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Abstract: Saline-alkali land is one major medium-low yield land in China, it is increasingly important to improve the
saline-alkali land in compensating decreasing cultivated land and ensuring the security of crop productivity. In China, the
reclamation of saline-alkali land has always been attached great importance, while the increasing fresh water scarcity in
saline-alkali area has become the crucial constrain in saline-alkali land utilization. In the current situation of the freshwater
shortage, how to optimally regulate the movements of soil water, fertilizer and salt is the key scientific problem in sustainable
utilization of saline-alkali land. Focusing on above scientific problems, numerous studies of fertile plough layer construction have
been conducted in recent years to decrease soil salinity and increase the soil quality including organic fertilization, field tillage,
water-saving irrigation, field coverage and saline water utilization etc., the fertile plough layer with the function of “salt control,
fertilizer maintaining the water conservation” can be constructed in saline-alkali land. Meanwhile the natural movements of water,
salt and fertilizer are significantly alerted in Soil Plant Atmosphere Continuum, and the aim of collaborative improvements of
quality and capacity for saline alkali land can be realized. The above contents have increasingly become an important research
direction in the sustainable utilization of saline-alkali land. The present study systematically summarizes the research progresses
in the reclamation and fertile plough layer construction of saline-alkali land, and looks forward to the integrate regulation of soil

water, fertilizer and salt and its synergistic relationship with plant growth under fertile plough layer construction in saline alkali

land, in order to provide reference for the sustainable reclamation and utilization of saline-alkali land.

Key words: Saline alkali land; Fertile plough layer construction;

soil and land resources

T = ER i TR DT TR BT R
M, RO IE . ARV AR R . R
RAR G ARSI, T E 2 XA
Mz kel JEgeit R E R L mARZH 3 600
TAW, 2ydi L SR 3.75%, HAZEEmMEHE
A B T AR GE 920 T A B, 4 [ b T AR Y
6.62%% . AF Ay HHE 14 5 A B b T USRI A 2SRRI
I D A v B Eh A AR B 1y 5 RORIR L T AR, £
AESCEGIERT,  LAMLTR KL TR I 5 AR K TR AR A
A% B TR FIE AR TR it 2 5 o b 24 R P e A 2K
(1 5 500 LA T R R B A L 5 R (] A
T RARRAR G IR FE,  H ATIROK IR B2 A
R B X AR T RS R R I R R 2 R R, L5t
8 LATR /K HE RV 8 DA 5 Y A o8 1 4 it i R A
AR T2 107 >4 i R Bk X g A A A ok 0 R R oK
] SRR IX K L FEIRL R, IR — SR ARFEAK | AR
AR R A ER R R RTR AR, T DX
PR BLIGUARE I 1) SR B & (5 | T HR 2 A HEB R U2 £k
B DX AR AR 25 77l K T 1 T 5 O 1),

TE Y TR B X IR K B IR H g R 55 AT, R
b R A R B K 8 KR AR Bl RS ) LA
HE TR B2 H 7K S — A A 25 G 4 3 K B RS

Regulation of soil water, salt and fertilizer; Utilization of

TR o AR, FENAMERUK A KB
Tif ERAE ) G TT & A AL . AN 42 w4
L) - S E A O 55 T T AR TR T A B 3
PR e AR, BUS T AR, I
BT AR IEERZR 5 s |t - -3
bR 1 R K B R B AR BAR E aRAga
JEAEFR[E 25 44 L SRR B DR AR $ T R A
RN LR CIRACAEIRIZ " SRR 5 R SR
fifi L, G5 A% MR Bl R P AR 7 SR R T .
BB AEA A SRR R AROET, Wl %
SREFNE | BV R B 5 A 1S B A K R
WAERBZ, WSt E AR MBEY . e
TIRLEH L B MVE, B EER AR R
T EMRZLT, LIS < LAIEJEK 4
7 AR AR, Hh e
MR . MEAL . REFIE AT HLEE I SRR T AT
R R IEL R, PR R HEER Oy, SEBAE ML R KR
R AT e SR 7 ) AT by - 42 28 1) JR 5 S [ A S
K, IR R RO i TRl 21 B,
T 47 5 - PR K - PR E B9 S TR A V22 ) A R A5
FERS ER B AT RS BAT TR S E AT R AR
HWAC R B EA s = SRR IR R, JEHEX T

http://pedologica.issas.ac.cn



139 28 BLAE . SR IR B E A K AL EE 25 5 I P LS HOR ISt 31

LT B 70 R AR A 5 81 42 AL B R AR ) i oz L ot
JrE> ZGBTIE, W2 T IR EOARE R
B e ASOWN R R BEIRBFEZ A . &
HEOKNEER B FRIE . HE )0 SR G AT TR AR )22 1 e 1
BB R T5 1T BT FE 2t SR HEAT S, IF R AR AT SE
FASEAT TR, U] 3 [ ER st vl 1522 0T A& Al
FHRAE— LSRR

1 Fhus AL IR = A i HOR B 5 k
Jr IR

H A T Eh b iy 2 B 7 X FE2d g . e
SEREYIHE A LR sy, 45 A LG, i
W1 A B B A KA R S 2 R
TEERTEH Bk R 7 AT R TAE, BUS THEHE 1
B, JEIERL T AR, G H R TR ] B i
TV IR I P I RE S HE, HE. WL & ARG aE
MK, MK . 3R T K GE— s, Ik
KHHNEE T 5. b7 . HMmssaini, DER
T ER B R G . R R T A uE KR
R ER A b A B B A SERE P R 2, DL CTRK R
U W EHE KR TR R i Ak AR J2 I iG 6 l th i RL
AT . — 7 B IR AKE B R, 1
W e S35 3 — T T 3E A HE K R T A b R K 2
e LKA AR, B kiR 350, 7E e IERb 25 A HEE
Br B A AR it , 2 AR K, SR HEVE Y3
77, PRI R A TR A TR R R b Bl R A S
T 0 X 38 3 R B T KA L AR S vy . 28K i
R LR W i /NS K SR A s P02, IR AK TR
() H i o ke, 2 e e DX i I 1) () R, A% 0 DA
IR T AR A5 FNIR K e R Ry 3 A Eh e kb 2 B
WEAE DX Ry BRAE H 2500 0, JCHAE BT R X
SR AR PRI A, A AETE VK 0 1 JRURS:
KAELHFFEHE AR G Y 2he R 07 A4l DX = Ao A R
TGRS, VEHGE B R VE Y A R A, DATRIIE
HAE XSy TRz S R, 78 S R ER AR X K
TRBARFMT, REFHRER —FINGEFE . &6
Az A5 AT RS 1) B i R R AR K

FEERTR X K BRIR AT, LAAR A it A2 0o i)
KL R UL Ak v 4R R IR B2 A8 H £5 Ch 5T
ARG Hb R ) B G T ) . FAE 20 HHE2E 70 4REAR,

T [ 25 44 o R BRI R
HUL LR A T i 2 ol KR B 1 IE AR i AR, JRIR
TEHRBMEE RS LE” A, it s
PUB RS8N, RENS o0 R Eghil . I/ i 2% % |
PREERRGE . RS Lo AR A
PR, SRS B A K AR ER A R B B R
AU 1 ZAF A S - B AR Y, R T IR
RAEIRZ” WMES, 48 e B R A KA
ERBHZEREE, W AEASIE A IR AR ER R SRR
SRR R R A AR S AR BRI IE
wWAK, AR AL IR )2 MR e o T Bk +
HErE e, Hoh A MU N R IR R
BEASH, BFEZW T IS b RE ALK LR a8
1, SRR AR AT IR B A SR AR S R
UEAE R T X Fh AT AL s B T, KRS A
BENEEH . FEFFAH . AEWRAL . AW Bk Fag e
VEDy R b S545 ta TF e T AR B I el 1 TR, IR
87 B3 BYRCRP R ) B AR R i %o A LR
WIHCRAE 2SS, B EEAYLR K2 S5t &
AR A DS RO, A I 5T 3 W Ry AR A - 45
FERY A WL R 55 St O Ak A B I it DAAR
PEER R ML P AR i i B B2 1 b
FEMA VLB IR, IRV RS W G, X+
PRI G328 K 3 3 R BRI 3G 58, Ko A Bk
bR PR P FE IR L ER AR X b X T R A B 5
iR WIR, YEFAPR 1.5%E 4G . #HREE N
20 cm B}, HAZ>0.25 mm RS EEEEIE T 25%
Db REMT 1.25 gem . BALBRE KT 55%,
XTBEZE R A IR RO W3, IR e T
JIRE R RS BRAEE e AR 4 - e oy
Ah, AR, X ER B RE R B2 A R N [ A
WIS R RPETT R T REVEsT, W . 7. K
PRl . FEFFEEAP R AT R E 55, Wb 28 & A
il IR R, Wbl R 2 B UK R L K
REELS . MIRAB SR, WEEMR THE L
Sy SR Sl BRE . BB L WA L R R RS
PR RN D 2 S S 1 T D Wy R B A, iRt
VR 2B B FN e 82 R s, b IR )2 R4k
Oy FATAIRE, R T R E K AR i 1,
BERETHE LK AT
THUE . WEEE . REVE | BT K EE IR AEOK R A
Fa, TR RSy, R T KRR

http://pedologica.issas.ac.cn



32 +

=

61 %

SRR i T SRR, A B X i
Fh O e RO R AR B ROK BRI, K A R
ZE VRIS K W S IR SR
SE4 LRI, S T EEROBE RS . R A
VERII AR, 70 MR K 3 DX 10 Y22 1A 56 ol e AP )2 6
A TR R L2 0~20ecm B9 1)Z, H
AR R, FIROPFEEUREN, R AR =
AR R R b, 38 S A ) AT A K ER R R I,
FHW T R, R EYE K

gi b, EhE AT IR BEE A e — D 2 MR
AR, A K RERE . UK AR A
Vebh)= LR IR Ab Sk o, FIRS AP . sk
B R PR A A I RO, SRR
Hethor e M B, ARSI AR HLICHLRS
it ERACAEYI R . M RAE Y S Y R
A SR, REA AR PR AL Ty oK ER AL
R, HACREE . HUWFE, LAl
1Sy Eh 8t N IR B2 M 2 1 DGR AR S 25, 0L
TP PREHE T (9 HAR R AR A R AT 982 24 i ik i JE
RAFZ A AE T, TR AC IR B R A T AR
K AEER JA P AR S S AR A KR R R BT A
WA, 5 EOY T ER 5 T R B2 4 2 R b i &
il S <Y A B3 o 1 o N 152 N N
FRAR DI TR L K b BRI A ROl A 8 5K
PAFEE RZE S, NEIRBE A Y SR A A [X 5
WAEEZE S, YR EIT R AT N A Rl R A X B
JEA BB 52 T 4% 0 B b v AL R Bt S TR =
R IRIR O A, UM E TRk . S
PR RIER AR E A AR, TR K
HEER W ZEALHI DT, A AN TR 5 580 DX £ s I TR A =
a1 7K Bl R S PR AR I A AR S 4

2 AR LR AR M LK EER
s B LR

T AL TR A SR B ST T S R
TARFI TS5, WU T R K R e e
I T S5 XS KR R R AR P 0 Lok A ikl T 45
UAREE SN SR8/ M o /Al N M 1 T S
H T B A R P L A A2 S, R
T EHOKIIAS | R USRS LA B A 1

KPEER GRS . EAPTERY], $hit7e+
SRR AME T, MR AR e AP IR Y
765 EER I LA R IRAL, FLBREE . KL
ARG . RALBR LA . B LB S
FARm, LA EKR | A KE L K
SR, K AB A AR K R A OK &R A
HEK ) IS B FERK, L HERGR L2 RRAR D,
IFARHE T RS = £ W EIRBE M T 57
e b AR 17 L e BRAS AR AR RIK B0 )
PERFIY 225, B T RIS AN IR LR AR R Y
IRFBREE | IRBEREEEY, MU TR M T K- R -
Y- KRR G KRB B o B R 2e Y H Al
] PN A1 O T AR 3 o A T K R ER A2 A% D7 THT A B 5
FEA N EAR I HRTSY, ARk
EBM AR TR L, TR R ALy

SIVERE R FAAE T AL R A A, )RR
K T30 BE R S BE R R A AR L K AR A SR HI AL 1 1

fi 5 AR 2 AL R AR AR AR AL, 2% LR R
JEJE LK AR HES AR DL A4 B2 50 1 K B A% i
i, o BT A AR AREE R RIS X A B K R
FIWA W BK RB AR, IF BB K AER i
PR T 2 Z B AR 25 5 . 28R KM, 4k
B3 AT AL R 2 R 25 B AP AR, R)Z LRI
R ERRM, 5% T LK KRR, Wk
L5l T KA 2 18] B 2% A T BE R AN )2 AR &2 T
Rl eAh, AR A Bt Ak A R LR
S LR s, KLk,
KA I B A LORASIE ) ARk, e
WF L L, TR AR R TR, L
HEAK & AR e LATRAS K i) AR, i R K
PR JZ 3 v By (9 £ o o 32 B 3R TR
RS AL o AE FIROFFE R SRR T, AR R R S
A A ER B TR A R A TR AR A B
FXFAS TR B 2 Ak B K o0 A B RFIE M 28 K dh i B8
WREVEAT 7RG, AL T AN A R J2 1K
LR BORAR R, AR Tl A 28B4 7 K ek R A
2P0 AR KB 2 R, B
2 LA 22 5, MRS MK P A | 75
RN A SR R, [0l b SR A A
BR R R, DR N g ik SR AR K IR ML
WFE, W Tt — R T A SR S ST e A T )
KPR ER A i ) R R L) RAT 2

http://pedologica.issas.ac.cn



144 LA R IE IR AR K

EhEE A TR NI 4 AR 7 33

1307 N 1 32 8 T E 28 ol e w27 (€ 2N )
BE AR RIS G R, BEC kKR T K
1B AU R T R - B IR (AR AL, I
N F 483477 PR, 4% Hydrus-1D/2D/3D
SWAP, LEACHM, DRAINMOD %5104 |- R 485 70 it
TS A S B A F AR SRR I AR K
W E RGN F T AL BE S 5 Richards HFEN
Pl RE A K ER A SN, An S RE | At o
IR AR5 BLIE SRR A A B 2V —Fh 50 40 )2 + 18
P Richards 77 2k A S 8 T A5 FHFR )2 197K 7342 3
205 Milly "N 4 b 20 3K iR A — 2
(4 LR 2 37 T 5T e A R K PR AR A R SR TR K
R A 1z BRI PDV B AY ); Nassar Al Horton!©”)
W S5l B T KRR | RERRE . R
A BEAE R MoK R % . A 153 g i is 7% LA
FERHTVE I — 4K VR S A . R AR
AR 548 T 1 R E SR s B BT T RS
PER BRI 04T, i AR LK AR SRR & iE
FARME T R4S . (0 LR B RN BEAR 47 b H iR 5t 1 A<
B E St R 5 AR -1 o0 AR TR AR
(B B ALE], RS AR . MR IS . UK
EORE] B R R K AR ER R A A B o R N 4
FENLIRBEZ A . AR A s iR 4 B X A )
1 BEKNE BRI ALy A AT SR 75 Bt — 20
AT,

3 AE YO R wRH NE S 5 - Y e
IR RES

HARZMET, 2 B IRAS o, + 5
AR LR B R RO A, AR I S O A 22
St o ML T A S R R A 0 B R A S
BEALH, Herb, MR ER S b R 0w I e Ol U
FOIR 250 A R Az B3 B2 A 0 %ok R iy 308 B2 1Y) )
IO REAETOS T A e R B 2k 0 T AR R B
SRR AR B2 K A BRI D7 T 8 1 R
FETAE. SRS, R, mYRARA
FEFEEE A RFEDY . AR R B R T, G
HMHE T, EYRARE . R, KREA AR
E 81y | T B /AP C L QTR AR SN e =N ) STER )
Wity T kA, AR B AR R S S T e

AT SCREFROIE B HLR 77, L A AR D
ARSI IO , IR 5 48 B £ 43 0
R 5G4 B O R K77, 5 I
B, /DA R AE R R T B R B R AL
KK 2 L, TR RROUBRA . A%
P I RRR A e f LR, PR
B, ST IR, AN, R L
KA RS 3 B A R A A
8 H OSBRI AR E O™, e
SRS IRHESM AU T REYIREK SR SRS
HEIWK £ AT HEREREC, (UAT 9%~ 30%%
VT RGO T AR OE T LB A2 A
1192 52 FEOK B IEN 2252, R K S h IR
EEETYE NSRS G UP OV TRE U0
FEAVRL, B T EHOKSM M, S A 5T
RIS ATHISERW, HME AT, K i
P IE S B R ERDCHR SRR, [, O H
S HE A AR £ B S 5 R0,
I ELATLI R L Tk BB, 7T R AR
SEFHM R S TR (ABA) JEHEIS
A, SECELEIT. HAL. RIS R
FHRBTHRKRA . WTHRAN NaHZ,
T3 C WA ) Na™ B 3000 (7 T3 S A
(EAINKT L e — MW 5 946 % Bl
A P AN 45 O RS | 3 — W T
BOTRE L R B LR SN
BUB 7 T BFE 1 B, 9o T B L
SR AT RO, R R R
TP TR 4 ] 5 R 2 5 K SR
AR KB P A R B | T
L HRRURIT R R R ED 0, Sk
RIZ R 10T ) 5 T RV, o
TR L BAMRA 25, BOE T T
AU L RS AR FAT, R TR (e Lo
R 1 R 22 o O B R LA 2
A S AR ETF R THIETESE T AR (RS T
AR L U2 B 2 T 1140 2 7 9 56 B A
1 K R T 5 0 A
RS B0 ] VR B2 2
HIDAR 3R 00K AFHE | FEAK HLER 077 I 1 5T
&R G BRI

http://pedologica.issas.ac.cn



34 + %

=

61 %

4 EAHREYE

TROK G IR S 2 1) 249 £ 6 DX DA A e Ji A=
AWETUCE EENR, AN LR RN ER
Bt A L it 2 AR R 7 >4 R X e i A A
R R ok o kX b i i BRI . IEIRAEE
3 - K R AR G R A R A 0 A S T Y
DAL A AT [ R 3 i] U Y, iy Sk
TRIRAR, GEMYRIZK-NE-Hh— 25
P H g A £ 5 2 R EAE ST Ty Gl A L
HE SR KA B A A AR B R,
] 15 B R R L AL T DLSE Bk 2> T
¥, R SCREPRUETRJZ H R K DLK IR B ey 7 XA
R EARZ A BELS . MR LR, AfEIE K
RS K IEER IR, RARFEK L IRECA L 3
Rk, ATHREE R KSR — R AL £ R 5 I AR R
Uiy o WA & 1P =B V5 0 NN ¢ A S S B8
AR, A Tl I T2 ) B AR AL 0 LA
BB T OCE A, B F RIS AF A — L O o
Bhog R R Z i — LRI . BARABIELLT 4
ANTT i

1) Ehms AL IR B R A A FE AR IR R 5 K-
JE-ER R R HL

T AL R B R R K AR 25 5 PR e — S 0
At iE, HECHEE R, R OKER AR AL TR R
Lot KRR Y] . A AR5 32 2R T e L T
TEO7 T, s RS A B A HUIEHEHT . SRIEAAE |
PR | 7 o S5 5 Tt T et b 98 A5 ML B s 4 T
PETEE ST ARAL | BROK RIS BB AAHE IR R, (HAE
TRAF)Z B SCBEFE br B2 85 5 07 50 B2 BE T RAAIE |
BHZIEEE | 53T KA SC RSB IR G Z 5 1Lt
T £ B - 59 K BE £ I 7 HILBE D 1T F S AR 22 AR 1Y
S R TTJRE , ME LATE LAAE TR A2 b 2 A S S e ) i
TARTAT, 38V A R B A TR A R A R Y I
PEN T ROCHEE AR, W TEA R R A st A TR B2 4 7
Jr N L OK-NE- AR AL, K Jd & R
Mo B IR B AR R U A B K RS RE S Y,
AL AR AL TR B IR K IS R 25 5 U P ) R A 1Y
Lo iAGRAE TR, LAY SR AL iR B2 Al ey
K RARBE RIS TE S, RN A R O AL IR B2 A
BB I PR AEHOAR 4%

2) AR EE B AT TR )2 A B0 S I b A
7K - M -2Ek 1 S AT 7

B A IR B U2 A A R s S s R
8 R AR KB SR A AE IR A Z , 2B
SR AR S S A RE R R 4R T H
T B SEAE 00 S5 o P A T ) 2 B A 28 3 2 T
ICEZ T A (ST RS EaN T F: (N WS =y ae - N U
AR 38 AR T SR AR P Rl i =, 38 D) N a8 3 AR L
AT SR A0 i R R T e e T AR s edbh, AHOCH
AV E LB R A A, JEHAEER
ik 3t A TR A V2 K S A 0 ol e A ) A 0 - R
Yy E AR L LI AR AR B AR 2SR AR AR K T AL AL
FEAETT I AT SEHARAFFE S, E i R AT
oAy 5 B A R B2 A A A A 7 e DX 0 3
PR TR EE R SR AL INE S, RIS o oy IR TR A=A
FET S AORE #h 4 B P A B AR A

3) Hh B AL TR B2 A R A [ A o A X
F14 1 Bl 484 T A 2SR A

R S TR V2 A sl R [ Bl MY A 2 2
—,  FHT I SEAL TR E A i 7 S SR A R S 9 U
R FEFTIE T | SRAE R AR S5 J7 2R XL A
PLBHRTIRCR | R MRk Aeth . Ak ER B A
FIVEDIAE KR AFTT G 7R RIESE , (HXF RIE-U5-
U BEE DA Al ) Bl P AL AT A . iR
it TF RGBT X0 A [7) 6 o b AT TR A2 4 2 10y 1 A O
A WP A ML LB S S e, S Sr i B
ASHERY Sy 8 B AL TR B A T T S A
PRI .

4) Th AL R B E AR B A | 7 R
V-3

4 iR 5 S IR A R A 2 SR AL SE R B L
BEAEDT 0, RSFFE I, S40EA MLIE . PSS, 30
U5 B o s A R e T TR A 2T ) A 14 1 ) Ak
BEfE . At T . Akt b BUE
Wil 22K IR A S BOR R S BRI A, AFR A
FERIROS 225, S R I TR A2 4 R 1 4
JRIR MU R A 4 S HE

S %3k ( References )

[ 1] WangZQ, ZhuSQ, YuRP, et al. Salt-affected soils of
China[M]. Beijing: Science Press, 1993. [T, #l74
S,OATEE, L PEBB LM dEa. BleE R,
1993.]

http://pedologica.issas.ac.cn



144

28 BLAE . SR IR B E A K AL EE 25 5 I P LS HOR ISt 35

[ 10 ]

[ 11 ]

[ 12 ]

Yang J S, Yao R J. Management and efficient agricultural
utilization of salt-affected soil in China[J]. Bulletin of
Chinese Academy of Sciences, 2015, 30( Z1 ): 162—170.
[HEh s, WhaRIL. T R 5 1A 35 A0l 55 80
(1. FEREREBE T, 2015, 30 (Z1): 162—170.]
Wang J L, Huang X J, Zhong T Y, et al. Review on
land[J]. Acta
Geographica Sinica, 2011, 66 (5): 673—684. [ A,
B, BORVE, A, SRT TR R DR SRR ().
H R, 2011, 66 (5): 673—684.]

Liu X J. Reclamation and utilization of saline soils in

sustainable utilization of salt-affected

water-scarce regions of Bohai Sea[J]. Chinese Journal of
Eco-Agriculture, 2018, 26 (10): 1521—1527. [X]/h
B I oK DR B A R R B AR B AR (3] A B AR
Aol s#i, 2018, 26 (10): 1521—1527.]

Guo K, Liu X J. Dynamics of meltwater quality and
quantity during saline ice melting and its effects on the
infiltration and desalination of coastal saline soils[J].
Agricultural Water Management, 2014, 139: 1—6.
Sastre-Conde I, Lobo M C, Beltran-Hernandez R I, et al.
Remediation of saline soils by a two-step process:
Washing and amendment with sludge[J]. Geoderma,
2015, 247/248: 140—150.

Huang G H. The safety use of treated waste water for
irrigation Journal
Science and Technology, 2007, 9 (1): 26—35. [
A A KA HE B A A DGR R AT SR [T]. P E Ak
WP RHE 4R, 2007, 9 (1): 26—35.]

Oster J D. Irrigation with poor quality water a review[J].
Agricultural Water Management, 1994 ,25( 3 ):271—297.
Min W, Hou Z A, Ye J, et al. Effects of water salinity and

in agriculture[J]. of Agricultural

nitrogen rate on cotton root spatial distribution under drip
irrigation with saline water[J]. Cotton Science, 2014, 26
(1): 58—65. [Pl IR%, 104, 5. WKL
it 280 4 X AR AE AR B 40 A S BF ST (D). AR AE R R,
2014, 26 (1): 58—65.]

Qiao HL, LiuXJ, LiWQ, etal. Effectof deep straw
mulching on soil water and salt movement and wheat
growth[J]. Chinese Journal of Soil Science, 2006,37( 5 ):
885—889. [F¥ifE e, X/hat, ZEMink, . WEFETE
TS R HOK R E R SN AR R IR R ()], S A
2006, 37 (5): 885—889.]

Zhao Q L, LiuQH, Xin CY, et al. Effects of increasing
organic and biological fertilizers on new reclaimed soil
fertility and rice yield in the Yellow River Delta[J].
Shandong Agricultural Sciences, 2019,51(1): 110—114.
DR, Xarde, FR =, % WA UYL
X T = A R B R ) KRR A TR s 2 [T L
KA B, 2019, 51 (1): 110—114.]

Wang LY, Xiao H, Cheng W J, et al. Effects of different
fertilization mode on crops yield and soil fertility in
coastal saline soil[J]. Acta Agriculturae Boreali-Sinica,
2016, 31 (5): 222—227. [E 7, HiE, BICAE, 5.

[ 13 ]

[ 14 ]

[ 15 ]

[ 16 ]

[ 17 ]

[ 18]

[ 19 ]

[ 20 ]

[ 21]

TR R AN () 55 AE 5 OV 9 7 4k B L S AE 0 B 5%
W] AedbgedR, 2016, 31 (5): 222—227.]

Chen E F. Practice and understanding of saline alkali land
improvement[J]. Soils, 1977, 9(4 ). 181—186, 208. [Bf
RUR #hodat i R A S SUGRD]. 1, 1977,9(4):
181—186, 208.]

Chen E F, Wang R R, Wang C Y. Saline alkali soil
improvement and prospect in China[J]. Chinese Journal
of Soil Science, 1979, 10 (1): 1—4. [BEER, Tik
B, TR, RERM S RO PE RS R[]+
HeER, 1979, 10 (1): 1—4.]

Chen E F, Wang R R. Effect of organic matter on
improving saline alkali soil[J]. Chinese Journal of Soil
Science, 1984, 15(5): 193—196. [BRER, Tk, A
PR R Eh 0+ A FEFAT). LoEm AR, 1984, 15 (5):
193—196.]

Wei Y Q, Yan H J, Zhang R, et al. Study on the
measurements and mechanism of “desalinized fertile
layers” cultivation of saline soil in monsoon region of
Huang-Huai-Hai Plain[J]. Soil and Fertile, 1992 (5):
2831 [BRMR, JEIR, kBL, AF. EUEEE R ZEX
X LR “WRAEIRZ” #5i SBR[, &
FEARRE, 1992 (5): 28—31.]

YaoRJ, YangJ S, Liu GM, et al. Spatial variability of
soil salinity in characteristic field of the Yellow River
Delta[J]. of the Chinese
Agricultural Engineering, 2006, 22 (6): 61—66. [k
SRYL, RAEhas, XU WY, A5, BIR) = A U b X A b B
b s AR SRR AERT Y (] Rl TARSAHR, 2006,
22 (6): 61—66.]

Yao R J, Yang J S. Analysis on salinity characteristics and

Transactions Society of

profile types of saline soils in the Yellow River Delta[J].
Journal of Arid Land Resources and Environment, 2007,
21 (11): 106—112. [BEoRVL, BEhks. 2 =M i
[P R b e (1 Wi T i T I M R P 2
58, 2007, 21 (11): 106—112.]

Yao R J, Yang J S. Quantitative analysis of spatial
distribution pattern of soil salt accumulation in plough
layer and shallow groundwater in the Yellow River
Delta[J].
Agricultural Engineering, 2007, 23 (8): 45—51. [#k
SRVL, S, BT = A Y X 2 R K S RS
FRER 2 (6] 73 S AL d A (0], AR AR 244, 2007,
23 (8): 45—51.]

Wang Q J, Deng M J, Ning S R, et al. Reality and
problems of controlling soil water and salt in farmland[J].
Advances in Water Science, 2021, 32( 1 ): 139—147. [F
U, XBEIT, TN, S TURER IR BLSE 5 T i
AR [T]. KRR, 2021, 32 (1): 139—147.]
Wang R T, Lu Z H, Sun J K, et al. Effect of soil

ameliorants on coastal saline-alkali soil in the Yellow

Transactions of the Chinese Society of

River Delta[J]. Journal of Soil and Water Conservation,
2012, 26 (4): 239—244. [E&H, ik, FMRIE,

http://pedologica.issas.ac.cn



36 + o IR 61 &
AL e SR R R BT — A Y 15 A B 9 ek R A, [33] WangQM, Jing YP, Li YJ, etal. Effect of different
[J1. KERFFZER, 2012, 26 (4): 239—244.] fertilizer regime on the improvement of saline-alkali soil

[ 22 ] Yang J S. Development and prospect of the research on in Hetao Irrigation District[J]. Soil and Fertilizer
salt-affected soils in China[J]. Acta Pedologica Sinica, Sciences in China, 2020 (5): 124—131. [EJKZ, 5t
2008, 45 (5): 837—845. [, hEELE LT FME, ZEBRIE, 5. A [ B AL o ] £ I e e
KIBDIFE S R[] ¥, 2008, 45 (5): RACR[T]. P E SR, 2020 (5): 124—131.]
837—845.] [ 34 ] LuolJ, ShengJD, WangY X, et al. Effects of different

[ 23] LiJG, PuLJ, Han M F, et al. Soil salinization research organic fertilizers on soil salinity, nutrients and cotton
in China : Advances and prospects[J]. Journal of yield on salt-affected land[J]. Research of Soil and Water
Geographical Sciences, 2014, 24 (5): 943—960. Conservation, 2016, 23 (3); 48—53. [F 4, MdAK

[ 24 ] Wang C Y. The discussion on ecological amelioration of Tk, &5, ORFEIA HUEXT 5B 3k 4 | 574
salt-effected soil under growing rice condition[J]. KABAE =g m[J]. K AR5, 2016, 23 (3):
Chinese Journal of Soil Science, 2002, 33 (2): 94—95. 48—53.]

[EE®. LT 22 EESKRE]. L@k, [ 35 ] LiL,WangJ,ZhuZ M, et al. Effects of nitrogen fertilizer
2002, 33 (2): 94—95.] reduction combined with organic fertilizer/straw on soil

[ 25 ] Guo G, Araya K, Jia H, et al. Improvement of fertility index and maize yield in saline-alkali land [J].
salt-affected soils, Part 1: interception of capillarity[J]. Chinese Journal of Soil Science, 2020, 51( 4 ): 928—935.
Biosystems Engineering, 2006, 94 (1): 139—150. [Z&, B, REW], & FICRUES A PUIL/AS

[ 26 ] LiZG,LiuX]J, Zhang X M, et al. Infiltration of melting it o 6 Bl b 1 AT 1 F8 T/]‘&ﬂiﬂéfgmﬂ’ﬂ?} M), 4
saline ice water in soil columns: Consequences on soil A, 2020, 51 (4): 928—935.]
moisture and salt content[J]. Agricultural Water [ 36 ] ZhaoYG, WangJ, LiYY, etal Reducing evaporation
Management, 2008, 95 (4). 498—502. from phreatic water and soil resalinization by using straw

[ 27 ] Tedeschi A, Dell’Aquila R. Effects of irrigation with interlayer and plastic mulch[J]. Transactions of the
saline waters, at different concentrations, on soil physical Chinese Society of Agricultural Engineering, 2013, 29
and chemical characteristics[J]. Agricultural Water (23): 109—117. [BX7kBL, F, Z=2E X, % B
Management, 2005, 77 ( 1/2/3): 308—322. J2 15 b I8 55 A S v K 28 R R R R (D). ARk

[ 28 ] YanHJ, Wei Y Q, Ma W P, et al. The reclamation effect TREAHR, 2013, 29 (23): 109—117.]
of “desalinized fertile layers” cultivation on saline soils [ 37 ] Mao X S. A Study of the effects of concret mulching on
[J]. Soil and Fertile, 1992 (3): 5—8. [ &R, #HFK, movement of soil water and salt in salinized region[J].
LM, . BE RAIEIRE” ek R T Chinese Journal of Agrometeorology, 1998, 19 (1):
M), LHEAERL, 1992 (3): 5—8.] 26—29. [B2EAR. KU BlFeHE 35 % #6351 Lok iz 3 &

[ 29 ] YanH1J, WeiYQ, LiuJF, etal. Study on establishment ﬁimélikﬁ BRI PELSR S, 1998, 19(1):
and function of desalinized fertile layers in waterlogged 26—29.]
and salt affected soil[J]. Acta Pedologica Sinica, 1994, [ 38 ] ZhaoYG, LiYY, WangJ, et al. Buried straw layer plus
31 (4): 413—421. [J=E&R, bk, xI4k55, 5. % plastic mulching reduces soil salinity and increases
Wi LRI R SRR SO prE 3], 1 sunflower yield in saline soils[J]. Soil and Tillage
24, 1994, 31 (4): 413—421.] Research, 2016, 155: 363—370.

[ 30 ] ZhangR,YanHJ,WeiY Q,et al. Effect of organic fertile [ 39 ] Anikwe M A N,Mbahb C N,Ezeaku P I, et al. Tillage and
on saline soil reclamation[J]. Soil and Fertile, 1997 (4 ): plastic mulch effects on soil properties and growth and

11—14. [5K8E, 2R, Bb K, % AVLAER R yield of cocoyam ( Colocasia esculenta ) on an ultisol in
B NERD] IR, 1997 (4): 11—14.] southeastern Nigeria[J]. Soil and Tillage Research, 2007,

[ 31 ] ShanXZ, WeiYQ, YanHJ, etal. Simulation research 93 (2): 264—272.
of different organic matter contents in topsoil layer on the [ 40 ] PangHC, LiYY, YangJ S, et al. Effect of brackish
water and salt movements[J]. Soil and Fertile, 1996 (5): water irrigation and straw mulching on soil salinity and
1—5. [BRFR, BLRPE, 2R, & RLEAEVISE crop yields under monsoonal climatic conditions[J].
Xt K iz SR AR IUF R[], HHEARRE, 1996 (5): Agricultural Water Management, 2010, 97 ( 12 ):
1—5.] 1971—1977.

[ 32 ] Hou HH, Wang C T, Wang X D, et al. A study of [ 41 ] Bezborodov GA, Shadmanov D K, Mirhashimov R T,
improvement effects by biological measurements in the et al. Mulching and water quality effects on soil salinity
yellow river Delta saline-alkali soil[J] China Rural Water and sodicity dynamics and cotton productivity in Central
and Hydropower, 2014 (7): 1 [ERR, THH, Asia[J]. Agriculture, Ecosystems & Environment, 2010,
L IGE, 45 Eﬁ‘iﬂ:ﬁwﬂ'rlfﬁw@ﬁi&?ﬁ%%ﬁﬁﬂ)’tEaﬁ%ﬁﬂ%ﬁ 138 (1/2): 95—102.

. PEASKFIKE, 2014 (7): 1—6.] [ 42 ] SchwartzR C, Baumhardt R L, Evett S R. Tillage effects

http://pedologica.issas.ac.cn



144

28 BLAE . SR IR B E A K AL EE 25 5 I P LS HOR ISt 37

[ 43 ]

[ 44 ]

[ 45 ]

[ 46 ]

[ 47 ]

[ 48 ]

[ 49 ]

[ 50 ]

[ 51 ]

[ 52 ]

on soil water redistribution and bare soil evaporation
throughout a season[J]. Soil and Tillage Research, 2010,
110 (2): 221—229.

Wei BH, Shen ZY, ZhoulJ, et al. Study on effect and
mechanism of improving saline-alkali soil by fenlong
tillage[J]. Soils, 2020, 52 (4): 699—703. [F5AHE,
HEAG, R, S5 B B R R B OCR S ALEE].
+3HE, 2020, 52 (4): 699—703.]

Hasigerile, Qu Z'Y, Wang F. Water-heat-salt effects of
applying desulphurization gypsum and biochar on
saline-alkali soil under smashing ridge tillage[J]. Water
Saving Irrigation, 2019 (9 ). 19—22, 28. [IAH#i#% H 4k,
J A8 SC, L. By ZE AR MG B B A R A e
Tt 3K PR B S R BT (] 1K HEE, 2019 (9):
19—22, 28]

RenDY, HaoYY, Xu X, et al. Modeling and assessing
field irrigation water use in a canal system of Hetao,
upper Yellow River basin: Application to maize,
sunflower and watermelon[J]. Journal of Hydrology,
2016, 532: 122—139.

Han D M, Zhou T T. Soil water movement in the
unsaturated zone of an inland arid region: Mulched drip
irrigation experiment[J]. Journal of Hydrology, 2018,
559: 13—29.

Rameshwaran P, Tepe A, Yazar A, et al. Effects of
drip-irrigation regimes with saline water on pepper
productivity and soil salinity under greenhouse conditions[J].
Scientia Horticulturae, 2016, 199: 114—123.

Guo K, Zhang X M, Liu X J. Effect of timing of plastic
film mulching on water and salt movements in coastal
saline soil under freezing saline water irrigation[J]. Acta
Pedologica Sinica, 2014, 51 (6): 1202—1212. [3¥#L,
TR T, X /INET. R EE DI I T B MR ] %o Y
KBRS [T]. LA, 2014, 51 (6):
1202—1212.]

Guo K, Liu X J. Infiltration of meltwater from frozen
saline water located on the soil can result in reclamation
of a coastal saline soil[J]. Irrigation Science, 2015, 33
(6): 441—452.

Wang X B, Zhao Q S, Hu Y J, et al. An alternative water
source and combined agronomic practices for cotton
irrigation in coastal saline soils[J]. Irrigation Science,
2012, 30 (3): 221—232.

Liu HM, Guo K, Li X G, et al. Effect of plastic film
mulch on soil moisture and salt dynamics under saline
water irrigation in coastal saline soils[J]. Chinese Journal
of Eco-Agriculture, 2017, 25 (12): 1761—1769. [X|
Wi, YL, ZEWEE, A5, TR SR TR UK A
PR R KRB A RS [T]. o E AR SO
&, 2017, 25 (12): 1761—1769.]

Liu WQ, YuHJ, Xu X Y. Quantitative analysis of the
spatial distribution patterns of top soil salinity and

organic matter in southern coastal area of the Laizhou

53 ]

54 ]

55 ]

56 ]

57 ]

58 ]

59 |

60 ]

62 |

63 ]

64 ]

Bay[J]. Marine Science Bulletin, 2014, 33( 3 ):277—282.
[RISCA, THbZE, fRM4ok. SN R RZ LS
AL A (] 4310 8 mAFAE[)]. WA, 2014,
33 (3): 277—282.]

Franzluebbers A J. Water infiltration and soil structure
related to organic matter and its stratification with
depth[J]. Soil and Tillage Research, 2002, 66 (2):
197—205.

Govaerts B, Fuentes M, Mezzalama M, et al. Infiltration,
soil moisture, root rot and nematode populations after 12
years of different tillage, residue and crop rotation
managements[J]. Soil and Tillage Research, 2007, 94
(1): 209—219.

David R, Dimitrios P. Diffusion and cation exchange
during the reclamation of saline-structured soils[J].
Geoderma, 2002, 107 (3/4): 271—279.

de Almeida W S, Panachuki E, de OliveiraPT S, etal.
Effect of soil tillage and vegetal cover on soil water
infiltration[J]. Soil and Tillage Research, 2018, 175:
130—138.

Ingrid Hincapié, Peter F, Germann. Impact of initial and
boundary conditions on preferential flow[J]. Journal of
Contaminant Hydrology, 2009, 104: 67—73.

Gran M, Carrer J, MassanaJ, et al. Dynamics of water
vapor flux and water separation processes during
evaporation from a soil[J].
Hydrology, 2011, 396 (3/4): 215—220.
Kader M A, Senge M, Mojid M A, et al. Recent advances

in mulching materials and methods for modifying soil

salty dry Journal of

environment[J]. Soil and Tillage Research, 2017, 168:

155—166.

Mahdavi S M, Neyshabouri M R, Fujimaki H. Water
vapour transport in a soil column in the presence of an
osmotic gradient[J]. Geoderma, 2018, 315: 199—207.
Gowing J W, Konukcu F, Rose D A. Evaporative flux
from a shallow watertable : The influence of a
vapour-liquid phase transition[J]. Journal of hydrology,

2006, 321 (1/2/3/4): 77—389.

Banimahd S A, Zand-Parsa S. Simulation of evaporation,
coupled liquid water, water vapor and heat transport
through the soil Water
Management, 2013, 130: 168—177.

Rewald B, Raveh E, Gendler T, et al. Phenotypic

plasticity and water flux rates of Citrus root orders under

medium[J]. Agricultural

salinity[J]. Journal of Experimental Botany, 2012, 63:
2717—27217.

Wu X C. Study of field experiment of soil water
movement under the condition of straw mulching of different
depth of crops[D]. Urumgqi : Xinjiang Agricultural
University, 2007. [RJBF. EWEARRAERHHE S
FAF T L HOKSMZ 3 H R IR BT ST [D]. & AT #i
gAML KA, 2007.]

http://pedologica.issas.ac.cn



38 + o IR 61 &

[ 65 ] Hudan T, Sultan. Inverse estimation for soil and straw [ 77 ] YangT, XieZX, YuQ, etal. Effects of partial root salt
hydraulic parameters from lysimeters[J]. Journal of stress on seedling growth and photosynthetic
Irrigation and Drainage, 2009, 28( 1 ): 68—70. [J£fH -nt characteristics of winter wheat[J]. Chinese Journal of
BRA, JHEM. RS RS 3 S (). Eco-Agriculture, 2014, 22 (9): 1074—1078. [,
TEMEHEK 3, 2009, 28 (1): 68—70.] WARERE, MBS R AR R R 0 X AN A KR

[ 66 ] Milly P C D. Linear analysis of thermal effects on BRI, HE A SR E R, 2014, 22 (9):
evaporation from soil[J]. Water Resources Research, 1074—1078.]

1984, 20 (8): 1075—1085. [ 78 ] Dong H Z, Kong X Q, Luo Z, et al. Unequal salt

[ 67 ] Nassar I N, Horton R. Water transport in unsaturated distribution in the root zone increases growth and yield of
nonisothermal salty soil: I. Experimental results[J]. Soil cotton[J]. European Journal of Agronomy, 2010, 33(4 ):
Science Society of America Journal, 1989, 53 (5): 285—292.

1323—1329. [ 79 ] KongXQ, Luo Z, Dong H Z, et al. Non-uniform salinity

[ 68 ] GaoRR, Zhao RH, Du XM, et al. Characteristics of in the root zone alleviates salt damage by increasing
root systems of two halophytes for adaptability to sodium, water and nutrient transport genes expression in
salinity[J]. Scientia Silvae Sinicae, 2010, 46 ( 7 ): cotton[J]. Scientific Reports, 2017, 7: 2813—2879.
176—182. [Ekiln, B Eife, MR, . 2 FhdhEmE [ 80 ] ReefR, Markham H L, Santini N S, et al. The response
YA RIS SR AR (0] MR B4, 2010, 46 (7): of the mangrove Avicennia marina to heterogeneous
176—182.] salinity measured using a split-root approach[J]. Plant

[ 69 ] Hodge A, Berta G, Doussan C, et al. Plant root growth, and Soil, 2015, 393: 297—305.
architecture and function[J]. Plant and Soil, 2009, 321: [ 81 ] JiangH,BaiYY,DuHY, etal. The spatial and seasonal
153—187. variation characteristics of fine roots in different plant

[ 70 ] Wang Q C, Cheng Y Q. Response of fine roots to soil configuration modes in new reclamation saline soil of
nutrient spatial heterogeneity[J]. Chinese Journal of humid climate in China[J]. Ecological Engineering,
Applied Ecology, 2004, 15(6): 1063—1068. [ KK, 2016, 86: 231—238.

BRI, L5528 o) 5 vk 5 A PR R Y 58 B R [ 82 ] Homaee M, Schmidhalter U. Water integration by plants
[3]. W A4, 2004, 15 (6): 1063—1068.] root under non-uniform soil salinity[J]. Irrigation

[ 71 ] ShuHM,Guo S Q,Gong YY,etal. The influence of salt Science, 2008, 27: 83—95.
stress on crop root and its genetic improvement[J]. [ 8 ] Hao G Y, Jones T I, Luton C, et al. Hydraulic
Molecular Plant Breeding, 2013, 11 (5): 657—662. [ redistribution in dwarf Rhizophora mangle trees driven
ZIK, BB, WooHE, . A EY R R 5 by interstitial soil water salinity gradients: impacts on
JKHEHE TRE R[] 4 TFHEIER, 2013, 11 (5): hydraulic architecture and gas exchange[J]. Tree
657—662.] Physiology, 2009, 29: 697—705.

[ 72 ] Hartle R T, Fernandez G C J, Nowak R S. Horizontal and [ 84 ] Lycoskoufis I H, Savvas D, Mavrogianopoulos G.
vertical zones of influence for root systems of four Growth, gas exchange, and nutrient status in pepper
Mojave Desert shrubs[J]. Journal of Arid Environments, ( Capsicum annuum L.) grown in recirculating nutrient
2006, 64 (4): 586—603. solution as affected by salinity imposed to half of the root

[ 73 ] Cresswell HP, Kirkegaard J A. Subsoil amelioration by system[J]. Scientia Horticulturae, 2005, 106 (2 ):
plant roots-the process and the evidence[J]. Australian 147—161.

Journal of Soil Research, 1995, 33: 221—239. [ 85 ] McNickle G G, Cahill, Jr.JF. Plant root growth and the

[ 74 ] Bazihizina N, Barrett-Lennard E G, Colmer T D. Plant marginal value theorem[J]. Proceedings of the National
growth and physiology under heterogeneous salinity[J]. Academy of Sciences of the United States of America,
Plant and Soil, 2012, 354: 1—19. 2009, 106 (12): 4747—4751.

[ 75 ] Feng X H,An P,Guo K, et al. Growth, root compensation [ 86 ] Mommer L, van RuijvenJ, Jansen C, et al. Interactive
and ion distribution in Lycium chinense under effects of nutrient heterogeneity and competition :
heterogeneous salinity stress[J]. Scientia Horticulturae, Implications for root foraging theory?[J]. Functional
2017, 226: 24—32. Ecology, 2012, 26 (1): 66—73.

[ 76 ] Kong X Q, Luo Z, Dong H Z, et al. Effects of [ 87 ] Panuccio M R, Logotet B, De Lorenzo F, et al. Root

non-uniform root zone salinity on water use, Na*
recirculation, and Na“ and H" flux in cotton[J]. Journal of

Experimental Botany, 2012, 63 (5): 2105—2116.

plasticity improves salt tolerance in different genotypes
of lentil( Lens culinaris )[J]. Ecological Questions, 2010,
14 (1): 95—97.

(RERE: » #)

http://pedologica.issas.ac.cn



