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K, TEOM, KBXAERLE 1. 58T 2021 4 X 0~60 cm LI TIHIMEE SN 5.15 gke, BT E
5H 1 H—9 A 30 Hktr, AN H-FEE 2 shml il 0o, {00 DX R K EIRAE 1.2~1.6 m 2
N 2239 °C, BFEMEDN 84.07 mm, FEMEZAES (Ao 150 DX H B A HE K AT g AL T I
£ 6—9 H. ikguth i, Zdmndus. W% R 1.
* 1 KI X 0~60 cm £ E 145 £3E 3R
Table 1 Initial soil physicochemical in the test area at different depths from 0~60 cm

+ 2% E/em FH B K /% AR 5K 2R /% FAFUR L/ (g-om™) A E/(gke") pH1E J b
0~20 20.70 49.00 1.48 3.77 8.52 Wt
20~40 21.80 55.80 1.51 4.89 8.61 i+
40~60 23.06 59.30 1.53 6.78 8.67 gt
S 21.85 54.70 1.51 5.15 8.60 pHEL
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AF#Z

PAIKFE “HkAR 887 AHKIEY, 7E 5 H 19 B TK
AR, 5 H 20 HAMBEWIKARE, 9 H 4 HER
JEEKAG, SRS RERD, 10 A 1 BicEl, 7EH
A E FA P EEWE it I R At FH R B 2 5
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o 7 i /m 7 N > N
2les o) |2\ 2 , nelE DK, HTDS )9 265.5 mg/L, ECJy 0.532 mS/em.
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Fig.1 Location map of the test area
1.2 K38t
AR SRR T 5 2 1 A HE KO B RV K B

R HAGT I8 20, JEIURIAR a4 BI7E 0.3-3.5 e
mm 40K 10~20 mm 4R 2 FVIGARSIERE, IF - -
BRI BEOKE, BRI E. BEAK B3 WiEEEHE
EIKT AR AKFEFP R S P A F 4R, B 3 Fh Fig.3 The arrangement of the dark pipe in the field
AER R G HEAHE R B . Rip ity 14 WEIBRFTA
W 2, BEATHE KRS IR A EL T L 2. TR A KR : B TDR ek
£ 2 KB ALt LS KR, AN BRI XE 3 NI A, 2l e A
Table 2 Experimental treatment design table [RIR FE ) L3RRS K E (0~20. 20~40. 40~60 cm) .
i ik L] BRI & AT SR
F2 éHﬂEb"*ﬁ%DéH}%i%?F‘a% a:2) 0.3~3..5\ .10~20mm R, AERFUCRE HEK G E DS R A, IR R
F3 A 1020 mm KHBERERAEDEK IR, FRE 3 KECFIME.
’ TIEAIENE: SAAEX R 3 A E, K
. pat s FHEEBURFREE (0~20 20~40. 40~60 cm) +FF,

BEAEEARRT G, MBS HE DDS-307A I
| ToKFREN 105 BERRRE SR, REhELT

FRYRLIERE
03~3.5 mm

AR RLANFAT
(1:2)

|| @ oo 7 B v | v g B, A BRI N
e = B = e Y=(EC+41.265 3)/2 120.76x5, D
(a) F1 /b3t (b) F24b#L (c) F3ib3t Xy NEEAHE (gke): EC AH G E
B2 R4 ey A B S 8 (uS/em).
Fig.2 Different treatment sand filter layout section I R
1.3 B SEf N=555% . 100%, o3
N

WA B O R, EomdeR 1.0 my R
SRR 1.2 m, BEEWEN 1.6%0, HIERKEEHZE
N 110 mm, HEKEEAEN 200 mm. 5 AH K x
=75 mx16 m, H&EAHREXAEE 1.2 m K
Bz Al 50 om gy (AR,  DAB (b F 88K oy 32 e

X N ABIEER (%) S AL VIR
(g/kg)s So NHENG THRER I 4MH (g/kg).
1.5 #iELIE

Firfa R A SPSS 26 #4741, KA Origin
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2021, ArcGIS 10.7. Excel 2010 #4724 K. 4iit4:
TEAE W] DU B IR H s o A i o, =2 B A AR IER)
RS, AR 25 Cy v DUROWL I e 4 A2
WWRERE, M Cv<I0%ANFEFM, 10%<Cv<
100% N HFZEAR T, Cy>100% A5R78 NS,

2 HBERE D

2.1 BEKSBITEEFEME
3 ANREEHKEMG NAKBEF NS4

0~60 cm A [F)VR B AR & /K R AR .
F 3[40, B F1ARFE 40~60 cm 12 35K
T558 7 ELIAN, F1 ALEE 0~20. 20~40 cm 2 F1
F2. F3 A% 2Lk E T hEE 5%, B
B = R B )38 0 AR S RBCE N S . FLL F2.
F3 A ERFEKFE AR B I 0~60 om P35 T IR
IKEDHIN 37.50%. 50.25%. 43.89%, "W, F2 4t
AL F1 AL F3 ADEESF34) H IR KR 7l 3
1 34.0%A1 14.49%.

k3 KAGAEF A TR AR L& L FARBE K E ot M ieh

Table 3 Statistical characteristic values of soil volumetric water content of

different soil layers in different treatments during the rice reproductive period

LIRAAA A K% -
RE R EEem A : A bR fR 2 AR % s Rs e FiE F K
BKIH 0/ ME FME
0~20 4327 15.26 36.42 10.0 27.46 -1.817 1.859
20~40 41.77 23.66 37.59 6.45 17.17 -1.865 2.013
f 40~60 42.75 30.76 38.49 3.83 9.96 -0.998 0.592
0~60 cm “F#){E 4327 15.26 37.50 7.04 18.78 -2.106 3.77
0~20 55.58 33.78 45.04 6.96 15.47 0.127 -0.543
20~40 54.84 38.28 48.21 523 10.84 -0.94 0.166
2 40~60 65.90 46.5 57.49 5.98 10.39 -0.692 1.897
0~60 cm “F- 3418 65.90 33.78 50.25 7.76 15.44 -0.276 -0.035
0~20 59.74 24.97 47.62 12.22 25.66 -1.16 0.47
20~40 54.36 33.84 44,32 6.56 14.81 0.328 -0.823
B 40~60 45.38 26.28 39.73 5.94 14.95 -1.301 1.318
0~60 cm “FY{E 59.74 24.97 43.89 9.05 20.63 -0.276 -0.035
HE 4 a5, fEKRREKIAN (6 H 17H—9H  BUE/KESHIL F1 AFEA F3 A E 51.17%FH
7 H), F1 AFAE 0~20. 20~40. 40~60 cm f-L3EIA  76.94%.
R K R BE R (] AR 4k 2 AR PR % F2 AbBRTE 8 r Wi:  oFl @F2 oF3
0~20 20~40. 40~60 cm (¥ -IFEARFR & /K 2 BE I a] 5 . 2 2 a
TR, RGN & LR AR SRR AT o ot | ] s
*

% 23.03%. 19.05%. 16.31%; F3 4t ¥ 7 0~20.
20~40. 40~60 cm (1)L IEARFA S KBl ] 2 FFHE
A, FEKIL R & L BRI S KER g AR E
26.59%+ 23.15%- 3.57%. fE/KFEIE/KIHE (9 A
7—18 H), WEEHIKEERICH, HT AR, &
AEBEANE LR K o S TR, R T
F2 AEEEBIINZER, 15/KEH FKATHFEIRE,
(9 H 18 H) #£ 0~20 cm /2 F2 A7 38R FR &
KEEZEET F1 A B3 A3, H F3 M EES
T F1 4bB, F2 Ab3E RIS K33 F1 AT F3
AT 121.36%- 35.28%, F3 AbFELL FI oAb¥E
63.63%; 20~40 cm T J2H F2 AbFRFT F3 Ab3E -4k
FE/KREEET F1 AR, F2 43R F3 ALFE Y [A]
ERARE, F2 LA F3 AR F1 AR
61.79%7F1 43.03%; 40~60 cm 271 F2 4b P -+ 3 AR
KRG EET F1 AR F3 403, F2 Ab3 ik

116

ey
o

T IRARRE K E %
S

T

&

L

i

&

\Y\\\Y}'\\\‘ H

i

0 d | . . . . . . . . . )
0617 0627 0707 0717 0727[]013]07 0817 0827 0907 0912 0918

(a) 0~20 cm
80 4B, BOFL ®BF2 OF3
X
@_ 60
% a
& 40 ] ‘3
< | | Bl
= a7y
it
H 20 | ﬂg
] "h
] ﬁh
0 ] 1
0617 0627 0707 0717 0727 0807 0817 0827 0907 0912 0918
H i
(b) 20~40 cm



G S5 KD PR RS H BRIt K ERI2 A2 A IO 2

80 r ¥ oFl @mF2 oF3

n
T R e P )
e

T e
it
H
o o o i o
T

T T T T
i
b

o, e, e, e, e, e, e, e, W]
N

7 0827 0907 0912 0918

H 39
(c) 40~60 cm
E B FRVNG FRER RS AL 22 57 3 (P<<0.05), Rl
B 4 KAGEF N F LI RR £ & LK R E A
Fig.4 Soil moisture in different soil layers under different
treatments varied with time during rice growth period
Kl 5 JKFEAEE I A R AL BE 3K 73 I 25 7y
fio W 5 ATAL, AEKAREEKIYIE], F1 ARZE 0~60
em TR, H AR E K FBE I A A2

0617 0627 0707 0717 0727 ?E?% 0817 0827 0907 0912 0918

60
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AR 28, F2 AbFE 43K /3 7E 40~60 cm +EH &
REM, FLHEKIN T3 LIRS KR L 0~20.
20~40 cm )27 AR 25.26% 18.49%, 40~60 cm
R E SRR B 1 3K 2 T A R T S A
ft7KE; F3 AbFE 0~60 cm I3E/K 43BN H] S R AR,
TEIIR & 2 Ko it m T fe 2 R E s S A,
RATMAKBAEKRE . EKRBEKHE, %4k
PR E L2 RN, IR S KR TN
MR, LB JE R RN A kN . H
EITR AT A3 50, F2 bR 338K o it R i N 2212
TEKFEMIH AT (9 H 18 H), 0~20. 20~40.
40~60 cm Ab IR KRB K IHE RIS (9 7 7
H) s, 28T 20.83%. 13.76%-. 15.68%.
gx b, F2 AP TR IERIRIAL T F1 AFEAT F3 b
HE, LEKFEREK A 0] UG BEAK 0~60 om L4844
Mg KE, fEKFES /K G AT 838 0~60 cm
HHELRKRE

ERBECm
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Fig.5 Spatial and temporal distribution of soil moisture in different treatments during the rice reproductive period

2.2 BEEHKIEKRENE

PE KL B SN R R G A HE K L R 1 R G
PRbRZ —. HEE 4 7%, F1. F2. F3 ALK
A E TR R, HOF2 AR R R R
/NTFLL F3 AbBE, /W] F2 AP EFE KIS e = 0f

T F1 AEA F3 AERIN & BONFRE . TEREEHEKI
[H P, F2 4B 3EK M ER K, N 0.38 m¥h, F3
AERVR ., F1 AFEEDN, F2 ARFEBEKRELL F1 AL
RN F3 A BESE R T 123.53%F1 100.0%.

R4 KAGEFH AR LI KA E R AR

Table 4 Statistical characteristic values of filtered water flow in different treatments during the rice reproductive period

JEIKIE/(m3-hh)

i3 Fawm Y vy, PRt g 22 B S ) P B A% e I AR
F1 045 0.07 0.17 0.11 63.45 135 0.96
F2 0.56 0.32 0.38 0.06 16.19 1.68 278
F3 0.58 0.09 0.19 0.11 57.96 2.59 7.63

HIE 6 FTR1, ANFIRDUE RIS & HEK 3 BAE 1
WA e KRR S DR R — B AR S T 108
IR B PR N [, BEJA TR R, A DEKI
R TARE, HTRE 3N R HOK 7 IE A 2
MRS, NBEELRE, IF IR LB Z it
FERRLAN 2 T, SR P BOL IR IEKRE 155 -
1B 7% 40k 380 2% B i K It B AR I BT i S AP AE W R 2

FLARAAE BB AT K BUR WD 8RR S0 K 13 ZEFE
Fl. F2. F3 Ab¥E3% B EKmE R, K250
N 0.35. 0.18. 0.42 m¥h, FHEAHLERIE LA
TERHE EREE DRI 77.78% 32.14%. 72.41%, i
B B 5 HE /Kb 38 ) 3k I b R AN g e e (100 2) R
G AT DA RS IE RE AR A, 1R SIE/KEE T
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F 5 ABEEHEK S T KRS B W 4 b

ykﬂlxﬁﬁxwwmyww> 0~60 em RFHAFEH LA ST AFAERL, i 5 T
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Fig.6 Trend of filtered water flow in different F3 AbBEH F1 AbERLAT F2 AbPE A+ 34 Eh & 0l
treatments during the rice reproductive period 24.13%7H1 18.94%.

A5 ABEFTHPATRRLRERR LA LHE 4 HF Rt e

Table 5 Statistical characteristics of total soil salinity in different soil layers in different treatments during the rice reproductive period

+IE4 i E/(g kgt
b3 LR Elem P 22 A2 5 2 HU% i 25 e o5 3%
KA t/ME P

0~20 343 1.04 2.03 0.733 36.11 0.682 -0.718

20~40 4.35 213 3.07 0.612 19.98 0.323 -0.835

A 40~60 5.82 3.65 4.73 0.675 14.27 0.009 -1.079
0~60 cm “FH414 5.82 1.04 3.44 1.28 37.14 -0.117 -0.756

0~20 419 0.99 231 1.051 45.55 0.559 -1.125

20~40 5.43 1.82 321 1.101 34.27 0.422 -1.038

F2 40~60 7.07 3.37 477 1.152 24.15 0.564 -0.854
0~60 cm “FH414 7.07 0.99 3.59 1.63 45.33 0.262 -0.968

0~20 4.16 1.79 2.87 0.790 27.56 0.503 -1.221

20~40 6.24 2.87 4.28 1.122 26.22 0.418 -1.466

F 40~60 8.98 5.19 6.61 1.108 16.76 0.757 -0.630
0~60 cm “FH31H 8.98 1.79 4.27 1.93 45.22 0.692 -0.578

I 7 7T, 3 ANBFEZE 0~60 cm ANFHZH0E Fl. F2. F3 AR R 0 5108 19.51%. 2.33%.
2 26 7y B I R AR A R R — 3, TEKFEE KN 7.47%. 27 F3REH, F2 AbFAE /KA K BN o] DL
IS 2T B, (FKEE—ERE L. 34 EK 0~60 om EEEES;, FEAKFEIT KN H S AT
MOIBAERF S K26 T HIEE 0 B E S, /£ 290 0~60 cm L3R E .

REAKHIZE RN (9 H 10 HD, 7E 0~20 em 12+, F3 [ a, ib#: GFL BF2 OF3

KPR LB TS T F1ACTER F2 4078, H F1. ¢4m£% 2,

F2. F3 Ab B 8 %8 4) BI A 64.46%. T128%. oy gl 2f e, .

53.08%: 1E 20~40 cm LJEh F2 bFI-LHEE S RE 2 b T | b L

(6T FIALFEAN F3 A63E, Fl. F2. B3 bMfisass & b0

I 41.28% 60.10%. 50.53%: £ 40~60 cm £ 1

EP, F3 ﬂ\@i}%%ﬁﬁj\ﬁ%%? Fl %@ﬂ] F2 ALI\EE’ 0 0518 I 0618 I 0710 I 0730 I 0820 I 0910 I 0930 I

F1 A3 F2 bz mASAREEZESR, Fl. F2, F 147

F3 AbBEGEEh 250 5N 33.24% 47.71%- 32.84%. (a) 0~20 om

TEREKINGE R 5, ZAR R N, T 81 itH: BFL @F2 OF3

OB . FERTUGR (O 7 30 B, 34 bi .

FLE e e AR EN R, F3 AL g a

SRR, PO, P2 REREE. 7E 020 Z 4 (R | 2@ | o Leh 7 2 °

em £JEH, Fl. F2. F3 L0348 8 49 ML -k gz §§ b M b T, Sb

IR, RGN 34.12%. 17.05%. 2495%: =AY | I

fF 20~40 cm )27, Fl. F2. F3 AbHR EH K435 0 |, - - - - ;
0518 0618 0710 0730 0820 0910 0930

N 2231%. 6.25%- 13.88%; 7E 40~60 cm + )2, 1

(b) 20~40 cm
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% 2 53.27%- 29.41%-. 20.44%; F2 kb B 4 5w > T
. e | , , , , , 67.04%. 57.64%. 45.30%: F3 4b 2 53 5l gk > T
0016 Orio  DUED 0820 O30 09%0 40.80%- 43.99%. 27.21%. ZEFFH], F2 AbFRAEE

(© 40-60cm TKHA N 87K 43 R 82 T BRI 25 A T T DA otk e -

GRS CER B RNCEE: M NCEN-EE T3 & g R gk ¥
Fig.7 Variation of total soil salinity with time in different soil
layers of different treatments during the rice reproductive period
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Fig.8 Spatial and temporal distribution of soil salinity in different treatments during the rice reproductive period
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S JE e EE R R — . WK, Fl. F2.
F3 AbEE 50 HA P T 33K & 40 o 017, 0.38,
0.19 m¥h, F2 APEJE/KFEHZ F1 A F3 ik
R 2.24 f5H01 2.0 5. EEJER 2 F2 A BHREEHEK
W ek AR RGN (12 2) JRER, WhE
R RLELr, fLBEH, SEEfRErEEZE, X
LR IR S RO 4 AR R — 8, fERR e IR 2 AE
F R AT LA 838 s HE K HE AR 2

AREFRE, 1£ 3 MASERS IR B HEK %A
T, Kb EE A 3K A3 B A o A AR AR I I 2 R
HAR AR KRERE K] F1ALFE 0~60 cm 3K 40 1%]
Oy A, B DR AR FL B 7E 1 56 ) S g
BEA/NEURIIE ZE, RS HEK U AR, LI
TEPERLFRY, F2 AL HE K iRk F 40w b A1

MIEAR S (1:2) B, 0~20. 20~40. 40~60 cm
T IR S K R B ()AL 2 R R, X 5
SERAE WG B HEK S A T T E BRI 7K 4y 18 B R A
A2, JFHMFT KM EEKSFEETZINER,
40~60 cm Ab+3EK 3 HEET 0~40 cm, FEJF[H
AlREAR F2 AbPETE S K HE R E R P T 40~60
cm K2 TIRABURL D, TIEFLRRE R N, Sk
U R G OKE, X5 TP 3
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Effect of Sand Filter in Subsurface Drain on Water and
Salt Movement in Paddy Soil

LIU Jiabin', TIAN Juncang'>3*, ZHANG Meng!, WANG Jinpeng', YANG Zhenfeng', ZHAO Guangxing'
(1. School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China; 2. Engineering Technology Research
Center of Water-saving and Water Resource Regulation in Ningxia, Yinchuan 750021, China; 3. Engineering Research Center for

Efficient Utilization of Modern Agricultural Water Resources in Arid Regions, Ministry of Education, Yinchuan 750021, China)

Abstract: [Background and objective] Saline-alkali soils are widely distributed in Ningxia. Because of the
scarcity of precipitation, such soils are often reclaimed by flooding rice field combined with subsurface drain. This
paper presents the results of an experimental study of water and salt movement in a paddy field as affected by the
sand filter in the subsurface drain. [Method] The field experiment was designed based on our current
understanding and previous experimental results of the subsurface drains in different regions across the province.
The experiment compared three filters: fine sand, mixture of fine sand and fine gravel sand at 1 : 2 ratio and fine
gravel. In each treatment, we measured spatiotemporal dynamics of soil water and soil salt. [Result] The filter
with mixture of fine sand and fine gravel at 1 . 2 ratio effectively reduced water content in the top 0~60 cm soil,
increasing soil desalination during irrigation period as a result. Decrease in water content in the top 0~60 cm soil
reduced evaporation, thereby alleviating salt accumulation in the root zone and reliveing salt stress to the crop.

[ Conclusion] The most effective filter for the subsurface drain in the studied paddy field is a mixture of fine sand
and fine gavel at 1 © 2 ratio.

Key words: concealed pipe drainage; filter media; saline soil; soil moisture; soil salinity
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