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Effect of Reclaimed Water Irrigation Modes on the Structural
Properties and Hydraulic Conductivity of Tidal Soil
HU Tingfei, WANG Hui, TAN Shuai
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Abstract: In order to reveal the effect of the reclaimed water irrigation modes on tidal soil structural properties and
water conductivity, an indoor simulated soil column infiltration experiment with four treatments as: fresh
water irrigation (CK), reclaimed water irrigation (RW), mixed irrigation of fresh water and reclaimed water
(RW—2), and alternative irrigation of fresh water and reclaimed water (ARW) was conducted to assess the
effect of irrigation modes on soil bulk density, total porosity., aggregate stability, infiltration rate, and
saturated hydraulic conductivity. The results showed that compared with CK, the bulk density of each
treatment showed a decreasing trend and the total porosity increased, but the difference was not significant.
Reclaimed water irrigation promoted the transformation of 1 mm aggregates to <1 mm aggregates in tidal
soil. Compared with CK, the content of <1 mm aggregates in each treatment increased by 11.51% ~
31.22% , respectively. The water stability of tidal soil aggregates decreased, the content of >>0.25 mm
aggregates decreased by 2.92% ~9.75% , the mean weight diameter decreased by 11.30% ~38.38%, and the
geometric mean diameter decreased 3.93% ~ 12.78% , among which RW was the most significant. The
correlation analysis showed that the higher the percentage of water-stable aggregates particle size bigger
than 1 mm, the more stable of the soil structure. The soil water infiltration rate of tidal soil increased by
80.00%~260.00% under three irrigation modes of reclaimed water. The effective water conductivity of ARW
increased by 22.68% , while RW and RW—2 reduced by 14.47% and 42.36 %, respectively. The best capacity
of improving the structural properties of tidal soil was RW — 2, while ARW was the most significant
treatment for improving hydraulic conductivity of tidal soil.
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P 2B 7K B R ] 2 22 A 7K BT o 1Y) i B GR
PR ARSI K G SRR R e g R R R i R Y
HAY . AH ELR RLRE I /K P A K v A% S Ak 2 ) IR
A YU SR G S R . A S T A K
HE - 300 PR AR A SRV VR Ak A 2 3 R L 0 AT 2R A
FRAEAE SR A, 330 100 5 | A 1 S 25 g P o 1 i 72, {1 -
FoKPERE K AR ARG, A BIETE 2 B K 0 T K HE
Ji TEWK T AR TR B A A DL A R T R
J2 I Ml 2 45 By AT - AR AL A AR )
PE BN, FLBR AR AR, DA 5 SRR K 1 e A
KRR R P A K I 4G - R B A R
14 071 TSN B 5T # DAHE AR E R O VR
JET R AR S A T AT TR AR, X T
Az KPR AT B AR M 0 ORI R R A
Yy AR A K AR T S I T A T A
YA AR X S 2 4 h TR o T R b IX, B
A T b XA S 48 R R RIS K 3 T i B AT
FAR K R A v T S 1l X 37 Bk 22 () F AR
B 5 P A4 K TR ASE =X ) 4 45 4 1 JB B T K P RE 1Y
XA R X AR KA R A EEE Y,
EAT OG0 AR My XA K T TR % 4 M 25 4 B oK M
RE 114 5% e BT 5 i DL 1 3 JHL O O K L R Ak B R R
B2 A 2R 90 ] A N B A — o R B BRI T
AR BEIRAC R o Ry 7R SCR F R AR K HEA T R4
VW56 LAY 7K M TE A 6 R, 40 AT 2R AKOAS ) R
R CP A KRR 22 HE R L P-4 7K T8 7K IR & T T & 7
A K KA HE D) T R A5 R AR X K PERE Y
2555, LI R A 7K 8 AR ) P B A 2 XU A 4 A
— 2 AR AR SR .

1 MRSk
1.1 ks

TG A 4R v AT DO AR 1 R A
W4 AR LR R B T (29°03' 22N, 113°00'46'E) , B
JZ 020 em + 3 M SCHG % 28 [ AR KT IR L3 O (2
mm) RG] Hrh FoR kLR ER AL 5 L (BT
B0 43 51H 38.00%,47.00 % Fl 15.00 % , M3 4f [ B kil
A B S AR T RN L A 9 BT ke R Ry A A s IR iR
pH 4 5.69, L §F (EC) H 157.05 puS/cm. WM 1
AR A AR E AL M LR 1,

I K A KU AR IS KA BT, YK
REFESRF A2/O0 ¥R T2, HALHEE S 9.57 7 m’ .
ZNb B 5 1 T5 KK A G 1R 5 O T KR AR R A
FH 7 3 FH 7K 7K B GB 209222007 ) FI¢ 4 FH #E 18 7K 5
Frif GB 5084—2005), H pH 4 7.60£0.02,EC Jy
1.000.13£134.75 pS/cm, SO,* .ClIT (K" . Na' ,Ca*" |

Mg*" 43 5| A 37.51 4+ 4.67, 38.20 = 6.80, 6.12 = 1. 22,
20.5842.38,7.9540.27,5.614£0.53 pug/L,SAR N 7.92£
1.04, TN, TP, TSS #1 COD 435l 24 3.92£1.01,0.79 &
0.52,4.8041.02,39.80+£7.68 mg/L,

x1 BEKER1IFERBLERBHLER

T E(//i o ﬁ’rﬂfﬁfﬁiﬁﬁﬁﬁl/
(pSe+em™ 1) (g kg™
CK 34.81+4.36a 5.9340.11a 15.65+t1.41a
RW 123.20427.31¢ 5.9640.16a 20.1141.75b
RW—2 84.32£15.47b 5.9640.16a 17.9240.93b

ARW 72.6716.26b
TE < 32 PBOE O P 908 £ 45 22 5 W A)OR 6] /N B 578 3R R [6) 4k
(A 22 5 5.3 (p<<0.05),
1.2 RIiE it
7 JE BIVE WL AR P RE R A A H AR S TR R
Kl e oK, PR R g R JH 2% 4R K E IR S X R
(CKD o 4 7R F- A2 KA [R]85 44 P o
KT oK e Y 25 5 AR — R oRh i A S5 A8 PR BT M K T
S R R BT I R A K AR 2, R A
IKFFEEHEE (RW) , AR 7K — W K IR A I (RW —2)
FFR A 7K — 98 7K 38 B HE E CARW) 48 3 Ff sl /K 552K
Horf ,RW — 2 S I FH 28488 /KO T A2 K 7 B 2 A% J5
s ARW R 1 R 2B K HEE, T R I Z8 18
IKHEWE W E R IR AT
T 2017 4F 3 H & 2018 4F 10 A £ 1 g 4l kK
FHEMAHK TR AT, % A H HAR 26 cm,
e 32 cm [ [BTE 15 F5 A 1 B A IS 24 20 43 Al H A2 5 mm
(9B K /INFL DA RE S 28 SOE P RLE Z R K . 3+
BIEAREARIX 2 2 42 1 mm B9Z0 W, 1 J 2 A 45 08 5
em A YERPI E 2 U E R R 12 EA 1 mm 2
W, #1.20 g/em’ IR AE S Z G c) 2IH L4, 2
52 Z AR B W #E A7 FT B AL B S B2 17 em,
AR S RS R A SR AT 6 L 2RI K AT W)
THE S THE DK IR A 398 3 T T3 B o R 5 1 K i AR v
Xof 55 SR b s VR . WEOKJS 24 h A E
B SRS AL LADRAIE 150 b R 58 20 400 A T S 3T 1 85 9%
TR AL A B AR AT, 00 B8 rp B A A R
V3R T A 5t B 1k AR I T R i e T AR
FF# IR T BR A48 4 2 A 55 K &M
oK BRI 6 4> AR K Tyt 5k Tyt
HRAE AR RN 10 em. BB AR B8 5K 100
S o T 1 o S N DO W e o = vt
T[] 45 7K B I 5K g 3F 32 %0 10 ~ 35 kPa, £ 555 K
AL T HBERR KR 60% 2 R E T 5, — ok itk
B K AR R A L PR B R S K RO
80~100 kPa B R #EAT #E K, 5 U K 35 0 5 + 1
FREABR MG 3 KEHREABRE/NF 5%

5.9540.14a 20.44+2.37b
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BF A IS M AR 8 , &k K . T
SLIFIE] 1 AR BRI K I O 6 L, LR 8 vk, A
THREREKER 48 L, B ES 3k, #KRR
Zabla K A AARKTHEMZS . SR
M T4 2 (0—5,5—10,10—15 em, i FR A L JE .
ERAT OB, BE 4 AR AT A
A AT S K A, A FR R R IR G R B
BL A AR T L A R AR E .

1.3 MiXm B 57

1.3.1 X3 FEF RHRTIEWE LEREE, FH
2D TR A Ak B R) A 9 LB RE L 43 L R T 1
fH 2.67 g/cm®it5,

f‘z(l—%»qoo% )
itqu iﬂi%ﬂl‘ﬁfi(%);pdﬁi%ﬁ?%(g/cm”;
o N EIEHE (g/cm?),

1.3.2 EEARKAR ST RHTHERIEST
FUh . W 200 g A A A2 s bR ME 4R 0 AL (ZBSX—
92A # L ALK N 5.2,1,0.5,0.25 mm) 7E it K I
FRTFPRY 5 min 5, R BRI AR >5,2~5,1~2,
0.5~1,0.25~0.5 F1<0.25 mm %5 6 > 4 kL, Fr
AR AR B AR T O I ) A SR AR L
PRI 50 g - FE, SR HT W O 1 T 2 A 23R AR K AR e
PEDST ] - AR A T A (FT— 3 B fLARR K N 5,
2,1,0.5,0.25 mm) LA 30 X/ min S IR Y 10 min, K
SR LA E TR T OIRRE . R A (2O
33 43 ST A5 LA R AR K K AT R AR (R0 A
oy i R A (O A G T+ PR ARF 3
Ji & AR (MWD) JULA -2 542 (GMD)Y Y,

W.=M,/EM, X100% (2)
A W, o 25 k0 9 AT SR T O & i (00 s M AR
P R ARHE T L B () .

R.; :Mr-f:>0425/§:Mi (3)
i=1
KM, o R >0.25 mm B BEHET + Fif ().,
MWD= XX, XW, (4)
GMD=exp [2M,lg X,/ > M, ] (5)
i=1 i=1

A X &R AR 2 AR (mm)

1L.3.3 XEANBFE ZHEIIMEME LEAB R,
I3 JE2 15 S A 0T K B 29 AR I B T A B i R i
D15 00 I S SR AR AT 2L T 3R . i i AR
RANFFRIC R H — I BEAB K&, FH AR 6) 57
THEAB R,

f)= (6)

Q
At
AF FOFABE(cm/min);Q HABIKE (cm’); A

h AR R (em?) 52 R ATBHHE] (min)
1.3.4 £t fe FRE  RAHEKKLBEELNE,
HRYEA (D IR F] £ 2 i Tk %, R 4 A
X OHHE AR TAKE,
_Q, L
At AH
A KO WA S K E (ecm/min) s AH S~ Kk
EE(em) s L o HIEEE (cm) ,
L
A P P )
K, K, K.
K o8 HEB A F K F (cm/min) s K (G =
1,2, m) A4S j )2 RIS K # (cm/min) s L;
G=1,2,.m)NE j ZHEEE (cm); L I+
BB (cm),
1.4 RIEHIELLIE
FIH Excel #AF 2l Bl 3. @i SPSS 22.0 48
THER A2 F LSD 7k XA [ b 3 ) % 22 S W 35 Pk AT
SR BE R R E A p<<0.05, K ] Pearson J7
PRt - HEK AR E A R AR S BT AH M 0 . R
BHE R B AR 2
2 R 50M
21 BAEKEBREANBLIEMIEEZMR
21,1 BAKREEBEIXIWEZ TG w 4K
3FEM AL TN L AFE AR D, NEZEE
JE&.CK.RW fl ARW Zb Bl - A B RN I,
T2 PR E.RW—2 WA, 45402 )2 1 %%
EH L TFTREEREHEE(p<<0.05, HES5TFEE
SARE ., NEBFENXE.CK.RW.RW—2 fl ARW 4k
P 0—15 em P A E 405 1.34,1.29,1.33,
1.36 g/cm®, RW 4b #1551, AH L0 46 45 8 (1.20 g/
em®) s Z W 5 45 b BT 3 25 5 4 BB 11,6704,
7.50%,10.83 % F1 13.33 % . Ui W 22 YR 3 R 45 0 1
FEMN, AR RS, M CK, 4 438 17
Py 7s R AR S b DL RW b B 45 0 B 5, [ A%
3.88% HZEFIEA R,
2.1.2 FARERLX I EEILREGHm 3R
FEWAL S T W S AL BEBE 2 AR R E S 4 2
IR EEH R 2), CK.RW Fl ARW b 3 4 5 FL B 2
FKHN ELVF 2K, PR RW—2 W AH R, 45405 A
FEEALBES L FREEREY R E (p<<0.05), L2
TREZEERARE, NEBEEXE.CK.RW.RW—2
HARW 40 B 4 FE 015 cm P 249 8 LB B2 43 51 K
49.90%,51.86 % ,50.34 % 1 49.18% , ARW kb B £ Af , 46
b - 396401 U B ALBRE (55.06 6 » 45 A i FL Bt 132 43 1] K
1% 10.33%,6.16%0.,9.37 % A1 11.95% ., At CK,RW 4k

P
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b3

1.20
ARW

T EHRARFE RS 5 8 R R ] — A AR 1 )2 22 5 2 3% (p <
0.05) s AN A /NG B 7R A ) 1 J& A [ Ak B 22 S 2 235 (p <<

0.05). N,
B1 BEAFAEEREATHLEIERHAE
55 r
O LR s 2 B TE
C
® 53 F % Ac
,@ al Bab
R ABb A
& 51 b i
= = 4
B a1 b b1 A
m 49 ) o e a
& b ]
B & b2 & Ex
Ha7 & o o o
K 4 4 o
45 ] K N HU R
RW RW-2 ARW
B

B2 BEKAEBREXTHLAFLBE
2.2 BAKEBRER L FAREEEZRE
2.2.1 FARBEREX THEARKAR TIHEKE
PE TSR AR S e T SV AE A B RE . MR 3 W]
PIEH,CK.RW . RW —2 fil ARW 4b B F /K Fa & v
HIRAR I LL<<1 mm RLg A R AK R .3 A L EAA
FEWEREAT <<1 mm KA R AR B 43 5l 53.07 06~
66.90%, 69.04% ~ 87.83%, 67.11% ~ 69. 81% I
68.97%~75.63% /1L CK,0—15 cm +J2<C1 mm Kigl
RS B 6 K 31,2220, 11.51 % 1 18.08% ., 72
M A CKL<<1 mm H7 2% A1 R A& B RW 4b
FH2E S AN (p<<0.05), RW — 2 FIl ARW 4k 3 1478
BEES.

&3 A 2 BT 3 FPEEAE SN W b R FHAE
MEEEER A LR CK AP )ZE I R . 1
K 3.58%, F)ZFAK 1.97 % RW Fl ARW 4bFE R, - fifi +
SR B0 4y i 4K 12,71 % ~ 20.09 % F1 27.98% ~
29.12% . T RW—2 Ab3 R, s B - 2 UR BE 1S /0 433 T e
0.03%~3.45% 5 J7 2243 M KW, CK 1 RW—2 4b 3 |-,
FUTZE Roo YR 225 s ARW FI RW b |- )2 4 1
R 5 FREZEZESBE(p<<0.05), XEH CK Al
RW—2 ZbH R ,0—15 cm 351 >>0.25 mm ik
Ttk HI R AR A3 A 3 3 5) , ARW FiT RW A B34 Tt 17 3
TEE AR S PE . N FE 015 cm 12T,

RW.RW—2 #l ARW Zb3 R, FH{EAH L CK 23 Bl
15 5.51%,2.92% 1 9.75% , % ARW AbBE2E R B 2 (p<<
0.05) 40, HoAthAb H 25 S 5 R 8 3, 3R B 7 P2 /K Tk
5 4 >>0.25 mm KK AR R AR & A >
A DR R ARW>RW >RW—2,

2.2.2 FEREBRBEXTHLEARKKBEZE NE?2
ATLAE .3 A RS X R i + MWD il GMD £ 75 22
. NEBIRERE. 5 LZE L MWD M, CK 1
RW— 2 &b # B 4 2 % B 39 43 53] B AR 19..80%6 ~
24.69 % F1110.80 % ~15.85% . RW Fil ARW 4b 2l 43 51| 3 K
5.82%~55.75% F1 18.58 % ~20.61% . £ kb HAN[H] 4 2
Z [ MWD 22 334 i 2% (p<<0.05) ., 5 2+ GMD
FHE, CK  RW F1 ARW 4b P 3 GMD 435113 K:.0.37 %4,
10.06 %0 ~24.84 % F1 13.94% ~16.34% ,RW—2 AbHirp |
JEI R AR 3.35% F1 5.95% ., & CK 4bBEA[A) + )2
GMD T % 25 5240 HAb A B[] + 2 22 1) 2 57 34 (3%
(p<<0.05), MIEBHRFE,0—15 cm +)2K 4 MWD
Hl GMD I 3 CK>RW—2>>ARW>RW., 1|
e CKLA&AbHE MWD AR YK A 11,305 ,22.95 %6 F11 38.38 %%
GMD 5l R4 3.93%0.9.79% F 12.78 %, J5 2243 Hr M.
% RW—2 &b MWD il GMD #H 1 CK JC i & 25 54k, H
ftAb 32 T4 I 2 (p<<0.05)

2.2.3 AREBRBEXTHLEARKL RS/ E Y
MRS TR A R R A - A
P R S T A Bk L ) - R K RS M A R IR 45 2 Btk A5 A
AT (2 3), <C0.25 mm K gk K e sE M A B A
T 5 MWD.GMD Hl R s ¥ 52 8 3 51 A ¢ (p <<
0.01),>>1 mm A ZKFE MR REK S &5 MWD,
GMD Fl R, ¥ 54 i 2 IE A0 56 (p<<0.01) . X & W
=1 mm ALK AR PE AT SRR & 50+ 3 25 R AR E MY
TIRkERR . MWD.GMD il R, ,; 22 [8] ] 54 i 25 1F 4 56
(p=<<0.0D), KB MWD.GMD il R, »; 55 3 W IR ERAL
IR AR R R R B — B Y I R
FhEn i, A KRR R AT R AR 0 AR 8 P 4R AR MWD I
GMD # K5 )2 22, MWD il GMD I3 /)N,

2.3 BEINBEMEMSKERTL

2.3.1 #MAEANB R T B T R
RS RS A 2 e e 2R AR K AT 00 L 0 LR S —
., ZWHEKE 8 T A B R R, 5 BERE K IR
BB gk TR e (B 4, 8 1 RFEKIE ., & 4b
W B A AT — RS A B Rk 15.70 % ~
72.40% H AL RW —2 AbHLE B 5 58 2 RGEE K
Joi o B A BB R4 0 I 48.90 %6 ~88.10 %, Ho
PLCK Ab s R . 55 6 IRHEK G . CKLRW Al
RW—2 &b 3 A B TRE 4328 0.005,0.009,
0.014 mm/min, ARW AL A B R E“W JE” B4 vk
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A4k BT K A B I+ A R BRI, K A B,
ABREM, MELEEHR, K FIABREE. N
0.018 mm/min, #H CK, ABZ# T REN,RW,
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(4
(=4
T
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O cK

(@) LE

RW—2 Fl ARW &b B A3 35050 i 11 K 80.00% .
180.00 % F1 260.00 % , & WA R A= K HE M 4514 R+ A
BN, B ARW &b 83 K i B ok,
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R
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0.5~1 <0.25

Bl 3 45 R A2/ mm
B3 BEXKAREREXNTABLIERHNAH L KBEARGESE
F2 ARAEBEXTHLIEARE MWD.GMD 0 R, s

B OEW  FHREAR JUTHAER

HE fi MWD/ mm GMD/mm e
CK 1.697 £ 0.04Bd  0.812£0.01Ab  74.892 + 3.23Ac
RW 0.739 £ 0.01Aa  0.63620.01Aa  64.130 £ 2.29Ab

L& RW—2 1.407 £ 0.03Cc  0.807+0.02Bb  73.955 + 3.65Ac
ARW  0.985 = 0.04Ab  0.667£0.02Aa  57.085 £ 4.92Aa
CK 1278 £ 0.15Ab  0.815£0.02Ac  77.570 £ 0.00Ab
RW 0.782 £ 0.05Aa  0.700£0.00Ba  72.280 £ 2.64Ba

Iz RW—2 1.255 £ 0.01Bb  0.780£0.01ABb 73.930 + 0.27Aa
ARW  1.188 + 0.13Bb  0.776+0.02Bb  73.055 £ 0.36Ba
CK 1.361 = 0.13Aa  0.815£0.07Aa  73.415 * 8.63Aa
RW 1.151 £ 0.01Ba  0.794%0.04Ca  77.015 £ 0.12Ca

FIz RW—2 1.184 £ 0.15Aa  0.759£0.00Aa  71.405 = 1.46Aa
ARW 1,168 £ 0.06Ba  0.76040.00Ba  73.715 £ 0.17Ba

RPN AR TR R A — b AR ] + 2 25 7 19 2 (p<<0.05);

[R SN A 6] /NG R 2 s A R] 1 2 A ) b 3 22 57 W 25 (p<<0.05) .

2.3.2 #MEiafe FARFEEAKIE FHAK 3 FER
BT R K R AR IE DL 5. N R IR
JEF JRW b FRAR T K 48 BE 2 8 B 3 i 3% A
TEEMmSKRREK ML L P EERERE (<
0.05); RW—2 fil ARW 4b B4 DL F )2 £ 3541 Fi 5K
RIEK HEH TR 2E R B E (p<<0.05);
1M CK Ak B A T K R i RAEH B A 2 M
TE2ZESMEE (p<<0.05), NHEBMBXEF, 015
em +Z2H L M CKL,RW Fil RW — 2 &b 3 + 58 £ 5%
SRS T B 14.47 % F1 42.36 % . ARW Ab#U |
Tt 22.68% . 20T RWL B RW —2 b3 25 = P
AN (p<C0.05) , HiAt b 31 22 S R B 2
3 Wi

A CKL A 7K 3 B fE WEA =X T 8 + 25 8 2 0
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NS 1), B FLBREE R (I 2) , 2 W] 442 7K T 18R
I € ot 3 ka/Rﬂ]mmﬁﬁmi_ X5 Z BT A
L. X EEG AU RO O, FHE K R S A
T R MR E R ) S A DL A B TR N 45 - e A\ —
A LB AR K 3 Fh e A =T ) A AL BT
TR B E A GR D i A LB T

S AT SR AR 1 B IR A ) o S R A BB SR ) R
Koo 3k - e OB A B AR I B T 1 A5 A
K 3 FPEBEAL T ) A AR . O AR KT Y
R TE T A KA HIL I 45 B 9 K R 4L T MR
0 L B UL TE R AU B — 2 BUE B9 A fE) i K
B A 12 b L B N A K

x3 BHHEKBUERARGESSESREMNBEXESH
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