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ZESBEEARKIIRER R T KRB KX ERKE RPN

e, REDY, AR, WS, B

(7 B G R KK FRRE R, 7 2 SAE K E ol TR AR L,
THE AR 750021 )

W OE: TRV BEHOK A E RO DM RIVE R R A #h i ik KRS R A A Ksg R, A
TR EEIX LRI R X MR RIS, W58 TRRAERSS (0, 1800 m/hm?) . BFEHEK (4. )
AR B =0 Ok . ) 3 A PR T A bk B3R Ay L KAy L ME A K FE R B T KA s 4 AR
R, 250K ARSI 0N ORI 2 B b2 57 0, AN BRR 2 A 5 K SR B I i )y A A
AEFE; AR, AT HEAK AT AW AR RIS KR BALIRE 0 ~ 100 em 2R EE + e Sy BERT ) 3 A5 AR AL
Hoe SR, AWAT AR LA B2, Hdh 15 (&3 mEE . B HEK ) A2 1% (0 ~ 40 cm)
Jidhi 3 s VRRWIHA AL IR ZE HHE (0 ~ 40 em ) TEARSS MR RAEA T IR EE NG, BHVRSGSIRBE IR, #8455
T HOIT TR RS T ) R R ZE X Ga s, R)E (40 ~ 100 em ) HIEERMG Frssm, A 7ezg L VE R 3Bl
KAarmRZER, REBHEE S GETE WAL, LS GREHOKIE T KEBAR (T7, &, W,
W HEK ) MK e A K Aghr e dd:, SEX & 6556.05 kg/hm® . BRES 210.17 em, 258 31.31 mm, M fHE
449, TYFE 2634 kg/hm’, BEEHK AT DA REE I T KA, Hoh T3 (TRAUE . W0E . WEEHK ) . T4 (6
S IHE L CREEHEK ) MU ROKAIREAR, Te (4. mE . TREHEK) A LR UnREZ TS T,
KRR, HICREEHOK R, M T KA IR R, VLSRG IR FIEE 1.04 mo BUL, RIS R E

W, T E X R A SR B R . A . JRBET T R A K TR, RS
K AEEEIL; A W mRCTRE; KERERE; FoK

TR X AT R R, BRI
FRIREN WK 2, ARASHE et . HEDCRHE
PSR, HEHFERGHANE S E, (HHHIr ik
KA, HT KBS . BRI H g5
WHAWREAL, A mHIZNZX LS R G E
A AT RS JE s LD R X B - B A o
Wy, SRR, DIBVRIRINE, TSl g
. HEAONTE; ISP XAE T A AT k]
B, TG . AR | A A
Ha L RN R 22 R IR S
bk, R IR, T AR AR R
DXECHRI AR, $RTHRRbEE, $Rml i E e hE
SRR e R HA BB

KRB 2024-01-03; FABEH: 2024-05-22

BEE&WB: THARFRAIES T E G B X K HEE R3S T
ML BAR G TN BH (2022AAC05066 ),

&R BHE (1986-), EIWFFEOL, 1+, FEMIAlK
WA SR I FEAF IS . E-mail: nxdxjbz168@126.com, [
o SRTERRAN (e

H et X Ehih ol RIG AR BTz, TF
FARHE ARG 1 X, A B K TR R 2 R 3R i Y
FESE — L R T HE K R AR L
Mk T AR RS, JF H A . A
IR, it TAIUAE R B o R AR R B Ak IX
HEK I TR 7 PR 2072, R 400 g
BHRAN A —E HR G AT DA AR SR
KR, B IR LA, [ A g 0] K 4y
e, M EHEREL L WA HE KA RS A
(] SEOF - ST R s e B Bl K A4, A B IEE N
HEVRNT I AR AR 5, WA 10
i R 2 A /N O, T K R R A e
TR, KBRS DR, 18R
R IX HE AR, BEKERIABRA K, $harmt
VEIZERER o T HERR AT XU AR Rt b X S R4
72 BAR X RO B 0 A BRTER, A
MBI 3K ER SR, AT AR g
0 ~ 40 em 12 H 55 H0 pH (H O AHAS B R
il s PR RSB R g T
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L A A HE KA O R L T AR R
Pk, fRHEKERIER Y, REE WA W,
VRO B EAR. A 2 D W T RRIRE AR D
AW H K S IR R AR, R
T T £ HOK A AB 5] H kb s e Wt o
UEAb, VRAE 25T R i X 3R Al Tk A 1
P2z —, 38 e A e vl LA 385l R - 3k v Ak Il
L R L X R X R B A e
EATIIE, RIATEM T AT 3600 mi/hm’, K5
IR 1.4 m, [ 8 m A, WiEERTL%] 36%, H
I, 38 HAY AT E B 3600 m'/hm” B, {335 15 3 A
AR T, T K TR K R U A R i
KA R AR R R T,

KT AR BT K DlHE, Pedh ta R E K
Ve RS E D A BEAE K 3K ER AR A 2 5 ]
W2 H O ERENRER, HE X Rk
i PR IX S A R A AR AL T B AR X
R NZ T ETE . R KR A S ST A X
B, AR LASLIESE B IS, 75T H L4
PR BT KRR R AR B HK A&
W P AR R B R Ky L . EAE
a0 YN e N VR A 0y K& IS T S =10 G N
HEP SR AN HEK 28 A BAR T K SR RS AL L
Sk R R SRR PRI AR S 4

1 MREFE

L1 U5 L

56 M A, T T B 4 O X 21 S R X A MR
EEE R S R SR AN AR R R RSN
fli A, ZAEF 78 ki 1370 mm, AP 2 0%
KA 251.0 mm, ZAEFIH 3024 h, RS
I 8.6°C, ZAE-Y K 3.7 mis, f K%K HHE
1.37 mo 50 4 BE S A b BT b, AR RS K R
42.54%, A KH31.56%, fLBRH 42.21%, +
B pHAE 8.2, AT WM T /AKIETE 2.1 m, MK
WAL 2.2 /L, 2022 4F 9 H & 2023 4F 11 H E %R
55 M B A SR A B A TR A
1.2 Rt

R 3N E (KRR, Hok X A8
B, BANHEE 24K, SRSELRENLIX4H
Beit, 8 ANMAbER, REALERL 3 ANEE . Hi, &
THESERG A O F1 1800 m*/hm”, A 7 HATHE /K BR324 M
AT A EI T3 T, B R EATY
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AU (TR 4K, SUIEREBN 1200
m'hm’, ANEFEAHE ) | R RTINS A=
THERT , /K IAIEE 300 mm, HEIBA R AR VEY) 75 AR
TR AR B, BEMER N 3150 mYhm® ), HE
KA EHEK . TREEHEK, BERTCYihi
8%, MR 1.5m, (Al S0m, FHRKEE 120 ~ 150 m,
BRI RNEE 1 R,

F 1wt

bisei Ak B WIEK AT HEK
T1 & B H
T2 o BT J
T3 & RRCTTE i
T4 & R RCTTE J
T5 H BT f
T6 H I J
T7 H R f
T8 A T I

1.3 IS HR SOy ik

(1) T3EdKRE: RS LAEXT 0 ~ 20,
20 ~ 40, 40 ~ 60, 60 ~ 80, 80 ~ 100 cm 1 JZ
HORE, HBET:00 0 R Ak R, SRAE s R e A
TR S A AR AT, AR ORAE i A
PR, IFRHZ SR IESE TSR, DAk R

ISR
(2) 450 RS SGHROMER R Lz 7%
R SR S

(3) it VEY RS I E ™ i .

(4) fEWAKIE S TEW KSR E N2
R, 2. o S BRI T R R
PR R R A UL A5 A7 Bt AL 356 B 3 >R FH X A R
iy ZEHUR bR RO &5 b 1 AR HG i it
TR Je iR AR AR T R B E kS
K

(5) /KA. FETRIE AN ] X 8 A 15 3 T 7K
SR, I KA 2R
L4 BdEathseit

B 4% ] Origin 2018 F1 SPSS 25.0 #4142 K]
30T -

2 HRE5NH

2.1 AN[EACEETF 5K i 25 AR AL B A
AESEFET, 0 ~ 100 em 1 )2 K 4Bt E]
AR 1 7R o A S50 N A A TE AL B - 4
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SKENMEREE (P<0.05), XL (TS5,
T6. T7. T8) V& JZ 1 HE & /KRB i & F XJ I A4
HEALFR (T1, T2, T3, T4), XHELSR G, BELHE
IKIFLETE, 0 ~ 40 em + 2K HGESE N, #E5
15 d 447, RERAL, FZ2 LRSS, 0 ~ 20
em F 2K M ERES NG TT iE R RHIRE RS
TRVRGE IR B WG, 0 ~ 40 em % T2 R L5 K
NS TR E, 40 ~ 100 em + 27K 40 A Fr A
BUE 3—4 J, SETH R BB SRR A RS
JZRE, 0 ~ 20 em H)2EKFIRE EHTG 15 d K
Ko BeAh, B HEAC S KR W, T3
Wb FRAS 2SR B AT A4 AL ], i T6 b
PGS A HEOK K i, AEATERBEE ZHZ T,
60 ~ 100 em + )25 /K] i T HAb A AL HL
2.2 A[FAEETF B s i B A

HE 2T LR, K420 ~ 100 em RE +
HeEb oy iR Rl S S AL U 22 R . ZMERT LA
RO ARy BIRIE, RMAJERTA LD, &L,
Ja U, Ky T34 2807 A i S vk,
0 ~ 40 em TS PTREAR, L TS T7 BEATR
B BTSRRI IR IRSS, 0 ~ 40 em )2
FEVRSS 2R A W OBUEAVE T Eh o078 st f i
B2 B3R BB, EharBiK o HRE R,
0 ~ 40 em )20 Z W B E AR KR
EHITR, 0 ~ 40 em /200 FF22RA%, Hop TS
TR TR TRAE B 3 . WS HE AKX Eh i Bt
—SERM, T2, T6 AP 60 ~ 100 em +J2ER/ HERT
] S BLZ AR B, XEHK A S 24
T1. T5 TR THREEHEK, 60 ~ 100 em + )23
SYICRLE RS, BbAh, FTHEMIL, A FImEQ
REARONER 2 2 LR Z
2.3 ARRACE T EY) TR AR TR B 7= () 5

ZE B AR 7 AR i AT KR E A
WA, PR SEHHMEZ S5, SEmiEm kAR EY A
KAghn S, ARl S WA R b 2R
K=ag, MR, ZEHLL MRS RO T R S AR
AR RFERR, RIS FXHEY A K S LR
2.3.1  A[EALFEXT A E A oK A IR

HALFRFE T LA 3 R, FTLAE N, AH
1Al A R it — B R, AT A B R A
KA VAL BRI B E AN (P<0.05), Hidr TS, T6,
T7. T8 3 4 7= & Jy 6181.20. 5880.00, 6556.05.,
5743.20 kg/hm’,  HOXTR AR A HEAL IR (T1, T2, T3,
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T4 ) SEX3A1 20.02% . 20.87% . 22.32% . 12.18%,
A HEMR VL REA RO R A il B ok = i, oA
AP —BOEBUT, AR T T
W, HA TT PREE TS I T 6.06%, LAk, BEE
HEAR R A Eh Bifl B oK M P et — 2 e, #4540
PR REEHEK (T1, T3, T5. T7) Fo8m Txt
MK HEK (T2, T4, T6. T8), Hirh T7 F1T8
ZESEDE, TT7E8 T8 MM T 14.15%,
232 AN[RAEFXT R A ER AL TR MR 05

BACH TR ARSI AR 2 B, A TEXTRRE
ZEHL. i RS RO T I A e Ak ) J K
- (P<0.05), Hr T7 M. 2L R RO
Ty B 5 T3 43 BN T 7.65% . 6.79% . 15.72%
F110.22%, iIAATE AT LA SOk e R 2 37y,
P SRR, e EY K X T6. T8
ATLARIR, TREEHOK AT, A d AR L0
PRim . 2R RS SO A B, AT
ZRWE, MARSHOKELT, 15, T7 854K
PRAEAE i E 25, T7 & B KA & T 15, |
THIBREE IR T /Koy FiB A, $hor bl K —[H
TR E L, FEEARAR R HEH A K AR
Iy HUBIREAG, E KR =, BRERTE, AL
HARVEYI TR KGOS, T7 A= K384 T TS,

T3 Kb PR R ML, i TE RRAE £ T
I T, T2 F1 T4, UiBIREEHEK 54 F
ZHAEF A A SRS E A K. tesh, 8 bR
o T7 A TR KR bR T A AL B, R R AE T
A K B = B ) A 2
2.4 RN[EANERR Mo KL 28 40 AR B

AL BT KRR S ) A AL AP 4 B R, AT
DIFH, JCAHE. AR W KA T H R KA
BA%, Hop 2022 4F 9—10 A T3 #b Rk 7B, 11
A Z BT H T4 A3 R KA BB 2022 4F 10
A R FEGE ARG AP T KB WA, BESTE T
B, BKRZEER N KOA TR, g
HGRERF SRS . Bk T H R KA RRAL
W, RIS TR K AR
THFE. B IGEM A BEAEAT BRI, Rk
45 1R LA K /L, R KA [l v & AR
[FIHAZKT . oAb, FEATERIA: & WIRERE 2 AN AAE
R, T6 fbP MR E T KKy, i HIoh
HEK T, Pk, Te MR /KA MR ik, A HESS
HIFIAFIEE 1.04 m,
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4300 4300
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2863 & Ik 6 2.863 R
# H £
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2288 2288
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CRELE S 3438 2
3.150 gy EX 3.150 g
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2.863 & 1K 2.863 &
# +H £
2575 2.575
80
2288 2.288
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09-07 11-07 01-07 03-07 05-07 07-07 09-07 09-07 11-07 01-07 03-07 05-07 07-07 09-07
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4300 4300
4.013 4.013
3725 3725
— on — o
540 3438 % 5 4 3438 %5,
pd 3.150 o = 3.150 U
2 1 K <1
51460 2.863 <l§ %1 60 2863%
2.575 2575
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7000 |

6000 < ¢

5000 f

4000 -

3z 3000

#2000
1000 -

(kg/hm? )

TT T2 T3 T4 T5 T6 T7 T8
b5

B3 ARLGEBHEXRSE
e RRVNE FRFRAL A2 5 5% (P<0.05).

F2 EREEXREKIER

bt B (em) ZEM (mm) LINTIERE e THYFt (keghm®)

T1 188.233 + 0.472e 28.977 £ 0.076e 3.703 + 0.045e 2333.10 + 14.798e
T2 182.066 + 1.943g 28.407 + 0.352f 3.600 + 0.026e 2185.61 +28.274g
T3 195.233 + 1.929d 29.320 + 0.036d 3.880 + 0.020d 2389.76 +9.675d

T4 185.200 + 0.361f 28.657 + 0.035e 3.630 + 0.026e 2268.80 + 30.429f
TS 204.733 + 1.002b 30.597 + 0.168b 4.350 £ 0.036b 2555.04 + 35.025b
T6 198.767 + 0.306¢ 30.117 + 0.060¢ 4.240 + 0.030¢ 2405.90 + 32.252d
T7 210.167 +2.011a 31.310 £ 0.235a 4.490 +0.131a 2633.96 + 51.806a
T8 200.133 +0.551¢ 30.216 + 0.045¢ 4.177 £ 0.201c 2480.85 + 50.082¢

TE: BRI + dRifie; [ —F B AR/ NG FRERIR P=0.05 225 B35 .

07-28 09-28 11-28 01-28 OEI%J%S ( ?5_2EI8 )07 28 09-28 11-28 {%{E}L%Ukﬁ E/‘Jij:”] ’ H‘Eguﬂﬁ{%j\ji ’ %ﬁi%7k{%
e e ORI TR, RS T R,
. N ST S AR PRI T LT,

BRSO B R T . AR WA IEHRK
LB A 1 S e 8 A U LR Rt R 3 Ky
2 iE BB I B3, AR R Y, ARl
Wl LA ROt by, A mEHRK . EE

._.
~
—

—_
=2
—T

i F/KRAL (m)
N
Ch

WEVE T A RO 2 IR B oy o AHE HUOR AT TR 2

20l B S AR B T &, RS R, R
24l BR4E /N, SEMAK AN RSB RS L0, R K
56l RIAWIIER R RGRGER T, RZ2 A
Lol JEEIn, BEARGSIREEING, Wik L8 &
N RERZEEA T RS XiEE, 2L

4 RAEERFRLIRIE X KA IE T oK AL FE R E 2 4L BEER VL ARG 3R L R R AR

. Korm Lia#, FZ2LHEEESH M, T35

3 it e USR], &S 4% LR R A BT R I,
3.1 AS[EASBERT A Bk 22 B s i ARS8 PR SRS AR F I KB

TR MR T, R AKAAMT, ¥ —ERRGEVER], SRATER 32 RIS ek A
R A IR AR T R AR AL, PR . MR KON . IEEHEAK . AT IHE I L
— 178 —

| S |



| T T

hE SRR 2024 (11)

——

YEMIHFESF N Z W F A B sh, T3, T4 # K
MR, T6 M T AR IR A, 45 AL B T /KA
Bz AL AR, LSk S BT RS, TR
RS ARG FERL TS | BRI KAz LT, #%
P30 T K Ok B (R, A F W N TEVEDI TS #E
KR MK Z TN, WKL NS, 5L
TEMBFIESE R —3 2, WR)E, AL 1
HEHHEZ M AR RN S, FERRAEE B
FF:, 0 ~ 40 em )2 R EK S BRI FE2L,
HHmTERE IO, BoBkE >,
+ 451 60 ~ 80 em )2 HIES K FMLA T,
FEREMIIY, R 2 FNRAL 17 K 7R XA 7]
Ak, 40 ~ 60 cm £ )2 HEHF KSR
B8,
3.2 ANk B VR A 5 Ok AR K R
A1

ATEM ERAERAE R . PR, S (A
FAEREZER (P<0.05), A7 HH 55 KR
R, AT, LB N, BT
ik E Y BARE)E, URRZS R e R
BIRE, SEWBE . ARKOAE—ENEmH, K
W WE T A W B HE K RCHE B HE K AL B, g5 3%
B, A WA HEK A B = 35 v TR A HE K Ab
VLAV + G HEK$E SR &, BRI 14k
Or, 3 PR Y SRR 16 A HE K
Tt A AR ER AR ST 45 RSBl T R R X IR
AT A BRI . Kk, HIERIZKS . B
SRR, SR T VE T R E
KA FAIEIER, RHE S KR, EEIRAE
LI A —E L AT R, Wk
B ERHAEY AR KB R R B 22 B, 5%
FEALFRAH EE, X Ry A E AL BE T oK Rk . 2B i
AR R, T K- E 3 B ER R, 5B/
FE OO A R B W T I X AR Eh ARG
P B A S AT A HE R B R TV HE R
fiti, AIAREERIKAE BT

4 Hig

ABIFERIS T AHE . W HEAK LR AR 7 IIRE K
Jr AP EVERIS U A i oK ER s B AR A I
HSEN . ATFELRRIA, AL + Ko Fndh
YR R 22 5 . A AL BRREA AR SR
EWIRE, AT R AR R B e A

Mo B, B HEK X3 E B —E 5 m, T2,
T6 A A +3EER /0 7E 60 ~ 100 em + 2B R,
M T, T5 WITCH e 28578 AR [k 3y 2xF
TRy K TiE B REY K R, KA
WL REHPK AT TOKEBRASG T, KR
6556.05 kg/hm® . # 5 210.17 em, 2241 31.31 mm,
- i AR K0 4.49 KT 5 2634.00 kg/hm®, 21
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Impact of winter irrigation and dark tube drainage on the water and salt movement in secondary saline soil and
maize growth

JIAO Bing-zhong', WU Hui-fang, ZHU Xu-dong, SHI Su-qi, TANG Rui ( The Scientific Research Institute of the Water
Conservancy of Ningxia, Ningxia Dry Farming, Water Saving and Efficient Agricultural Engineering Technology Research
Center, Yinchuan Ningxia 750021 )

Abstract: The synergistic effects of winter irrigation, dark tube drainage and irrigation methods in growth period on water
and salt transport and crop growth in secondary saline soil were discussed. The experiment was conducted in Baozitan village,
Hongsibao district, Yanghuang irrigation district, Ningxia province. Three influencing factors, including different winter
irrigation modes (0, 1800 m"/hm’), dark tube drainage (yes, no), and fertility irrigation methods during the growth
period ( ground irrigation, water-saving irrigation ) , were set up to investigate the spatial and temporal changes in soil
salinity, water content, crop growth indicators, and groundwater level in the secondary saline soil. The results showed that
there were significant differences in the spatiotemporal changes of soil moisture under different treatments. The soil moisture
content in the winter irrigation treatment was significantly higher than that in treatment without winter irrigation, and the
dark tube drainage treatment significantly reduced the soil moisture content. There were significant differences in the dynamic
changes of soil salt over time in the 0—100 cm soil layer depth among different treatments. Winter irrigation could effectively
wash the soil salt to deeper layers, with T5 (winter irrigation, border irrigation, and dark tube drainage ) treatment
showing the most significant desalination of surface soil (0-40 cm ) . In the initial stage of freeze-thaw, the surface soil ( 0-40
em) of each treatment showed salt-returning under the freezing and evaporation. As the freezing depth deepened, some salt
was released and transported through the freezing front to the unfrozen area. The salt content of the deeper soil (40-100 cm )
increased. During the thawing period, salt was transported to the surface with water under evaporation, and the salt content
in the surface soil increased. In addition, maize yield and growth indicators of the winter irrigation combined with the dark
tube drainage and water-saving irrigation treatment (T7 ) were the best, with an average output of 6556.05 kg/hm®, plant
height of 210.17 ¢cm, stem diameter of 31.31 mm, leaf area index of 4.49, dry matter of 2634 kg/hm’. Dark duct drainage
could effectively control the groundwater level. Among them, the groundwater levels of T3 and T4 were the lowest. T6 had the
higher soil moisture content under the multiple supplies of winter irrigation and border irrigation during the growth period,
and there was no dark tube drainage measure, and the groundwater level of T6 was the shallowest, reaching a peak of 1.04 m
after the end of winter irrigation. Therefore, in the planting, management and treatment of crops in secondary saline soil in
the Yellow River irrigation area, it could be considered to increase the drainage facilities reasonably and adopt the efficient
water-saving irrigation method.

Key words: secondary saline soil; winter irrigation; dark tube drainage; efficient water-saving irrigation; water and salt
transport; maize
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