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Abstract: [Objective] The effects of water utilization patterns on root soil desalination and groundwater hydrochemical

characteristics were studied in well-canal combined irrigation areas in North China. [Method] A representative area was selected in
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the Renmin Shengli Canal District from 2013 to 2015. Precipitation of the area, surface irrigation amount, groundwater irrigation
amount, canal well water ratio (ratio of surface to groundwater irrigation amount, CWWR), salinity in 0-100 cm soil layer and
groundwater total dissolved solids were analyzed for different irrigation patterns. [Result] CWWR of 1%, 2™, 3 branch canals was
between 0.72 and 1.03, 2.50 and 2.63, 0.65 and 1.26 in 2013 to 2015, respectively. Soil saline contents of 0-100 cm layer under water
utilization patterns were high in topsoil and lower layers, but low in middle layers. Salt accumulation occurred especially in the 0-20
cm soil layer. The ratio of the area with soil salinity greater than 0.32 mS-cm™ to 1% branch canal irrigation areas was 60.38%,
25.99% and 41.16% in 2013 to 2015, for 2™ branch canal, was 59.61%, 0.94% and 8.81%, for 3™ branch canal, was 84.40%, 41.87%
and 52.49%, respectively. The area with topsoil salinity greater than 0.32 mS-cmof branch canals irrigated area was negatively
correlated with CWWR, that is to say, the larger CWWR, the less areas with topsoil salinity greater than 0.32 mS-cm™ of irrigation
areas. Salt accumulation in topsoil was suppressed under the water utilization pattern of larger CWWR. Compared with 2013,
desalination rate in 0-20 cm layer was between 15.61% and 25.85% in 2014, and between 13.33% and 23.15% in 2015. According to
the desalination rate in 0-100 cm layer from 2013 to 2015, it was found that the desalination rate of root layers was improved under
larger CWWR. Hydrochemical characteristics of groundwater was obvious alkaline because cation changed from Ca*'/Na* type in
dry period to Na'/Ca** type in normal period. Specifically increase of total soluble solid of 2" branch canal irrigation area was higher
than that of 1% and 3™ branch canal irrigation areas by 1.23-fold and 3.48-fold in normal period, respectively. Compared to sodium
adsorption ratio (SAR) in dry period in 2014, SAR of 1%, 2™, and 3™ branch canal irrigation areas in 2015 decreased by 23.58%,
36.82%, and 55.47%, respectively. Furthermore, SAR of groundwater was lower than 18 in 2015. [Conclusion] Larger ratio of
surface water to groundwater irrigation amount would promote desalination of soil root layer, suppress salt accumulation in topsoil,
and furthermore alleviate alkaline trend of groundwater in short term.
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Fig. 1 The layout of western 3™ main canal in the Renmin

Shengli Canal irrigation district

Table 1 Irrigation amounts from surface water and groundwater for branch canal areas in 2013-2015

Al 373 1% branch canal —37% 2" branch canal =372 3" branch canal

Y . . R

o 313k MR K FHAK LA 5130k N FHAKLLAI 3130k R Ak JHAK LI
SWIM GWIM CWWR SWIM GWIM CWWR SWIM GWIM CWWR

(x10* m®) (x10* m’) (x10* m*) (x10* m®) (x10* m’) (x10* m®)

2013 207.87 201.67 1.03 208.44 79.11 2.63 213.69 169.01 1.26

2014 140.11 161.33 0.87 158.06 63.29 2.50 129.83 135.21 0.96

2015 128.08 177.00 0.72 181.13 70.40 2.57 121.33 186.33 0.65
SWIM . [T L [

CWWR = CIVIM , CWWR: 7K Hu9] Canal well water ratio; SWIM : 5135 7K #Eilf & Surface water irrigation amount; GWIM : 1R /K i# i /& Groundwater

irrigation amount
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1.5 SHITE

DR = %mx 100% (1)
A1, DR (desalination rate, %) 45/ 2hx >,
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Fig. 2 Distribution of monthly precipitation and irrigation amounts from 2013 to 2015
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Fig. 3 Soil salinity dynamics with soil depth in branch canals irrigation area from 2013 to 2015
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Fig. 4 Distribution of average soil salinity of 0 to 20 cm soil layer in research areas from 2013 to 2015
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TR0 iy 3 05 L ) 60.38% 59.61% 84.40%; R IME KT 0.32 mS-em™ A 1 by 14 7 1)
2014 AEFIM— 380, IR, SOREHNEEN 0—  41.16%. 8.81%. 52.49%, 4FHIE 2013 fEw> T
20 cm HRJZ IR IIME AT 0.32 mS-em™ A5 31.83%. 85.22%-. 37.81%.

7 B2 IV L) 25.99% 0.94% . 41.87%, 23 HI#E 2013 2.4 AERHAKLEIXIRELIEEIR M
DT 56.95%. 98.42%. 50.39%; 2015 4E[EIH— AN KRABE S AN [F] 1 2 A e I s8R 22 oK
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%2 FRALRESSBTLSHMLE

Table 2 Salinity and salinity desalination rate in different soil layers

+)2 b 2013—2014 2014—2015 2013—2015 ‘Effi b

Soil layer Control area of W4 Ly itk % WA 4 Ly £ % Desalination rate in

(em) branch canal Initial soil salinity Final soil salinity Desalination rate Initial soil salinity Final soil salinity Desalination 2013-2015 (%)

(mS-em™) (mS-cm™) (%) (mS-cm™) (mS-em™) rate (%)
0-10 SR 0.4129 0.3535 14.40 0.3535 0.3459 2.15 16.24

1* branch canal
TR 0.4034 0.3308 17.99 0.3308 0.2938 11.20 27.18
2" branch canal
=2/ 0.4111 0.3375 17.90 0.3375 0.3368 0.20 18.06
3" branch canal

10-20 —X R 0.3114 0.2578 17.21 0.2578 0.2819 -9.34 9.48
1* branch canal
TR 0.3034 0.2024 33.28 0.2024 0.2494 -23.21 17.80
2" branch canal
=R 0.3111 0.1980 36.35 0.1980 0.2794 -41.13 10.18
3 branch canal

20-30 SR 0.2194 0.1996 9.04 0.1996 0.2316 -16.04 -5.55
1* branch canal
TR 0.2034 0.1835 9.78 0.1835 0.2107 -14.81 -3.59
2" branch canal
=2 0.2111 0.1843 12.66 0.1843 0.2485 -34.82 -17.75
3" branch canal

30-40 —X R 0.2178 0.1895 12.98 0.1895 0.2245 -18.46 -3.09
1* branch canal
TR 0.2162 0.1938 10.33 0.1938 0.2206 -13.80 -2.05
2" branch canal
=3O 0.2122 0.2025 4.56 0.2025 0.2472 -22.09 -16.53
3 branch canal

40-60 SR 0.2399 0.1771 26.18 0.1771 0.2484 -40.30 -3.58
1* branch canal
TR 0.2392 0.1989 16.83 0.1989 0.2513 -26.33 -5.07
2" branch canal
=2 0.2512 0.2043 18.68 0.2043 0.2682 -31.27 -6.74
3" branch canal

60-80 —X R 0.2569 0.1950 24.09 0.1950 0.2746 -40.83 -6.90
1* branch canal
TR 0.2452 0.2070 15.57 0.2070 0.2542 -22.80 -3.67
2" pranch canal
=3O 0.2633 0.2055 21.95 0.2055 0.2784 -35.49 -5.76
3" branch canal

80-100 SR 0.2737 0.2144 21.67 0.2144 0.2709 -26.32 1.05
1* branch canal
TR 0.2868 0.2117 26.20 0.2117 0.2629 -24.19 8.34
2" branch canal
=2/ 0.2819 0.2213 21.49 0.2213 0.2545 -14.99 9.72

3 branch canal
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Fig. 5 Dynamics of groundwater hydrochemistry of typical area under CWW ratios from 2013 to 2015
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Table 3 Annual dynamics of groundwater hydrochemical characteristics of a typical branch canal irrigation area

M SR B39 ca®  Mg” Na' K’ €O HCOy  CrI SO, BT R ¢ AR L
Year Irrigationarea Water period (mgL") (mgL') (mgL') (mgL") (@mgLl") (mgL") (mgL') (mgL") TDS(mgL') SAR
2014 3R Fili K39 11288  11.67  129.25 0.00 0.00 403.72 12637  131.80 895.63 16.38
1* branch Dry period
canal SR 83.56 23.38 167.18 0.00 0.00 41291 126.38 156.55 947.41 22.86
Normal period
B/ ] 187.18 43.96 194.63 0.00 0.00 485.28 126.38 145.93 868.49 18.10
Wet period
SR Fili 7K 39 14040 2870  167.70 0.00 0.00 55578 13618  178.53  1113.43 18.24
2" branch Dry period
canal SR 82.93 39.98 201.12 0.00 0.00 511.53 126.33 186.85 1009.83 25.66
Normal period
B/ ] 212.19 58.14 230.06 0.00 0.00 576.53 142.73 205.05 838.24 19.79
Wet period
=R Fhi7K 3 91.20 32.30 162.00 0.00 0.00 373.30 135.10 188.10 981.20 20.62
3" branch Dry period
canal SR 101.87 45.17 259.13 0.00 0.00 519.83 165.57 330.20 1214.30 30.22
Normal period
/] 222.68 75.13 233.50 0.00 0.00 647.05 174.33 234.73 814.67 19.14
Wet period
2015 3R Fili K39 130.86  18.71 149.25 0.00 0.00 488.97 13355  209.33  1166.82 21.44
1* branch Dry period
canal SR 111.35 34.58 185.41 0.00 0.00 496.35 119.46 162.86 1073.85 17.47
Normal period
B/ &] 234.12 33.74 182.68 0.00 0.00 371.11 140.07 112.28 875.51 15.79
Wet period
TR Fili K39 13542 2847  157.24 0.00 0.00 609.87 15112 211.70  1356.47 24.29
2" branch Dry period
canal SR 138.31 49.90 219.89 0.00 0.00 630.44 128.03 187.46 1291.38 16.21
Normal period
B/ &] 233.45 41.55 208.41 0.00 0.00 416.89 166.13 123.40 991.53 17.77
Wet period
=R Fhi7K 3 144.00 32.52 143.09 0.00 0.00 564.11 156.13 223.53 1314.34 20.66
3" branch Dry period
canal PR 166.28 39.88 194.06 0.00 0.00 642.88 177.58 187.43 1277.11 14.09
Normal period
FK 239.48 48.45 207.63 0.00 0.00 456.63 178.60 117.13 948.48 17.30
Wet period

(F71.23 3.48 1F, RWIEIKN LIt &K REM XS] T

W IR MV, ST M R Kb iy e 4y i
.
3 itig

2013—2015 FF—32 3R, 37 R — S IR v [
P51 B KRR 7K K LU AT 0.72—1.03
2.50—2.63. 0.65—1.26 ZJu], —3CHFEHIVEHE AN 513
JKHEBE (1) LE ] 55 5 - 2013—2015 4FL 373 0—100 cm
M2 I SRR T 3R =30, BiEAT
1.63%—8.90%, — 4. “HH. =W, 0—100 cm

)2 L4 R 7y b 22 73 51l 4 0.0557.,0.0524.0.0552,
KN Z 5 BOKREM S THR)Z LIEER 7 B, K
2 T MR TR Ay M 5 A AU, (AR
2013—2015 4 0—100 cm HLAYXAHRJZ 1358 b oy bRtk
2= 535924 0.0636+ 0.0510 0.0290, B 51 3 HEWL A
M2 IR 7 IR R R B W8S . A, 2015 4F5]
TR DX R K A R AR 2014 SRR T
18.66%, LK LA (1475 | S5 VR DX Salc bty 70 V5 e 17 i [
PSR I 2 TN LU 5 | B R X 4, DL g R
KW, TR AN K IR S) TR g e,
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YT 5 X 5 | SR B A PR AR 2
Hedh oy BB — . 6FEE 2013 4E[F3Y, 2014 12015
A 0—20 em MEZ HIEEE ST 0.32 mS-em™ T
R D B W, 3 2 T B KR R E R T 45 A
FHE, 51 2013—2015 4. 3 RVE R 0—20
em AR J2 1R/ I KT 0.32 mS-em ! [HIFRE) N T
SR IR, XA BB LU 5 R T
TR IR 2014 AKX 0—20 om A2 11
A BMERT 032 mS-em™ (RHIAE 2013 4ED T
65.26%, XTI A 2014 FEFUHFFKER 2013 4
BINT 30.81%, X545 ESPIg R —5. N 3
EMIXIR 0—100 em + )2 BN RORE, —SZ8,
TR SXREEHNVER P 0—100 cm - AR5
SR 1.14%. 5.90%F1 0.88%, i)t Sz il [
0—20 cm |3 ERAFILF] 22.49%, FTIHEALLHI
Sl K REM IR S) T 3 A o 3 1 2 3PN, RS K
LU 1) 75| 38 7K R AT 280 B 7 1 48 3k 4 A R - 17
%’:&—[29]0

KL 2014 A, 2015 AP 7K ) X Ik
I TR AR B B ARR F 1 038.73 mg- L, % 2014 £ 40
T 14.81%, 2015 AFRGZHH SR DX S5t T A AR 1 i
BAIES] 1213.13 mg-L™, #2014 EHIN T 22.67%,
2015 4F F= 7K S IR X duk b T 7K g A [ A4 OA 2
1 179.98 mg:L"', # 2014 £ T 18.52%, 2/ E
OIS Sk H R 0 ) ) SR 30 AN R K TSR A
MR K RS FERIRAE, I T R AOK RS, X
BRSO R — 50 AT 2014 208 XF 7K
Ho R 7K B G (sodium adsorption ratio, SAR) YA
18, A8 ARHT L A R AR R AR RE I KB A S
FREE S RbRUE, SARILS A TR, fe 75 R B o 46 i iy
(1953 FHH, B 2014 45 HL RN 7K ASIE B A A HEE
FKYR, I H R K R OKIBEA R . BN 7E il T K
45, 2015 4RV /KM R /K SAR BET 18 432 fd, X
b 2014 AEFRIT, — S0, S SRR = SR N
7K SAR 43I B T 23.58%- 36.82%F11 53.37%, #*
1 7K b 7K R FH 2538 1 bR 7K B K 5

AWFFALERRT 3 4F d 7 DR 38 R K ER A 8
AL T T W5, 2013—2015 4EFRKAE N 20 A
REIE AP SR AR A —2, DI AR P B KO0 X 5k - 43
it R b KA 2R i 2 S 0 B0, A R4 R T
JE AN TR 7K SCAF 2R 6 7K DX 3 1 48 - 1l 7K 3R G /K dh i
A R DX RRE FH KA 3T - R UK AR S R B RGN
O DA NTICER /S B 18 AP Gl VA R <5 | 1 B2 5o ie v P N il

(SN N VES TIPSR ES
4 Zig

He b M TR IR G55 E DX AR FHZK L g 9l 1 -+ 358
A MFRE, LR ZE LS KT 032 mS-em™
(1.50 g-kg™ A Indse /b s %Lk 2013 4E [, 2014
2015 AEAF FHK LS N 0—20 cm -3 5 £ 54 in i
W, R 0—20 em 13BN Eh A 5 UK LU S E LG,
M3 FEMX IR 0—100 cm )2 T3 RRE, Bk
Ll A5 M 3R /K AR 3E T B2 L3RR A s 2013—2015
LT DI R KK AR SR SRR I, T K
BH 525 7 FRS A S8 B LA kg~ /K SR R A Y, P K
W N KK SO A AR B A R ZU R AL s, 2015 4F
JKIH L FIKIHHL AR B LA 2014 4[R]3 i B
i, FRATHIER K LN 7K IR FH R 0 Py st T E X
RAKIKBE. BRI, AEdb IS4 G REK T DU I o R
FERIKLEW], FRAR)Z BHEEhr R,  [RI st oK
WL N KOK BT, T ERBE I B 2 G REIX AR 224y, 24
X A IR
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