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Study on salt effect of drainage and salt control in open ditch
and subsurface pipe drainage and regularity of salt
return after failure of subsurface pipe

YE Fuhai, LIU Hongguang, TANG Hua, LI Ling, GONG Ping, LI Pengfei
(College of Water & Architectural Engineering, Shihezi University, Shihezi, Xinjiang 832000, China)

Abstract; A 12-year field experiment was conducted in the Xiayedi irrigation district of the Manas River Ba-
sin, Xinjiang (2012-2023) , to investigate the difference of long-term drainage and salt control between open ditch
and subsurface pipe and the characteristics of soil salt spatial migration after subsurface pipe failure. A total of two
drainage measures (ODD: open ditch drainage, open ditch bottom width 1 m + top width 3 m, ditch depth 2.2 m;
SPD: subsurface pipe drainage, pipe diameter 70 mm, buried depth 2.2 m) were installed. The characteristics of
drainage and salt discharge, soil salt transport, cotton biomass, and yield changes under open ditch and subsurface
pipe drainage measures were studied. The results showed that, (1) The ODD treatment was normally drained from
2012 to 2023, while the SPD treatment stopped draining from 2020. During the co-drainage period from 2012 to
2019, the desalination rate of the 0 ~200 cm soil layer reached 79.1% and 72.0% for the ODD and SPD treat-
ments, respectively. (2) In 2020-2023, the salinity in the 0~200 cm soil layer of the ODD treatment decreased
by 28.3% on average compared to 2019. After the failure of the culvert drainage project, the salinity in the 0~ 80
cm soil layer decreased by 4.6% on average, while the salinity in the 80~200 cm soil layer increased by 14.3%,
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resulting in the phenomenon of “desalination in the upper layer and accumulation of salt in the lower layer”. (3) In
2019, cotton biomass and yield under both drainage treatments reached the level of highly significant difference (P
<0.001) compared with 2012, in which the cotton yields under ODD and SPD treatments were 19.07 times and
19.90 times that of 2012, respectively. During the period of 2020-2023, the dry matter mass of roots, stems, and
leaves, the weight of 100 bolls, the number of effective bolls, and the yield in ODD treatment increased by 52.7% ,
53.4%, 10.2%, 83.1%, 10.3% , and 40.6% , respectively, compared with those of SPD. The response characteris-
tics of soil salt distribution and cotton growth to different drainage measures showed that both ODD and SPD treat-
ments could effectively remove excess water in soil, accelerate the process of soil salt leaching, and improve the soil
water and salt status in the irrigation area, but the effect of ODD treatment on drainage and salt control was more
outstanding.

Keywords ; open-ditch drainage ; subsurface pipes drainage; soil salinity; cotton yield; Manas River Basin ir-

rigation district in Xinjiang
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W BRAIEAE 5 0 B A A HE ] (N 240 kg -

B0

T DX — ELR F R 37 9 B AR B R A 4K, LUBT

hm™ P,0, 105 kg - hm™ K,0 75 kg « hm™

19.5 kg + hm™> MnSO, 10.5 kg + hm™

.FeSO,
\ZnS0, 10.5 kg

‘ -2 N Y N S
Bl R G AR Sy 32 SR 2 48 6 477 ARl -~ hm™) T FLREBL 23500 4 R 2R (46% N) | B R %5
I MRAEAEAT R SEAT B3 504 10 em 170 em,  (P,0546%) BRIRHH (K,0 51%) . MAEFHIELA
FREIENRIEE 40 em, BE9E 2 m, SRS A e 0 B 1AW 218 11)
F1 MRRIFEHTEWEEE
Table 1 Main physical properties of the soil in the study area
e pE N WK ZH Y, Particle mass fraction/ % P Ak 2% ] 4 7K % B

b j:'z%{ﬂ; T HE i IR HERRR A
Treatment Soil depth Soil textur - 0.02~ - Bulk density Saturated Field Salt content

reatmen /cm o1 texture =0.02 mm 0.002 mm <0.002 mm /(g - cm’3) moisture/%  capacity/% /(g - kg’l )

) 0~50 N 61.47 34.48 4.05 1.38 41.14 25.18 23.66
LRI 50~100 it 68.23 29.35 2.42 1.39 42.66 25.45 18.12
Open ditch Sandy loam

drai 100~ 150 71.57 23.48 4.95 1.42 43.15 26.14 15.74
rainage
150~200 66.24 30.55 3.21 1.43 45.31 26.48 13.50

" 0~50 - 62.25 34.87 3.88 1.38 42.34 25.04 24.37

L E.:HIVJ( 50~100 Bhet 67.11 30.14 2.75 1.39 43.14 25.49 18.38

Subsurface pipe Sandy loam
drainage 100~ 150 70.76 24.51 4.73 1.41 44.25 26.33 16.18
150~200 65.45 31.23 3.32 1.42 46.18 26.54 13.80
%2 RBIK 2012—2023 £ & BHHIEKEH/ mm
Table 2  Irrigation quotas for each period from 2012 to 2023 in the experimental area
AEAn 5 H May 6 H June 7 H July 8 H August it
Year LA) Early TFA) Late  Lf) Early TA) Late [f] Early Hf) Mid Tf] Late _1-fi] Early FfJ Late Total
2012 120.0 60.2 76.5 81.5 73.8 84.5 91.5 82.7 73.3 744.0
2013 122.5 57.5 77.6 80.3 73.5 83.9 92.8 86.3 71.9 746.3
2014 120.6 59.4 81.5 82.4 75.1 85.1 91.6 80.4 75.5 751.6
2015 120.9 59.1 77.9 81.7 74.2 81.5 93.4 82.6 76.9 748.2
2016 123.3 56.7 77.4 82.6 77.9 83.9 88.5 81.3 75.4 747.0
2017 120.7 59.9 76.5 83.5 74.4 80.3 93.2 85.9 77.1 751.5
2018 121.2 58.8 79.2 80.8 78.5 86.4 88.6 83.4 73.7 750.6
2019 122.8 57.2 78.9 87.9 72.3 84.1 86.9 82.2 75.6 747.9
2020 120.5 59.5 79.7 80.3 76.5 87.9 91.5 85.5 72.6 754.0
2021 117.9 62.5 75.5 84.9 72.8 88.3 93.3 88 70.5 753.7
2022 115.2 64.8 74.2 85.8 79.4 84.7 97.9 80.9 68.9 751.8
2023 118.4 54.6 76.8 83.2 77.9 86.8 92.8 84.4 75.7 750.6
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i GLUE ST REAREA IR SRV DDS-11A U4

FEREOCR RE KRR
Q =3.7219EC,.; + 0.4401, R>=0.98 (1)
K, Q H LS (g - kg™')EC, . i TR E
WIS (mS » em™)
TR AT .
S, -8,

N = 3 (2)
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p=(m, —m,) x 1000/V (4)
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4.5% 5.7% .5.6% , ZIRFEJELHEIN,20~40 em £ 2
K (3.50~4.55 ¢ - kg™') ,40~60 cm 1)
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BB, 0DD AbFHHEZK i A%, 8 A (FE ) ik 5
WE(E, B BN G, J5 MR N, M2 T,
SPD Ab 3T HEK I i e K, B S 3% Wik, 2012
4F,0DD Ab 3 5—9 H P HEK i AR IR O 0.33
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2019 4, SPD AbFH 5—9 H V- ¥IHEK I B 2 e Ak,
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ODD AbFEAR YK 9 0.16,0.23,0.32,0.37 .0.31 m® -
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PR W . A 2020 AR K IR HEK , SR
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Fig.2 Characteristics of soil salinity variation under ditch and subsurface drainage
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Fig.4 Dynamics changes of mineralization degree in open ditches and subsurface from 2012 to 2023
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IR TE 27.5% 29.4% . 28.5% F1 34.5%, 2016—
2019 4, AR A B R HEK i 22 Bk B 3 (P<
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45.4%H1 81.4% ; ZAHEER 351 14.14 ¢ Fil 6.45
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m® |, EiHHEER A F] 213.4 t; 5 SPD A FEAH L, ODD
AbFR Z 1 HE K i A HE R 5 4 0 5 51, 23% il
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HEAK R AL HE R 5 5 TF O 1) L A e =08
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IR bz S N A TR RIR .
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R* = 0.961 (7)
Aoy, FHIVAHERR I () 52, ABIAHEK R () 5y,
FIEEHEER I () 52, AR EHEKE (m) |
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AFHEAK I X AL T B A2k an &) 8a~c
Jiis o HEKARFRAE AR AEAR (25 AR T4 B g
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A AL PRARAEAR 25 M T B A AR, ODD
SEFRARAEAR (2K T B 4 S 2012 AERY 1.39
5 .2.06 1% . 1.81 1%, SPD 4k BRI 43 51 Ky 1.43 £%
2.131% .1.86 1%, SPD Ab 3 -4 it 12 14 i K T ODD
AbBE S FEHE/K#13, ODD il SPD AbHEAR AL T4 i
Py 4n 2013 4F ODD 1 SPD AbBRAR 14 5t
T E—4E 22 AN 15.9% 1 15.1%, teAh, %4F
FEAFALEE T fAEAR 25 T i 22 R 3 (P<
0.05),0DD A4b 3 I % = T SPD 4k #;2020—2023
A£,0DD Ak BAR AEAR 25 ik T ¥ o A 2 4
2023 4F LIRS AR E T TR 430 2 2012 419 1.49
fi5.2.32 £ 2.12 fi5, 4RM7, SPD AbFEARAEAR (25 1t
T4 I £ 1 2T R A B 2019 4F 43 A
5.3% .9.2%F116.9%, & 8a~c WA, A[FEHEAK T
AR 9 i Bl HE K 3 500 F AR PR 4 W 2 92 1%
B0, BA Y X6 AR SO B A B 3 (P <0.05)
2020 AEREE R RS T Y B K AR 52,2022 4 5
ODD AbF 2% T34k (P<0.01)
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Fig.5 Effects of different drainage treatment on drainage volume from 2012 to 2023

* indicates significant differences between treatments at the P<0.05 level, * * indicates significant differ-

same as below.
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Fig.7 Schematic diagram of the relationship between drainage volume and salt discharge

under open ditch and subsurface pipe treatment
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