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B E: [0 HAMEHTAESFHTARESEFERESF O 0. [FE] RAKFTK (KxExHA
30 cmx30 cmx40 cm) EAFVAD KA AFAEAERE, RAETFTAZTREREN 036 L/h #H47F R LAENSE
Mgk, WEAT 2%F AR AMH (Polypropylene, PP) # B M AR 4#EH ML (0.5% 4% 7%) KFREH
FEKSNEG LRKY, HpiESA pH k. [BR] NS BELEAREENESBBEME, 485 H
7.0%49 3 iy £ AL &L 4.0%Fe 0.5%49 F i LA F A K E S R 9.4%F 11.2% (P<0.05); A2HZA 0.5%.
4.0%F= 7.0% 54T, WG PP BB AR A MEALZAEEAIEANL SR 16.6 cm 42 E 4 KE 5538 7.8%.
9.4%#%= 6.2% (P<0.05), &K-FIE &R 12 cm 4z BAKESAE I 7.9%. 7.7%H 6.2% (P<0.05) H-aKEEEE
RIEB MA; £ 3 HAEZELEHETHRE PP MBHOAREARIKA PP MBI L 50 A3 m 188.2%.
326.9%F= 163.2% (P<0.05); M4 PP B4 XBAAMBSEE&HT, LAE2A. KFFEMREESG pHIL
HERH KT AKA PP mBA XA Y, [Zie] KA PP MEHE, 1A KE, SR pHEAH KT
AKX G PP # A 5X B4,

X 8. HimE; mOEH; #&Ha AKE; pH
FESES: X172 XEFRERG: A doi:

10.13522/j.cnki.ggps.2022637 OSID: k&

FERB, K8, FE, F. BRGHEEREER G TR KRS RSN, R HEK 2R, 2023, 42(7): 68-74, 108.
WANG Zhichao, ZHANG Bowen, LI Zhe, et al. Effect of Polypropylene Microplastics on Water and Salt Movement and in
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05 &

[ 7t Y 3R A2 — A Sk ] A
WAiE, SRR 8.97 12 m’ (MEhELBHt, Xk
NENSOEIES oW 33 A0 MR ON- A RN €
dEREY WU, REE TS 3UAN A BEAE SR PR 2 TRl £
HER A R, [ I i A AR R B A R
AERREALS . TR ERi L ek By R AT S e Na VR EE
m L. B, WTiH A T LR BE
By, MRCEHKM R, T fEE A K
U7, ERAE PR AR R, Renl T
FLET (AFE Na») MR, 511535k
I, S RIS AR oy it AR R B AL
Ik — A Fe, TR AR A Lk 1 5 5AE 1B ek
TRIE 18 (LT B AL ROV R B SR 24, TS
ELFESREEERE . Uk, Ay

YFs BER: 2022-11-14 1B HHR: 2023-03-17 M4 HAR HER: 2023-05-10
HeWB: EEXAREARESTH (42007119); WEE T EIR X &S
TFAERHESE A SR RIE  (NTYT22066); 527 V4 X B R s 4
BHLSS HH (2022038)

fE& R FAEE (1988-), H. @R, WL, FENFHE5YE
L 5EE 09T, E-mail: wzc5658@126.com

BIEES: 217 (19739, B, #d%, i+, FEAFEILTERXMN
HKAEREF S5 EMF . E-mail: sjlwp@163.com

© GEFHIKZIR) 4538, FFMFKEL CC BY-NC-ND #il

68

R~ RNIGERLRE (PAM) 255 #8355t 44 5 52 ) 1) A
%, CHMBRERA, LW a] DA 5L
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i R B A AR B AE L, BRI A il vT AR R
UKL EE /N LA A S8 T I Rl BRI R B R AR
/N PR TAR R SRR A, o R e . KR
IER ML AR, B H RTSE TR Bk
I AT SRR D . MEERRER Rillig &t
RO R ROE RS e e 2 —, NI
B RS P R IR A . T
B 2 e A Y, bR, e kAT
T AISHEN IS, Machado ZEPYHF9E T A 2R A
TR L 3 4 b K S E I Th RE s, &5 AR A
ANFEERIROERHE LIBET R ER 0.1%FFE T RIS
TR A B AR P A R, o SRR RN T
KFRMER RS E, ROMNEZEEZ 7 11K
Fatk R AR R SR, T3 R B KT B
KA T RER 7.0%, HAHEmE Rt —5
WAt AP R = B 7 3R TR

[ == K AN [F) 2R B A RS 387K 43 BRI I (]

TIEERREEN W, SOREY, FSERRM N
BRI, RSN R E RGN, 1M
BRHIRAF T35 KR AEANA] LR IR YRl
BRI . CUIA ALY R AT AR KRR
LA IR £ K T ISR IS T — 5T, H
XTI RS R R A AR AR O K SR )
AT (ISR ST AR X R 2

L IBUE R 1) S Bt e ] A SR I % Py il A 4
Al R REMBE S AR, BE TR RHRAE 26 1 R ANF
L SR IE R AR UL, A BT i
BHRAZ 26 1F T ER BT K N L, 1 WA [ #h 5
it LK NS RE o LK 8L . & 7K E AT pH
R B IA B RN (KI5 . ASHIE 5T AT Dy FH ] 36 £ ke
BRI, SRR RIEAE S T S BT SRR
BR A B BOR S A

1 RS

1.1 Re#R
FALIERETHNZE T HIRXIMEEX, AR
2ok /N JFOIR T R R A AR, 1 BUR B A
H RSN e g AT R AR, SRR FE At
LA 0~40 cm, ZEBRARIAR ARG 7 2] 9o 5 =,
R R, B 2 mm G, BRI
JR . A 48 K % kB 4L (NANOPHOXTM,
Symaptec A H], FEE) HEATRUOR A, Hod gk
CRLZ/NTF 0.002 mm) S 1.3%, ¥k (0.01~0.50
mm) &t 18.6%, P FL (0.50~1.00 mm) & Ltk
80.1%, LR TWIEL. Bl FHROER N AR5
B TH R AR GG, HEERRAE)Y 150 um, %A

0.9 glem®, J& A8 176 °C, TR NERIR.
1.2 WG *E

B R SCER ORI, E Pa AL X R
KE A E R KRR, IR R #2004
BRI AR, ARG R 5 R A
(NaCD HEATHE. RSB0 (& O P,
BoE S AEEN 0.5%. 4.0%. 7.0%M 3, 435
PFH. . 5m 3 RERT L

A1 &Hixre i

Table 1 Classification of saline soils

B ALK FEmt  hEHEt g R+ T

=1 Ly 25 A R

i‘wzjm‘“%‘m 03%~1%  1%~5% 5%~8% >8%
Ak

TR EREZARMEF (FLAR 2 mm), 1E=E
I (26 C) ZH 7 d; NaCl i 408 T+ 5 &
1 0.5%- 4.0%- 7.0%ATHREL, RfE5 LIRS,
TR Naka%E 24 h, DMESE T LLE AR N
T80 A W Bt I B3 A1 0 AR T by A g
NaCl JGERIRIRE T4, 1 2 mm ArdEif 0TS
TRE, R AL v A A 1P,

CUA 50 R I A HH 3B O Rt R 28 DL SR T o
(PP) NE, HMBERRAELSLE LB KN
50~250 pumP'", G E SRR s g5 R K,
2.0%FFE 1) PP SRl 3K 208 7 520 Bl 55 2
Rk, AR 2.0%FEE JRES ). Riehk
150 pum ] PP B RL AT,

R E 3 FEihE (0.5%. 4.0%. 7.0%) Al
2 FRIERIERE (0. 2.0%), 3t 6 MbEE, FAAE
O3 RER (X 2). EHEKxSExEN 30 cmx30
emx40 cm 1% A NI AE AT IREE, LR RENL R
BR o NGB RIS R s, R RT7E
FARAMEREE 1 2R W [R50 1 B 4 L 43l
W BRI B B LA, AW 2 ki
P RS, B 15 glom® BETHARR B3,
3 em P IEEN, ZHITE.

% 2 RI%t

Table 2 Experimental design variables

pass #HBTE R % BRI/ %
CKl1 0.5 0
A 0.5 2.0
CK2 4.0 0
Q 4.0 2.0
CK3 7.0 0
z 7.0 2.0

K FH A R AL AB 0L e I i e o) R B N B
FOKER A IREm . REGRT, e LIS AR
SR &SR, IR 5 RO AE ot &
KIE, WMEMEHETFRETNERE, REN
0.36 L/h. JRiIAEIEH £ AR 6 cm A5 b4t
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K, WEGKREHEKEIFTERBRANBE, NB4
W5 min S5, FHARZRL AR DI K IR AL 1 5 1) ()
3.3, 6.6 cm A1 9.9~27.7 cm, /KFJ7 MIFETR/K 4 4. 8.
12. 16 cm A1 20 ecm AHUE (F 2), HIENS
JE LR E S KSR, SEEM pHE.

2.5 [

Bl ANBEETER

Fig.1 Schematic diagram of infiltration device

pRE

LH LS

N\

B2 KFREEZBRLEETE

Fig.2 Schematic diagram of horizontal soil fetching point
1.3 TR

1) I E AR E

T IRBORE SRR, 2% BURE R BEAT BURE PR B
Fidsx, BEJERRE R BGHA R L= E BT, 48 h
JEHUH AR R, IR EENEN B G L IEA
7K

2) EIEH D AEEREE (TDS) HIE

R - RAE SBET 5 B it R P 2 3 R4 S 7 B A
HEIRERTEE , B 2 mm i, Kf 20.0 g (IR E
T 250 mL #&F M, 0100 mL. 20 CIEETK,
B, BT REAKCHERS T, £ 20 CHE
2 30 min. HUR IR M E 30 min L5, K EiEH

2 0.45 um JELCLBE, SR)EFIH EHE DDBI-350 1S
LIEEKE%

19.66
18.82
17.98
17.13
16.29

15.45

T H F[l/em
 H 7 [)/em

14.61
13.77

12.92

12.08

4 8 12 16 20

AL (AT BT SR TDS. # AR &)
WE LR & s, TDS.

3) 3 pH E M E

LR 2 mm %, FREL 10 g EAEET 50
mL [ RBeRR T, A 25 mL 287K, RAKL
b 2.5 01 TR, HE OGN E L, K5
FAREEBEFEN LI, 2 min, & & 30 min J5, WI5E pH
AT D 2 B pH bRt G i it s AR AT A HE,
ReEI & 77 vl e o
1.4 B|FITE S

K FH Excel 2007, SPSS 17.0 & 4347 $3E 4b
H5 5 2538, 3FF Origin 9.0 BT /R

2 BRESH

2.1 PP ZBR I ER G TR S KESHHIZ M

YRRAT PP BRI, Eh T EEE KNS G
K 22 BE g R B4 ORI W fe MR
TRAT PP f B2 R 38 hnoK -1 55 36 E 7 MK N B
JE A KA, B2 PUEE NS 55 R R BE B N K
FeAR sy . KNS G & B 5L A K
WK 3 Fow, s BdE ORI, T PP Bk ER
FibabFd, CK3 % CK2 Ff1 CKI1 P& KR 5]
N 9.35%01 11.2% (P<0.05); WAE PP 2k
AR, Z ARFREL Q AbEEAT A AbEESFIEIKER
N 13.65%F1 14.24% (P<0.05). 4IRAE PP MR
J&, WRAF PP BRI LK NS R RIER . K
SFOTRBEE A AL, Q ALFEA Z AFE S KR AN
5 CKl. CK2 f1 CK3 BE M. UEHEAEZ A
J5 16.6 cm N, JKFJ5IR b A AbEEE CKI PSS
IKERBEN 7.8% (P<0.05), Q &LFHEE CK2 T8 /K
KA 9.4% (P<0.05), Z hb¥#; CK3 P& /KE
B0 6.2% (P<0.05); PAZKTEENE SR 12 em A,
BAEETTH L A B CKL P& KR
7.9% (P<0.05), Q AbFEE%E: CK2 P& 7K H 3
7.7% (P<0.05), Z AbPEEL CK3 P33 /K 238 hn
6.2% (P<0.05).

A K%
18.34

LK%
2230

2129 17.65
2028 16.95
1927 1626
1826 15.56

1725 1487

& H 77 [F]/em

16.24 14.18

1523 13.48

1422 12.79

13.21 12.09

24 4 8 12 16 20 1220 4 8 12 16 20 11.40
KFH E/em KT Fl/em KPT7 El/em
(a) CK1 (b) A (c) CK2
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R ORI RE AT T ER BT E K ER A I RE

TEEARE%
2172
20.85
19.99
19.12
18.26

1138

£ H Jj [Al/em

16.52
15.66
14.79

13.93

T EKEL%
21.84

IS RE%
2230

20.99 21.51

20.15 20.73

19.30 19.94

18.46 19.16

17.61 18.37

16.76 17.58

15.92 16.80

15.07 16.01

14.23 15.23

13.06 4 8 12 16 20 1338 1444
AFH f/em KFT7 H/em KTy fl/em
@dQ () CK3 Hz

B3 &X1bm g A KET

Fig.3 Change of moisture content in each experimental group

2.2 PP ZBRI T EER M T EIR TS RS
TEARFERIUE S S E R b, A R
A FRARIL T AR IRAF OB R B0 2H, B 3K T HORE
RAETIERE IR, WAE PP A RLXT 2hint LK
NB & HErmEE (K 4. AL CK1 7
NBEBETTH 6.6 cm, KFJH 16 em Ab#h/r Z{E
WL KA, Shiikh A PR CKI R A3 5
=T 188.21% (P<0.05). Q AbHIAI CK2 & #h&E2%=
HEREA T NEBEETTH 9.9 cm, KFJT7H 16
cm 4b, BEAAL Q AbEEE: CK2 & th & 326.9%

.00 1 T T T T T T T T4
33 66 99 133 166 199 233 266 299

3 B 7 1)/em
(a) 0.5%#h i LIRIMHNE G LIS HhE

- e,
30166 199 233 266 299

1 7T /em

(b) 4.0%2h¥5t LRI A NB 5 & #hi

(P<0.05), TfE Z 4FEA CK3 &ihEZ i AME
EFEH 71 16.6 cm, 7KFJiA 8 em &b, Z3 # CK3
EihER 163.2% (P<0.05). {EMENBREE T,
THEMMEEAARERIKIES, FEERZ
TIERE B REWEER T IR EEE, Wt
FE DU JE 55 A1 FEBR S, +h 5 b 5 B 7 ) 30 1T &

ME, EEETTH 9.9 cm LUl TP HEA
Wi B A, BT DA k5 AT S B = L5 1) 8 v ik
N

T 4
266 299

T T T T
133 166 199 233

T [il/ecm
() 7.0%EhF LRI HANB E LIS i

T T
66 99

B4 NSB&ERBALEESKRETR

Fig.4 The soil salinity concentration of each experimental group changed after infiltration

2.3 PP ZBRIT B T ENR L pH EN RIS
TENBTIERE, S0 pHEHIHKNE, B
BEMEAK, BEANBEERE SRS 2ME pH
EIR/NES . AT PP R R GG 2 70 AH [ 3 40 26
Fib A E . KT 5 AR B AH R 264 pHAE 230
HRF R PP R B a3 . NiB G &b
pH {HMIE 5 Fion, TEABTHERE, DUKPEANE
MR 12 em N, TERERIE 330 9.7, 13.0. 15.04
19.0. 29.9 cm 4, CKI ¥4 pH {HFE LIEEHNEZ
J7 )k N 7.1% 9.4%. 11.8%. 13.8%. 13.9%.
14.1%A01 16.6% (P<0.05), A A-FEHIEG pH fHFE 15
T H NS T BN 9.5%. 3.3%. 11.6%-. 19.5%.
18.5%-+ 19.5%. F1 20.5% (P<0.05), CK2 Fa-LIEAN

BT IE pH WIS AE N 3.3%. 13.1%. 18.3%.
21.2%-+ 20.9%-~ 23.2%- H 24.7% (P<0.05), %I Q
PR, CK3 FI Z AbEEREG A B I T A [F R, P
pH {i B fifi L33 BB 7 [N . FEAH [R] £ 53 #hi5t
+RFEE A (FEFRE 0. 3.3. 6.5, 9.7, 13, 15,
19, 25, 29.9 cm). AKFJ7IA (BEAE RUE 12 cm)
PEESAHF 264 R, A KbPREE CKI1 BE TE E 7 A 3 0
pH H 43 B 2.9% 6.8% 4.2%. 4.9%. 3.4%-
2.7%- 0.4%. 3.8%A1 2.0% (P<0.05), Q kb B %
CK2 pH {HI 01 5.9%- 3.5%. 12.0%. 6.0%- 0.7%-
1.7% 1.1%. 2.3%F1 2.2% (P<0.05), Z 4t P %
CK3 pH {HIEM 1.1%- -0.3%. 4.4%- -0.7%- 1.9%-
3.0%- 3.4%. 2.4%FH14.7% (P<0.05).
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CK1
299 q -

110

; 105

10.0

o 20| {95

CK2
(b) 4.0%:Eh8 5y Eh 15 1 RIL 41 pH H AL
299] 4‘—'—,. - T
V" . 11.0

/’
33 el
4 7 20

29.9

16

16.6
12
8

B
%k/‘}'/ 4
() 33

7.0

4 K3 20

(c) 7.0%25 43 #him LRI A pH (H AL
B S5 &iXipad pHEA T

Fig.5 The pH value changes in each experimental group
39t i

HAIRAE PP B RHN, ERBTHIEAE S EKE
B -3 b (i B KT B R R, S AR
PP CERL 2[RI 3G K- 5 3 BT 1[N 5 & 7K
R, HEBNE mUEREE IS K R R RH %
H R B L e R OB R — A R PERY, BRI
23 AL 3 A T BRI R 3 B K & AR T R
SO, X5 PR 4 504 P gt g LR R
— B . AR 4 S B R 4 T DU AR A,
BHLEE KK IR EIE, BRLARBIEREE, W
MR K% 7Ky 3R FlEh KA &Pk A A
ANt e R AL S b, A B SLIRE R A R T, AL
50 485 4 1) 5 98 AR TV 22 B IR K 43 A 86 23 i AP,
HOR I R RS OK RN TS SR R
KA RN, AR A S B AG T o
&7, PG R Ko ) B AR <kimiE” PY, |
TR BE 5 35 1R 555 5 & 13 1T 5 1 398 £ 14 AR
72

JiE . FEKAE UL BOK Rk IR AR RLAR 2 ), T8
b i - 398 PR B AR IS I 1T e R R IR
RO AN R IR A 2 0 3 LR 45 M AT
—IGIEFEAER, TEIRA AL FIER FK ISR K 5
18, I K RS .

AFFCF AT PP R AR I8 4 AR BT A A7
PP R AR B0 4 B 1 K T IR Ak I e g £
H, BT EHS0M. ERMERFEHRDT 2 N
TSR R P2 AR — S TR I N BH 2 T -3 5L
BRI, PHAS T OKIEIE, K FIB%NE, M
WL BE R, FE5HhEAE:
J& TR E - 338 rha] DA B 54 HLTS Ye 4
B LR IRY, Al B AR VE S
T AR AN, HEE 2RSS
SRRLRTE BB 2, Ry i) Na' CUn] BETES
I} TH 1) W BT o5 S S AR 3R e ik, BT DA A f
BRI 4 25 R 6 4 B 4G K T R A A - 3 e
8 B,

AL PP R AT AELE T SR K oy
TR R pH EA Mk, FAEE T 35 EH 5 W
0~9.9 cm & EREIA, 1EKD NIB L FE K
TR, X Na T CUAS W i,
& Ca’ RAMNIEIN, & HCO EM NI, THHR
BEL (SAR) R, +IERH{LE (ESP) # Ff&, A
MAAER - rp pH N T Ca” s,
% CaCO; ¥ FE M % B : Ca®+2HCO5
=CaCO™+CO,+H,0, HIEHF*AHRS> CaCO; PTIE,
FHRIE/N TV HCO 80 pH {E . 1M 4 3 BT H]
9.9~29.9 cm &b, HTHIEHRTFMELS, XHATE
g bk #e, fiErh A E<l gke, pH H XS HhE
WD R, MERAN NS RE T pH (2 R .
OB R A7 2 B 3 (K T RS EE, i
A DAREZE /K o0 7E L3R T RS I AR, 75 3R 7 FIf
BHOSLFEEM T, EANSEREE MR, s
AR IG 2 pH A Ik MR BN T AR IRAF TR
(R84

DA AT 18 T SR FH L R AL AU it I i 8 A %o
IR ENB ROKER AR, W IR R R 2
Bk pH (AL, (HEATHE— 55 3 A7 AE
(1 B TR AR A AT b, WO T IR PR OB R X
#hi5E LK ER A A S A LB AT R — B 5T

4 25 i

1) LR ROERME R, EANBES
AR BE L3 1 2R 4038 K W HR s, CK3 #88 CK2
FCK1 F 3 & K Z 5 58 9.4%F1 11.2%
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(P<0.05); 4IRAF PP B < [F] i) 38 bk~ 5
EETANBEREKE, HEENS U
INEKZEIEG, Z A Q AbFEFN A AbHSFI &K
R HIEIN 13.7%H1 14.2% (P<0.05).

2) fEARWIME S HENERE LF, WAFE PP M
BRI AL BRAR AT R AR OB B b 3, BRI R T
HOFE A 8 ) & 2R s 7EIRAE PP B RLE A &b
AL CKI1 HUFE SRS 8T s 188.2% (P<0.05),
Q MbEHEE CK2 W& EhEFm 326.9% (P<0.05), Z3
5 CK3 IR & Hh e 163.2% (P<0.05),

3) EANBLIERE, SaH pH Yl EMEZEA
K, (HEZEETT RIBEREEIG N pH 200N EH )
7 PP R AL BRAEA [R5 Sh B2k F T, HAESEH.
ACETT AR R BE RS Y pH 3 I H K T RIKAF PP
B AL B ) 3

(Y4 7 R LR RIRRAH A B FT)

SE MK

[11  ZaRE, WA, A9, 5. LIRRBULIE TR B AR RBE R R[]
HFE AR, 2012, 67(9): 1 233-1 245.

LI Jianguo, PU Lijie, ZHU Ming, et al. The present situation and hot
issues in the salt-affected soil research[J]. Acta Geographica Sinica,
2012, 67(9): 1 233-1 245.

[2] SHRIVASTAVA P, KUMAR R. Soil salinity: A serious environmental
issue and plant growth promoting bacteria as one of the tools for its
alleviation[J]. Saudi Journal of Biological Sciences, 2015, 22(2): 123-131.

[31  Fazhka, BESRIL, AR, & hEBRBLO: iR, JURS R
3R, 2022, 59(1): 10-27.

YANG Jinsong, YAO Rongjiang, WANG Xiangping, et al. Research on
salt-affected soils in China: History, status quo and prospect[J]. Acta
Pedologica Sinica, 2022, 59(1): 10-27.

[4] LIUGM,LIJB, ZHANG X C, et al. GIS-mapping spatial distribution of
soil salinity for Eco-restoring the Yellow River Delta in combination with
Electromagnetic Induction[J]. Ecological Engineering, 2016, 94: 306-314.

[B] EEEE. TV DX IV R KT VAN SRR ARAK[D]. PN
TRE A S RO RS, 2021.

FAN Leilei. Evaluation of surface irrigation water performance and
optimization of technical elements in Hetao Irrigation District[D].
Hohhot: Inner Mongolia Agricultural University, 2021.

[6] BORIE, tE#R, R, & PRIRVEALHE Db SR A 1 IR K xS (T
R E KA, 2019(9): 43-46.

FENG Baoqing, CUI Jing, WU Di, et al. Preliminary studies on causes
of salinization and alkalinization in irrigation districts of Northwest
China and countermeasures[J]. China Water Resources, 2019(9): 43-46.

[71  XURIRK, Bescim], skASZE. A58 T E X 51 S IRt E5353 10 IR R R

ST, ZREARALRLEE, 2006, 34(5): 948-950.
LIU Helin, YANG Gaihe, ZHANG Shengjun. Impact of the irrigation
diverted water from the Huanghe River on land salinification in
Mongolia Hetao Regions[J]. Journal of Anhui Agricultural Sciences,
2006, 34(5): 948-950.

[81 PRI, Z5i~F, PR, 5. 5B X R AR A R B

SRR SRAE S HT]. TR XA, 2021, 38(1): 114-122.
ZHOU Liying, LI Ruiping, MIAO Qingfeng, et al. Characteristics of
salinization and fertility of saline-alkali soil adjacent to drainage ditch
in Hetao Irrigation Area of Inner Mongolia[J]. Arid Zone Research,
2021, 38(1): 114-122.

(9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

KIBRHR, T 2RUAR, A AR U, 5. BT = A N 2RI Ab S A e A ot 1 49
R B A A SRR, K2R ERAEAR, 2021, 35(1):
278-284,293.

LIU Shenglin, DING Xiaodong, ZHENG Dongfeng, et al. Effect of
different plants plantation on amelioration of uncultivated saline wasteland,
soils phosphorus fraction and availability in the Yellow River Delta[J].
Journal of Soil and Water Conservation, 2021, 35(1): 278-284, 293.

ERRGR, A3 ALIR. AR BRI SR M W BRI,
A 2R, 2022, 38(8): 81-87.

WANG Li’na, YANG Ying, DU Su. Effects of biochar application on
saline-alkali soil: Research status[J]. Chinese Agricultural Science
Bulletin, 2022, 38(8): 81-87.

BT, WISCE, HILE, 5. shBv e~ g H R 44 S LA HLRR
WEFCRERELT]. LA 252441, 2021, 32(1): 369-376.

WEI Shoucai, XIE Wenjun, XIA Jiangbao, et al. Research progress on
soil aggregates and associated organic carbon in salinized soils[J].
Chinese Journal of Applied Ecology, 2021, 32(1): 369-376.

TR, 8B, FIRE, 5. ZHFRAL N H Ak E B b R R
TRI[I]. FEIRRFE, 2021, 43(6): 1 222-1 233,

YU Haochen, ZENG Siyan, WANG Qingbin, et al. Forecast on China’s
cultivated land protection baseline in the new era by multi- scenario
simulations[J]. Resources Science, 2021, 43(6): 1 222-1 233.

ZHANG X, QU J S, LI H, et al. Biochar addition combined with daily
fertigation improves overall soil quality and enhances water-fertilizer
productivity of cucumber in alkaline soils of a semi-arid region[J].
Geoderma, 2020, 363: 114 170.

MAHMOUD E K, EL-BESHBESHY T R, ABD EL-KADER N E,
et al. Bio char impacts on physical properties and wheat yield of salt
affected soils[J]. International Journal of Research and Science
Publication, 2017, 2(1): 1-10.

PhGRIL, BB, BRI, S AR TR R 5T LA A AR 0
PERIREMA]. A HUR AR, 2019, 50(2): 242-249.

SUN Xiaoqin, FANG Kai, FEI Yuanhang, et al. Structure and hydraulic
characteristics of saline soil improved by applying biochar based on
micro-CT scanning[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2019, 50(2): 242-249.

TR [, B AR OR, SR, PAM AR Ehi53 - S A A 5T I S e A0 A
WEFE[I]. TRERARWIFT, 2021, 6(16): 143-144, 42.

PU Jianguo, LIN Shuanbao, HUANG Wei. Study on the influence law
of PAM on the basic physical properties of fine-grained saline soil[J].
Engineering and Technological Research, 2021, 6(16): 143-144, 42.

GU X B, LI Y N, DU Y D. Continuous ridges with film mulching
improve soil water content, root growth, seed yield and water use
efficiency of winter oilseed rape[J]. Industrial Crops and Products,
2016, 85: 139-148.

ZRAR. T HE SRR S R A A - 3K SR U % A W A K F AL D).
RJE: KRBT, 2017.

LI Sen. Research on the salt-water regulation and plant growth in heavy
degree salt alkali soil under drip irrigation[D]. Taiyuan: Taiyuan
University of Technology, 2017.

SR, G, XE, 5. TR XORHE B R EE LR e SR
0], 4Ol TFE =R, 2011, 27(12): 90-95.

YANG Pengnian, DONG Xinguang, LIU Lei, et al. Soil salt movement
and regulation of drip irrigation under plastic film in arid area[J].
Transactions of the Chinese Society of Agricultural Engineering, 2011,
27(12): 90-95.

TR, AR RUKE, S0 IH B RS SR D). b E 2R
2021, 35(12): 108-113.

WANG Zhiqin, LI Hui, ZHU Bingyu, et al. Recycling and applications
of waste plastic films[J]. China Plastics, 2021, 35(12): 108-113.

Bk, B, R, A A AR BT BOR . SAThRE S |l

73



FEWEHE K 4] http://www.ggpsxb.com

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

74

WCIRIL[I). SRR, 2020, 29(2): 411-420.

JIN Tuo, XUE Yinghao, ZHANG Mingming, et al. Research advances
in regulations, standards and recovery of mulch film[J]. Ecology and
Environmental Sciences, 2020, 29(2): 411-420.

TIANG G, HU J H, CHEN L. Preparation of a flexible superhydrophobic
surface and its wetting mechanism based on fractal theory[J]. Langmuir:
the ACS Journal of Surfaces and Colloids, 2020, 36(29): 8 435-8 443.
RILLIG M C. Microplastic in terrestrial ecosystems and the soil?[J].
Environmental Science & Technology, 2012, 46(12): 6 453-6 454.

DE SOUZA MACHADO A A, LAU C W, TILL J, et al. Impacts of
microplastics on the soil biophysical environment[J]. Environmental
Science & Technology, 2018, 52(17): 9 656-9 665.

FEM, wKIE, AEH, 55 IR LK NIBAIZE R HISEMAL].
BRI, 2022, 43(8): 4 394-4 401.

WANG Zhichao, ZHANG Bowen, NI Jiaxuan, et al. Effect of
microplastics on  soil
Environmental Science, 2022, 43(8): 4 394-4 401.

EJ. BAEENERKRE SRR KX B SR
WEFL[D]. Abmt: s ERE R, 2016

WANG Xu. Study on the relationship between the growth and

water infiltration and evaporation[J].

development of halophytes and soil salinity and its improvement on saline

soil[D]. Beijing: University of Chinese Academy of Sciences, 2016.

FAR, S R, SRR, A5 PHALHL X B i ER A X 3 £ 4y

FFAE[T]. BARHR)E, 2009, 23(1): 28-37.

SHI Yingchun, XIN Mingao, GUO lJiao, et al. Salt characteristics of

salt-affected soil in the middle reach of Heihe River in Gansu

Province[J]. Geoscience, 2009, 23(1): 28-37.

ize, TR, ARG Ehi5E 1 AR T 4 M (/58 U 4 R ot
SRTCHE. T 51 2012: 103-108.

YAO Yuan, XIANG Wei. Analysis of settlement deformation of

artificially prepared saline soil[C]. Qingdao: National Engineering

Geology Conference, 2012: 103-108.

EFF. B LA LRI FUD]. M PEAL KRBT,

2009.

WANG Lili. Research on the deformation property of chlorine saline

soil[D]. Yangling: Northwest A & F University, 2009.

FRIZE. T ERHE XN TRCHI #hi5 L Eh-RAK R I B MR IGT AL[D]. 5

BT BRI, 2018,

ZHANG Yunhai. The experimental study on coefficient of collapsibility

and salt-frost heaving character about artificial preparation of saline soil

in Xinjiang area[D]. Urumgqi: Xinjiang Agricultural University, 2018.

LV W W, ZHOU W Z, LU S B, et al. Microplastic pollution in rice-fish

co-culture system: A report of three farmland stations in Shanghai,

Chinal[J]. Science of the Total Environment, 2019, 652: 1 209-1 218.

JECH . o R AR X SR O RHRFAE B AR S UMD, bt

R E AR B, 2021

QI Ruimin. Characteristics and ecological effects of soil microplastic in

typical agricultural region with plastic film mulching in China[D].

Beijing: Chinese Academy of Agricultural Sciences, 2021.

A, RSO, AL, 5. IR b RS Y UIR B R R

WE ST [T]. IR TR, 2020, 38(2): 16-27, 15.

HOU Junhua, TAN Wenbing, YU Hong, et al. Microplastics in soil

ecosystem: A review on sources, fate and ecological impact[J].

Environmental Engineering, 2020, 38(2): 16-27, 15.

FEH, AN, SR, SF SR K M RHIE LA A (],

Ak TSR, 2016, 32(14): 103-109.

WANG Zhichao, LI Xianyue, SHI Haibin, et al. Water characteristic

curve model for soil with residual plastic film[J]. Transactions of the

Chinese Society of Agricultural Engineering, 2016, 32(14): 103-109.

AT A, AR/INBH, X i, S BRI 3K o NIB AR IR NE A

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

T RE PR T[], A2k TAE244), 2016, 32(14): 110-119.

NIU Wenquan, ZOU Xiaoyang, LIU Jingjing, et al. Effects of residual
plastic film mixed in soil on water infiltration, evaporation and its
uncertainty analysis[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2016, 32(14): 110-119.

MR, R, R, % & NaCl Rl NaySO4 MU4H 4 #h 51 1 (17K
SRARAS IR EWF U], VK% L, 2021, 43(4): 1 121-1 129.

XIAO Zean, ZHU Linze, HOU Zhenrong, et al. Study on water/salt
phase transition temperature of saline soil containing sodium chloride
and sodium sulfate[J]. Journal of Glaciology and Geocryology, 2021,
43(4): 1121-1 129.

X3, FIRFE, ERN, 5. RN B L BB R T[], KR T
K2R, 2020, 60(6): 628-634.

LIU Li, WAN Xusheng, WANG Zhimeng, et al. Study of permeability
of sodium sulfate saline soil[J]. Journal of Dalian University of
Technology, 2020, 60(6): 628-634.

BT, A . R R B ORI AR RR £ ER 51 L IR S5 IR B R R R T L
RIGWF T[], A - THESHR, 2013, 35(11): 2 090-2 096.

WAN Xusheng, LAI Yuanming. Experimental study on freezing
temperature and salt crystal precipitation of sodium sulphate soulotion
and sodium sulphate saline soil[J]. Chinese Journal of Geotechnical
Engineering, 2013, 35(11): 2 090-2 096.

RV, TR T, FE5 X b K ST AL SO R[], g
FARIF K, 2021, 48(18): 35-37.

YU Zehua, ZHANG Weibing. Research progress on mechanism of soil
water and salt transfer in saline soil in cold and arid regions[J]. Building
Technology Development, 2021, 48(18): 35-37.

TKE, S, A8, S AR RN AE IR XN 2 i R S 4 A R
WAREFILT]. P EEERRE, 2021, 41(8): 3 867-3 877.

ZHANG Yan, DOU Ming, ZOU Lei, et al. Effects of different
microplastics occurrence environment on seed germination and seedling
growth of wheat (Triticum aestivum L.)[J]. China Environmental
Science, 2021, 41(8): 3 867-3 877.

TKIFEe, BREERR, £, S5 WORRH IR G IE IR A MRS L
WA[J]. FRBERL, 2021, 42(9): 4 558-4 565.

ZHANG Xiuling, YAN Ziwei, WANG Feng, et al. Effects of
microplastics addition on soil organic carbon mineralization in citrus
orchard[J]. Environmental Science, 2021, 42(9): 4 558-4 565.

IR 2L, ORI, TRk, 4. s b RS YeBUR B AL S KRR 5T
HERE[T]. FRBI1k 2, 2021, 40(4): 1 100-1 111.

HAO Aihong, ZHAO Baowei, ZHANG lJian, et al. Research progress
on pollution status and ecological risk of microplastics in soil[J].
Environmental Chemistry, 2021, 40(4): 1 100-1 111.

TERIR, KB, IR, 5. WOERHS TS QAR EAE HI RO 5 R (T).
HEEL S, 2021, 40(2): 427-435.

CHU Xianxian, ZHENG Bo, HE Nan, et al. Progress on the interaction
between microplastics and contaminants[J]. Environmental Chemistry,
2021, 40(2): 427-435.

WREL, BRACA, 75 8. SO AR Bifgsh L b Ehad b pH _ETH 22 sk
] R [J]. B RO R 225, 1998, 21(2): 59-64.

CHEN Wei, CHEN Bangben, FANG Ming. Studies on the increasing of
pH value and alkalization of seashore saline soil during its desalting in
Liaodong Peninsula[J]. Journal of Nanjing Agricultural University,
1998, 21(2): 59-64.

FEM, R, I, 5 RE SRR 3K 7 RHAIE 22
SN SR FUT]. ARl 325441, 2022, 41(5): 983-989.
WANG Zhichao, NI Jiaxuan, ZHANG Bowen, et al. Simulation study to
determine the influence of polyvinyl chloride microplastics on the soil
water characteristic curve[J]. Journal of Agro-Environment Science,
2022, 41(5): 983-989.

CFEE55 108 TD



FEWEHEZK 23] http:/Avww.ggpsxb.com

lasted two years, during which we measured precipitation, surface runoff and changes in N and P in the surface
runoff. [Result] The peak rainfalls occurred in June and July, aligning with the highest flow rates under all three
planting practices. In the three planting practices, cabbage and early rice had the highest crop runoff, while pakchoi
and late rice had the least, with rape and middle rice between. The runoff coefficient was the largest for cabbage and
least for late rice, consistent with the change in rainfall intensity during growth seasons of the crops. The crop runoff
of the three planting practices was ranked in the order of upland farming>alternate paddy and upland farming>paddy
farming. Compared with paddy farming, upland farming and alternate paddy and upland farming increased the crop
runoff by 42.28% and 20.84%, respectively. In all three planting practices, nitrogen and phosphorus loss via the
surface runoff occurred from May to July. Water spinach under upland farming lost most total N, total P, and nitrate,
while middle rice under alternate paddy and upland farming lost most ammonium nitrogen. The losses of total N,
total P, and nitrate N via surface runoff from the three planting practices were consistent with the variations in crop
runoff. Nitrogen loss from upland farming is through nitrate leaching, while N loss from the rice fields was mainly
ammonium. [Conclusion] Upland farming resulted in the highest surface runoff, and N and P losses. These
findings have important implications for improving planting practices to improve fertilizer use efficiency and
mitigate N and P losses in the Poyang Lake basin.
Key words: natural rainfall; planting patterns; farmland; runoff; nitrogen and phosphorus loss
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Effect of Polypropylene Microplastics on Water and

Salt Movement and in Saline Soils
WANG Zhichao?, ZHANG Bowen"?, LI Zhe'?, CHENG Guangyuan®, LI Wenlu™?, LI Weiping"*"
(1. Department of Energy and Environment, Inner Mongolia University of Science and Technology, Baotou 014010, China;
2. Autonomous Region Level Ecological Protection and Comprehensive Utilization Cooperative
Innovation Center for the Inner Mongolia Section of the Yellow River Basin, Baotou 014010, China;

3. Water Conservancy Development Center of Inner Mongolia Ancient Autonomous Region, Hohhot 010020, China)

Abstract: [Objective] Polypropylene microplastics are fragments of polypropylene. They exist in soil and have
potential impact on soil environment. This paper investigates their influence on water flow and salt redistribution in
soil under drip irrigation. [ Method] The experiment was conducted in cuboid tanks packed by saline soil. Steady
water infiltration into the soil was maintained by a Martensian flask; the infiltration rate was controlled at 0.36 L/h
by a rotameter. The content of polypropylene microplastics in the soil was 2%, and the salt content was 0.5%, 4% or
7%. [Result] Soil water content and initial soil salt content were positively correlated. The average water content in
the soil with initial salt content of 7.0% was 9.4% and 11.2% higher than that in soils with initial salt contents of 4.0%
and 0.5%, respectively (P<0.05). Compared with soil without polypropylene microparticles, the presence of
polypropylene microparticles increased soil water content at the depth of 16.6 cm beneath the infiltration point on
the soil surface by 6.2%~9.4%, and soil water content at the location 12 cm away horizontally from the infiltration
point by 6.2%~7.9% (P<0.05), with the increase depending on initial salt content. Compared to control without
polypropylene microplastics, existence of polypropylene microplastics also increased soluble salt 163.2% to 326.9%
(P<0.05), with the increase depending on initial salt content, in addition to the increased soil pH. [ Conclusion]
Polypropylene microplastics increased soil moisture content, salt content and soil pH. These findings demonstrated
the impact of polypropylene microplastics on soil properties and the importance of considering them in soil and
water management.
Key words: saline soil; microplastic; salt; the moisture content; pH
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