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34°29'43.15"E  31°25'14.06"N Magen
34°24'19.45"E  31°17'17.63"N 0 5cm
10 20 cm 80
2 mm
MS2000 1
Beery Magen
20a
0 5 cm Beery
Magen 10
20 cm

RL repellent clay loam RS repellent
sand , WL wattable clay loam

WS wattable sand

1

Table 1 Particle composition and soil texture of tested soils

Particle composition/%

Soil and serial numble <0.002 mm 0.002 0.02 mm >0.02 mm Soil texture

0 5cm RL
Grapefruit garden 19.25 18.38 63.37 Clay loam
0 5cm
0 5cm RS
3.25 5.83 90.92
Orange garden 0 5 cm Sand
10 20cm WL
Grapefruit garden 18.23 17.53 64.24 Clay loam
10 20cm
10 Ocm WS
Orange garden 3.12 5.68 91.20 Sand
10 20cm
1.2
2
1.3
130  1.60 g/em’
100 cm’
CR21G 4

88.8 900 r/min 30 min
530.3 2200 r/min 60 min
859 2800r/min 60min 1053 3100 r/min 60 min
3018 5300r/min 90min 5216 6900 r/min 90 min
7189 cm 8100 r/min 90 min
ES-3002H -
105

316.6 1700 r/min 45 min

2
Table 2 Water quality index

Tap  Catch- Anaer- Oxidation Sedimen- Outlet of
Index . .
water ment obicpool pool tationpool reused
water
pH  pHvalue 7.92 729 731 731 7.36 7.07
Electric conductivity/ 143 811 825 811 849 799
(uS-em™)
Dissolved 752 024 043 3.00 4.61 4.03
oxygen(mg-L™)
Total hardness/ 0.892 0488 0642 0614 0.684 0.786
(mmol-L™)
Total alkalinity/ ~ 27.96 169.81 17632 16437  167.67  153.21
(CaO mg L™
NH,N/(mgL™") 0 3476 3235 3032 31.88 25.03
NO;-N/(mgL™) 1.71 0.12  0.10 1.59 334 1.58
NO»N/(mgL™) 0 0 0 0.007 0.016 0.448
K*/(mgL™) 109 168 1684 1835 17.52 17.9
Na'/(mgL™) 57 4832 507 56.46 56.9 59.46
Ca*'/(mgL™) 288 6264 6473  63.71 73.94 74.52
Mg>/(mgL™) 289 563 545 547 544 5.53
Turbidity 0 125 187 510 477 3.95
Total dissolved 95 226 360 260 412 420
substances/(mg-L™)
Total suspended 0 170 198 780 325 242
solids/(mg-L™")
Total NimgL™) 1823 6927 100.3 63.83 36.22 30.12
CI/(mgL™) 14 61 71 67 67 69
€Oy (mgL™") 0 0o 19 14 19 18
HCOs/(mgL™") 6082 36942 344.04 32733 32524 13.09
PO; /(mgL™) 002 895 2683 1494 6.29 13.09
1.4
van Genuchten-
Mualem Brooks-Corey dual-
porosity lognormal distribution
van Genuchten-Mualem
[33]
o -0
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O(h) = (+|ah")" 1
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3 3
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2 s 1000 cm
do (0, -6, mnan""
Clh)y=-——"= L 2
dla| [+ |ah
C(h) HIALH Experiment treatments X H4b 3 Experiment treatments
+RLO -RL1 +RL2 - WL0 - WL1+ WL2
1.5 »RL3 -RLA -RL5 o WL3 » WL4+ WL5
#L&4& Fitting Lines A £R Fitting Lines
4 Excel g ~RLO - RL1_RIL2 g ~WLO - WLI —WL2
o S0t - § g, —~WL3 -~WL4 —~WL5
2010 Origin8.0 SPSS20.0 Rl 2 e
root mean square error RMSE §1°3 g 1o
R’ van Genuchten-Mualem R R
=) 8 =) RN
=102 e (102
5 W o015 0.25 0.35 0.45 o 0.15 0.25 0.35 045
RMSE R 1 HERBIA KK B K E
Soil moisture/(cm?-cm) Soil moisture/(cm’-cm?)
a JRk g4 b. FKFEL
a. Repellent clay loam b. Wettable clay loam
2 § g
<10 510
2 - g -
2.1 g - BRIAET 5 - s
6 [21] o Experiment treatments a Experiment treatments
E10® "o B . E -+ WSO o WS1 . WS2
2 1 - | RS3 . RS4.RSS g 100 - T\Ws3 . WS4 . WS5
pH  COD BOD 2 o z -
& =
SPSS 2 W& 107 xmn 8 102 E
6 b 0 0.10 020 030 040 0 0.10 020 030 040
TIEAER K T EIKE
Soil moisture/(cm?®-cm) Soil moisture/(cm’-cm>)
¢ frkb L d. FKab+
c. Repellent sand d. Wettable sand
3
RL RS WL WS
0 5 6
3 0 1 25
Table 3 Comprehensive evaluation results of water quality Note: RL, RS, WL, and WS are repellent clay loam, repellent sandy soil,
wettable clay loam, and wettable sand respectively; 0-5 refer to the six water
£ quality test waters that are ranked according to the comprehensive water quality
Wi . F, Second Zr . K . i
ater sampling _. L S index from small to large. Among them, 0 is tap water, 1 is reclaimed water, 2-5
location First principal  _ principal Integrated water Sort are water for different stages of biological wastewater treatment, the same below.
component F; component /',  quality indicators Zr  No. g g ’ :
1
Tap water 1705 1.013 -L177 0 Fig.1 Soil water characteristic curves and fitting curves of
different treated waste water
0.685 0.423 0.633 3
Catchment
) 0.839 0.340 0.740 4 la 1b
Anaerobic pool
0.781 0.696 0.764 5
Oxidation pool
Sedimentation —0.047 -1.502 -0.335 2
pool
Outlet of —0.554 —0.971 —0.644 1
reused water
p -
Note: According to the comprehensive water quality index, the six kinds of water
samples were ranked, and the subsequent test treatments were all expressed in [34]
this order.
Ic 1d

2.2

s=<1 000 cm

[21]
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[35]

- van Genuchten-Mualem
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US Salinity Laboratory
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- van Genuchten-

Mualem
van Genuchten-Mualem 4
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4 van Genuchten-Mualem

Table 4 Soil moisture characteristic curve parameters of
van Genuchten-Mualem model

Soil Treat-R:Ldi;ﬂrz(/nlsamr?tffrsfﬂ Parameter of air a?grﬁier
ment 3 3 mo}]s Z entry value/ P R* RMSE
type (em™em™)  (em’-em™) -1
(em™)
RLO 0.068a 0.521a 0.009 a 1263a 0.932 0.0014

RL1  0.068a 0.522a 0.012b 1.263a 0.826 0.0039

RL2  0.068a 0.522a 0.012b 1.268a 0.932 0.0015

lgip(;;y RL3  0.067a 0.519a 0.014¢ 1.268a 0.957 0.0009
loam pra  0068a 0.514a 0.014c 1.305b 0.933 0.0015
RL5 0.068a 0.518a 0.014 ¢ 12776 0918 0.0019

WLO  0.068a 0.523a 0.007 a 1.271a 0916 0.0020

WL1  0.067a 0.518a 0.008 b 1.270a 0.874 0.003 1

WL2  0067a  0518a 00llc  1259b 0919 00019
Q{Z%{Z'y WL3  0068a  0519a 00l4c  1255b 0940 0.0015
loam w4 00682  0520a 00154 1254b 0961 0.0007
WLS  0068a  0.520a 0015 1254b 0943 0.0013

0.05

Note: Different letters represent significant difference at 0.05 levels.

4
0
0
o
a
a air
entry value  AEV
[32]
S, S=1/a Zr 2
2
R’ 094 0.78

[36]
150 - SZBRE Actual value
o, = JR7KE8E 1 Repellent clay loam
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258 K IRHEHT Integrated water quality index
2 Sa
Fig.2 Relationship between comprehensive water
quality index (Zr) and air entry value (S,)
2.4
van Genuchten-
Mualem
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Percentage of equivalent aperture/%
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a. Repellent clay loam
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3
Fig.3 Accumulation equivalent pore size distribution of clayey
loams with different water quality
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% #1 Matric suction/cm

3
65%
5
Wang ! Halliwell "  Gongalves **
van Genuchten-Mualem
[34]
2
4 5
3
P<0.05
4.8% 2.6%
la 1b
5
10° £ 100 Table 5  Soil moisture parameters of clay loam under different
I 40 H Treatments § RIS AL Treatments treatments
10° —RLO ~~RL1~-RL2 & o —WL0---WL1 —WL2
—RL3 —RL4—RLS 2 — WL3-—WL4 —WLS
o il-
. £ Wilt  Gravity Effective  Easily U’:I‘JY:‘] Ratio of
= Soil Treat- Field coefficient/ water/ water/ available water/ tl(_)lo
R OU ment capacity  (cm  (em’  (cm®  water/ (cm™ eﬁlgl
10! = 10 type (Crng.cm%) cm’s) cm’3) cm’3) (cm3~cm’3) . available
0 2 4 6 8§ 10 0 2 4 6 8 10 cm”)  water/%
Wk R Hok R
Specific water capacity/x10~ Specific water capability/x10~ RLO 0428a 0.194a 0.092a 0.234a 0.150a 0.194a  28.8a
a FKEEL b FARBEL RLI 04092 01822 0113b 0227b 0.143a 0182b 274a
a. Repellent clay loam b. Wettable clay loam
R RL2  0.406a 0.183a 0.116b 0223b 0.142a 0.183b  27.2a
4 epe-
) , , ) , llent RL3 0395b 0.176b 0.124c 0220b 0.138b 0.176b  26.7b
Fig.4 Relationship between specific water capacity and water clay

loam RL4 038  0.170b 0.128¢c 0.219b 0.136b  0.170b  26.3b
RLS 0376c  0.155¢c 0.138d 0.221b  0.132b  0.155¢c  25.6¢c

suction of clay loam under different treated waste water

4
WLO 0444a 0.198a 0.079a 0.245a 0.090a  0.198a 29.7a
WL1 0427a 0.190b 0.091b 0.237a 0.087a  0.190b 289a
Wett- WL2 0.393b 0.182b 0.127¢ 0.212b 0.074b  0.182b 26.5b
311315 WL3  0.409b 0.186b 0.109c 0.223b  0.080b  0.186b 27.6b
clay
loam WL4 0.398b 0.183b  0.121c 0.215b  0.075b  0.183b 26.8b
WL5  0.393b 0.182b  0.127¢ 0.212b  0.074b  0.182b 26.5b
3
1
0 2
2.6 u
R? 0.94 0.78
0.2x10° Pa 3

15x10°Pa
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Impact of treated waste water quality on repellent and
wettable soil water characteristic curve

Chen Junying®, Chai Hongyang’, Leionid Gillerman?, Liu Chang’, Cai Yaohui', Zhang Lin*
(1. College of Water Resources and Architectural Engineering, Key Laboratory of Agricultural Soil and Water Engineering in the Ministry

of Education, Northwest A&F University, Yangling 712100, China; 2. J. Blaustein Institutes for Desert Research, Ben-Gurion University
of the Negev, SedeBoker 849902, Israel; 3. Institute of Water and Soil Conservation, Northwest A&F University, Yangling 712100, China)

Abstract: Treated waste water reuse in agricultural irrigation is an alternative approach for water saving. However it causes
soil water repellency and the other problems. The study of reclaimed treated waste water on soil water characteristic curve is a
important research basis for the water movement. Only a few researches are related to the key factors. In this study, we aimed
to explore the impact of treated waste water quality on soil hydraulic characteristic. The repellent and wettable clay loam were
collected at a soil depth of 0-5 cm and 10-20 cm in grapefruit orchard at Kibbutz Berry, Isreal. The repellent and wettable sand
were collected at a soil depth of 0-5 cm and 10-20 cm in oranges orchard at Kibbutz Magen, Isreal. The orchards irrigated with
treated wasted water about 20 years. The repellency level of clay loam and sand were moderated and severed respectively.
Treated waste water and tap water were obtained in a domestic sewage treatment plant. The water sampling locations were
catchment, anaerobic pool, oxidation pool, sedimentation pool and outlet of reused water. Each treatment had 4 replicates. The
soil moisture characteristic curves were measured with a high-speed centrifuge. The experiment was conducted in the Key
Laboratory of Agricultural Soil and Water Engineering, Ministry of Education, at Northwest A&F University on August 2017.
The van Genuchten-Mualem model was fitted to obtain the hydraulic parameters with RETC software. The comprehensive
water quality index was obtained by principal component analysis. The impact of comprehensive water quality indicators on
soil water characteristic curve, the cumulative pore size distribution, specific water capacity, soil moisture parameters was
analyzed in this paper. The result showed with the imporvement of comprehensive water quality indicators, the soil water
characteristic curve of the water-repellent and hydrophilic clay loam shifted to the left. Under the same suction condition, the
soil moisture of repellent and wettable clay loam decreased with the increase of comprehensive water quality index, while the
soil moisture of repellent and wettable sand changed little. There was no significant difference in saturated soil moisture and
residual soil moisture between different water quality for repellent and wettable clay loams. The reciprocal of air entry value
was significantly different among different water quality for repellent and wettable clay loams. There was a linear negative
correlation between comprehensive water quality index and air entry value soil and (R* was 0.94 and 0.78). The air entry value
the repellent soil was less than that of the wettable soil under the same water quality condition. In the low suction stage, the
specific water quality curve with higher comprehensive water quality indexes was above the low water quality comprehensive
indicator. That is, the high comprehensive water quality index caused the water content to become higher. In the high suction
section, the specific water capacity curves of the various water qualities almost coincided. The value was small and closed to 0.
With the increase of comprehensive water quality index, the extreme pores in the water repellent and wettable clay loam
decreased, the medium and large pores increased. There was no significant difference on micropores and small pores among
the water quality. The cumulative percentage less than a certain equivalent pore size increased with the increase in the
comprehensive water quality index increase. For water-repellent and wettable clay loams, the field capacity, wilting coefficient,
effective water, unavailable water and ratio of easily available water decreased with the comprehensive water quality index
increased. But the field capacity and the ratio of easily available water were not significantly decreased to meet the irrigation
requirements. The research outcome can provide the theory support for reclaimed water irrigation and management.
Keywords: soils; water quality; treated waste water; water characteristic curve; water repellency



