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Table 1  Soil chemical properties in the tested area

KRR - BT o4d
Szmptlihng pH Salts content Ton composition(cmol/L)
ep /k ‘ 2
(em) (9/kg) coi~ HCO3 a soi” ca’’ Mg*" Na© K"
0~20 6.85 0.39 0.0 0.22 0.16 0.14 0.04 0.10 0.34 0.05
20~40 7.50 0.40 0.0 0.22 0.18 0.08 0.02 0.12 0.52 0.06

®2 AEXHMTHKEEER

Table 2 Chemical properties of the groundwater in the tested area

AR B T 4 R g Al bt
H Mineralization Ton composition(cmol/L) TRERN Wi WE S .
P degree RSC SAR SSP SDR
(g/1) coi  HCOs ¢ s0f " Mg®™  Na© K" (mmol/L) (%)
7.85 3.14 0.0 103 254 251 1.03 1.3¢ 292 0.10 —I13.51 847  54.1 0.8

¥ (Note) : RSC: residual sodium carbonate: SAR: sodium absorption ratio: SSP: soluble sodium percentage: SDR: sodium-calcium-magnesium

ratio -

2 FHREHE

2.1 KR TKERET S T

2.1.1 B HOAL  FREIRE KT 1%
R0 SV FE A HE LT Z0U0RG 0 T SR T e
667 m” JEME 2 BT A, M—667 rH( Bm - B()) .

b M OWEEBRES (m’); r M BT AR, H AR
— Py B 4 K A IR AR RS N
142 t/m’; H Rt RS E R AR A K 3, 4
YRRERRE I Yl 0.4 ms B, Sy AIH K & (7).
FRRVETE AT SIS 55 B VAT T oV T 2 VR
H 38K (0), UK SERREIEEBULE 3.

"3 ERHAKMALERNSE

Table 3 Soil salt input from the irrigated water

EE ) i JfE B V" i Vi N =
TEWE H A {%UE N/ {% Mﬂff&ﬁ W (/M) HIASEA & B (kg/ /M)
Date Times of Mineralization L 3/ A £ calts i ka/ vl
(M—d) irrigation (g/L) Amount of irrigated water(m"/plot) mount of salts input (kg/plot)
04—14 — K HEK First 3.15 1.75 5.512
0520 TR HEIK Second 3.55 1.85 6.567
06—22 ZIREEIK Third 2.68 1.72 4.610
08—11 DOV BE K Fourth 2.23 1.76 3.925
41t Total - 7.08 20.614

2.1.2 $hALREHEF MEHEHHEE E
TSR PEAEIR TG 4 7 14 B4 1 K, 518 A
L1 B85 4 VCHEZK . $3c i K HE R I < B9 K™
AW FEEFOEE TR 2 TN 0 L SR 4 SR R
WK BB £k 43k 20. 614 kg/ /MK (3 3),
FEUCHERRRN 3R 43 T 39 53k 5 153.5 g/ /MK,
B ARV HEE 667 m” 140 163. 611 kg h &, X 1 4
BRI B T B B AT S, TR AR A1

TR BT 1 R RS AL
PR AR R A KR L Y - 3 K 8
B AL ETIAERIE, (IR R L Akt
BT LIRS B DA AR5, 020 em 1k 5
R WY AT LR (5 4) R R Bk
HAEhEk 1.7340.077 g/kg, M 20~40 em 4k
AT R AN /N Ay 12650, 054 g/kg.
AR M T KN 4 7K B A
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BAEIAAEY Z 3 FARER . (E AL 3 A B A
P BER K LR & R AE 2. 237355 g/L A7 4 Ik
HEWE, LRy S B R 2 BEE R R IR
s ST ZE AR PR R /A5 1 1 B
LI REE LB A K BT BT 51k R
S B BB HE i RARLE B Na ' (Ca” Mg

FICl SO BT/ & BB BOERET AL &
W), 51 R AR U EERAL . R FER iR
WK AR VRIS, 5 D3 B 5 KR I8 2 A K
T A3 LA B E T 7 2 e O PR E A 244 T i
J L SRR AL

4 ORISR EBESEIE (g kg)

Table 4 The increased amount of salts after irrigation for four times

T+ 35 A Soil salts content
TRBRREE HEIKHT IR HEEK S IRMEK SE=IRMEK SR K
Soil depth Pre-irrigation First irrigation Second irrigation Third irrigation Fourth irrigation
(em) o SR M 41 &R M &R M
= & Content
Content Increase Content Increase Content Increase Content Increase
0~20 0.3920.009 0.63+£0.061  +0.24 0.71£0.054 +0.32 0.95£0.187 +0.56 1.73%0.077 +1.34
20~40 0.40=0.003 0.524+0.048 +0.12 0.54=£0.051 —+0.14 1.01£0.155 +0.61 1.2640.054 +0.86
2.2 [ERXHIEER S TR R0 o W A K, (R B AR XA B o, — IR PR 20
2.2.1 Rep@E Rz A T W{BAANMNHA mm AT RS S HE S SRR K S

[ E AR R DL 1, mE 1 F 5 4
FERIFE o~8 A, 7 AR RFER LR e+, e &y
105.1 mm. 5> A8 ARHAE 64 mm. Hp A~
40 mm, HIFEMMEAS). 7T H 18 H—IRFEM &
%595 mm, HAR S IKFERE—20 mm, HAth A 4319
FERRAE 20 mm DL, i TRERM AR S, 72k
T BAE T M 2 W KONAR S KGR AR A
Y. AR T REE S 133853 Ok TsE

120
100
80 |

60

B% /3 & (mm)
Rainfall

40 |

20 F

0

F14 Month

Bl ek E R AR A R R

Fig-1 The amounts of rainfall during the experiment

2.2.2 MRy 2R &6 AR  REIELLLE ]
6], F AR 3k /0 AE TR IR TR K
FER R AR, IR HEE R K B 5 2 )
W2, SEAER LR H S T RUK, SRRt R AR HE
NGRS, W2 S sJLLE M. 1E 4 A A
29 H T RIRREREIIIA] 75 the i B I AT RO £ 1R 5K
EARX T8 T 58— e Ly BT RE. 5
VEERIAR LG B TR 1 om REAEER AL, 2+ 1%

I 58 R REIR AT, RARER D AR A, T AEFE RN
WE IR 6 H22 %8 J 11 HMAM.7 H 18 H
8 H S H Ay R TR A%k Y AE S 18] P9 4351 [ i
59.8 mm A1 47.5 mm B}, 55 IR BEBAR L, 0~
Lem RAJZER5 BARA Pl hn. (AR TR ARG Prink
§5,2~10 em H-pRERSSARR N T 7. 400, T 10~
40 em LA kb7 iRk 42. 700, BB R gk
oy Bl AR IR IR 5 I VR B R K
MR HBEETH AT IRNEF I ES A
12329 H 25 HSE 4 G, 8 A ~a) R
Lk 2= 9 H 25 R T 5 LA H WA iR
W R REhsY . B TS T R 5 R KA
MAEYZEEVE R B s, RN Eh B EE BT
KIMIERS . TRz B 0~2 em T 3EEE 7
Bk 5. 170,174 g/kg. i 1 ZEh 25 . 17 2~40
em LRy 1,304 0. 060 g/kg. A4 A= K P2 16
ZEhE,

2.2.3 BRI ARE HANXE  WIUKANRH
THKBEBAREY L3RR ER, fE N filiEh
BHA R AR e R v AR AR K TR KE =AY IR
BT 10 45, B R R A A TIEEE
EFKBERR BT AR A TR K VERERAG . FER
T DRIE LT AR TR A B RR KPR ZE 3 K& S
kPa, A4 T T3 & /K& 1520 DL, )35 BERE Rk 4
78 3K FETCIR KR HAEY 25 RER I . F) g
= RKHA TR REAE Y, 1 IR H b B I — 2 AR
73 . ABAEIRIERPERERY . JoLA—IRPE RS . SR ZE kK
RAE RARM LAY EL o) BB BT K S R L3RR )
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FHARHE T KD FERETE » BB Eh R BGR AR - 18

T AR A A 34 RBUEUK A
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Table 5 Salt leaching in the soil after rainfall

BT B Time(M —d) 04—14~05—20 05—21~06—21 06—22~08—11 08—12~09—25
% W & Rainfall(mm) 76.6 28.9 184.3 17.8
WEF AL Frequency (=20 mm ) 4(2) 5 9(2) 1
KREH BH Sampling date(M —d) 05—17 06—20 08—10 09—23
0~1 1.4440.088 2.09+0.033 3.4140.078 8.29+0.144
1~2 0.65+0.042 0.77+0.139 0.70+0.074 2.05+0.205
A B 2~5 0.60+0.057 0.69+0.037 0.59+0.078 1.2340.119
Salts content 5~10 0.60+0.078 0.61+0.062 0.72+0.068 1.6340.078
in the soil 10~20 0.57+0.049 0.62+0.048 0.95+0.302 1.254-0.045
(g/kg) 20~40 0.52+0.048 0.54+0.052 1.0140.155 1.2640.054
RIS 0.58+0.054 0.624£0.053 0.98+0.171 1.5040.066

Weighted average

. * BEE RGP 4 &, Note: Mean value of three repetitions-

2.3 IR\ RU T KER P T B BT B AHE

2.3.1 AR tHRrEALGE) T XTH
S ot AR AN SEREIRE Y 2 d NERRASR £ 5~
8 em, PIWr + 33 H 17 iz sy BE LK, dik
6 F . SRIEAN L R LAY H, T F 3 ER A 1
JZ AR AOR B 15 UK HETRE 5~ 10 om Y 138
Thor D BIANST B R ALY R0, AL + 55
PhFR TR B IR ER I I 2% 2 H e 22
JEEAE 0.004~0. 441 g/kg. BFFEHERIRIC), B
P b Al AR I e A B SR @ P b it
SRR T LR R BT L SR
Ja ZIEBEKE BT LR KR LR R A
Al S A 6 B A8 K DL IR 2 A 7K 2 A RE R B 1

SR, WD 7 RSy R EAE AR B DA A
T AR A BE R &, AT LR
TRIEA TR AR SR A RSO K )
[a] s A BH 8 S ol i o T 2 A RE AL 5 2
JZ, T Z R BRI 2 B AR T R D, K
AL RE R th /b, K RE e A JZ LR A R T
HOZ T8 0 FER KA 1.0~ 1.5 m i, B
R - B R AT U W K b A AR R 800~
2506, MMM KNS B 1620~4000, I8 N+ 38K
FURER AR 1L ok B Bt & L IR RE (RS 1 %
K7y WRERHLIE IR B4 BT 7K 32 K AR S BvBE 1
T FFARER 7> 2% T A 1% &, 35 6 B T aX —1E IR

6 BMRLESRNTHTEHES T (9/kg)

Table 6 The differences of salts contents between the furrowed and unfurrowed surface soils

- —K TR =R VU R
LERRE First irrigation Second irrigation Third irrigation Fourth irrigation
Soil depth

(om) Bt Rk Bt AL Bt P st
Furrowed Un-furrowed Furrowed Un-furrowed Furrowed Un-furrowed Unfurrowed
0~5 0.58840.050  0.77840.069 0.986+0.039 0.99040.057 1.10640.087 1.17640.077 2.80640.141
5~10 0.46040.054  0.60340.078 0.62940.043 0.61040.062 0.46040.025 0.72340.068 1.633+0.078
10~20 0.55740.078  0.57040.049 0.598+0.047 0.62040.045 0.509+0.061 0.95040.302 1.253£0.045
20~40 0.44740.021  0.52340.048 0.50440.071 0.53740.051 0.61640.053 1.01240.155 1.263+0.053

2.3.2 WrEERASERTUANLAR Eil
M XA A 3 1 fie KRB AT H 3R 2 NaCl #28, 2211

ORI KA TEHE L 3Ry TR B iR
BURREL, SREMEATAH b, 3000 B TR A 1 AR Y
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2, N T VX —BG KRR 0~20 em 1
AL o3 SRR ) 2 B AR R 5 R kA T RN
BT 2) FZE SR Na  F1SOL I5HR B 5K F
i Ca’ Al Mg” 3k BE KT CL IR B3, HCOs
WA B, T 5HRE Cl Ml Na ' 18 3B AT
EVE ZREINEH R O E S MHEA L TK,
284 W 0 8 ER 4 B 4 4 v o M i )
05" » TIEpH A 6.5~7.7 Z ], BAREE 4 KHET
JEH 40 em FPRKIEVERR & BOFEE Y 1. 499 g/kg
ARG LTS BOIE L e 28 4 I G R AR AE R 3L
BACELR ., N T DUl S KRN e 1R
ISR E T Z AR A RO 2 16 3 1a) 754k 7> 29
Tl bR E R BEBRTIKR I HCOs— (35.600)
Na' (20.6%)>80,% (18.5%) >l (15.0%)
K4 75%0) Mg (3.43%) >Ca” (2. 11%),
DUV RIS Na ' (39.3%)>>504% (30.8%) >l
(17.0%) >ca"" (4. 78%) >HCOs  (4.58%) >
Mg" " (2. 03%) >K" (1. 58%), HCOs R T
31.0%, i Na' A1 SO 4% Bl K4 m T 18.7%
12.3%0.C1 WFEAFRF,
2.3.3  iHIRNAZ T K BERT LI R0 2k A 4R
#%re  FREKNR I T KER A H L3, o
T SERER R E B, A IR R B T
5 S R PO X F S22 4/ B B ) TR P s
RLAZ Ml Y PV B - 2 [A) A AR ST SO 5] E Tk
TIEAEVETA 2R, R t 20 em N H ISR S
BSR4 B A HE R KO 3B A M T Y
MR [F]—JE X P B 7 R S ) 38 o K
KT AL E R AL, T IEER Y BEZ 34N, Greenel"!
T R ERE <10 mmol/L By7K, AJ VA E 4>

#(SSP) R EF] 8020, MK 2 RfyH/K b SSP
Sy 54,100, 3 7 AR DU S ) R W T
PERN B 43 26 (SSP) RO A8 {22 7 AN BH 2 L AR R AE
60%0~8020 Il FF-& LA 2 B VAT AR, T SR
FG(SAR ) Fifl ¥ J8E Y% $50RD VB TG K 57 A4 B %) 5 22 T 3
I B EELL (SDR) EIRIFE & A 72240, ELIE 5 FE TR
YR 3 . 55 46, BER S R ZE R AL £ A SSP
SAR .SDR {H LA LM B SR £, mBEBKE (R
2)FN LR (R T) B AL ZE VIR g BEE K N
TR E R LR W, SSP B 2 R T 200 ~
30%, 1 SAR J#i/b T 3.64~6.26,SDR 4T 2.35
~4. 01, 32 i 1 A BH B 7 38 R Bt B ) b 2
N SR N R S B S AL |
BT IR B B SR B A S BB B T s i
3,

1.yNa'=0.4316x—0.0939,8'=0.9921 "
2yC1I=0.1279x+0.0834,R'=0,6846
35801 =0.3377x—0.0865,R'=0.9315"

0.7 4,4Ca"=0.0557x—0.0185,R°=<0.8183’ i
0.6 | 5yMg“=0.0182x+0.0037,R'=0.8135
0 n—2=6
"?‘0 0.5 | F,,=0.7067 3
=1 i o | F\,=0.8343
wsE
g3t 2
=S
& 02
#
0.1 4
0 P s 1 1 5 ]
0 0.5 1.0 1.5 2.0
4 th 8 Soil salts(g/kg)

B2 0~20cm TIESHESHABFHEMIIXR
Fig-2 The relationship between salt content and

ion composition in the 0~~20 em soil layer

RT AEEBRAILIFAFETAIRZNE (20 em MMBFIHE)
Table 7 The effects of different irrigation water on soil chemical properties (weighted average in 20 em soil layer)
D 7 AT M S
BTy TR i Gy
A Salinity in . HER TREREM
. Soil salts pH =354 [ Lt
T reatment irrigation water (%) SSP SDR SAR RSC
(g/L) (%) (mmol/L)
E R ET Pre-irrigation — 0.39040.009 6.85 64.2 2.43 1.28 0.8
WHEE #AL Furrowed 0.540+0.065  6.99 69.3 2.57 2.21 0.0
First 3.15 i X
irrigation AHs+ Unfurrowed 0.63040.061 6.60 78.1 4.83 2.81 0.3
TRHEE AL Furrowed 0.70340.044  6.53 75.4 4.18 2.65 0.4
Second 3.55
irrigation A+ Unfurrowed 0.710%0.052 6.62 78.1 4.69 2.77 0.8
ZRHEB L Furrowed 0.646+0.056  6.52 72.5 3.16 2.23 0.3
T hird 2.68
irrigation A&t Un-furrowed 0.998+0.179  7.52 73.6 3.72 3.16 0.0
DY K TG
Fourth  A#+ Unfurrowed 2.23 1.736+0.078 7.70 78.9 4.12 4.83 0.0

irrigation
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IR A2 b 78 FETRE PO K K B, - 38k 43 by TR T A
0.395 g/kg #2755 1.499 g/kg. BT 73.6% (3%
5) . FEUCHEIE 667 m® 14N £ /> ik 163. 611 kg,
Xt IEHEE AR R R P AR B T U, AETCIR
KA HIESE T RRE T, % HIEBE K LA
WER T BETHZE B AEKZH. 2hFE T K
A 3 K AE AR A BAL

2) PR Rt SRR NS 20 mm
DA ESCRKRMET BEE K B SIS . RETHZ
{4 43 R [ T 2t T b S i ) HE e s SR AR 41
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3) AR LZ. UIN T LIRS LA KME
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Na SO W& ERAETRAMEL C HEL
BN LIRS A FE T SAR BB T
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Analysis of salt and water movements in coastal saline soil in seawater
intrusion region under groundwater irrigation

CHEN Ming‘da1» QI Chang‘haiz, ZHAO Geng‘maoly LIU Zhao‘pu1
(1. College of resources and environmental sciences> Nanjing Agricultural University, Nanjing, Jiangsu 210095, China:

2. Laizhou Science and Technology Bureaw, Laizhow, Shandong 261418, China)

Abstract ; The characteristics of salt and water movements were studied in Laizhou Gulf region, where sea-
water intrusion became a severe problem in recent years- The results showed that, after irrigation for four
times, salt content and ion composition in the soil changed greatly: but soil secondary salinization was not
aroused- When happened with heavy rain (—20 mm), the total soluble salts at the root zone were rapidly
leached down- Therefore, sodium absorption ratio (SAR) in soil solution was reduced; but on the contrary, sol-
uble sodium percentage (SSP) and sodium — calcium —magnesium ratio (SDR) were increased -

Keywords . irrigation; seawater intrusion: ion composition; characteristics of salt and water movement



