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Characteristics of soil salinization in coastal wetlands based on canonical

correspondence analysis
ZHANG Tianju, CHEN Yongjin*, LIU Jiazhen
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Abstract: To develop and utilize wetland soil resources and ecological environment construction in the Yellow River Delta,
a one—way variance analysis ( ANOVA) and canonical correspondence analysis (CCA) were applied to analyse the seasonal
distribution characteristics and quantitative relationships of total salt content (TS), ion composition, pH value, sodium
adsorption ratio (SAR) , and electrical conductivity (EC) in the surface layer (0—10 e¢m) of the soil profile. The results
indicated that; (1) the soil of the study area belonged to the type of heavy solonchak ,the mean soil salinity was more than
17.9 g/kg in spring ( May), summer ( August), and autumn ( October) and the salt content in May and October was
higher than that in August, which caused salification in spring and autumn and desalination in summer. (2)The dominate
cation and anion of the soil were Na* and Cl™, respectively, Mg®* expressed strong variability in summer and autumn and
Cl” in autumn, the other ions showed moderate intensity variation in different seasons. (3) Correlationships between Cl™ and
Na®, CI” and Mg”*, and SO’ and K" were significant in May and Cl~ and HCO;, SO; and Mg™*, SO; and Ca®, Ca™ and
Mg in August, and C1” and SO3 , SO? and Mg”*, and Ca*and Mg™ in October. (4) pH values varied between 7.7 and

8.1 and were less influenced by ions and more uniformly distributed in all three seasons. SAR varied between 3.08 and 5.29
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and it was strongly influenced in May and K* in August. It was weakly influenced by any ion and was distributed evenly in
October. EC varied between 7.16 and 13.04 mS/cm and it was weakly influenced by ions in the soil and was distributed
uniformly in May. However, it was significantly influenced by SO; , Ca®, and Mg” in August, and Na“in October. The
seasonal variation in TS was coincident with C17, Na®, and Mg, and Cl” was the major factor controlling spatial
distribution of soil total salt throughout all of three seasons. Therefore, controlling or reducing the Cl source is an optional

approach to alleviate soil salinization in the wetlands of the Yellow River Delta.
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R AR A B Y RIERE R O SRR B A Y R 13 (R AR
Bk, P E R T L R R VR IR B A R Y s e R R B R AR 7 T B A R
WA E e, 52000 Mg K SCHUTTAE A AR FBRE EEE | H [R5 B AR SIS sh i S Rl 3% 3
Bl B2 A TR G TR X RS X S gk pi e H b S RE R TR B Y
5| A B A FK AN IS SR 3R B, S A A & R

YV Y] A 7 e b R A S AR G i I b ) A S R SRR WG 5, 32 V(R R 3R A S [ 5
Mo, - SRR XS B0 AT RV S AL AEDGT (7 BR ., VRCTT = A YITRT 3 b A7 TV VS 5 Sie M VS =z ), 2 3 6] T AR A
R BRI AT R A S RS 2R R K LA DU AR ), Eh B e e
Aii , = E R A A P N XA S R G e 4 R XL Ak IR, o T B T 5 9 B A R vt
B E ARG AA T EEM RS YHTF %3 B4 s 8 - R A R AR R R 421
SR U T R AR Y S SR S AR AL IR O 1, K2R B R T R (TS pH  EC) X - dEd i
BISENR s PERS R AERE | R 2RISR — (B2 B 3 RS A £ 7t ik I, REZ R RMES Mgt
AUV S VTN v e s TR =0 T L = B T S == 4 € R S A I S =y 7y WRE E D U | EA S AR 2o i L
BRI ELAE FH G 2 B0 A2 2452 vh 1 1985 613 43 B 75125 ( Canonical correspondence analysis, CCA) "' B8 % B WLt
o5 th 2 s R A BAE R DGR, AT AR G- db S R 5 % 52 5 A BE 1~ 2 () A B0 G 3R, R I 45 I A 8K
P35 SRR T8 AT T IR AR 2

AL VAN 2575 1) e ] 11 36 b - 39 A 451) T R PRI 2R T 25 A s B R AT s T TR R R
T 11 R b A S ER AR 5 R 20 B A A N Z (RN B G &R B ERIE S i) 1t 3 0 3 20 R AE  #87
SZMER AL R A S 43 D, Sy BT 1 b - R IR 0 R R R RN A A A e R R B S

1 FREXBRFERR

L1 #FSEIXAEN

B DR A T3 B L AR s T R BB N R TR XU U . DR B DRSS R AR R
11.7—12.6°C ; TCFEII 211 d;4F ¥R K & 530—630 mm, 70% 504 £ 2 , AT W1 (4 24 vk, S 880 e 42 5
R KRN A N AN &) s P28 Bl 750—2400 mm, 25 & i K TRk &R b H sy Fis ke
PRAE TR XX SR 3E AR, P32 ] R (8] 4 Bl S 2R A R B RO e, A
T B R AY AR TR e AT M 2 AR R A Y R AR o8 T R
AR ST A B SR TE AR AR R BT L S KRR AR R K 2 M A HE VR ) 455
F14) S e S50 - 5 3 50 vy L5 R 234 AN 1 B0 I A AR A s 2H 0 e A B HL LA o A B v
KBRS, BRI 5 LI ( Tamarix chinensis) B83% ( Suaeda salsa) | 5 25 ( Phragmites australis ) %5
M,
1.2 BRI

T E NS S AR R P FAR X -0 BRI X — SRR s BV E A F ST X o A LA

http ; //www.ecologica.cn



9 1 SRR A T X L B B R 4 - e PR BRI 3

BGEE AN RS AR, ARYERE SRR AR MBS S | PRI 22 A s AL EAT AR AR AR
3WH S, HAE 0—10 em WEW HEBHAE, T 2015 KR (5 H) ZF(8 H) BZFE(10 ) &RH 11K, IF
It GPS FEANL, 3 YCREA B R AF—H, HoRAE T HERE S 198 >, B T IBERE ST [0 S50 % H AR XU 5 BR A
He FRMAEZR T, BERES 2 mm G5 AT, LAK LG (5. 1) FC il 8, #8 a U8 5 15 2R 4R, I B 2
o Hor K" Na® SRAKMEE RN E , Ca™ Mg™ (SOF SR EDTA 46478 5 W I 5 , CL R FAH R AR T 5 vk
M5E , HCO; R FIRUHE 7R 70 2 I A2 , 4288 (TS) & R B IR . CO3 RAEAJIRE & A H 2 5 i)
G, AR TH I, pH H 53R (EC) W43 31 PHS-2C BU% 7R 4 11 DDSJ-308A Hi F: 35 , 4
MR FE (SAR) SRHIA IR :SAR=C /[ (Ce +Cyp, ) 72172 HH Cy, (Cr G, 73 IR E W Na™ |
Ca™ Mg™ FIURE
1.3 Bl

FHE R 7 22 53 W ARl 22715 13830 70 85 7 S AR AL S 8O0 B AR, ORI LSD i AG 40 BL A R T &4k
PHIA) 22 5 0 A K BOE N a=0.05, 285 R BUH TR A AAE 4, CCA A i i i T
AN SRR BRA R b SR o B T Z MR SC AR A5, Hordr, DIERBRAEAE bR 250 TS . pH EC 1 SAR S5
X4 Lh Na® (K" Ca®™ \Mg™ \HCO; \Cl™ SO NEEAR &, ALK 3R 7 22 43 HT7E SPSS 22.0 Seit- i Si 8t
CCA HEFF 537 #E Canoco for Windows 3T 4 SE3, SE A TR 9 Weanolmp B2 /3744 358 2055 1 F TS |
pH . EC . SAR %4l 44 M env.dta F1 spe.dta B934, W FH Canoco for Windows 4.5 #4128 B4 i A9 £ SC
% spe—env. cdw fE Canodraw for Windows HEE], HERF 45 B FHRUF K R

2 FHRE5S

2.1 HIEEIRGE TG

S P FAEANF T I A AHILE 1, Na® S i 7E 42 5 PSS 1 R a0 FL B34 7E 659% LA b, 2%
XN FERBHE 5 HUOR Mg™ B Ca™ K S/, 2R B E RS RRN, N SR EFLE
EBTEZE ME MEE MELEREARE(P>0.05) ;Me™ & 1Y 22 S Na® (0 —3, 3 —F =ik
AT RE A BT M s Ca® A Z M B 25 1 (P>0.05) , i A B AR s KT i B/ (HAEAR
[ 2 AR 2 122 5 (P<0.05) o 728 5 R BUE fe WA o B OB I B 2248 0 fE — B B4R T
AR B (23 (a3 A REEE 2 FERTAIZETT  Na® K Ca™ AR 5 R BUS T 10% 1 100% 218 (K 1) , K&
ITAER T X 24 HA v A B A Sk Bt 240 A8 Ak, Na* 76 B 2 H BZAE S3 R B0 e KA, o 66.15% 5
K" (78 S5 R BB W/ N, B 2 K Ca™ 1978 S RBGA WG R KA S d hysi B, A8 5 R AGA 3 90% L I, 3=
B 580 1 25 [R5 P s Mg™ 76 52 Z RNk 2R 1) SR B it ) A8 S e | 78 53 R B0 o 108.24% 104.47% , i
Mg™ TEE K AN 5] R 2 HL s [A] 5 T PEAH O A5

BEFEARFZE NS IE 1, CU AR BT S G4 e, & & T 81%,
SERGY KA o BB T, 807 IR HCO; S/, 25 BEMRRAS LN, CIT 5 Na® Mg 25
PE—20, B EN T M SRS Z 2 E A ML, CUO SRR EMA 5 R AR LR
Ko, KR AR S s, AR S R BUN 66.74% ;S0 AEMIFIE X 38 i) — BB A B 8 7, FEAN A 27 o
Z I IE 2 R (P>0.05) , HUUE o ik, HAERMRIy B SR ER R UKEN R, L5 R
Ik 166.78% s HCO, 7 HEAEAS 210 Z A (1 25 S35 B 38 (P<0.05) , HAR S35 R o h AR 5
22 HHEAENERAE K AR BRALERIE S8

e A b i R S e AR LR B A AR AR B 2 T FEOR TR A Y, 4 TS SR S (E Y
179 g/kg UL FERESTEEMKEA DR S ERMK, 250 FH00RES R, EHMKE TS
e 22 FE(P>0.05) X R CI7 Na® Mg™ 72215 481k 1Y 25 PR — 20, 368 TS 5 €17 Na™ #il Mg™
FIREA BAF I CHEPE TS MIZE T PEAR R R BN T 42% M 65% 2 i (& 2) , ZWWF5E X+ &b it B h

http ; //www.ecologica.cn



4 JAE = 39 %

20 2.1
o) o %% a g
N K

20 = 1.6

= & 5

g & L
: % =
Q %D(é
b g
Lo 3
Q

K* Na* Ca®* Mg HCOy CIF SO K'Y Na' Ca Mg HCOy CIF SO
B lons

B1 tESEFEEREFVESHEHE

Fig.1 Cations and anions and their seasonal distribution
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Fig.3 Two dimensional ordination diagram of canonical correspondence analysis of salts in different seasons
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YO Mg™ . B2, 55 —Hr A S (R4 X HE RN ) BL C ok, HkOoh Mg, 15k SO5, A 38 FR 1Y
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KM (FRAEXHE TN LA CU Fek, HoOh Na™ BRI Mg™ | DL F8 bR AR G R X HE Y 7E 0.77 LU L, Higqx
BT 5 —H P A SCPERIX RN . S5 T RIAR EE B KTAN B DR 5 50— 0 R S B S b U P
HEFF 86— FE A EARER T IR R P X R R B0 e . 7258 3l b B KFAHSC TS 0.6193 , iR iRPR 5
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Table 1 Correlation coefficients for t subject investigated axes 1 and 2 and environmental variables

S H May 8 H August 10 A October
TiH b1 2 4l 1 fh 2 4l 1 2
Items The first The secondary The first The secondary The first The secondary
species axis species axis species axis species axis species axis species axis

K* -0.6337 -0.1183 0.2538 0.6760 -0.1526 0.6193
Na* -0.8182 0.0297 -0.1892 -0.8281 -0.8058 0.4538
Ca® -0.2052 0.5263 -0.7566 0.5121 -0.6338 -0.3716
Mg -0.7674 0.2554 -0.8080 0.4979 -0.7713 -0.2827
HCO3 0.3979 0.2401 -0.2604 0.0041 -0.1308 -0.2890
Cl -0.8299 0.1349 -0.9417 0.0016 -0.9463 -0.1425
S07” -0.6571 -0.2621 -0.7971 0.4833 -0.5351 -0.1645
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AR B = A YT R 2 A AR | R BT K LA BT A S | S R AL A XA
JZAAET R, R B A TR AR AR A D X DX I P R T A R T e A T A
AR B, BRI A RS R, 35 4 o AR 1 BR800 R K 3R I8 B 1% D0 M a4 . F R gk 500
5 W BT — M N 2 R OKER o i AR B LR R SRR BT E Y, B R LIS R
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SFRAEY), R FRKEZ N HIE 22 57 S Bt R BUK AN B2 5 ) P Y 25 5 R £E AR E A
[a], TS B Mg™ Y25 (] 73 A AN - Ca®™ (SO DL 5 e AR HL 22 S VAR ], 3 AT A P Oy 338 v ol 1
(¥ CaSO, WM™ SRG B BER . HCOZ 7EANIR 215 22 5k 1 35 (P<0.05) | 3 7T AR L 48T WG 7 J B -3 3%
FRARA I AR Y A R R K KR AN TR, D CO, I R AN TF] 8 HCOS SRR,
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3.2 CCA 7£ T 3E-RBE 71 i) o B b i A 280 5 8 1 =2 (A1 DG I

X R 3BT 7 s (CCA) S 3T X B 43 W7 & R iR B4, B et 02 4347 45 22 6 BT A A A AR 45 A, 76 X 102 43
Bk A R K B A BN A HE P (34 5 IR 55 R 7 T 2 oo v [l U3, 2 BB 4% B0V Sz i 34 5% TR - X HE 7
SERARER , JE SR A S R I A S B k0 Bl AR AR Canoco for Windows
BIHET  ULAFEOR % IR AE 1 - R B AUt 328 A5 A5 B g, ZE A 9 - 9k o 5 BB D i) 56 2R T LA
TEERE, BBA%E B Bl 5] 8 X 3 a5 5 (TS) pH FER 20 B 74 A 1) 25 18] 43
ARFAE BB SR IFRIT N Z M A E DR M RR B L R SR B SR 3 A () 52 i) 5 52 T Mg 2000 &
T4 HT T HR I 2012 42452 R HERH Y & dh it A5 pH [ 0L L RER A B 128 (B 43 A0 RRAE ;
T FZOT SRR T VT IR A R e s ] B IX AR () 235 i) R S S S o - 398 56 95i Akt B8 40 55 i) A 5 Rk
JE 5 WAL A5 B I I — e = A gk T R X R B 4 TS AR B T AL BRALE (ESP) |
pH EC 173 Al A RS- T 1 208 ARSI 5200 7 TS \pH (SAR \EC FIEh 43 5 F 4 C R DA
KETZRIMNAHE G R, BREW, JCR TR ZENT , 148 TS IS CI A HAF M M BB TS 945 [H]
A BEZ T C1 . XS0 WIS N T S HE T A S T AR 4 R — B, S o B T o e dh it
BRI 25 SRt e — B, 5 oAb 0 S50 11 38 3t R Ak + 3R IR O BT 9 25 SR A — 30 L FE R
B2, CU S B IR 25 T HAD S % &, X5 TS MY TTRRR I & T 50% , i C1 2 DXl 4= 550 43 1 F2 B 3L
BAY K E 4 1 A b TR B S A VR DRI, 38 a3l A 1 e 9 o S D CL A Sl R — ARk %
R R B B IE i AR . FEARTRIRZET , pH AZ S F A2 B /N, i SAR Fl EC W B 25775 (148
eZ A TAEAEL, ANFEZE 3T Z 0SB A EE , BN Z AR E — 22 520, X — mn]
REFNAM R IRLE ) IR R MR RO ) A O, 53— T T R AN 35 28 780 BRI A 06 RAG
RPERSIT H & B 1) Na™ Ml CLORE B RIZ 2N IR i K, K0 1 1 TR 16 shsm B0, AH R
B Na* 1 C1™ B[R] B iz B 0% st i 26028 6B Na™ 1 C17 B B0 s A Ik . T B8 25 R Rk 25 0 18 A 36
IR AR 1) SIS - 2 )t 2 AL A A O, B A1) 2 ) 2 5 A A 1 P G BB o A 1 Tl — 2D R A
5z,
3.3 A DRE K ] 1 M A R

M4SN, N A PR 28 B A R i ] 1 38 s - 3R WAL I B2 32 2 KU S B S ) 12 X3 K o
RN AT ST, 8 IRK FEIRAL G AR U R FER K 2, [R50 TT B R IR 7K 9 8 O R FE 1 Rk 265
s BRI BEE AT ST R, — Ty T i K AN I, S BOE T WA R RN, 55—y Tl
UL X R A AR BIR K T R B AR N, DTS B500R K B IR S, 2F T 2 DX ek R AR Y
e BRI Z AN, A R R RO 28 LA N VB il B i 2500057 4R 2 o2 X I e ER A 1Y &
AR —E RS, DRI, BRI X S A 4 A, A BT R R R R UR AR MR R 228 R 25 IE B H B
Tt , I AT M 4 S 7 e B DA s IR A R A
3.4 BTN AT A R

BFEXER A3 BT (CCA) AL 0 5 8 T K, T L& SR B0, BB BB S it TS . pH (SAR |
EC P8 SR o B I 2 B, 17 LS X 7 3 AT R 0% 3 o) 6 Sk i 4 =2 W] i I £ DA R 55 = A 55 T R 8 1y dz e
A TE CCA 4 HEP I L B MBS 45 Eh /B F 2 B L& TS .pH \SAR \EC 503 F2Z M &, JFiEad
R B T SR G A HE Pl 00 A 6 Z 88, St 5 i T 11 YR R Ak i B, Rk,
XTI ST S — i B B2 9 43 BT 49 R AL AR A RRIE A AN T

4 Lt

(1) BFFE X IR BHES 7 LA Na™ 2 3 BIBS 1 LA CL 2 32, 38 R IR 2740 i A8 ke it el A8 JH: o B8 A it 1Y)
LA, Forb Na™ o5 FHES 7 58 09 LU 7E 659% LA L G 5 B 7 S B A LU IS i T 81% . 22 5% 38k
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K aE R, 17 Na" S R AT B E & T HBMRKE(P<0.05) | 1 2 2 FRk & 00 i 3 22 7k (P>0.
05) . Bk Mg™ 765 2 Bk K CI FERKZ R A R s B0 A8 St A1 AR B AR AN ) 2 14 3 I v B8 5 B 119 72
Sk,

(2) WP X A P, 5 B 2 KRG EITE 17.9 o/kg UL B TR 208 Ha a2k
EE CI Na' AL —3, BV FIRAM, T MEN S TER, LR T KEREEME R AR
B, pH EIN T 7.7—8.1 ZIA] ;SAR 4 T 3.08—5.29 Z[i] ; EC AYSE AL Hy 7.16—13.04 mS/cm.,

(3) HEXF R AT A R KW . 3 C17 5 Na® \Mg™ , 805 5 K™ Z [ CHREAL T 2% CI7 5 HCO;,807 5
Mg™ \Ca™,Ca™ 5 Mg™ Z [AI B BT s Bk 2R, C17 5 SOT 7,807 5 Mg™ , Ca™ 5 Mg™ Z Al Bt ar . 7EANIFH]
FIZET 7 AR T 50506 G HE 7 3l G A SC M 2 3R CL X F 58 X 2 19 5 il e Ry T2, Ok Na® | 1
W Mg™ . TS SIS R Z 4T C17, pH ZIRABE FRE /N, 2SR /N, SAR EFEZET
HCOS; B R T K MMEZ S B F BN, NS . EC BEZA BT i/ Hzs b
IR S) s AT S0L | Ca® Mg® s Bk AT Na'

7
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