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Abstract

To explore the effects of alternate irrigation with saline and fresh water on maize production and
soil salinity changes under the subsurface pipe drainage mode in coastal saline-alkaline lands, so
as to clarify the suitable alternate irrigation method and provide a theoretical basis for the safe
utilization of brackish water resources, water conservation, and the guarantee of safe maize pro-
duction. This study selected “Richard” dwarf maize as the research material and conducted a field
experiment in the moderate-severe saline-alkaline lands of Caofeidian District, Tangshan City, He-
bei Province, with five treatments established: CK (rain-fed dry farming), T1 (irrigated with fresh
water at both the trumpet stage and silking stage), T2 (irrigated with brackish water at the trumpet
stage + fresh water at the silking stage), T3 (irrigated with fresh water at the trumpet stage + brack-
ish water at the silking stage), and T4 (irrigated with brackish water at both the trumpet stage and
silking stage). The effects of different alternate irrigation methods on maize yield, water use effi-
ciency (WUE), and soil salinity in the plough layer (0~20 cm) and deep layer (20~40 cm) were in-
vestigated. The results showed that alternate irrigation with saline and fresh water had significant
effects on soil salinity, maize yield, and WUE, but moderate drip irrigation with brackish water did
not cause serious negative impacts on yield. Under the combined action of summer rainfall and sub-
surface pipe drainage, the soil salinity in the plough layer of all treatments after harvest was con-
trolled within the range of 0.15%~0.31%, and no significant salt accumulation was observed in the
20~40 cm soil layer. The maize yield per mu (667 m2) ranged from 380 kg to 490 kg, with the WUE
ranking as T3 > T2 > T1 > CK > T4 and the yield ranking as T1 > T3 > T2 > CK > T4. Compared with
T1, the yield of T3 only decreased by 2.9% (no significant difference) but increased by 12.4% com-
pared with CK, and its WUE was 13.6% higher than that of T1. In conclusion, under the condition of
subsurface pipe drainage in coastal moderate to severe saline-alkaline lands, moderate drip irriga-
tion with brackish water can be applied at the appropriate growth stage (silking stage). This method
not only does not significantly reduce maize yield or cause obvious soil salt accumulation but also
saves 50% of freshwater resources, realizing the safe utilization of brackish water resources.
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B HEBEAE AN FRAEY K o BRI, 20K oy 3h oy e N B8, Y 38 3Ry AR i 52 (A I, &2
WA T RS 75E, PBOLER TR, EKZMH3]. REOTZE4FF AR, MET%RKL
L, UROKACFEESHEINE TR Na /Ko E, BEOR G280, il FoRAEK . SREERUSUKHEBM L,
JRIR KA RERE R A FE AR KR 7 2, oA Sz s e [S]. R0 i K, kG
PR 77 2L S8 UG TR A R TRV =, /N R K TS 6.6% 4.2% o TS 7]RF FTAE
EhAG e B HE R B 2 PR W REK &, (& IR/ M T iR m K o R 2R, B = i mA
B, PRERIERIMWAI, MBUKERN 5 Y B — e, (A A & EEHE B 3 AT PR #h o R
FURK: . BRT, ST RR K T 70 2 S5 P T2 B SO s R0, B o 2 Rl % 5 4
AT, G5E /KR A 0 H TR EGBF FE AR X Rk, i 7 B A& BOIZ X 30 Bk K FeRE T =, iz
DX 35 - 19 20 R 45 ORI oK e P A KSR AR S

AR 7t DL I A R SRR O AT DX, TR R HE AR AR, SRR R K W\ TSR e 22 B A O
B, WEANFERIR KL, RAILIHZ(0~20 cm). IF/ZE(20~40 cm) 3L/ K= R AIK S
FI R IO FEM, DR P R SR AR SRR K 22 4R B R K T 7K = I B AR X A

2. MRS 5E
2.1. XA

FH [H] 056 T 2024~2025 SELEI 648 3 LU o 40 fe) X — AR 37 1 (39°23'N, 118°58'E, i1k 2.5 m)FF i
X AL TRACE R A, BT R, 8 SRR A, 2R N & 500~600 mm, EEAE
HITE 6~9 H, HAeERWE 70%LLE; S FHSEL 11°C, JEFEM 180~190 do 158 X 3k -3 it e i
i+, 4 A FHHE0~20 cm) H3E 2 0.36%~0.63%, FIEE5 0.46%, AHLR 18.3 ghkg. 4% 1.23
g/kg, A=W 0.75 ghkg, 4% 17 g/kg, pH 7.75, J& TR EEIRGM; 20~40 cm 2 FHEE 7 0.52%, pH
7.820 R X R LN - B FKEAEFER N, 2w HEE:, R 10 m. 39 60 cm.

2.2. #HAAH

PER FR AN A BB R R AR AR B RE BT MR KRG R, Badh “HEME” , %5
Rk 2.2 KOUR, HERUC. KA. BRALGF. MEREER 3 mHE SR, BB BB e AR kR
A, TE =% (7000~8000 FE/HN A& TRE, TR <1%, JURPTHRIER] | FbsdE. (HRR0KE H R H
JAIBVRYE, WA 3 g/L, FFEMUBUKIERE K B AR (S IR R S5 (8 IRIR bR HE): R /KON 2 AR
K, WALRE 0.12 g/L.

T AEAA ) B A B IR — i 40 ke/ i, B ML N R ZCEVLR S & 51.7%, HIE0N+P,0s
+K20) 6.4%, AREEEE 1.2 10/g); HOTHIEK R 20 kg/m, it XA it )5 7+ .

2.3. AT

R E 5 AMNMEFE, 3REE, PXHEHMA0mMGmx6m), MXERE | mEHET, BhikfK
IR EBE T RONTREE, RRUEE KBS 40 J5 /6T, AXAE FORBRIW ORI 22 B A7 EmE AL 38, B A AL 3
W T

CK: MFHRFEIE, 24 F AT
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T1: WO\ HARER K, Ik 22 BHEER /K5

T2: WS K3 g/L), 22 HIRE R K s

T3: WU\ HARE R K, 22 IR K (3 g/L);

T4: WO\ AVERURIK (3 g/L), m22IAVERURIK (3 g/L).

BKT 2024 4 6 H 10 HAEF, FIEZEREAN 6667 #h/mi, 2024 410 H 15 Hksk, &£ FHE it
AT O SE B R, FH ) R 2

2.4. FE¥RIIE

g ER I E . BT HERRT(6 HHD) WRIE(10 H R R)RES /N XBEHE(0~20 cm)~ 1 Z(20~40 cm)
RS, R TR, AR S AR, IRAEEN . RS ARRT. HHEE
i1 mm i, AZRE K 15 BeHIRER IR, AR AL, R DDS-307A YL 330N E 415
LS 3(ECs), R ATIEIENSGE7], BMFEMES 3R, BUFE.

TR R R AE KRR E . FORBGRES, BAN/NXGERUESE 10 #hEK, MEbke. B, ki,
BRI B BRI 7 BESWGR/NX ARk, BRI T SRR EATRL R B, N E

IKFIR R . SRS KE PR 5 R B FOKRET), AXN: ET=Po+1-
AW -R~-D, H P EFHNEKEmMm), 1 AEEHNEKEmMM), AW N 0~100 cm 1)z KA
& (mm), R NZEFREmm), D NERKEmm), HTFREXEEREHELL, BRELHLENHE, fR
BT KOFIFHRER(WUE) = 748 (kg/hm?)/FE/K & (mm) x 10,

2.5. BIEDHT

TRI6 HE K Excel #HATICR AR, iz SPSS 25.0 AT AR &K 7 0871, K F Duncan i
T2 B LR(P = 0.05).

3. ZRE S
3.1. RURIKEEHERT L IRE ST RIS

HIZE 1 AT, 3EF6 H 10 H)BR T4 LR E/MXHEE(0~20 cm) R JZ(20~40 cm) T35 /0 & B
BEZEFP>0.05), HHEZR T 0.27%~0.35% X 8], “F35°4 0.33%; I8 )2 30 4446 e A 55 B8 CK (0.38%)~
T1(0.37%)~ T2 (0.41%)~ T3 (0.39%) T4(0.38%), /LT 0.37%~0.41%X 1], “FI5°H 0.39%. WEK)E,
AN RGR K EE E AL R g 5 4y P A — e s, (RIS HIE G R IX (], RHEIEERSBMER, RIR
TNV TR 5 TR R A 38 A AR SRS R R U VR R A B R e v ()

2 Z=[E WA B HEER I ZRE 5, S AL BRSOIR 5 B2 a3 R A B HITE 0.15%~0.31%IX [A] Y, J
HT1 AR ER (AR K HEWE) i #h RO B i, WOREHEZ LI ER 50 0.15%, BB MHIN FEAIC 58.8%; T3 AL EE(H
WU K + 22 BABURK) 650 9 0.18%, BB FIES FRAK 48.6%; T2 ACEE(MIW\ TIAGKRIK + 22 1
HRA)ERIT N 0.22%, BABFIET FEAK 37.1%. CK ACEE T IO Ge, S M A EHE SR, TR
N 0.29%, BHRFHETFEAK 17.1%; T4 IR (USRS 086 &, N 0.31%, ETEE X E, Bk
PRI T 5 14.8%, AR LR E SRR R 2 L1 3 0 B a3 S5 #FZ — 20 BOR 5 46 E 0.38%~0.43%
X[a], HH CK (0.42%). T1(0.38%). T2 (0.43%). T3 (0.39%). T4 (0.41%), T1. T3 AHRZEEH /5 EE
&F CK. T2. T4 4FE(P <0.05), HIRBH ZX A LR,

ZHEIBSERE R, Tl T3 ABHE LSS BT CKL T2 M1 T4 42 (P <0.05), T2. T4 b8
5 CK ER#EZRP > 0.05); HZETEd, T1 AE 75 51%0.38%), T3 K Z(0.39%), 3 BEAK

DOI: 10.12677/hjas.2026.162025 181 b k=


https://doi.org/10.12677/hjas.2026.162025

Wit 2

F T2 (0.43%). CK (0.42%)H1 T4 (0.41%)4LFE(P <0.05), H A A TSR G 2 K48 HHd B X H] . X &8
Wl W\ CEE VR /K S k22 B HE R AOBOK (AR HE 775X, AT E B IR S HE SR B R R A RO RS R R
RS, EEMBUKEBRA S S8R RERE, A,

Table 1. Soil salt content variation under different treatments

=1L AELETHRESTR

e BREBERS)  EREHER) BRERELR) SERERERS BEESBHER
(%) (%) (%) (%) (%)
CK 0.35 = 0.02? 0.29+0.01° 0.38+0.01° 0.42 +0.01° -17.1
Tl 0.34 % 0.02° 0.15+0.01 0.37+0.01° 0.38+0.01°¢ ~58.8
T2 0.35 +0.02? 0.22+0.01°¢ 0.41 +0.01? 0.43 +0.01 -37.1
T3 0.35 = 0.02? 0.18 £0.01% 0.39+0.01° 0.39+0.01% ~48.6
T4 0.27 +0.02° 0.31+0.01° 0.38+0.01° 0.41£0.01% +14.8

e FEREAR/NEFRRRNEREE®P<0.05), T

3.2. BURIKEEER EARE KB

2 2 WAL, R /KA HE AL 0T oK PR v« RS AR KA AR A — JE 2 IH(P < 0.05), H 2R A7 PR .
PR RN T1> T3> T2 >CK > T4, T1 4G R (210.5 cm), T4 A HAG(182.3 cm), T3 AbHE kS
BT BRI 3.8%, # CK #5 6.5%; FEKEHN T1 (21.2 cm) > T3 (20.7 cm) > T2 (19.8 cm) > CK (18.9
cm) > T4 (17.5 cm), T3 WK S T1 LEEZ 7P >0.05), BFET T2. CK il T4 (P < 0.05).

X W ik 22 R WA AR T oK AR R AR T AR /DS, TR 1 B E TR (T2 T4 AL B RO AR
KA — e, (AR ™ EIG], X 5FRER8]. FMZEFOIWF T4 R —2, BIF KA A mT A
WD ER RS, AR MBK AN il AN T, AR E R A 22 )i R VRGBT
AR EEARTEA R FEHA o

Table 2. Maize growth under different treatments

#=2. TRLEBTEREKER

Kb B (cm) Bk (cm)
CK 199.3 +£3.0° 18.9 £ 0.5
Tl 210.5+3.22 21.2+0.52
T2 203.1 +£2.9 19.8 £ 0.4°
T3 202.7+3.1° 20.7+0.52
T4 182.3+£2.7° 17.5+0.4¢

3.3. BURKEEMN EKZE, BKERKSFIAMENEIE

B 3 RTAL,  AS[ERGR K6 e A B 6T T K™ B BAe) B Rl - — k8 R, AFE (R A T E AR R
TE R0, A AR BEE 40T 380~490 kg YU (P < 0.05). FEKIECRIN T1 (452 Ki/k#) > T3 (440
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Fi/fl) > T2 (415 Fi/fl) > CK (392 ki/fi) > T4 (368 Fi/fl); H K ERIA T1 (30.8 g) > T3 (30.1 g) > T2
(29.3 g)> CK (28.7 g) > T4 (27.5 g); Ri=mRILN T1 (482 kg) > T3 (468 kg) > T2 (435 kg) > CK (416 kg) >
T4 (385 kg).

T3 AEHE R P85 T1AYEK 2.9%, TREZZP>0.05); B CK &5 12.4%, B T4 #25 21.6%, %
SR FEP<0.05). T2 AFEmE =& T3 B 7.0%, Z 57 REP <0.05), UMW\ EEBE USRS ™= &
(IR Tk 2230, B R B B IR R . T4 AbBR P~ Bk, 58 T1 B#{% 20.1%, {HE ik 385
kg, ViU RIERREERURUKIERE, WARTE BO™ B ™, & SRR RERE 1) 22 VB e, SRR 73R
“ER AL LI R USOK RO T B R AN B S5 — .

H7e 3 AIAL ROKAE HIFE /K B TR FE B LG A9 38 I S BRI 35, TR /K AR B (T 1) FEZK 5 5 (498
mm), 5K b (T4)FE/K B i IK(417 mm), £ 5 UK BERE T VRV FE /K BB AT T 958 7K VR VBR P 325 3 A
KA R RE RN T3 (1.85 kg/m?) > T2 (1.72 kg/m?) > T1 (1.64 kg/m?) > CK (1.58 kg/m?) > T4 (1.52 kg/m?),
T3 AFEK DRI BCRE T1 525 13.6%, 5 CK 2 17.1%, ZFEEP <0.05). XK B3R K+
I 22 SRR I ACHE 77 32X, PR S B K & 1 [FIB 32 Sk o R 28R, SEBT /K5 A8 XU -

Zr b, T3 ACFERWCE IR K + k22 BRSO AE TR TR B, 4 Ko R 80 Oy T 3R I A
BERETT 2 50% 17 /K B IS (BRI HERE 40 J7 /1 » PR UCHEBEIE T2 40 T35 7% 7K), SR OR 7= B AN 2 2 B I
KA FI R BCRIET, RIS UK 22 4R

Table 3. Maize yield, water consumption and WUE under different treatments

=3 AENETEKR=E, FKERKIFIAYE

3 . 7
e BEERA)  ERRRQ  WRe  RkEem PN
CK 352+ 11° 28.7+0.7° 416+ 14° 432 + 122 1.58 £0.05°
Tl 412+ 132 30.8+0.82 482 + 162 498 + 152 1.64 +0.06°
T2 375+ 12b 293+0.7° 435+ 15° 441 + 132 1.72£0.07%
T3 400 + 122 30.1+£0.82 468 + 152 423 + 122 1.85 £0.082
T4 328 £ 10c 27.5+£0.6¢ 385+ 13¢ 417+ 112 1.52 £ 0.05°
4. itig

4.1. BN TRk S B R R

398 R O A R AT R USUK RE L & B R S FR AR, MR HEEREEEUR, BEK DM E S E R
R HRIE], esmd IR i AR IR ORI R 9], ABFFTH, S ALBRUCHR FHHE(0~20 cm). ##)Z(20~40 cm)
TR BE RIS, REPLRERIEIR, RN W HE S 5 R UK R B [ 1
IR, SPREEESIFE N “FUsK HEBLEC & HE SR 18 M m] 3 ) e 3R 450 — 50 IEW T Rk
VERAEIZ X T 2 AR A .

4.2. BURKREN EREK, FERKSFIAMRARW

FORAAAE & WA £ A7 AR B2 22 5, WU 5 FOKE R AR R i AR T AR A P S B N Y, i £
PERLSS, BB RUSUK 25 KBS TR EABEE, EEEERA G EGE, 2R
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KFFRLIE LI OB 1, REPR T Eh P3G 58, XK 7 BUBMEGS 655 e RS2 e 3R i [ 10] [11]. ARBFFTH,
T2. T4 ZFEf-FHW\ COEBROK, MRim. B SEAKIBPRI R T T1. T3 &3, (HRHBIAKSZH
PR, FeE AR KR TRE, 1 B B R K BEERT oK AR K R T s e A PR

T3 ALBRFEM: 22 W UROK, BRI 2 7 E KKK TR, SCREEMHDEARE S, FMER T1 L
A% 2.9%, T ZF(P>0.05); # CK 15 12.4%, 28l 7= EfE . RN, T3 LBEEKERT T1,
IR IR T1 i 13.6%, X 53 FFE5[ 70T 70 A “ EhA 358 v ol 52 AR E TR PT 92 v 7Kk 20 1
Rt a5 R — B, R BIR 7K FE HE AT LE T /K R [R] I ORI = o T T4 AL BREFERHEBERUROK , 77 B BRI,
R A4S 385 kg, ARTERU™ HE™, 32D UE B IE FE URUK R E AN 22 0 FOK P B IE O™ R, R AR
A G EN A X5 TR R SR EE 0 A A A P BOY e B AR A, B 4 A
FEARRMBIENE, ASEIRMES RS, AMEYER BN 12] [13].

4.3. PEERBHRAKREEHREN

gig . TORER K& KPP BRERE 3, T3 BRI IZK + 22 RUR0K)
Fe i v E R SR B I HE SR M AR E T 3, A2 O AL AR T W 1 SRR PR3 A P I
W, ST CeEER CTOKS R mRC MBS —J7 I, WWCETRERR K, AT ROmsE R E o, N
FORRAE T WA KR O R 00 H AT, 38 S AR 2 B IE X R A RS2 55— J5ii, ik 22 31
UK, BRI oK S VSR, Ao RERE R, RN A GOK SIREAE, SRR AR

AR LR G R RAF[O[R M “ SR )E R FeHE T AR TRV 58— B0 RIS 6
FFEE[7] BRERSEAE[SIWEFCRCR, Bt AER], E H R SR i e & I HE AR FE B, 38 P RlURK T E oK
22 e, A SECRIRE E R, ASIE R R, R ER AR . B,
AHF TN E T PUCHEBR AL BN 3 o/l — DM UBUKE AL BRI, e SR TG IR K AL EERE B S AN TR
HEERSRPZACTE,  HE— DO RGR AKFEHE R L, TR BRI SR R A PR A B 4 T PR R S

4.4. DROERFC KRR RBHE REL S

TR H I, A RONE ARG AMEK ), BIESE T3 B 24 W ds] -
by BR, (HES: 2N A ] BEAEE R SR KR, BT AR 51 & g E AL R ) £ T AR
b, Tah A K e A I AR FIAH SIS A AT T . A ER 2 BRI K ISR B, UsUK & 1)
Na*s CI'. SO; & &1 Bt B Z= b iUk ve A & HE SR HE 0 40, (B IR SRS A A 1] e 3 808 115
RIZT3E@0 cm DLUF)ZENE RRL, T EKEEPi . SRISAREE 14170 A0 RE B AR AR 0t TP R 1Y) 2 4F 7
JROK A ERR IR R B, BIMECRA “JeiRfa i MR ER, SIS IR )= 11 (60~100 cm)#h 7 & &
VBRI AEA BT, HLZE S8 FH AR I 2 ) 338 R AR SR A s, e LA B R/ 1) T R4
Uy, Ehor BRIV E R, X 5 AR FC A 1K XU B

MASEEAGE R, S 2 AR T3 AT Bl I I 394 25 A0 Ah R Bt B (SAR) i 14 1]
TURIK 1) Nat 5y 5 L3I AR R I 1Y) Ca?"s Mg RAEZZ I B, FECTIRE IR 8, BRIk 254,
BE 51 T3EAR 4, BRAR 0B S B /K I o B SR S5 1 5175 3T SR I 4N S A v R Bt ool 5 R0 = £ N
X FFREM 5 FEUSK RIS o, JESR ARSI LR 3~5 o/L) 5K, BHE LIS SR
LRI 0.15~0.21 g/lem® , MFLBREREMR 5.1%~7.3%, TIEARSEFEEE S nE; AR, BF70IEIESLi%X
AR R A, Nat @ fem L b miib iz 08 7, KIARES S Na7E L3 B8, bt
711 SAR 1H.

IbAh, K HARUBK HEWEIE 1] R st 1 8 R /- IR PR RN P o 07K B [16]1E1EL: 2t R RUsUK EME &
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M ORI, MUK EB 2 3B MR 0 AR, IR N R SR, AL R AR
IKHEMAEBEFER 11.3%~15.7%, [l H3EE AR, BERENG. Tl IEmiR e S el im 1 2 2% N R, P
PEREIR BTG E T BB LA 13.5% A E, BEm im0 AL J Tt MR SmRE , PRI,

FUAEESR M T3 M3 3~4 )5, BB 1~2 FREPOKERE Y, 82 B RKMGERZ L35 2R
;oI E Nat, BRI, [, a8 tAVUIEAA S5 R A, hye 3 Ca?t, {2k Na'-Ca®
A, FEAK SAR M, ZefifbagbRal. toh, TEKMIENA R, BEARERRE Ly . SARMH. £
A HARRAR RS, GG AR P T R TR AR R E U RS ELL ), SEIUBUROK A AT s
P-4 o

5. &t

1) VEH R R S HEEL AR T, R E N SR EA SR REEN, & ERURKREEA 2 F B
tagEre A WAL A AL BRI S BEE (0~20 cm). TR JZE(20~40 cm) 35 E 2> B AR Al fE 2 (X (A, Horp
FEAIRZE 259070 58 CK (0.38%) T1(0.37%)« T2(0.41%). T3 (0.39%)- T4 (0.38%), UIRIAKZE £
4399 CK (0.42%) T1(0.38%). T2(0.43%) T3(0.39%). T4 (0.41%), HI4F 0.38%~0.43%X 8], W
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