2024 F2 A
Feb. 2024

FEMEHEK 224
Journal of Irrigation and Drainage

$ 43K #24
No.2 Vol.43

NEHRS: 1672 - 3317 (2024) 02 - 0047 - 07

BENKERS A DIRXEEF UM RER

Rt jEg M, AR, Fupt? ox EL #Emt, F4emtT
(L BRLAFE REERFTH, 7 % 453002; 2.0 B R LAFE FFRAR,
L% 100081; 3. @ A A REAS R A E REFINAFIMAF 5wk, A B 476000)

i OE: YPERKAREESTARE, EREAKELAZE, SGZARNFERKERT TEMAERERNKEKREA
FTEHAEEL. R, BEAKPALALY, GAINKIFRAELEFTHRGBARNG. AT AE A E A K E A
AR K ek, MBS X, EEEA ., WA, EBRSFRA LA X 5 AT RN BARERI A LERE
LGN e EELE, ARINY, KPFAEAKRKERTIALEAELFTHOARIL, 2 XIRTHHY
WA, RANAIE, KRFRAEREHRA LB R A S TR Y. AFREN, MR FRKNFERERTE
A K. LEER A, REBEF T EREEF LIERAE LT a0 KERXBH T, T2eiRARFEK

Rt 5] K Bk A& AT KGR AR S 77 & 69 AT 5.
X R BAK: EE, kAHTL, ¥wEE
hE SRS S2735 XHRFRERE: A

doi: 10.13522/j.cnki.ggps.2023065

OSID: mhusi

BXSFIE, RO, XEM, F BEKERS A TRRERRUOARER[]. BHRHIZKFIR, 2024, 43(2): 47-53.
ZHAO Shougiang, SONG Jibin, LIU Chuncheng, et al. A review on secondary soil salinization caused by reclaimed water
irrigation[J]. Journal of Irrigation and Drainage, 2024, 43(2): 47-53.

—_

03 5

[0 Fem Y REK B 6, ANBKBIR LA
B RSP 148, FiiE 3] 2030 44 B
KEAHIE 130 42 m™P, RENE R ALK, 4ol
R E TR R BT+ EE R, 1R T
R AR R BI EEAE M, HAaT, KRR EE
S g K B 609%6LA Y, K BRI S B LR R
AP AE 7 R AR AR R PR B ) R, TR BRI A
AU RIE R T s FORES, PR K BT
VEERE N AR RIS o P AR KA E AR H K B2
PRI —Fh, SRARIETG K TR K LA B B T 7K &
Zeil bR, AENE TRV I KIEY, T A K HE
W, WemT DA K ELHEXS A BT TG g, SREfE
AR A 77 R Ji s ot S K B S ok BAT 2
SCo DRTFURERE T KA 8] FIAF AR TS ekl e
SRR, HAT, B2 LIRS

ks BHA: 2023-02-25 fEEIHHA: 2023-11-13

HeWBR: EXEAHATRHE (2021YFD1700900); 1 E R A R
BIH CRRE R, P ER R B AR 45 %% & 01 (FIRI2022-14,
FIRI2022-04, Y2022LM29); w1 [ Ml R} 2% B A Bt 9% 74 45 ik 3 ¢ 1 &l
(NKYCQN-2021-028)

EZE . P9 (1997-), . WiEwial, FEMNFIRE UK FE %
AF AT . E-mail: zsq1997001@163.com

BEEE: 2B (1980-), 5. BFURA, FENFERIKEIE5KAE
W 5¢. E-mail: lizhongyang1980@163.com

© CGEBHIKFR) HEEER, FFAEREL CC BY-NC-ND #HY

JEAEARC O g A s g A LTS ey
S50, N AR AR SR E L ) AR AL, (R ORE
JEARNTE . BT B SAJRE R, T 7EA T FE A4
SRR LR E, R ERAKTEERE
#har, AE A E I A A KEBE R A 51 K &
B AR L XS . B, JbRT s KA
AL A K S TR 20N 623 mg/L, BRI AR
BT A Eh R (E3RiBi 128 1 000 mg/L), {HIA
B 7 Y R K R 2 A AN, DA R
SRS A o P AR KA A A I AR ERBTALR
Wy, CRERkE™ e, Qian &M kM, FIH
PR (EC=840 uS/cm) HEMEHHL 4~5 a JFHL S %
(Electrical Conductivity, EC) &30, S5 /KiE
3% (EC=1 500 pS/fem) #HEL, FEAE/KEEM 115
EC v 4 300 puS/cm, /0T 187%. (HH H#E NN,
T 25 7K R 0 o - 938 vk 2B 28 5 AL B o g o DB
Sparling 2OV = R Ab PR A KREML 5 a J5, iEdh
SrH BARIFAN IR . WP 7 a FAEK (pHA~
6.5~8.5) WML 5 A T g0 Ar, FRARKIERE T A%
T2+ pH S5 RAZ M ERARE, HA3 pH
BT 8.5, [UIA Y FRA/KEEBE S| & 38k AR #hist
A i) BOSAFAE S, FEAEZKHERE 7 20 EBE gAY
VEVIPIRE AN | FER I [A) 55 22 S v] Re 22 A A AN [RI R FE
IR BB, 3 A 1R AU (1 E 38 v A= R e )
0L e (1 D ) 50 D3 1, AR SC A [ R 77 =K

47



FEBLHEK 23R http:/Avww.ggpsxb.com

% 43 &

TR VERIAE L R AR IR A HU A AR B 5L 5
AN T 3 AT A KR X - 38 U A BRI R R T R
fit, BAENKERAKZEAMA. LR 5
IRESR Mt IR S

1 BAEKR A E AR

ANE SRR B AN AR B T2 ) i AR K OK i 22
K, FLR TR 3 0 7 AR 2K K 5 I SR AN AR ]
FrUL, JEGeth DA “FAEIK” RIR, fERATFRAKIL
WHCE . A A EETT T2 7 RO 7B, JUHGRAE
FA KA 2 AR RIS ST T, AT RE SR H e 4
AR EAH S 418 . S5k, BREFEX AR & AR
AOKITRAIESR b, G T A E A KK 5 A 5]
BIARERTERA, B “ DU E R B8N “ LUK
7, KRR T B K AR KR 7R, %
Fe B A KK AL T2, BAKEES N ALB.
C 3 Mg, fEIIER 4 10 NP, A
RFAEKATHT By C RFAKFT R HIE, B
A KA T C G P A K bS5 TA Mk
B, FERFA B, CHEAK, HX B, C LA
TN BIAS R X 43, 3 R T T AR K AR BT A
MR, HEEpmRR s R . FHAKE T L
B, K EEMESEET. TR, HREREY.
W RS G a5 R I KU AN A, =0 AR
AL Bhh A, TR R KE— R YA
FRE R HEEBK AR E) GB5084-2021 X A [FIVEY)
A E T AFMERKTARE, BET pH. 2
B, &4y, . BEE. AW, MAEmE
16 Tk R IE AL HIFEHRDD, Flin, pH IESRTEEDY
5.5~8.5; FAEERBRIMIX, ALV ARMERE A9 /NT 1 000
mg/L, EhEEHLX /N T 2 000 mg/L, bRk G NFEA
AR [ FH B A TG o 7E R IERERE KSR T TR, WAL
K, —EEHEA, KEREGHESHSEEHER
ERXR RPN, R, B SRR R RIS
o 3 B 6 S0 20K L S AR R T K P A
fEERfebr2 —, EC 4T 100~250 pS/cm J& TEER
4K, &T 750 pSlem & T b A KP, wk
Ji s Eh BN, RS T REBLI R AN R KU AR B
() E SRR Ak ), I PR 2 R B T
TR KRR 355 v, R 3% pH. EC S5#EBE A AE
K pH. EC EEFIEMK (pH. EC M +/KEL 435
N 1:25. 1:5); sEEERMERT L HL, KTk pH.
EC B A /KEBEERA — 2 m, #HZL4% pH A
JEAE 7.69 #4N# T 8.3 A4 (MIEFIKEEN 1:5);

11T W 25 PTR FE I 2 s K A B A K (EC:

1 659.6 uSlem) FEBEZIIE AL 1 a e kI, FAIK
48

VEBE AN [A] - 3E2R R EC (Mg FKEE R 10 5) AR
AN, EIRZT3%E EC th 46.7 puS/em 38 0% T 101.07
uS/cm, TiEEREM + EC B 157.05 pS/em FRERT
123.2 pS/em.

2 BENGERRAX TIRRERIFILAIFNT

g T T A AR RE R P R O 2, A K
VE R TR AR S AR oA 22 230 i R g ) gk
ERAL, H R SRR R T KRR, KD,
IR 28R 5 P AR B SRR R A D15 2 s T
VEL S AEAEIIR R I TR — 2 B IR AL X, A
TR ER S 3t o V22 28 S ] T A 7K T S E I
FIAE K- KA B EE . TEAE /K -T75 7K TR A I 5
B RIT T WFFE, (B4 BARAE — 5 /0B A 72 409
SR ERPNGUN, BAK-E KA B
PO TR K B — M, LI A BRI LR
HAKZ BT, 300 B A KRR L 2 K itk
VT, T FBRAE, BET HEHENSHhE. W
B RPN R, FAK-TE A B R R
b BT AR K S — VR . 4 SR IS S 1 S R T
AR A FIRMEIEY) (RS B3 SBOEIK S 1
B B TR AEE IR 7ER 7 2 X R I,
FIA K S 2K BRI, I B B e T IR
ZAF R A KR —RERE, RILH — e 55, BT
10%LL B0, SRt A0 R BT, A KT
Vo 33 A AL B S R R A SRR . 1
SRR SRR R o W T A KR A B
K IR A ], 28 me aB8E a AE K  HR KR A
TER RIS R I, T A K E 1 T L35 pH Hxt
MR 2R, HELKEERIN T %2 13% EC.
PR Sl g A A R s S N il= A ]|
TR IR B IR IS, R B, IR EVAW
HOROK b, R AR, X EER G T
BRG T EURK AE EE T AR K A A S R . A,
Ak T 7K RE I 305 ) T B AU 33 VAR R AL R
K, 2 AR 25BN () 06 R B, AR T AE AL SR
SRR KHENE, Hofh 2k 7 1SR P AR KRR, RS
IR 2 A B BN T AR K S K B L T
PR KRB 5 KEIE, 50 2 N ST K e A AL
P B4 BB, 75 A K ) SR 2P o AT LAYy
—FE R, B 5 ENVIRO-GRO
T KSR 9T 7 HE R k) L K 26 Bh A AR 2 2 4y
SR, R IR BT T 338 b h 43 i) 2
Fri/b, %5 Shalhevet™N rmrge 4t BARLL. B4b, #
TR B S R R SR R A R B R K R
U2 o L ARG R T, 0~20 cm 124 b,


http://www.ggpsxb.com/

24

SR S A KRS R SRR SR T R

TR R E AT AR B 20~60 cm LIRS
B, FROrREM 3 T AR R

FRAE KB T ZE LA HE N, (B B3k SR B
et AN T A o P AR K — R A RS R
FHAEKIE G SRR 25, XS0 AT T
FAAIRNK R SR AKHERL 5] K LR A EL
AR, KBS N, B KA B e 3
I BTRDRROR 2, BRI T 3R A SR B T 2 X
Bz, (E R R BRI 2 AR SO B K
ZE5t BEKENANFE . FOEEYI 25755 th s T L
AR AR R I T 3R U E SR KU LR

3 BAEKEBX AR A 5ORE BIRILEY

S

FAKPSEERZ MR YR, KR T
Al RE B LA, SECEIOK I RERRAS, R
MR, 551K RSB, bk
KIN, B FAEKEEME R A I3, KR
RN T K R RIN N FF 3K, HSARR I 9B
AR o FBI 245NN Ry, B A K RE AR T e
JZRT 2 mm (R RRL AR A S AR ) /N kL AR Ak, R T
W IER AR . FEEEERRE N, BILE
SOl Ny, FAKIEBE AR T TR ARUR B, N T
TR . B R IR A, A K 21
TIEA O ERERE, B IR R, PR I
FUBRRE o 285 577 A 72 S 1 R DR o] e bl TR /K B 1)
AN TEFAKEERLE B LR, CARE
R . B2 A ENVIRO-GRO AR 7T
T AR BT Mt AR KR K Shis B s, 4id
5a fifll, FRAIRFPATE R, 100 cm R LR
(f) EC, RINEIE>IEASrbEL, A, FHEL
BT R B SR I E A AR
IKHERE, RivELIEAR TR ke, S GGt
ek R SR A R . (H Gao &M id Meta 48T AR
W, e pHEREb T, AEhEe . U LIRS e
K, ASBE DO 0 1 3985 2 2 1 - 398 1 5 ) I
WA H NN Ry, AR K REWE K TS
HCOz 5% % H LR RN (1) T3 I NS & BV 5
M 5 A AN o A A P o T 9T T A AKX 2
BT LIRS IER A RN, 451K,
FAEK PRI KA CI 2 AN E, K3 EAE
0~450 cm )23 3, 1M CI FEE /3 A7 7 0~250 cm 1 )2,
Hp, B L EAHESSESE 7R R ELECRNE
Ho Ah, FREEPR A LR RNRI R I, K
VEBECUCL T LR ) e iR, B AR KR B R
T SRR AT BB R R . A m T

FU AR KA A B T 30 XA el St 5 3R A A R )=
a5 R A I SRARKE DL, R I T AR K HERE R Ik T S AN
A 1 13 EC F144W B Eb (Sodium Adsorption Ration,
SAR) ¥R Em TRIRIX, 2 fe 54 H rh AR /K HE R
145 EC BB 433l 51 T 12.4%7F1 84.2%; 1458 SAR
ST T 64.5%K1 145.8%, % SEAEA H AR EE IR 2 .

H AT, FAK S i AR KR A
AT 5 BT 5HIX, 6w 77 (e 12 () £ 338 1l [X
W TR, HARE B3R o7 3 BN A DR W Al
P g B0 R e R X bR R R K,
o R, FAKAE BRI S E g R4
EREACEI S o R ST SRR, AR KA
XTIE A A T 45 AT, AR TS ke,
T O 250 1 P e B T 3 ek At EE R i it R PR AR R
A IR AR SR BT I XS Bt i - 8 2 R R A BRI
FEE S, MARVE Lok 33 vk A btk B AT B

4 FREIFHEAE R T AGEBE R + R 4 5
P AOEAD

R TR TERIA ), AT 7> N ER AN
AREAEAED . X ERAEAEIIN F . ARIEHPUERRFE, 3
W AR ERVE Y WA PRI R . KR
PEVEYIRT E8 70 BOIE R AE 555, vl LIORE 3 K& T
RS IR REEAENEMAN, H LRV % |
EE A B0 X AR B R R .
PEAE B R N L POl 2 1 R 2y, HIFA IR
FEAEIOR A, R 28 ISR T ) 2 AR A A I A PR
SR FEE RS, ORI OKSE . BT, T
FRVEAE A N O T VR DL A6 A5 4L R 2
FEARE O iy B MR ST RN, T AARAE
Bt b, W LEAE R AR, SRy e
FLE7KHERE |2 B W AR AR O 34, e ettt
BT T FRAKRERE 6 o S P R0 LSRR SR 52, &5
RRIL, 6 e BF AR F000 2 ARl RARAN ],
PRZZ RN S 2R FERENS 0 L3R 1 HEAT IR, AT Do
TRHAEKREBL 5| R L3 A B XU, EEAGE
AT P /K HE B o K 25 %8 3o )N X R B B 7E
A R RN 1 = 5 AL AR R AS [R) S 2 - 4 0
AR BRI, SRR, R SR PR IR
PE LR 51 R IR ER DA XU/, (BN 12 +
B Eh o R, R IR AT RERE A [R] FE AR 28 I A A
BTHWHIAR, mEFRAE TGN G,

5 FAGERSEIRY TIFORE RIFLAIFNT

eI R AR KR X IR R SRR R R, (H
I A K RE ML 2 2 7 A 3 A BRI XU )
49



FEBLHEK 23R http:/Avww.ggpsxb.com

% 43 &

RO, o Ol S 2 a P AR KO B BRI R I
2 P BB b3 A A B E KT, HRIH &
b4 BA. S0l 5N 4 a FEAR KR S
B XN [ SR K B AT IX AT 0 R AT, R LT
PE K FEE L R 40 A I 0 2B, R Na'L CIs
2 O o % 5~6 @ A K R L3R AT 43T %
FEARBA SR I i [X 1038, 45 SR, 2B K
Et8E ca®. Mg®t. Na'. K& &4 %m0,
LA K TR 338 SAR B HE [X 1 B S, A K
RSN T BRI 2k 2 B T 612 )
5 AL 6 P A K HEE 10 a [ - HEEAT 40T, R
HLF A K REME 3% Ca®. Mg®. Na's K& mE%
W, b, X NaTf TR BOR, T KA
St FHERE RS R 7 L4 SAR, #h4r BRI H% .
i AR R T LUR B, KA KL T 551k
LA AL, BERE R IR K, SRR
INUTR . EE 2R, T KR 3k
A R S8 S A LT K 4 PR 43 VR A i
fo RIS B2 5, 5 % 5 25 5% o F ) 7
ABEMERI R I, PR 1 a LS, 3 pH.
EC 4 KA #A FT FRE, L 3Eh 5 AMERA B,
ST I T B S . Sparling P fe &1, A=
AT REWR 5 a J5 T by BRI . sl
XTFRAEK (pHA~6.5~8.5) Bk 7 a M HE -5 Hr &
W, T A KRE R, % 2 H pHOW e 1K 1
2.5) G B AbFE 2 B R R 2%, H 4235 pH B/M T 8.5,

BT F2E KA T 2R R, b FE 45 L%
R B A — B, AR T A AW AR B H3k
PR AL R R, RigE A R KA g
L R TE A AR A A R HE

TR A 175 i 4 A S AR D D55 22 R R R KR

6 B RAENGEMR TR E RIR RIS

I A KA T e R AR ER e AR KR R
FEHON 3 R AE A K A — B, AT RE ST
AR Ik A B AL AR L oy i 25 B — e
PEREER o« ARYEH KR R 5, BA KSR A
PR LA AN B FE i, Rt . INRAEE.

X R ECVL I, R (3000, 5000 Gs) i
AT AR K NG AL R K E I 3 R 4 HA B A B
FUER . T E 4L N, B = matiie 8
KIAKNBI LK EE A EE R R, IR R 0
W37 RIS T IS BEAR, 4 000 Gs o 43 i Eh &%
BT o 45 R—A—H R ] fe H T AR IR
(CRREF . TAEEERD G, AR — it 3R
B, Witk (600 Gs) Hi R /KJEMES N 1 T3 FLRR, [&
50

%7 HIERRUR R, et T Rl Btk (3000
Gs) HRAKFEMINE 77K i T2 ISR,
ST HIE RS IHED, itk (Bifkss A400p) b
TOKHERE, B3 MK T ik 1% 0~60 cm £ 2hE1,
Ut B RAALHL T 7K B RIKIEIE 2> 150 -4 25 7 B ik
AT B oA, HA-PAT 2 Ve - BT, X ek

BRI FE 2 1 AR A K SR R E RGeS U7 1,
R = 0] R T A [ G - A ) - R U R AR
(Soil-Plant-Atmosphere-Continuum, SPAC) FE i 5T
SR T AROERE, = B0 AR IR e R,
Z X AR R

7 LSRN

FE AR KA D BE R ARS8 [ 7K B R
HAREZTZ, JAT, RTEAKRERT kS
B RS 22 O S LR, I i 2% A
A KRB AR SRR e R, &
T BIRANIRTT . ZEWTFRERY, KA KRR
A RE G N R AE EE B S, HLEEBK S
W7 IR AEYIRAY AR PR A5 K R A 2 R
TR B, b, AR R m
TEGEBLL AR B B R R, DI, H
AR REMEE R (REAL. R INRAD WA IR
D2 PR /KM 51 e 3R R AR SR iU LR R R 7 5%

BEXT LA IR, [ Se i ALK T AE 51 k3R
PSRBT IS, S A INGR AR 4 S5 IR 7T -
O b RERK T AR, ISR i A K 8 2%
B, M DURIE R “BUBUE D HOARHEEAT E
B, K R B ALK 4 7 I i AR
@ FFAz K B BRI 8 A R AL Y T
ENRCEXLALISE vl N Sy e Ay A I R AR (DA E
DRI, A7 0 B AR K R AR P 3 B R AR 2R
PR35 AR 2 1B R A8 ELAE I BEAT IR AR T, WA B AT TR
VEML K5 T B 7 2 R AR 2 A AL AR
FRS 3k A ER B XS 52 . (D3 3RAT R A=
IR R, R TT R R A KR X 3R
RIS S WAEDLA . OTT e FHAE KRR %A T
A Ak e, SR TR 0 A K R IR R
BRI, JF5 R B Y. R KSES
FRIBATR, TP R GEW T AR,

(FE 72 9 A LR K IR RE A A E 0 R)

SE R

[11  BABRDS, BRIBE, mia, . KPS I o ) v O O R I it
F[I). HE TR, 2022, 24(5): 63-74
HU Qingfang, CHEN Xiumin, GAO Juan, et al. Coordinated
development between water balance and territory space[J]. Strategic


http://www.ggpsxb.com/

F 2 3

SR S A KRS R IR UCE S T R

[2]

Bl

[4]

[5]

(6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Study of CAE, 2022, 24(5): 63-74.

XEW, BrENE. P EUKEIRIURSF AL T R RE ST M. b
50 P E KR AL, 2001

KRR SR HLR]. 2021 4R CREKBEARY KA. K%
VT K5, 2022, 8(7): 85.

PR, ERE, BRBASE. AR KR0S I BT 21K A R R
WORLEE P[], ARk TAE A4, 2022, 38(18): 103-112.

LU Jiayu, WANG Hui, OUYANG Zan. Effects of low-salinity
reclaimed wastewater irrigation on the hydraulic properties and
microstructure of subtropical red soil[J]. Transactions of the Chinese
Society of Agricultural Engineering, 2022, 38(18): 103-112.

XEBIE, EEH, TR FAKREN X E G E R Tt
R[] #EMHEK 23], 2021, 40(S2): 77-80.

LIU Mengjuan, WANG Xuemei, JI Hongbing. Research progress of
heavy metal accumulation in reclaimed water agricultural irrigation[J].
Journal of Irrigation and Drainage, 2021, 40(S2): 77-80.

ez, BEH. FAKMEECSEMY NMEE A L ERE SRS R
ISHE T[] HEBEHEK 253], 2017, 36(S2): 119-122.

PEI Liang, LIAO Xiaoyong. Experimental study on soil heavy metal
pollution of Chinese cabbage and radish during the growth period by
drip irrigation with reclaimed water[J]. Journal of Irrigation and
Drainage, 2017, 36(S2): 119-122.

FETME, ml, W, . ANTE AR KR 7 U - R 4
o 2 T A I 2 R R TR B R RS2 I [J]. BRI RE A, 2019,
40(11): 5 151-5 163.

CUI Bingjian, GAO Feng, HU Chao, et al. Effect of different reclaimed
water irrigation methods on bacterial community diversity and pathogen
abundance in the soil-pepper ecosystem[J]. Environmental Science,
2019, 40(11): 5 151-5 163.

T, Rl KPS SR AR K B LS G A
IR SRS KR PFAN 9], RS2k, 2021, 41(5): 1 910-1 919.
WANG Long, XU Xiong, ZHU Dan, et al. The occurrence and
ecological risk assessment of typical organic pollutants in the effluents
of urban reclaimed water plants[J]. Acta Scientiae Circumstantiae, 2021,
41(5): 1 910-1 919.

AEZS, 7. FRAR /KR W 2 bR R 3T B LTS Ge i 0%
MR RIS IR B i GeBHAR HOR BT FU R [CI o PR Rl 2 2 e P B
Ty, PEMEREE S 2021 F R E R 2— I TR
RAH SN SHe S (—) . dbaidoll K¥IRER 5 TR
2B, 2021: 6.

XUPEARR, RICH, MR, & FAE KB KR 2 AV M S TR
L[] HEBHEK 23R, 2008, 27(3): 9-12.

LIU Honglu, WU Wenyong, HAO Zhongyong, et al. Analysis and
evaluation on water quality safety of reclaimed wastewater for farm
irrigation[J]. Journal of Irrigation and Drainage, 2008, 27(3): 9-12.
SHAH S H H, WANG J Y, HAO XY, et al. Modeling the effect of
wastewater irrigation on soil salinity using a SALT-DNDC model[J].
Land Degradation & Development, 2022, 33(1): 55-67.

BALES C, KOVALSKY P, FLETCHER J, et al. Low cost desalination
of brackish groundwaters by Capacitive Deionization (CDI)-
Implications for irrigated agriculture[J]. Desalination, 2019, 453: 37-53.
BOND W J. Effluent irrigation: An environmental challenge for soil
science[J]. Soil Research, 1998, 36(4): 543.

AL-LAHHAM O, EL ASSI N M, FAYYAD M. Impact of treated
wastewater irrigation on quality attributes and contamination of tomato
fruit[J]. Agricultural Water Management, 2003, 61(1): 51-62.

o, GO, TUIETR, S AR KRR AR KR R K
RIBHIT[]. T E A4S R3], 2008, 16(6): 1 384-1 388.

LI Ping, QI Xuebin, KANG Liangiang, et al. Soil nitrogen transport and
transformation of reclaimed water irrigated summer-maize under
different groundwater levels[J]. Chinese Journal of Eco-Agriculture,
2008, 16(6): 1 384-1 388.

KR, AE T, A, S FATKCRIGRIE KM T LA R
Gy MG BT ARHEL]. BEMEHEK 224k, 2018, 37(2): 45-51.

LIU Yuan, CUI Erping, LI Zhongyang, et al. Differences of nutrient and
heavy metals migration in soil-plant system irrigated by reclaimed water
and livestock wastewater[J]. Journal of Irrigation and Drainage, 2018,

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

37(2): 45-51.

QIAN Y L, MECHAM B. Long-term effects of recycled wastewater
irrigation on soil chemical properties on golf course fairways[J].
Agronomy Journal, 2005, 97(3): 717-721.

STEVENS D P, MCLAUGHLIN M J, SMART M K. Effects of
long-term irrigation with reclaimed water on soils of the Northern
Adelaide Plains, South Australia[J]. Soil Research, 2003, 41(5):
933-948.

CHEN W P, LU S D, PAN N, et al. Impact of reclaimed water irrigation
on soil health in urban green areas[J]. Chemosphere, 2015, 119:
654-661.

SPARLING G P, WILLIAMSON J C, MAGESAN G N, et al.
Hydraulic conductivity in soils irrigated with wastewaters of differing
strengths: Field and laboratory studies[J]. Soil Research, 1999, 37(2):
391-402.

MW, EFF, PhiEME K RERE G R AR e AL MR B 1
)], HREEEE, 2011, 31(2): 61-64.

ZHENG Xi, WANG Qi, SUN lJixiong. Effects of greenbelt irrigation
with redaimed water on soil physicochemical properties and fertility[J].
Grassland and Turf, 2011, 31(2): 61-64.

WrRet, BHER, ARSI, &% KBRS FRAEKS 20 B 5 by kg
B[], A/KHEK, 2022, 48(2): 152-156.

CHEN Zhuo, HU Wei, WU Yinhu, et al. Interpretation of the Chinese
national standard of Water reuse guidelines: Reclaimed water
classification[J]. Water & Wastewater Engineering, 2022, 48(2): 152-156.
RHW, 4R, THER, 5O RAFT BT 1R
HIHQ]. L3R, 2011, 48(4): 869-873.

WU Yueru, WANG Weizhen, WANG Haibing, et al. Analysis of
variation of soil salt with new electric conductivity index[J]. Acta
Pedologica Sinica, 2011, 48(4): 869-873.

ALOBAIDY A H M J, AL-SAMERAIY M A, KADHEM A J, et al.
Evaluation of treated municipal wastewater quality for irrigation[J].
Journal of Environmental Protection, 2010, 1(3): 216-225.

BT, PO, R, A5 AR KHEIERT FORAR BR R A
AEPIRIEE ] ARl 244, 2008, 27(1): 62-66.

MIAO Zhanxia, HUANG Zhanbin, HOU Liwei, et al. The effect of
irrigation with reclaimed water on soil peculiarity and microoaganism
quantity of maize root zone[J]. Journal of Agro-Environment Science,
2008, 27(1): 62-66.

S, g, £F, F AFREEAA T ALK 2
LR AR SN []. HEBEHEK 244, 2022, 41(1): 95-100.

MO Yu, GAO Feng, WANG Yu, et al. Changes in soil physicochemical
properties and urease activity as affected by reclaimed water irrigation
and nitrogen fertilization[J]. Journal of Irrigation and Drainage, 2022,
41(1): 95-100.

WU Y, WANG H, ZHU J B. Influence of reclaimed water quality on
infiltration characteristics of typical subtropical zone soils: A case study
in South China[J]. Sustainability, 2022, 14(8): 4 390.

HILE, #EE, XET, & BRI TR ZEN)
WEFMEBL[]. HEBEHE/K 23], 2023, 42(1): 106-111.

DONG Conghui, HAN Qibiao, LIU Weining, et al. Biological clogging
of emitters in drip irrigation using reclaimed water: A review[J]. Journal
of Irrigation and Drainage, 2023, 42(1): 106-111.

TOPURR, ZRATE, BRAHSE, 55, FAKIMERT 5 BUR S KRB [0].
FEKRERE, 2020(10): 85-90.

HAO Kaiyue, LI Songjing, CHEN Xiangyu, et al. Overview of research
status and development of reclaimed water drip irrigation[J]. Water
Saving Irrigation, 2020(10): 85-90.

ERRR, HER, WML, & BN ER, a7~
R RREE]. BEREHEK 23R, 2020, 39(5): 18-25.

WANG Lulu, TIAN Juncang, XU Guihong, et al. The effects of drip
irrigation with reclaimed wastewater on chlorophyll, photosynthesis,
yield and quality of cucumber[J]. Journal of Irrigation and Drainage,
2020, 39(5): 18-25.

RAME, BEEIPH, T, A5 SRR F A KR E AR X R
TR SR K R[], HEREHEK 2241, 2021, 40(12): 26-35.

LI Songjing, FAN Xiangyang, CUI Erping, et al. Effects of dripping

51



FEBLHEK 23R http:/Avww.ggpsxb.com % 43 %

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

52

rate with reclaimed water on typical microbial community structure in
the root zone soil of tomato[J]. Journal of Irrigation and Drainage, 2021,
40(12): 26-35.

FEILZE, ZEIRFt, BAMERN. T AR K RE R R0 S MR 1
], AR 2244, 2008, 30(5): 721-724.

TANG Lijun, LI Dongsheng, ZHAO Xiaosong. Effects of reclaimed
water irrigation on soil properties of turf-grass[J]. Journal of Jilin
Agricultural University, 2008, 30(5): 721-724.

Feibds, AL, IR, S FAE KRR BT AR KR LR R
M), AR 544K, 2005, 19(6): 474-478.

ZUO Haitao, WU Juying, WEN Haifeng, et al. Influence of reclaimed
water irrigation on turfgrass growth and soil[J]. Journal of Nuclear
Agricultural Sciences, 2005, 19(6): 474-478.

FF. FORBEME YR TS A S RB IR Je 2 eV [D]. 22
Hlr kR 2, 2010.

WANG Qi. Effect of reclaimed water irrigation on urban greenbelt
ecological system and safety evaluation[D]. Lanzhou: Gansu
Agricultural University, 2010.

BEEZZR, MR, R, &5, AR KMEMEN LI R B BT 15y
ARHIE A SRR ALK M [3]. 7K EAR 244, 2012, 26(2): 234-240.
XUE Yandong, YANG Peiling, REN Shumei, et al. Effects of treated
wastewater irrigation strategies on the distribution of salt contents in
soils cultivated with tomato and cucumber[J]. Journal of Soil and Water
Conservation, 2012, 26(2): 234-240.

THE, DU, XUE, & B KK B O £ B A e
PEBERISAIALT]. HEFENUM TA2 241, 2022, 40(1): 80-86.

WANG Hui, LUO Lipeng, LIU Chang, et al. Effect of reclaimed water
quality and irrigation modes on cation exchange performances of red
soil[J]. Journal of Drainage and Irrigation Machinery Engineering, 2022,
40(1): 80-86.

JINEE, ArACHE, FOESE. ST IR L S B D).
+ 32447, 1983, 20(2): 129-139.

WAN Hongfu, YU Renpei, WANG Zungin. A primary study on
subdivision of degree of soil alkalinization in Huang-Huai-Hai plain[J].
Acta Pedologica Sinica, 1983, 20(2): 129-139.

How, IR, BRAGE, 5. RIS K AR KO AR Br - ey
PERIFERT FU[I]. FEBEHE/K 274, 2012, 31(4): 42-45.

PEI Liang, ZHANG Tibin, CHEN Yonglian, et al. Influence of
reclaimed water drip irrigation with rural domestic sewage on soil
peculiarity in rhizosphere[J]. Journal of Irrigation and Drainage, 2012,
31(4): 42-45.

XU, FEPMEE, W, 5. BURUK 5 AR KRS 3 Rr L A RE MR
SN EAG D]. K AR FFEAAR, 2022, 36(1): 255-262.

LIU Chuncheng, CUI Bingjian, HU Chao, et al. Effect of mixed
irrigation of brackish water and reclaimed water on soil properties and
irrigation effect evaluation[J]. Journal of Soil and Water Conservation,
2022, 36(1): 255-262.

EY, MRV, ESRM. AEAIR AL K E R K SR Y
B[], REERLE, 2012, 33(12): 4 100-4 107.

LYU Sidan, CHEN Weiping, WANG Meie. Simulation of effect of irrigation
with reclaimed water on soil water-salt movement by ENVIRO-GRO
model[J]. Environmental Science, 2012, 33(12): 4 100-4 107.
SHALHEVET J. Using water of marginal quality for crop production:
Major issues[J]. Agricultural Water Management, 1994, 25(3): 233-269.
WhE, A, FEou, . BATKIERKT X R o RS AR
TR AU I]. ARk TF2 %441, 2020, 36(4): 106-117.

HAN Yang, QIAO Dongmei, QI Xuebin, et al. Effects of reclaimed
water irrigation levels on soil salinity and composition of soil bacteria
community[J]. Transactions of the Chinese Society of Agricultural
Engineering, 2020, 36(4): 106-117.

LADO M, BEN-HUR M. Effects of irrigation with different effluents
on saturated hydraulic conductivity of arid and semiarid soils[J]. Soil
Science Society of America Journal, 2010, 74(1): 23-32.

MR, B0k, (EpH, 45, TEARKUEME N 3B B A0 I 5 R e 1k
AT T[], KL fRFESEAR, 2006, 20(2): 82-85.

YANG Linlin, YANG Peiling, REN Shumei, et al. Experimental studies on
effects of reclaimed water irrigation on soil physicochemical properties[J].

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Journal of Soil and Water Conservation, 2006, 20(2): 82-85.

Hz, MR, AR, S5 FAKERERT LA RAE AR A
PR R Amnsml]. PEFSFRE:, 2012, 32(11): 2 053-2
059.

ZHENG Shun’an, CHEN Chun, ZHENG Xiangqun, et al. Effect of
reclaimed water irrigation on the distribution of organic carbon,
nitrogen and phosphorus in different size of aggregates in sandy purple
s0il[J]. China Environmental Science, 2012, 32(11): 2 053-2 059.
HILE, WSCE, MiJkte, & FAEKRE D U0 25 R ek oA
BRI, E255IR, 2010, 30(15): 4 137-4 143.

XIA Jiangbao, XIE Wenjun, LU Zhaohua, et al. Effects of different
irrigation modes with reclaimed water on soil eco-hydrological
characteristics of reed land[J]. Acta Ecologica Sinica, 2010, 30(15):
4137-4 143.

ARmedls, BRAGIE, AR, . AKX L R R 6
BFFE[I]. KL ORFEEAR, 2011, 25(3): 245-249.

LI Xiaona, WU Juying, XU Biao, et al. Influence of reclaimed water
irrigation on soil quality on lawn soil[J]. Journal of Soil and Water
Conservation, 2011, 25(3): 245-249.

B, BRI, FSEMk. BRI, g v SRR 4 b S0t B AR K
FEWK R s [)]. MR, 2012, 33(12): 4 108-4 114.

LYU Sidan, CHEN Weiping, WANG Meie. Simulation of effects of soil
properties and plants on soil water-salt movement with reclaimed water
irrigation by ENVIRO-GRO model[J]. Environmental Science, 2012,
33(12): 4108-4114.

GAO Y, SHAO G C, WU S Q, et al. Changes in soil salinity under
treated wastewater irrigation: A meta-analysis[J]. Agricultural Water
Management, 2021, 255: 106986.

K, R, (TR, S B A KN RS R S B
S AR IRAT E[D]. RAVFR R 244k, 2009, 28(1): 101-106.
BAO Zhe, YANG Peiling, REN Shumei, et al. Experimental research on
soil salinity and ion exchange and transport in sewage irrigated soil
under simulated recycled water irrigation[J]. Journal of
Agro-Environment Science, 2009, 28(1): 101-106.

TTBCRE, MU, A, P AR KR IR R B A R 4 B
MEEmAI]. ARALARFHR, 2013, 44(7): 98-106, 97.

SHANG Fangze, YANG Peiling, REN Shumei. Effects of reclaimed
water irrigation on soil salinity in deep vadose zone[J]. Transactions of
the Chinese Society for Agricultural Machinery, 2013, 44(7): 98-106, 97.
FHE, IR, Wb, 5 FARKEER LK R R ). R
Mk T FE244K, 2019, 35(17): 120-127.

WANG Hui, HUANG Zhengzhong, TAN Shuai, et al. Effects of
irrigation with reclaimed water on hydraulic characteristics of red soil[J].
Transactions of the Chinese Society of Agricultural Engineering, 2019,
35(17): 120-127.

WERE, PRI, BE300, 55 G AR KM e ik B A R KRG 4
Mr[J]. FREIR}, 2012, 33(12): 4 088-4 093.

PAN Neng, CHEN Weiping, JIAO Wentao, et al. Soil salinity in
Greenland irrigated with reclaimed water and risk assessment[J].
Environmental Science, 2012, 33(12): 4 088-4 093.

X, Hm A, PR, A B AR T ISR 5K ER
S AEFIERE FU[]. ERHEK 244H, 2015, 34(4): 55-60.

LIU Jingyan, Bl Yuanjie, SUN Xihuan, et al. Characteristics of soil
infiltration and water-salt distribution under alternate irrigation[J].
Journal of Irrigation and Drainage, 2015, 34(4): 55-60.

JRET, e, AR S BUKEIEEER T LK s R R
W] RAHIEETR, 2017, 48(1): 175-182.

ZHANG Kemeng, NIU Wenquan, WANG Youke, et al. Characteristics
of water and salt movement in soil under moistube-irrigation with
brackish water[J]. Transactions of the Chinese Society for Agricultural
Machinery, 2017, 48(1): 175-182.

E, BIRA, Roth, L JUMERRR AR LR ) KSR
M) HE I SRR, 2022, 28(6): 1 104-1 112.

WANG Ning, ZHAO Zhenyong, ZHANG Xinyi, et al. Salt absorption
capacity and ecological significance of selected Chenopodiaceae
halophytes[J]. Journal of Plant Nutrition and Fertilizers, 2022, 28(6):
1104-1112.


http://www.ggpsxb.com/

F 2 3 SR S A KRS R SRR SR T R

[57] . SRINMER I Hh 4E R A eV S KA ) PR R A 5 43 i [D). effects of soil salification and basification characteristics under
M MR AROIR A, 2014, irrigation with reclaimed water[J]. Journal of Irrigation and Drainage,
ZHU Ying. Investigation and analysis of vascular plant community 2009, 28(2): 17-20.
types and plant resources in Yancheng tidal flat wetland[D]. Nanjing: [64] XUFRRL, HF, ZEEH, . BEAGTAKR FOREH K I 1t 5
Nanjing Agricultural University, 2014. FIsZma]. VAR AL RL 2, 2020, 49(12): 24-32.

[58] F#BfH, Z=WRa, BhHn, 5. FRARKEEBEN A R R BRI 3 SR Ak, LIU Chuncheng, RONG Hao, LI Zhongyang, et al. Effect of
FISEM]. K ARER2EHR, 2009, 23(4): 101-104, 122, magnetized reclaimed water on seedling growth of maize and soil
ZHENG Wei, LI Xiaona, YANG Zzhixin, et al. Effects of turf-grass salinity[J]. Journal of Henan Agricultural Sciences, 2020, 49(12): 24-32.
irrigation with reclaimed water on soil salinize-alkalization[J]. Journal [65] FEA, ZR5, TRAKZL, S5 WEALSRIE XL B — RS K LK
of Soil and Water Conservation, 2009, 23(4): 101-104, 122. ERAHERIREMAL]. Al AURE4R, 2020, 51(8): 278-284.

[59] ELGALLAL M, FLETCHER L, EVANS B. Assessment of potential WANG Quanjiu, LI Zongyu, ZHANG Jihong, et al. Effect of
risks associated with chemicals in wastewater used for irrigation in arid magnetization intensity on characteristics of soil water and salt transport
and semiarid zones: A review[J]. Agricultural Water Management, 2016, in magnetization-de-electronic activation water[J]. Transactions of the
177: 419-431. Chinese Society for Agricultural Machinery, 2020, 51(8): 278-284.

[60] SBET:. FRAKEIEHEMAE S RN XA [D]. dbat: EHSIhER [66] Wil sk, sknk, S5 REAKEEREX ORI H 5 R AR
22 2006, BRI FEMA[I]. o EA S R, 2019, 35(33): 116-123.

GUO Xiaoyu. Effect and assessment of reclaimed water irrigation on MENG Shiyuan, ZHANG Ying, ZHANG Zhihao, et al. Irrigation with
turf-grass[D]. Beijing: Capital Normal University, 2006. magnetized water: Effects on soil quality of protected field and quality

[61] =7, £28, XEZE, & dbut A KB 158 5 & 152 it of capsicum frutescens[J]. Chinese Agricultural Science Bulletin, 2019,
FE[]. AEEUMTE R AR (1 AR R), 2012, 48(5): 572-576. 35(33): 116-123.

GAO Jun, WANG Huixiao, LIU Haijun, et al. Effects of reclaimed [67]1 3k¥EiE, FEI, 500 BAKAEIRBTL L3 N BB AL
water irrigation upon soil quality in Beijing[J]. Journal of Beijing MY R EAOE R, 2014, 47(8): 1 634-1 641.
Normal University (Natural Science), 2012, 48(5): 572-576. ZHANG Ruixi, WANG Weibing, CHU Guixin. Impacts of magnetized

[62] Sl AR K HERERT A /N RO X 3 R AR SR R S [3]. 2 water irrigation on soil infiltration and soil salt leaching[J]. Scientia
gl R}, 2018, 46(36): 57-60. Agricultura Sinica, 2014, 47(8): 1 634-1 641.

YIN Jian. Effect of reclaimed water irrigation on soil secondary  [68] Fis, FREEME, XIFHE, & BEAL/KREMLNT Eh Akt A4 MR R 5
salinization in winter wheat planting area[J]. Journal of Anhui mi[d]. A%AR 4R, 2018, 32(1): 150-156.
Agricultural Sciences, 2018, 46(36): 57-60. WANG Lu, GUO Jianyao, LIU Xiumei, et al. Effects of irrigation with

[63] fEWEth, Wi, FEWEME. T A KT g AR H B ) K H R magnetized salty water on biochemical properties of salty soil[J].
BRI FE[I]. EEREHEK 4R, 2009, 28(2): 17-20. Journal of Nuclear Agricultural Sciences, 2018, 32(1): 150-156.

HOU Xiangui, YANG Peiling, REN Shumei. Field experimental on

A review on secondary soil salinization caused by reclaimed water irrigation

ZHAO Shougiang™?, SONG Jibin'?, LIU Chuncheng®,
LI Xiaotong™?, LIU Yuan', HUANG Pengfei’, LI Zhongyang™*"
(1. Institute of Farmland Irrigation, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China;
2. Graduate School of Chinese Academy of Agricultural Sciences, Beijing 100081, China;
3. National Research and Observation Station of Shanggiu Agro-ecology System, Shanggiu 476000, China)

Abstract: Water scarcity is a major challenge facing agricultural production in China. Unconventional water
resources such as reclaimed wastewater can be used as a complimentary resource for irrigation. However, reclaimed
wastewater is rich in salt and its long-term use for irrigation could lead to secondary soil salinization. In this review,
we analyze the factors that have potential effects on accumulation of salt in soil. They include irrigation method, soil
texture, crop types and crop variety, irrigation time, and reclaimed wastewater modification. Results show that our
current understanding of the effect of long-term reclaimed water irrigation on soil salt accumulation is still unclear.
As a result, more systematic studies are needed to elucidate the main factors that affect salt accumulation in soil.
While reclaimed water modification is promising, more studies are required before it can be widely implemented.
We suggest that future research on reclaimed water irrigation should focus on field experiments to systematically
study how irrigation method, soil texture, crops, agronomic management and reclaimed water modification
interactively affect salt accumulation in soils irrigated with reclaimed wastewater.
Key words: reclaimed water; irrigation; secondary salinization; influence factor
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