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Characteristics of soil total salt content and its correlation with groundwater in

Sugan Lake wetland
KANG Manping, ZHAO Chengzhang*, LI Qun

College of Geography and Environmental Science, Northwest Normal University, Research Center of Wetland Resources Protection and Industrial Development

Engineering of Gansu Province, Lanzhou 730070, China

Abstract: Groundwater is a key factor in the ecological and hydrological process and evolution of inland salt marsh
wetlands. The interaction between the depth of groundwater level and the characteristics of water quality affects the process
of water and salt migration and the degree of surface soil salinization. Based on the monitoring data of soil salinity and
groundwater characteristics in August 2018, classical statistics, Pearson correlation and principal component analysis were
used to analyze the total soil salt content of 0—10 c¢m soil, groundwater quality characteristics of surface soil at different
water levels in Sugan Lake wetland (93°47'53"—94°04'26"E, 38°50'07"—38°56'27"N) and they are interrelationships
between the total salt content of surface soil 0—10 ¢m and groundwater quality were quantified and analyzed. The results
showed that; (1) The mean value of soil total salt content in 0—10 c¢m surface layer of Sugan Lake wetland was 204.41
g/kg, and its variation range and variation coefficient were large, and the variation coefficient =100% belonged to strong
variability. The mean value, magnitude of change and coefficient of variation of the total salt content of soil showed a trend
of increasing and then decreasing with the increase of groundwater burial depth. (2) The depth of groundwater was between

0.17—6 m, the pH was in the range of 7.06—9.56, the cations were mainly Na*, while the anions were mainly SO and
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Cl™, and the variation of ion concentration from strong to weak was Na®>Mg”" >Ca® >Cl~ >S0; >HCO; >K" >CO7 .
(3) Correlation analysis showed that the surface total salt content was positively correlated with groundwater depth in areas
with water depth <1 m and 1—2 m, and negatively correlated with water depth between 2—3 m and >3 m. The variation of
groundwater depth increases the spatial heterogeneity of topsoil total salt content. Under the action of their physical and
chemical properties, evaporation and concentration, leaching and cation adsorption, the correlation between ions and soil
salt content were different, The total salt content was significantly positively correlated with Na*, Mg*, SO¥ and CI™,
while the correlation coefficient with K*, CO; and HCO; were low and not significant. The correlation analysis of surface
soil salt content with groundwater depth and groundwater quality characteristics reflects the complexity of soil water and salt

transport process in inland salt marsh wetlands.

Key Words: inland salt marsh wetland; total soil salinity; groundwater level; water quality characteristics; principal

component analysis
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L1 BRI

SR T H A T 2R T B S FE G B e VR B BT 2 5 A (93°47'53"—94°04'26"E,, 38°50"07"—
38°56'27"N) AL TFu IR < 1ln 5 1T R LS5 8 A L 22 [ A AR 5 — 55 ) 430 1 A P B S, ¥4 2795—2808 m,
Jogs PR g T U AR R 3—6°C AR RK & 35.5—70.6 mm , 5 BE 1228—2495 mm , KUK U
11 WA B R AR, TR TR ZY 100500 hm? , HoK £ 8 T 448 AR it /K & i g db s i) — DK & R IR
TR LA /NS R B TS 1L VA T R 2 SUOR I R TG Y ALK NI T THAE T
SRR G T T () 25 e 25 0, 1 R oK A7 3R AE 0—6 m [B], HHELIRf) + Ff{EE L R4 R R LA
18R F 2 IR R Bs2 e, IR ik ™ R 2 0—10 em IR E R (15.81—485.83 ¢/
kg) , HHEER Y BAT KR VEARIE, 25 M 0 A B 4420 MR R I X969 R H IR Bk S A B AR B T
MURE Y X SR A AR, A BRI /N 2 VA K B W Eh DI Be, A Y A 5 (Leymus secalinus ) | 7R
(pHragmites australis) W)X TE2 ( Saussurea runcinata) A% ( Salicornia europaea) . VAAAF 2L ( Polygonum
sibiricum) |77 5. ( SopHora alopecuroides) 7K 2 %& ( Triglochin maritimum ) 55
1.2 MR /KERGEE B A3t iR A 5 40

YT T 5 BRI =1 SRk oy 06 SR 43 3R SRR AR A, 255 75 ST 5 IX 1 b o b A5 A s 215 AR T
MES IR DB FAR MBI 2 T 2018 4F 8 H N A2 9 H FA) (HEVE A= W i 35 B 5 K ) A7 0 Hb A % 2% i 4
AR A SRER 73 AL T KK BRAEBORE, HOR 2 s BOA B 5 e T 2016—2018 4775 7 - 11 % i A i3 fry 3
98 IRFRYT FIH (I 1), RS2 2 T /K Hh |, TRk LA E I D 6 b K B R 2R B T /KA i, 3R A5 42 X
L 101 N30 KA BT KRR IF A 2K 5 M I D K S i AR R 2 0—10 em 1 R 3EAE 5 101 4k ([
1) XERAE AT g5, I GPS 5 A, 10 i Af U B A B AR A KRB | R B S50 B R RERZ
0—10 em TIERERCR ARG, A MISCH = N FAR KT ERE i 2 mm 075 25 1T, BT AT LIERE S 2l 45 1.5 £+
KU R BR, 2 08 R AR AR 2 43 W 7 12 ) 7 E £ 3 Ca® Mg™ (K Na'  CO (HCO; .Cl™ S0y &
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Fig.1 Sampling site of sugan Lake wetland field survey data
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2.1 ARDRAZEE R RZE b & Rk

R 0 T 190 AR [ K AT 3ER F )2 0—10 em HIEREE S BGTSETHN(F 1) KX 0—10 cm
TIERER E R IYIE N 204.41 g/kg, BEAE K AIRTRAYHE I, 1238 4k 5 i 52 e 5 s b ke g MR Ak
NT 1 m B, Rl & B (AT 128.83 g/ke s fEH F/KHRA T 1—2 m MY, THEedh &
I EIR EH 248.64 o/kg, K2 IEARER S R 7 RE=100% )8 T34 50, UL 22 4k & B (0 B R
BERR 2SR AR AL S 2%
2.2 MR KK

TS K pH EA T 7.06—9.56, ¥I{E N 8.04+0.47¢ , ZEF RZBUNT 10% , EIFHEFME(FK 2)
MBS T BE M . SO% >C1 >Na* >HCO; >Mg™ >Ca” >K* >C0Y  # F/KBHES T LA Na™ b 35, 24 5 BH B 1 i o 1)
) 69.5% , FUE Mg il Ca™ , 2 1 BH S F Btk LU 461 18.7% Fl1 7.6% , o LU e /D A 2 K™ 1l 7K B 25 A
SOT 1 Cl AT, MBS T BB B2l 45.59% F11 44.5% , Foyk o HCOS , 2 5 FHES T B 10 9.57% , COY
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WP B IG5 B TR AR 5 R B Na™>Mg™* >Ca® >Cl™ >80 >HCO; >K ' >CO% , #i F/KBHE T Ca® \Mg™ Fll Na* ()
ARG R =100% )& T imAs S KR i S5 A8 Sek | 46 1 BB - I b ol 2 AR S R BB 0, Ul ) JFL g g
FERR 1K B T COT MRS RN 2.99, )8 T85748 0%, HCO; (. CI A 5 R BT 10%—100% (0] , 2
P AR R RRE

R1 AREKMERTLIERE 0—10 cm £ SEWSHITFEE

Table 1 Statistical characteristic value of 0—10 cm total salt content of soil surface under different water levels

bR KA R Ak g FHE Pt O 2 5 R
Groundwater depth/m Range of change Average/ (g/kg) Standard deviation Coefficient of Variation/%
<1 180.27 128.83 51.54 136.07
1—2 296.84 248.64 78.08 169.85
2—3 283.52 226.16 81.88 104.12
=3 265.14 145.85 87.17 98.95
£[X Whole region 470.83 204.41 118.75 122.72

F2 HTKKEHRGIHHFE

Table 2 Statistical characteristics of groundwater description

/M iU ONI Rk PR AR R

fif Minimum value/  Maximum value/ Average/ Standard Coefficient of bﬁiﬁi Kﬁfis
(mg/kg) (mg/kg) (mg/kg) deviation Variation/ %
pH 7.06 9.56 8.04 +0.47c 0.47 0.22 0.20 1.00
Ca?' 8.80 715.40 104.55+1.29¢ 129.17 166.86 3.14 10.71
Mg2* 1.50 2310.00 257.81+7.9b 139.18 192.88 2.60 7.97
Na* 19.90 6412.00 957.87+15.7h 157.05 249.02 1.98 3.12
K* 0.90 528.80 58.88+10.3b 103.18 10.65 2.38 6.51
co¥ 0.00 423.70 9.98+0.54¢ 54.77 2.99 7.44 56.84
HCO; 19.50 1257.00 282.82+2.1c 210.25 44.20 2.15 6.63
cr 18.40 11114.00 1315.13£22.8a 2285.25 52.22 2.39 6.07
S0% 0.00 10749.00 1347.70+21.6a 2164.63 46.85 2.33 5.98

2.3 BIEREAER AR5 T K R SR AT
231 HEEERZ SRS T KSR R AR DT

BRI R Z 0—10 em HHELER S 5 M KA HE R [B] (0 AH S A7 7R 22 S (TR 2) , 2 R /KRR
NT 1 m, 3R)Z AR B i 5 M R KRR (] SR I 3 TE ARG AHOC R AR 0.91(P<0.01) 5 1l F /KR AT
1—2 m [H], R34 R T /KRR E] 52 0 A DG, AH ¢ R B B 1235 5 24 T /K ER RS T 2—3 m [H],
TR Fr i 5 T K AR ] 2 ARG, AHOC R B AN 3 5 b R /KRR T 3 m A], -3 4h 5
et B T KA IR A R I A D e A A ] SR A 2 R G AHOC R -0.91 (P<0.01) |, AN [R]7K 3 33 R XoF
A LR A R R A 25 S N T R R I S 2 () S B R A
232 RESELEGES5M T KOKBIRILE G IR /T

FIFH B IR AN AT L 8 362 3SR B AL S R OK RS M S BAE T, A AR X L3 e e S
pH M R /K FP B TR FEAE B AR AOAOCE (36 3) , B &8 5 R /Kb i Mg™ \Na™ .Cl7.S0T &
TR B E B S8 (P<0.01) , ML R B T 0.44—0.58, 5 pH J Ca™ [A] 52 B # IE A6 (P<0.05)  HHE R %L
43912 0.29 F10.35, 5 K™ .CO5 (HCO; [HIMAHCHE REURME A RZE, pHES Ca M EW B FAMAX, 5
COT M B IEAC, 45 55 T AA A i 35 IE AR G, HURH G REUF A 22 54
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Fig.2 Correlation between 0—10 cm total salt content and depth of buried groundwater in the surface layer of Sugan Lake wetland

®3 REIELHBOSSHTREHHEXXRER

Table 3 The correlation matrix of soil surface salinity and groundwater conditions

Wi H Item pH Ca?* Mg?* Na* K* co% HCO; clr- S0%”
ﬁﬁiiahmy 0.29" 0.35" 0.55"" 0.48** 0.15 -0.23 0.3 0.58"* 0.44""
pH 1.00 -0.37**  -0.08 -0.05 -0.06 0.35**  -0.29* -0.10 -0.07

Ca® 1.00 0.40"* 0.33%" 0.40** -0.07 0.33" 0.41** 0.46**
Mg>* 1.00 0.97** 0.90** 0.40"* 0.79"*  0.99** 0.98**
Na* 1.00 0.89 ** 0.43** 0.72"*  0.98** 0.98*"
K* 1.00 0.14 0.74**  0.90** 0.89**
co%” 1.00 0.03 0.39** 0.40 **
HCO; 1.00 0.76 " 0.74*
- 1.00 0.97**
S0y 1.00

# x  fE 0.01 K- b U A ARG +  E 0.05 7K B (W) 2340 ¢

K H FE B M 7 iR — 225 A 43T pH R BRAFAE (Mg \Na® Ca®™ K'.Cl” SO .CO5 \HCO;) X2
IR S R TR, R R — 2 S R T ZE TR 65.14% (19.23%F1 6.59% , H it 5T
BRAFIE RN T 84.53% , UL EAT I KR 2848 b C 45 th o BRESE . v 55— FE 5l a3 T 0 45 F8 A 38 R 1E 1] 172
i , BB A2 THI b S e T 45 T A , % R HE B Eh g i iR, 5565 — E R S UM C RS2 Mg™ (Na® [Cl™ . S0T , B
1555 — A A OC R B EAR R AT T 0.80, A +- 49 & $h it 22 % Mg™ Na™ [CI™ SO M50 ; 7
M5 R, pH FIHL T KA B AT, B 0.71 1 0.54, R IEAR G, BB E A R TR — 4
Rl b —P R T RS AR — R R A2 2R KA A pH AL FE S = R, MR R HER A
BT IR, 0.74, BEBNZ R 1ESE — U 3kl it — 2P e T R3S e B A2 R
IR
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Table 4 The factor load matrix of three principal components

B % HF KA

Principal Groundwater pH Ca?* Mg2+ Na* K* CO?{ HCO3 Cl- SOAZ[
component depth/m
1 0.08 -0.13 0.47 0.99 0.97 0.72 0.36 0.71 0.99 0.98
2 0.54 0.71 -0.44 0.05 0.11 -0.09 0.74 -0.25 0.05 0.04
3 0.74 -0.45 0.41 -0.04 -0.07 -0.22 0.20 -0.03 -0.03 -0.01

R5 ERSBHEERTEHE

Table 5 The eigenvalues and contribution rate of the principal component

e HEIE( TR % ST %
Principal component Characteristic value Contribution rate Cumulative contribution rate
1 7.56 65.14 65.042
2 1.33 19.23 74.432
3 1.026 6.59 84.526

3 i

b ¥ (e N P e (M OB S o 7 NI S M E B/ el 3 D R (61 B iR P e W F NG 8 7/ B 3 1 L/ AN N | ST/ A TS|
ZHEAERANSERD ) BT HHEHERIZE 0—10 om t3E4ER 5 BBl H R 7K R A0 38 0 52 5 08 i s B )
A (EAE 128.83—248.64 g/kg, H CV=100% A58 S, EZE B AT - (1) 750119300 b 7y 3 AT Ay el 35
HIE 25 R K R I AR s 3R A0 B 2 PR K TR A R AR AR B 2 D JE Ik RS FE SR BN 2 R VE
T, R Bt N OK A T AR AE R AN E R N B K AR R Wedn R TR B A
R KR UG KW B EILRIEL 3—5 em WERTMA/NS FEIET, )2 0—10 eom HIESEE S &

R GIATRAEI A Pl 2R G AN — 2, L3R Ir 2 2 N R B0 B A 2 RAYE AR PR FRAE
(2) X T, 2R R OR TR, RS i, SR B R R 2 SRR I £ Kb

R, R FRHAS , EKE L, PR RIERE 22, SR AE AR R A, A2 R AR I Eh R /R, 7 A K A
IR IROK 43 8 ()R Bl R B R K VS P R 2t AN SR AR P, 8 053 00 3 Sfe sl b R SR AE AR R B 30, 2 A e A
PRIZ /N 78 55 A TR, M SRR R T AR K AR LW 78 R AR T T i M b bl 3B AN K 0 g 3l 7R 2
FURER AT RN, (3) RFERT IEAERK R (KK ) | FREe 25 AR FH IG5 T R )2 85RO, iX ] fig
EFHERZPEMG R REENN R — X 5k B asie i —,

IK G2 AR A iE B I Bk A, M T KA A s A AR i 2 T B AN VR, SR R e R IR A+
EiiE i RN FFE L BN TS R AN BT e A Eh S B R AT A B, R KA
HHNT 1T m Al 1—2 m (X3, )2 458 &8 5T KA R B 5 IE A5G (P<0.01) /K A7 3 R 2—3 m Ak
F 3 m WX, P TR R ARG, EERR R (1) A F KRBT 0—1 m AY X3, £ LLEE Sk R SR K FiLR
RS0, MBI 2 K ER AR ol 382 382 7K W BT It i A B b sty VR T s, HL 38K Al
BE AT KIS TESRRE , T2 H PR T /K M T 28 07 90 S0 I s 1o, Bt 6 1 FH RN - 33 sk A 9 1 3% sl B
fIRT R3S AR R, 0—10 em BURAIXTEER , $hor ISR L 8 T B XA AE £ 26500 Bl G 7K A7 SR 9 34,
K S BE AT, KIS R AR B ZE R AR, R A SR B AT SR Bl K
B EMRIE, FEH0—10 em $h8m  FEH T RKAR/NT 1 m M 1—2 m 19 DXk 48R 75 12 Bl 5 7K o 3
TRIBE IR (K 2) o (2) KMATF 2—3 m BRI, 78 3= 7K B2 IR K T 38 14 7K AR 240 1 K s R
FH X IR B AKGE |, H Rk b TR W Bk B AKGE 78 2 1 B0, 3RZ B0 & AR B AIG; 7E
iy AT Y X K My Eh o R0 B A K K AR B AE s BN 28 BAE T R Ky 28 R vl i e sh e R 2, B
RZHH AL B TR T KSR EMERR , RS S B KRR T 3 m (X, R 8K E
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KA AL T W RS | 3 i 44987 B ] 0 B A 12 B K B s KBRS B AR IR | 322 IR - AIG
(1), BEKAERR 3G, b S R b3 (K 2) X5 Wang % N IBFSESE A —2, B3 S5
KRR (P< 0.05) , T3EERAT 51 B /KRS UG, Hi R /K7 AR, -3 AR AT
T, O T IER VIR kb A IR0 - B AR B i Y S i A AR (R, AR AR T R E e H s
AR, X 54 H T e A R A — 5

R K A 2= 20 A SR KA PR R v 5 ] B AR e A R TR R R R AR | B A B AR AR T R AR
(), A R B e ok e 35 TR Z R R e R B e R BB sh LA
W B TG ER B IRER IR 2, DR IREh ke , A 1 s B R 2 it AT Kb ) R URILAR | BRI
UEAE I B IESE XS 2 55 BB ER R 1HE AT /K ey 8K 2 b 80 DS EE RS o0 T RUBR IR ER | B G Hb T 7K it A
AN, R e AR P IR A A T K A4S B PR 27 9T R A2 Z5 5 P Tt 7K B R/ INIG 2R B T 3
ARSI SEIE R E TR A 2R WA IR P B 3B B TR, 510 b b T 7K o BH S Na® R 2
T SO Al CI ASF- vk BE RS L iX 55 Zhou WSS AOZEIEAH— S | BAIKAL2E 28T Na®=S0% —C1 B R[] 7K
NIRRT KA 2 M AN TR, B R E 0 B R B ST lR AR 22 vk, Hoh b Rk Na® Mg™ |
SOT Cl S FHEE T HRZ SIS AR B IEAK (P<0.01) X RZ 3 1 ST R e &
5 pH Ca™ [H] 5 . 3 IEA1E (P<0.05) , 5 K" .COY HCO; MM RBUEML A 33X 5 Cui A MIBF5E
WL A —2)  Na™ il C1 7 LA 1R 38 shi A G R, KAk A8/, AN 50 Bk - Rl (A o, i 7k 43 A B8 3 i
H i CL AN Na® %+ 3830405 5 A STk — BB Ca® Fl Mg™ K, 0 C1 I Na* 5 58 6 )2 38 20 & & B9 AH S M4
W 4)  BHES T Mg™ & M BHES 7, KRB/ N T Na®, Mg™ Bl K 8% shtk &ty , S0 k2, AKAkEAR K, + 3
JREAAZ B P T i, SR RS AAC i T () A A A i R — ety TE W fer , ELX B S CU RN 3255 , 2 /K BAEK A B
BERZHE AN ZELEA T H I /KF R Nat Mg™ SO Cl B FHEBA /KA nia B R b, HHA
BB, 5RZEH AR S B E LA, MHE T Ca™ & M T, K422/ T Nat, Ca™ BE/K B S
b Mg® 55825, Ca® X R 2B TTHR/N T Mg® . COY (HCO; B Ha5E , K B T BERC I 1Y Ay - SJE I 47 W o, S
SRR AR E Y, R K Y CO3T (HCOS Al K™ B & AR, X 3R 2 TR 4 O B B DT R A AIG , AR OGP
AWE(F3) . pH MAHHHF X GG, U S RIERIZ 8 ST BN X R BV RS, # R K pH
BONRERE , BL2s (A8 S PE 55, X 362 - e dh S B oR M I, 3 5 B AT 4 SR A — 3

4 Zit

Sh T A DA A A IR AR R K S BT AR O SR BN R M R A2 L A0 0 B R K
AR LR B AN P REK BT R TR, LA™ 5, 3R)Z 0—10 om b & fEE L F oK
R 0 B 52 ST N S FRAR A 3, T 7K 2 RS 8 4 3R 5 B S e A 7R A, EKEE R <1 m (1—2 m (Y
DI, P TE] S TE AR DG KRR T 2—3 m FI>3 m 59 DI, 9 25 (0] 522 AR G K BRI i 1 R R e 4h & iy
JEF BT HEARRAE ; 3 T K LLBH B Na® 3, BIRF DL SO Ml CI R & 8152 A B I BLRRPE K 28 &
VAR VIR P TSR W MHE T, 53R )2 e B b R ST 22 e, b AR S R S Nat Mg
SOY Al CI” Al B4 2.3 IEAHSE (P<0.01) , 5 K ,COT (HCO; [APESC R EEAR A W3 A RDKARIR T %
JZ2 Al A A 22 S KOS R KRR K BURRAE [E] B AR SCHE AR 1 N G R T R M 5 2 ) K iz
Mid e, A BTTOR E— 025 IE I XK R 2K K SSURFAE o0 A 4 S B 50 b e B G R S5 7
17, 2B A TR ALl 7 S8R 70 Y T2 R RN 3 T 7K RS 728 A i R R i R R A v O A I A
ISR B B
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