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The impact of reclaimed water irrigation on soil connected pore characteristics and hydraulic properties. SHE Ling-yul, SUN
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Abstract: This study was conducted in an agricultural irrigation area of reclaimed water in Suqgian City. In the irrigation area, regions
with long-term surface water irrigation (S1), short-term reclaimed water irrigation (S2), and long-term reclaimed water irrigation (S3)
were selected. Undisturbed soil samples were collected from depths of 0~20cm and 20~40cm using plastic and metal rings. CT
scanning and image processing technology were used to obtain the connected pores and their structural characteristics under different
treatments, while the hydraulic properties of the soils were simultaneously tested. This study aimed to investigate the impact of
reclaimed water irrigation on soil pore structure and hydraulic parameters and to analyze the key pore parameters that caused changes
in hydraulic properties. The results showed short-term reclaimed water irrigation disrupted the soil pore structure, lending to a
simplification of the pore architecture. After long-term reclaimed water irrigation, the soil pore structure improved compared to
short-term irrigation, with no significantly difference observed when compared to the soil under long-term surface water irrigation.
The use of reclaimed water for irrigation had no significant impact on the pore structure and hydraulic properties of both surface and
subsurface soils. Reclaimed water irrigation significantly reduced soil hydraulic conductivity. Compared to the soil under long-term
surface water irrigation, the hydraulic conductivity (Ks) for short-term and long-term reclaimed water irrigated soils decreased by
20.81% and 20.18%, respectively. Reclaimed water irrigation had little effect on soil water retention capacity. The changes in pore
structure after reclaimed water irrigation significantly affected the soil's hydraulic properties. Redundancy analysis showed that pore
parameters explained 83.30% of the variation in hydraulic properties, with surface fractal dimension having the greatest impact on
hydraulic properties. Pore shape had no significant relationship with any hydraulic parameters.

Key words: reclaimed water; connected pores; image processing; hydraulic properties; redundancy analysis
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Table 1 Reclaimed water quality indicators

EizL Hfi b il EizL il

pH {H 7.3840.28 BODs(mg/ L) 9.26+0.25 Cr (mg/L) <0.03

EC (dS/ m) 1.5140.12 As (mg/L) 1.83X10°40.00 Cd(mg/L) <0.005

SS (mg/ L) 7.83+1.14 Hg (mg/L) <4.00X107° Pb (mg/L) <0.07
TN (mg/L) 8.78+1.21 COD (mg/L) 33.1740.80
NH,"~N(mg/L) 0.33+0.14 DOC (mg/L) 2434034

VEECHY 3L 5 5SSO B R 44 TN B R BOD s SAAE M) 7 4 e COD S b 27 i 48 2 DO C y s i A LK.

F2 WA R TIREARMR

Table 2 Experimental treatments and basic soil properties

i T 50 IAER FE (em) WRL(%) rkL(%) Fiki(%) R T (g/em’)

0~20 20.17 61.19 18.64 Kb+ 1.40

s1 HH K 6 4 i
20~40 22.36 59.00 18.64 b+ 1.41
S SRR HEWE 4 AP+ 0~20 17.13 62.76 20.11 b+ 1.43
FRAEZKERE 2 4F 20~40 18.47 55.89 25.64 b+ 1.40
0~20 16.68 60.75 22.57 Kb+ 133

$3 Ak, 6 47 i
20~40 14.07 61.37 24.56 b+ 1.59
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Fig.1 CT scan images of typical soil samples
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Table 3 The pore structure parameters of soil under different years of reclaimed water irrigation

HURE HUREA % (cm) Dn Ds V(em®) S(em?) S,(10 %) MB(cm)
. 0~20 2.82+0.07a 2.78+0.09a 1.59+1.69a 414.45+346.67a 0.34+0.04b  2701.45+2486.23a
20~40 2.75+0.02a 2.70+0.04a 0.7120.605a 212.52+130.09a 0.53+0.01b  3908.05£1022.71a
o 0~20 2.63+0.15b 2.60+0.16b 0.88+0.605a 198.57+131.98a 1.48+1.01a  2266.88+1023.74a
20~40 2.58+0.09b 2.5620.10b 0.84+0.205a 110.82+76.73a 1.68£0.74a  2407.01£1299.33a
@ 0~20 2.72+0.12ab 2.68+0.14ab 0.40+0.357a 132.00+114.64a 0.70+0.58ab  2428.61+1805.55a
20~40 2.69+0.10ab 2.66:0.12ab 0.93+1.192a 210.00+124.27a 0.64+0.67ab  3769.50+1760.36a

ST YT 7K HEE; S 200 T3 A 7K e U IEIE S 3 24 3 A K AU ME R Do 4 R 20 T 2 B Db 2 11 23 TE A B v 0 FLBR AR A, S A FLBR AR T A, b FLIR
[58] B 2 MIB Ay~ 349 5 B2 2 v 45 2485 D 3R R 1 i P i B3 A AR BRI~ B89 o b 22, [ 910 AS [ /N5 5 B R AN [ B A B 22 5 e 25

(P<0.05).
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Table.4 The soil hydraulic parameters under different years of reclaimed water irrigation

BUORES HURRREE(em)  O(cm®/ cm®) a n K, (cm/h) O (cm’/cm’) On (cm’/em’)
0~20 0.43+0.03a 0.06+0.00a 1.30+0.16a 11.674£0.47a 0.36+0.04a 0.29+0.05a

5t 20~40 0.43+0.02a 0.02+0.01a 1.24+0.04a 9.85+0.77a 0.40+0.01a 0.19+0.01a

0~20 0.43+0.02a 0.02+0.00a 1.32+0.15a 8.46+0.44¢ 0.40+0.02a 0.21£0.05a

52 20~40 0.42+0.03a 0.01+0.00a 1.29+0.17a 8.46+1.00c 0.39+0.02a 0.18+0.04a

0~20 0.43+0.01a 0.01+0.00a 1.32+0.13a 8.70+0.94b 0.40+0.01a 0.26+0.14a

> 20~40 0.43+0.03a 0.01+0.01a 1.26+0.07a 8.38+0.49b 0.40+0.02a 0.30+0.12a

TE: QAN 7K 3 s 1AL I8 D TEAR 2 B K A VIR 37K 385 6y BT RF 7 SR O 0 A1 2805 7K e 32 HP 4 R85 D 3 B U g i B

ZAFEARPIE EBRUERE, RIS NG 7 RER R AR BE B AT [ 57 0 35 (P<0.03).
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Fig.4 Redundancy analysis of pore parameters and hydraulic

properties
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