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Table 1 Physical properties of experimental soils
AN RPRLARTSORL AT A7 11 43 L 4Lk e N .
N . X R . o oy SUES ) 2 K
A b R Percentage of different size particles/% RS A . . MK . BRIk
Site >0.002— Soil texture Bulk delgsny Field Wa.ter-holﬂmg Saturated B
0.02~2 mm ’ <<0.002 mm /(grem™) capacity/(g'g") moisture/(g-g")
0.02 mm
WX 54.042 37.852 9.106 bt 1.4 0228 0325
Tongzhou district Loam
W, >
?(AF . 88.488 8.126 3.386 Bt . 1.4 0.188 0.287
Daxing district Sandy soil

x2 LTIRRSVARE

Table 2 Background value of salt ions for experimental soils

SRS Y pH ECy;s K Ca™* Na” Mg™ cr SO HCOy
Site pH value /(dS'm™) /mgkg')  /mgkg') Amgkg") /mgkg') /mgkg') /Amgkg') /(mgkg")
J X TongZhou district 83 0.269 8.6 89.1 48.2 32.6 14.6 98.3 249.0
KX Daxing district 8.4 0.249 13.3 78.3 33.2 30.2 19.2 72.6 240.0
e ECps R T HRUK TR0 1:5 I i S 3R A0 1 - 0 1) i S 3R A

Note: EC,.s means the electrical conductivity of solution whose mass ratio of dry soil and water is 1:5.

1.2 NES5®EEKR

HTANB5 70k CEEUEERED 117K 43R 3 28,
K TR KR SRS . T KB E A E R b oK 2
H3k7K, SAR=0.74 (mmol/L)"*; F4=/KH [k
O OIE W V5 oK AL BT Ul e oK,
SAR=2.75 (mmol/L)"; #h Wil i 78 25 8 1K
PN E B NaCl #l CaCl, GRAN) Jolil &
1M o

WA (D fst ),
SAR =Na* //Ca®* /2 QD)

Na® +Ca* =10 2
2P Na'| Ca™" i igiirh Na' Fl Ca™ RIS IR,
mmoly/L. BLEWE A 10 mmoly/L 1fi SAR {H4 514 3+
10 120 (mmol/L)*° [EEHM, SAR3 . SARIO ¥
YRR SAR20 73 527 SAR=3.10 120 (mmol/L)"
PIEhA . I T NS SR IR 3.

R3 TRIZEEIKKEARIR
Table 3 Quality of different kinds of water

ERi pH EC K" Ca® Na" Mg” CI' SO/ HCO; NO; N TP TSS DOM
Irrigation water types value /(dS'm™) AmgL") /(mgL") (mgL")/(mg L")/ (mgL")/(mgL")/(mgL")/(mgL")/(mgL")/(mgL")/(mgL")
7K Clear water 784 0714 800 5236 145 1891 229 75 142 006 001 13 45
F/EJK Treated wastewater 778 0994 891 9659 106.13 40.66 105 104 242 1526 085 62 825
SAR3 ¥V Salt solution with SAR=3 820  0.965 0 286.93 28255 0 355 0 0 0 0 0 0
SARI10 ¥ Salt solution with SAR=10  7.56  1.043 0 83.25 49725 0 355 0 0 0 0 0 0
SAR20 ¥V Salt solution with SAR=20  7.02  1.245 0 2527 55835 0 355 0 0 0 0 0 0

¥E: TP, total phosphorus (EAfi#) ; TSS, total suspended solids C&LEVFREASKY) ; DOM, dissolved organic matter CGAFEEHR LD .
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Fig.1 Schematic diagram of infiltration and evaporation
system of soil bin
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foka# sk sk
Soil moisture/(g-g™) Soil moisture/(g-g") Soil moisture/(g-g™)
0.15 0.20 0.25 0.30 0.15 0.20 0.25 0.30 0.15 020 0.25 0.30 )
0 T ; . 0 : T ) 0 . : y UbFE Treatments
A —— {7 Clearwater
20 - 2+ 2+
E = N =1 K
S 40 2 4t S 40t Treated wastewater
= = = ——
5 | 5 [y SAR3#H
a 60 a 60 8 60F Salt solution with SAR=3
&l =) ) ey
= sof = SOt = 80 o— SARI0
: . g Salt solution with SAR=10
100 | 100 | 100 | ) —5— SAR20{FH )
120l 120 L ol Salt solution with SAR=20

a. % 5 MNBHERE
a. Infiltration and evaporation results after 5 times

b. 3 6 INBHEKRE

b. Infiltration and evaporation results after 6 times

c. H10RNBEEKG

c. Infiltration and evaporation results after 10 times
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Fig.2 Effects of different water treatments on soil moisture after infiltration and evaporation
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a. i 5 KNBHERG
a. Infiltration and evaporation results after 5 times

A 3

b. 6 IRNBHEKRE
b. Infiltration and evaporation results after 6 times
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UEFE Treatments
——i{'i7k Clear water

AR

Treated wastewater

SAR3 il

Salt solution with SAR=3
SARIO ik

Salt solution with SAR=10
SAR20 ik

Salt solution with SAR=20

120

c. H 10 RNBEEKG

c. Infiltration and evaporation results after 10 times

Fig.3 Effects of different water treatments on electrical conductivity of soil solution after infiltration and evaporation
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AN[F b BE Al b 343 (PR G WLER 4, A5
iR G AR ZENT 10%, R 45 KT
fEe NBHEK 10K (BRIEE 2 ) &, iE/KAe
A 8 LPAAE . A KA L3 S0

ZRL, SEHENINT 9.54%, AAEEEA KR
O3 BBl IR B, 0 R AR R E

ifii SAR3. 10 F1 20 (mmoly/L)* [¥1 5%y Ak B -+ 138
SRR T 30.27%. 39.16%A1 51.83%,
AR R Na WSS e T AE K 1) 2~5 1%, Wik )
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Table 4 Soil salt balance after 10 times of infiltration and evaporation

" PIREERR pkainit MEEHE  RMATERRE I
LK 5T Soil salt quantity ¢ " - Gl salt quantit Salt quantity in AHX R ZEE Percentage of salt
Quality of irrigation water before S tq }t, Jo aft a J’ 1 q hat /y Relative error/% accumulation
experiment/g [MTigation water/g after experiment/g eachate/g quantity/%
i5/K  Clear water 589.82 301.38 585.81 372.50 7.53 -0.68
FJ47K  Treated wastewater 589.82 419.87 646.06 405.47 4.14 9.54
SAR3 %
Salt solution with SAR=3 589.82 407.62 768.37 285.23 5.63 30.27
SARI10 ¥
Salt solution with SAR=10 589.82 440.56 820.79 310.05 9.75 39.16
SAR20 ¥
Salt solution with SAR=20 589.82 525.89 895.54 320.14 8.96 51.83
S VIR ITE N S e 5 % = M e BT 5 20] > >
2.2 k. BEKREBBBRNSEZRAMLIER B EBURPRAR AR MY, B R
s PN \ 31
RN IR M R S A P,
2.2.1 BIEBIRANEM L (SAR) #9EAL 2Na" + Ca(exchanged) <> (1)
Z: IEJ ﬁiﬂi%jﬁ?’ﬁi EF] SAR {E %)\?ﬁg Zi?iﬁﬁ\ C32+ +2Na(exchanged)
Kir 1t Al . A A 175 e
HmA sl 4 pros OSI ngﬁi SN SA,R 2Na* + Mg(exchanged) <>
HERLAKT 3 (mmol /L), Bl & 3 R A T4 1k 2 (5
Mg~ +2Na(exchanged)

GG F K o ANFIALBE A3 SAR fH £ “K”
B3 A, XS PR 3R J2 32 B AL AN AT R DAL
A0 PG X 11 AR O w7 ey, & E U e S o]
KA FIER, Na™fUit Mg? Rl Ca™, A 10w
SAR IR, iy HIEMVEHAEIRZ R, S 8ER D

AN[F) B A S P SAR ST B 2 .
AT B 0~120 ecm + 2 W EC %)
fHY5 SAR “FIMEA —E M, (H1IEHH SAR
HIFANBE EC (B3I I, 3R 0 #5233 KA
—E G IR R .

SAR{H SART SAR{H
Sodium adsorption ratio/(mmol -L")"* Sodium adsorption ratio/(mmol -L")"* Sodium adsorption ratio/(mmol -L")"*
0.5 1.5 2.5 35 0.5 1.5 25 35 0.5 1.5 25 35
0 T T 1 0 T T 1 0 T T \
AEFY Treatments
20F 20F 20 —— ik Clear water
£ L ] - = A kK
2 40 5 40 3 e & Treated wastewater
Zoof Bool Zeof SAR3¥Hill
- = = Salt solution with SAR=3
= = = s
B 80F w 80 w80 SAR10 i
Salt solution with SAR=10
100 - 100k 100F SAR20¥
Salt solution with SAR=20
120k 120+ 120 -

a. MBS MANBHER)G
a. Infiltration and evaporation results after 5 times

A 4

b. # 6 MANBHHERE
b. Infiltration and evaporation results after 6 times

B AT R AL 3R 3 3R R 4h B B L (SAR)YA 89 %7k

c. 10 KNBHERG
c. Infiltration and evaporation results after 10 times

Fig.4 Effects of different water treatments on sodium adsorption ratio value of soil solution after infiltration and evaporation

2.2.2 ANHEBHREA 104KE1E pH4E0 TAL
ANBEHZ K 10 Ik (B 2 ) J5 A A
b B - 58 pH AEAEAS ) L 2 A & 5 s o
ANFEAEEETE 0~80 cm + )2 pH {HI /N T W4
i, MAE 80 cm ¥R JELLN L 4Erh pH (B K 4
KTV, H-3E pH {HAER— )2 B iE
FE/NT 2.6%, BRI —2 T 2 b 85 A GA 21
M, NEBWRS L8EME R, X 18 pH

T, — & BAR HIE AR &2
e U, ERD  pAT BUR A RS R D, X
P B0l V) 22 R RE D L 1255 . 5 SAR3 AR L,
AR K AL BE 18 pH HEK, W] BB A KT
THM N, PEFRSMEHMAER (K3, AR
WHZMEREEEZR ANBE KRB LSRG,
13 pH S N 8.11~8.49, 4b T 1& B HHE TS
BN (7.7~8.5)
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0ol _"_Eil:{b%u#;; with SAR=10 PLUR A LA /N ﬁfﬁﬁ% TR ER A AL BRAS [R) R 5 Cia
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BS5 RRKRLEANSLEREL 10 kG L3E pHIE

Fig.5 Soil pH value of different water treatments after 10
times of infiltration and evaporation

SoF AN [i] A B - 358 VA R SR () 20 AT e
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TIKCFH SR IB00) T B 0 RN SRR 1) 5 G L
FESt
2.3 FEK. BEKRBABNEEZAITLIESR
MFNLIEH K. Ca”™. Na'f= Mg B9
2.3.1 ANHEBEAEK 10k EEEZK. Ca”.
Fo Mg™ 49 R B IR

NB5ZER 10 W, ANFASEE 3+ e
BRI E W 6 BRI K iRk A
0~32 mg/L, FFA4 /KA - 3EHEIAS IR E KT 5
AT 5 HABK BN, RPN KRR S 30
1110 em AL IUEAE, 1T KRN 3R v b BEAN ]
WRIE KRR IRE AL, RILAAE 0~90 cm +
J2 2 L R 5 1 0 2R Tk o T K KRR

+

Na

AR . FRAR KBS 2R I R o A
Hh KR Ca IS MM AE 7 o S ) A B - 30
Na 1 Mg™ JFi ik B K 5 Al ab B 22 7 B2 (a
<0.05) , ULHIFFA KR ER NS 5 28 R 13
YU Na Fll Mg™ ST ik B (A 5 0 537 K AN [
2.3.2 ANBHEL 10kE 32K, Ca”. Na'fe Mg”
EOY e

NBEZER 10 G, ANFRAGE 3 H &1
JE Lk 7 fros. 3% KR L e 0~15 mg/kg,
NSRS IR e Al 3 v K1) 2 3T %,
W TR S B A, KRR 80~
120 cm #b -, vk o i A K S oAt A 2
Z A K R 25 03 (a<<0.05). +1E Ca®' ik
FLAE 50~110 mg/kg, ANFEALPEA1E Ca* i LbAE
ANTFR JEE Ab IR o0 #/IN T HIUAAE, kNI 5 e K1)
) 39%, JRIKEFEKT Na W R, RAEST
A B i B e H R Ca®, SECEEER
Ca” i LN, X5 HIER T Ca® e vk i 1Y
RIS AT R o Gevt oA B AT 7K 5 oA Ak
B2 Ca® R E R EE (a<<0.05).

MEFE Treatments

Sk Clear wate [LEF SAR3FHE
—<— ik Clear water " Treated wastewater luti

Kb e e Ca® JILI i

Mass concentration K (mg-L") Mass concentration Ca* (mg-L")

02(] 24 28 32 éa(] 120 180 240 300
£ 2 =
52 g 20 2
—.‘é_ 40 = 40
260 2 60
(80 = 80
12 oy 2
100 %100

120 120

b. Ca” B ik i
b. Mass concentration of Ca®"
B6 ANELHELI0RERRAIELERAZT K. Ca¥'. Na'fe Mg?' i EiRAE
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Effects of infiltration and evaporation with treated wastewater and
salt solutions on soil moisture and salinize-alkalization

Shang Fangze, Ren Shumei, Zou Tian, Yang Peiling™
(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract: In order to study the special effects of treated wastewater irrigation on soil salinize-alkalization, we
built 5 large soil bins with length of 1.2 m, width of 1.2 m and height of 1.5 m, and filled with loam and sandy soil
in 0~80 and 80-120 cm, respectively. Three infrared lamps and one electric fan were placed above the soil bin.
After that, indoor large soil bins infiltration and evaporation experiments were conducted to research the effects of
infiltration and evaporation with clear water, treated wastewater and salt solutions with SAR=3, 10 and 20
(mmol./L)" on soil, and soil solution salt and ions migration and accumulation, and soil alkalization. During the
10 times of infiltration and evaporation experiments (simulation field irrigation for 2 years), the electrical
conductivity (EC), sodium adsorption ratio (SAR), pH, K, Ca2+, Na', Mg2+, Crl, SO42', and HCOj;' in soil and soil
solution were measured. The results showed that compared with the clear water irrigation, soil moisture in 0~40
cm loam were larger and the increasing of sandy soil moisture in 80-120 cm led to lagged effect. The reason was
that the dissolved organic matter (DOM) and suspended solids in treated wastewater caused clay dispersion and
blocked the soil pores, respectively, and Na' in treated wastewater and salt solutions with SAR=20 (mmol./L)"”
caused clay swelling and dispersion, during the infiltration and evaporation with treated wastewater and salt
solution with SAR=20 (mmol./L)"’. The soil salt accumulated in treated wastewater and salt solutions treatments
after 10 times of infiltration and evaporation, and the cumulant was between 9.54% and 51.83%, and the salt in
leacheate was most in treated wastewater treatment, which was 1.09-1.42 times of other treatments. All treatments
had similar effects on soil solution SAR value and soil pH, which were less than 3 (mmol/L)"> and 8.5,
respectively. The results showed a low possibility of soil alkalization during infiltration and evaporation with
treated wastewater and salt solutions. As a coexistence system with variety of materials like salinity, nutrients,
suspended solids and DOM, the mass concentrations of K* and Ca®" in soil solution showed a different
distribution in various depths during infiltration and evaporation with treated wastewater. The mass concentration
of CI' in treated wastewater was about 0.3 times of salt solutions, but the mass concentration of CI in soil solution
in treated wastewater treatment was 0.95-1.29 times of salt solutions treatments. The mass ratio of CI in soil also
varied in different soil depths. The treated wastewater treatment had a stronger leaching ability on soil CI', and it
may attribute to the particularity of treated wastewater and the results of soil maintain charge balance. According
to the results, it was concluded that compared with clear water and salt solutions, soil salinity and some salt ions
indicated a different migration and distribution in the soil profile after infiltration and evaporation with treated
wastewater, and more attention should be paid to the migration and leaching of K, Ca®" and CI". The results of
this research provide references for the long-term secure and rational irrigation with treated wastewater in
agriculture.

Key words: soils, infiltration, evaporation, treated wastewater, salt solutions, salinity, alkalization
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