o &6 b o % Z b i il 2 B AR
Hi 0.23+0.00° 0.23+0.01¢ 0.2340.00° 0.2340.01° 0.22+0.01¢ 0.23+0.01¢
I 0.21+0.00" 0.21+0.00 0.22+0.01% 0.2240.01% 0.22+0.00° 0.21+0.01¢
w4 0.1940.01" 0.2040.00" 0.2040.01"¢ 0.1940.01"¢ 0.20+0.00% 0.19+0.01"
J& Wl 0.19+0.01" 0.1940.01" 0.1940.00¢ 0.1840.01¢ 0.194+0.01" 0.194+0.01"

T AN FRERRTE P<C0.05 /K7 F A C,
Note: Different letters indicate significant difference P<C0.05.

2.8 s(Cr)

I AT P (CU ) & 2 Bl AR W) 2 K 9 728 4k 4n
Kl 8 Fin . *ﬁ%i&%ﬂ,ﬁﬁ,%ﬁﬁaﬁﬁi%ﬂﬁi@ﬁﬁ%
Ve L4 CU & i B I B A K (36 1005 5 01, 36
AR b AEE L kb i R R R R R

g L CU & &40 B K 1 19.13%,20.83% .
17.92%,17.42%,22.13% . 16.85% , ‘F- AL T
19.05% , Jr 243 Hr & B, 33K B 2 /K F- (P <<0.05) ;
(R4 S A ) A 0T L 45 A 0 o i T 7 e G % i
W EES.
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3 it

30 EBHEEYNTESESIERANE
ARWEFEAE IR W], 6 T I i 20 1 £ AR A 24 40
Mg pH. 2 &R M KT Na" , Ca*
Mg*" . SOT . ClI" & FEAK, ol WL 3X 6 Fhokg 4 1 nl A
R R AT S8R 43 0 R BT — A DN 1 1 R BCR 0
MY M R FEGE T LT 3 Rk iR,
311 M THEZE . MATLEERLPELR #H
AR A A A ] 1 b 3R BT 55 R DT Y /N R
(R AT - (11 RN P w70 ol A A

R0 FENHEFRNERPHIETEACISETESN

Tab.10 Variance analysis of soil CI" for different plant communities during different growth stages

AR o b b ol 3% TR HE A %% AAR
i 2.3440.09° 2.37+0.12° 2.33+0.17¢ 2.314+0.05° 2.38+0.10" 2.3740.16°
w19 2.1040.11° 2.14+0.07% 2.2340.10° 2.2240.13* 2.344+0.15% 2.3240.07%
CRR:E 2.0240.04" 2.1140.14% 2.0740.09% 2.1040.09 2.1040.08" 2.1440.04%
Ji 1.9040.05" 1.8840.140 1.9140.11" 1.910.08" 1.8540.15° 1.8740.04b

Rl F R R RTE P<C0.05 KT i A1,

Note: Different letters indicate significant difference P<C0.05.
Bl I8 BB S R 2 — J 78 kB K TR K &, AT S
FORZ LMK 78 R M RIZHRE T T
TR . AR AP ER A Y S AR 0 BE B
AR T M A B D T R K A 2R
o DAY 25 1 BUR 8K 5 26 K . A S0k 2% T 845
B K ) 2 )23 110 3R 4 R 32 B | ok 2% R v A 1 b e B
b TR = b 4 & & . FEUR > B HE T 2R
] ¢ 2 ALY [R] o 22 2 TR AT 8 43t 48 3ok W /KO
TV 49 W2 MAC AT 28 987 0K 2> 5 DT 0 — 2B /b T - 1
gy . AR B, v 0 U AR R bR AR KX b 3R 55 R Y
Bohn A T K Ay R R BRI M R AR iz
XF 043 BRI, e 2 BT 3R 43 i B AR Gl BB
F,2006; EEBAE,2006); AR . MEEMEY A
Ko, b 2R 55 B B, R AR A Rk T R HEER ik
i,
3.1.2 BATLEZEM BATHxEEE H4E
FE P AR 2R AT A7 2850 0) 4 3 b A L AR R A i, B A
BB W iE M AR HE A HLBOE AR R R R I T
HEES S LA P IE B, T SAE + 1 A AL
BRANARL R , BH ik T LR )2 R v ik . [
MR R R, X 6 Mpib A MY A K B B 3%
PETE T e AR A A G T TS L (8 R L R R
i BETR G, AE R MR ABEE SRS T
16.0%.32.9%.18.0%.31.1%.46.5% (56 5 %%,
2020) ,

3.1.3 B AMBHEEN.BRT LEH L B
WA AN WIS A B £ 43, BR B B R P R i B 4R
2%, T R + 32 38 7> (Baldwin et al, 2006; Wang
et al, 2009) . &k ORI ER M BE S BLER AR R, —
bl R ERE R R R R TR
T, 1] DA A 58 v g WK o R 43, AR R BIR Y B 53
WA AR L DT SR 20 6 75 o B A R R AIG 1 458
o R, ARBFR RN LAY AR, ES
A BB WAL (B 2) . 22 IH S (2015) iR 36,
P M J5 , 3 pH A I FEAR 3 AR 4 (2014)
Xof A R b B % 1) )DL 9 2 B R A
W PR R S TR s R R,
b 1 B 3% 0 A2 KA DU SE AR - I S R i, X T
AR ER A AE Y AR A — DX F 5 45 SR R B, Rk
WUEH A MRS, HIES AR AT R RE T 72.1%
(X R 45 ,2006) s P B2 L o 2 4F 5, L& h i
FEET 22.9% (k37245 ,2006) , fE KRB
T 07 I AR (2016) W 5% e W L b AR B X £ e
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Effects of Six Typical Coastal Wetland Plants on Soil Salinity
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Abstract: Coastal wetland plants complete their life cycle in saline soil and have evolved mechanisms that
adapt the plants to a saline environment. The ability of coastal wetland plants to reduce soil salinity and al-
kalinity was explored to provide a theoretical reference and basis for decision-making in future efforts to
improve and manage these soils. The Yellow River Delta wetland was selected as a case study and in-situ
experiments using six typical coastal wetland plants (Salicornia europaea , Suaeda salsa, Limonium bi-
color , Atriplex centralasiatica s Aeluropus sinensis s Puccinella tenuiflora) were carried out to investigate
the effect of plant growth on soil salinity and alkalinity. At our experimental center, 18 experimental plots
(1 mX1 m) were arranged within a rectangular area (5 mX 10 m). Each plant was sown in three randomly
selected plots and soil samples from each plot were collected at the seedling stage (early June), early stage
(mid-July) , middle stage (mid-August) and late stage (mid to late September) of plant growth. Soil phys-
icochemical properties were analyzed and included pH, total salt and dissolved K™, Na®, Ca’", Mg*",
SO% and Cl'. Compared with the early growth stage, the total salt and dissolved K*, Na®, Ca*", SO1
and Cl” content of soil samples decreased significantly after the plants had reached their late growth stage.
The respective decreases, averaged across the six plants, were 22.02%, 22.03%, 23.59%, 19.65%,
17.37% and 19.05%. In soil planted with A. centralasiatica, A. sinensis and P. tenui flora, the pH and
Mg®" were also significantly reduced, with respective pH reductions of 3.99%, 4.58% and 4.63% and
Mg*" reductions of 11.81%, 14.54% and 17.57%. The experimental soils were most improved by A. cen-
tralasiatica, A. sinensis and P. tenuiflora. The beneficial effects of the different plants varied with
growth stage: S. europaea best reduced soil salinity in the early growth stage, but salinity reduction with
A. centralasiatica » A. sinensis and P. tenui flora was more pronounced during the middle and late stages.

Key words: wetland plant; Yellow River Delta; soil pH; desalination



