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FH 7K EL A 2 S mi (R AR )2 433 25 70 AL RUPE Y P~ . b
J R AR . 38 B SR K A O HE X b
KA B EVRE LR W EY R KT R
S O H B, R RO K SRR AL B U A ) AT AR .
PULAE A S e Y, R E KB 2 & /N E TV &
SR EE L HE KD BRI 45 A X R K R
SR EREEmY, THBEPRETH N KA ES
FER 2 8] 351 7 FR AT IR 45 A L A EVE
2.3~3.4; RENIZO RN, HEEEMEIKER
HIE 3.7~4.1 12 m’, FFERFEEKEBIFZEHIE 0.35~0.55
iF, FEAT] DLSZEUEE X R ACR AN T, teAh, EEA
HMEIKENT 1.5~2.0 12 m® 208, HEREK Hbfi )
1E 0.5~0.7, [FIFEATSCHLRE XL R ACR AN P A28
AW TR RN R R E X 2R K e 4] 1 2
1/0.78, L% A 1/1.24, FiFRE N 1/0.85, R
N 1/0.41, FASZHLZ X SR ACR AN K
U 4 A VA XS B X 4 L o A T R AE AR 2
TR AR R R A% A RS R
AR IR 45 A RE B U E S (b R KR AN KA, B
5 SRR E LA, fEE Y, 3T R
XAEW =& MAESHEX MR RE. 2 H, B
SRUE X IR 25 A ME R 10 — R AU AH S 7T £ DL S
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Mo AACRANP AT . B R R KA B AR, AR A
[l R g A RE R A P i i e R R B A
BACRFAE AT LA 2 W 0k, AT AR
PR R FURE B3R RBUNRAL AR, IR
IRE G REIX MR K SR KGN G B AR 50, BRI S
SRR 5 1R K & B K e, DA R IR 45 5
(X 32 B 2 0 A 7 R A X R R XK R R 0Bk U JE R A3
Bl SR A B AR

1 #R57A%

1.1 RIEXER

RIGTEN MR IR X TR, X AT 8 LR
113°31'~114°25'E, 35°00'~35°30'N. J&IEIE T KkitEZE
RS i, AR 145 °C, feim 41 °C, fii—16 °C;
TREHIZ 210d, FAEZ HILE 10 H A, Mk HILAE 3
H, FH; Z2HFHKEAKEL 1860 mm, PFENE
21 600 mm, FEMED HENSMAL, 6—9 HENE N
SAEREN R 70%~80%. R EAXEHETF, EKEL W,
FSRJEE, HiEXE, REHLBNAMERS . RRX 1
R o B, A, 0~15 em LERE
1.52 g/lem®, >15~45 cm % H#H 1.47 g/em’, >45~100 cm
R 1.43 g/lom’ s WG X 3L T 2% SCHR[9]. HhER
IKFE R I i E M e 7K, bR ZKAS 2 R IS E H R K
FEWE T S KRB, EBEE UE 900~ 1 200 m*/hm” ¥
Bl ANEEG N RIEFIEREX R ACT R LA 1a, £

ST KRN 6.13 m, Sk 2 T A, 2013—2016
FEENEWE 1b Fin.

=0 - 1 200
£ £ 994.3
= b=}
<52 £ 1000
3 E 800
%3 g 558.5  563.5
~52 & OO 4669
=287 E 400
c8 %
g8 & 200
]0 1 I I 1 3 0 1 1 1 J
1990 1995 2000 2005 2010 2015 2013 2014 2015 2016
EA) Year A Year
a. M R KR b. P
a. Groundwater depth b. Rainfall

Bl AREBTAZEAEHE

Fig.1 Groundwater depth and rainfall in study area
1.2 Rt

FE AT E AR (900~1 200 m*/hm?) LAY |,
PRI, WA s w3 AMEEACER, 435128 600 900
1200 m*hm*; 2 FRHERKIR, RIHbR/K KD ARk
(A o 2013 FFEH AR BRI 6 IXRE R, (HHP 3 ANEE
ZIHREAR, 4 a RIS 3 ANER. N
AR 40 m?, /NXATE WK 2. BERIEM KN E (B
57) , BANEF HIEK 3 1R, 2013—2016 4F 4 a {56 H1H]
VEKI R —3%, $BNIREAK (3 A 8 H—12 H) , &7
K@GHI9H—22H) , #EXK GH14H—-18H),
RSB TH LR 1. K WK 2, b fH s 3R v 1t
il A . BER. B OGS L 8 B B
HERHIARAT H

{47147 Protection zone
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Fig.2 Schematic diagram of plot layout for 12 treatments with 3 replicates each in 4 years

Fz1 2013—2016 EL/NERHERIE KT

F2 ZNEREEBKR

Table 1 Design for irrigation experiment by using canal and well Table 2 Irrigation water quality for winter wheat experiments
water from year of 2013 to 2016 mgL!
- K EH 7K Water sources Ui $8 45 Index 7K Well water #27K Canal water
¥ Irrigation B W WK K
TR ini
Treatment  quota/  Greenreturn Jointing  Filling ~ Water ratio of 4tk Salinity 1220 411
(ms‘hm- ) period stage stage  canal to well/% NO; 0.19 434
A600 600 FEK FK FEK 0 2
A900 900 Hk 7k 7k 0 Ca 327 6541
A1200 1200 FK FK FEK 0 Mg* 48.59 37.19
B600 600 =K FEK HK 33 -
B900 900 ok Sk Sk 13 SO4 163.72 400.69
B1200 1200 K FK FEK 33 COy’ 41.58 12.23
€600 600 FIRN Bk K 67 HCOy 457.62 206.42
C900 900 Fk K H=K 67 i
C1200 1200 K K WK 67 a 153.53 127.94
D600 600 RIK K K 100 K 29 59
D900 900 K K RK 100 ‘
Na 1100 790

D1200 1200 =K HK K 100
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1.3 wIFMESIHE

TS XANEREZLESESRHABE SR
(electrical conductivity, EC) SRFEAE, &M% 115
EC 18, HUEVREEHN 0~100 cm, % 10 cm 1 ZHURE,
F 125 B9 K LRI SRR E EC A, I 5E 1A% M B S5 54X
(DDB-303A ZU{E#NH TN, FlHEWM, BEN
0.1 us/cm)

=g b . N EWGR)E 1:4% 0~100 cm EC
T TME AT 1 a NRIWGK )G T3 EC [ FHME 51T 1 5
INFEWERJE T3 BEC H FIMEME 25 %.

KONEFE: B2 m? (1 mX2 m) Z/NEPEN
PR R, RS HEN AR R, kg/hm’s

KNG O TR RS ] WK SRR AR IA R
FE AR RN, & &K A GB5009.5-2010,
K E K H GB/T5498-2013, ¥ 1M K F GB/T5506.2-2008,
FOERTE] . 946K GB/T14614-2006.
1.4 SiAHHhAE

N H Excel 2010 F1 DPS BT 1) 75 250 Mrs 5L
95% B A /KN, S B/ 35 % ik (least significance
difference, LSD) HEATANFEIACEE[A] ) £ & LLE 4T o

2 HZRES

2.1 ARERERLEKET L NEFE M

AR AR X R A&/ N e LR 3. Al B /K A
THIENEF RN, 2015 4£4 9 195 kg/hm?. (KR &
i (600 m*/hm®) T, 2013—2016 4F 4 FgEBEa = T 1)
KNEFEEFAEE (P>0.05) . F ¥ E D
(900 m*hm*) ', 2014 FF4iiE/KEBFNR N NE7 &
B T I KRR R KL 0 (P<0.05) o ik
SER (1200 m¥/hm®) T, 2014 FAli K FEREAR R T &/
Frr e T AL (P<0.05) o AT, fIREERE
SEBUT, BRI KGN & /N P2 B AN B 2 s T
EEE AR, RIFRE K B &N R R A A
LN

7] J8E T B QAN [ B R o L R AN TR R T R
B, ZiERERINT, 2013—2016 4EmEME A N A4/
Frabh, (REBCHIHTLREEZER (P>0.05) . “E
IKHFFIRFFEAK” FEBREUT, 2013 4F miEl e A R &/
Freg R m TGEBREA (P<0.05) ; 2016 FE.
M E B N A /NETEY R E S TK R 29
(P<0.05) , 7 HBAGEERE A= T 22.4%F1 16.5%; 2014
—2015 4, 3 FEBCH FHEANETREERFANE
(P>0.05) o “FHIK+RAKHEK” BB, 2013—2015
TERE 3 FREEBLE A N &N B R RIARE (P>0.05),
2016 “FrE HEBE AT AN PR R B TR
BES (P<0.05) , 43 AR E Bde = 1 36.1%F0
32.3%. A /KEEMA AN, 2014 4F S E AN A4/
FrE R T TR E T (P<0.05) , B2 2T 25.0%:;
HALED B 3 NMEBEH FHIEANET-REHEER
(P>0.05) o %L, JEBLE AU AR KRR T &/
72 5 R B M A 4 S K R TR K

x3 FEERLETZNE"2

Table 3 Winter wheat yield under different irrigation treatments

sz 77 Yield/(kg'hm?)

Treatment 2013 2014 2015 2016
A600 8385 ab 7080 cd 7020 ab 7365 ab
A900 8340 ab 7335cd 6 960 ab 7 050 ab
A1200 8760 a 7770 bed 7 860 ab 8 490 ab
B600 6900 b 6945 cd 7 485 ab 6630 b
B900 8 190 ab 7215 cd 7 485 ab 7725a
B1200 8550a 7425 be 6975 ab 8115a
C600 7275 ab 6 600d 6195b 6270 b
€900 7395 ab 6870d 7 620 ab 8295a
C1200 7515 ab 7065 cd 8 130 ab 8535a
D600 8175 ab 7215 cd 7980 ab 8 685 ab
D900 8595a 8 130 abc 8730 ab 8535a
DI1200 9165a 9030a 9195a 8970 a

I AR F R R AR A REE 2R (P<0.05) , TH.
Note: Different letters indicate significant difference among treatments (P<0.05),
same as below.

2.2 FREIERRRN REKERE /N ERRRIFIE

FRFUA FIREBR RS RN, AWE7E UL S
B4als (2016 ) KN NDITRR (R4 o
AL BRI AN 22 (A 3L TR RN ] . WROK B4R AR 2
FHARZE (P>0.05) , KL ACER 2 57 B35 TR e AT
Jr#re

F4 2016 EAREEBRLIETZ/NEMER

Table 4 Winter wheat quality in different irrigation treatments in

2016
s ﬁigfiB S T 17
Treatment  Protein ulk de.rllSlty/Wet eluten/% Settlmg Weakening
content/% (gLl time/min grade/FU
A600 13.5ab 760.3d 21.4bcd 3.3cd 95.7cd
A900 13.6ab 783.3abc 23.5ab 6.1a 67.0e
A1200 12.5bc 785.7abc 26.3a 6.4ab 79.7de
B600 12.5bc 774.0cd 21.6bcd 3.2cd 105.7bc
B900 11.9¢cd 787.0abc 21.8bcd 3.4cd 114.7ab
B1200 11.8cd 796.0a 23.3ab 4.5bc 95.3cd
C600 11.7cd 780.0abc 18.0de 1.7d 82.3de
C900 11.0cd 784.7abc 18.6cde 2.1d 125.3a
C1200 11.1cd 790.7abc 22.3b 3.4cd 122.3ab
D600 11.5¢cd 784.7abc 17.9de 1.6d 127.0a
D900 11.3cd 771.7Tbc 18.6cde 2.8cd 108.7abc
D1200 11.8cd 792.3ab 21.8bc 2.9cd 122.0ab

2.2.1 XAkt =

B PR ER N A AR E SR AE, &
HE SRR NEEARENR, EaREERNNE
EAHUEDET R S o A R E K & A R A R &
INEERAFRGESNRY: B, 4K
RN NEEARS Bim, B m T 2R “ I
IKAIE KRR 7 BEBAR 3 (P<0.05) , B2 73 Al 17.4%
I 15.4%; T EH N, diKEMER NN EEA
JR B T T A EE R S (P<0.05) 5 AHEL A BIFETH
14.3%- 23.6%F1 20.4%; m=EMEER T, 4 FERR AT
FI%/NEEARSEYEHEZES (P>0.05) . &L,
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FHARE R F /N EATRS BRI, 2 KRR
TNRA/NEE AR G RARR R A R T R
TE AU /N R AR B AE (P>0.05) o A
DL, VR 7K T o B 1 o R PR R M R T R R e Ak L
AL
.22 BE

INEREREGEO RBATRIE A B, AL
M KEEEN, LA, kLG, bR
1o A AV K 8 RIS [ HE WA T A6 /N 22 25 E A3 BT B
RHEERE EA N, A KEREA T NERERERT
CHRHRKRHIEAK” SRR (P<0.05) , AL
TMPENE 2.6% 3.2%; TAEH . EEBES N, 4 Fhi
WA N NEREEERYARE (P>0.05) . AT,
VEE A SO IG  ATETBE I 1 4%/ 32 2% R RS I B I I
R L NS o i e N R S SI R RN
FRBEMPET o AHEFEBA N A FEEBEE BN &N
RHESNRW: A KEREAT, KEREH %
INERERERT . SR EH (P<0.05) , FHELFFK
3.0%. 3.3%; “IRAKHIAKHK” BB, R E
R4/ N B E T =R 8 (P<0.05) , AL
FEAK 2.8%;  “FHAK+IR/AK+IRIK” S Al K BE AR =0 T 1)
3 PR E AL NE R BB E R AR E (P>0.05) . 7T,
IRFEHE K LR /1N, R S ATONT A& /N 22 75 E S A R K
B[] W 52 AU i E . UK+ KK 7 RE A
RO S o S8 N EE AU R TR N A N R E,
FAEABTT, MR e N NERER K.
2.2.3 R@EH

AR 5 A T 757 25 5 W TR 20 g v S Ky A TR 79 T = 49
>30%) « ik G A 5 & 5 50>25%~30%) .
RN IR & B 20%~25%) MMk (I i o
E<20%) 4 . AR ST S B ERAE . i
L5 R R, DT R IE AR R, Ak 183k
S TR R TR . AH RV K A R HE AR 20T
KNFVRT A AT R AREEBEC AU, AR REE A X
&N BT AR S (P>0.05) o HEBER T,
ali K REM A R AN IR B & B B m T e R K
FT I RHRARHIRIK” AL (P<0.05) , AMHELIES
T4.7% FEREBERUR, SRR 2 T AR K
FT I KRR ” AL (P<0.05) , AHELS 7
PETF 20.6%H1 17.9% . HH [FI MR AS [ HERE 2 800 1 44/
TR W R A KEERRE T, ST
KNI B e, W e TR E AT (P<0.05) , #X
2T 22.9%;  “IERAKAHKHIK” BT, mE
BB N A&/N IR s “IHFKHIRAKHIRAK” B
AT, mEEMER NN R Hism, BE&mTH.
REEBLE AT (P<0.05) , B2 0$HEF 19.9%F1 23.9%;
UK EA N, IR AN A /N T A B
B FE TR E S (P<0.05) , BTt 21.8%. 4 1,
AR BEME AR “ B+ K+ K AR N 4
N JE T AR, KRR IR K ER A D 4l

RAHE B N &N R TRk (e bR Ah)
AIL, FEoKEERE B A ) T4 T A /N2 IR T s AN )
S B R E A S, T R OR
2.2.4 FEZ AT

THIA et B 1) 5 TR (400 FH R 25 DA oG, TSR
P £ T BORAZE I F) 8 min DL b, 183k T4 ER
FEE IS ] 3~5 min, k& 58 i EORARE R A /N T 2.5 min.
7V 7K 3 00 A 7] Y8 W AE X 4% /N 22 425 I [ 29 #ir 3
B AREEMEC AU, SHURKHEME T (14 /N3 A2 N 1) i
Bl TPEBLEAR, A KRERE N A /N2 R I (A] B
K, BEmTHA 3 MR (P<0.05) o S8
T, AR AN RN R, BTl
IRIKAL “HKHIRKHREAK” BB (P<0.05) o MHIH
VEWEAE AN RV K 2 B R A&/ N R I () oy W3R i . &l
FARBEME BN, ICHEWE A A/ 22 A2 I 1) 45 35 IK
T, EHEEBEH (P<0.05) , DRI 4E T 48.4%.
45.9%;  “IEK+FHK+FAK” CHIRHRARHEERK”
Sl UK EAE R, 3 AR e A /N AR S I RN 3 e B
BES (P>0.05) . ZZE 00, AREBRBAT, &0
T N ] 4 YR 00 1 98 g 4 K A IN AR I (]
B Y S RE K LA R 1S I B PRI B, Al 7K ERE T A&/
R e N 1) B K, VEEE 2 AN LR A K. AR KRN I
IKHFFEARHIAR” AL N /N IE A HIEE Sk TH %
B, HKHIR KR K AR 20 4l IR /KRR A 2
N A HIVERE
2.2.5 BB{LE

5540 B AT R i T AR B B AR R R IR 2, AR
RIAHEE . 9, HHBRES, TSR,
A [ S 7K i AN [F) HE WA S A N 2 A FE A T R I I
BEBERUT, AR KERAR N/ NI R E e
T HoAt 3 FhEEBERE R (P<0.05) , 4 RIER4iFEAK. “EEK
FIEAKRFIEK” o TR BEBR R S T
33.7%- 20.9%F1 54.9%; HREBES N, A KER T
KNI B E AR T HoAh 3 AEBELRL (P<0.05) , 4
AL CIRKAFHIKHHK T L CHIKFERKHEKT L A
IKIEMEAE PR T 41.8%. 46.6%A11 38.5%, Hidr “HK+
IRKHIRK” BEAE R 594 e, (S “ IR+ K+
K Fai iR K M 22 R A (P>0.05) 5 &R
ERR,  “HKRIRARHEAK” | ARKER T4 NE
Sk B T T A KA SR+ KK HEE AR R
(P<0.05) o AH [FIEBEASE 2UAS R E K B A /N 22 55 10 43
Wb R A EERN, (R E AR 5540 s
BEETHEEMEM (P<0.05) , BT 42.8%; “BE
IKHFHEARAFFAR” BB, TR e AT 9940 s
BEETERENEM (P<0.05) , BZ#RTF21.1%; “IF
IKHIRIKHIRK” BEAE N, REEREE A R &/ N 551k
FERERT R, BEFHEM (P<0.05) , 2552 K
34.4%H1 32.8%; AESEIKEEBRIT, 3 MR E B
BZER (P>0.05) o LRG0T, £/NZ5540 R R K
Eb 3] FR) 388 KA 3G i
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2.3 AREBREXNMBAKEH TLNERELIELES
BE BRI

2013—2016 A FEREMAL AN A&/ N EMRE LI 5
BRI UL 3o A R E I S A R AR 200 B AT R
B : AREBEEAUT, 2013 FEL/NERZ TR0 R
IRFERE K LU (3G i 2B PRI 355 2014—2016 4FEAR
JZ gk gy 1 B i U VR K LA B B 0 R 2 T v S BRI
g, PEESR, 2013 FEXNEE R E
B8 SRR K BB 389 0 2B PG 3 2014 SRR E &
32 b 4y 48 B It R UK LR A 3 0 2 e S PR
B, T 2015—2016 FEAR J2 -39 £ 43 1 1 2 B SR K L
Bl 3En 2k . SR E N, 2013 FR)E 1%
£y 418 8 B U E K BRI R BN B S T S PR A
JRI AT RE AL 2013 SFEFENEE N, BREBEE K. 2014
—2015 AR JZ 1385 73 3 it S K LA R 3 o 0
WA . LA, KA« IRK+FHK+IE
K7 BEBL N AN R R R R R ROR, Al
IEKHEME S« HAKHIRAKHIRK” BEBEAE 0 R & /N ER
JZ IR I AR s Fo 2014 AR AR KB X
THRJZE L3R RAE BT A A, HLER
R AR, IR HIRAKHIRAK R4l IR /K R AR 20
TNARE -3 R 4 BAY S R T A AR “ R KK
HHIK T FEBAR S, 2015 FAEBKIEMAE N N ARZ IR
Pamih g g i

100

02013 02014 W 2015 | 2016

80t
601
40
20
0
20

40t

/3t Increment of salinity/%

-60}

-80 . . . . . . . . . . .
\] \] \ \ L \ \] \ \ \] \
ST ST, ST S S S
Kb ¥ Treatment

B3 2013-2016 4 REHEBAE T L3 0~ 100 cm
B § 00 b )
Fig.3 Salinity increment in soil at 0-100 cm under different
irrigation treatments from 2013 to 2016

A I A XA [ E 7K S BT b2y T 2R B - 4l K
BT, ARIBEKCIF&/NERZ LSRR
TES A TR AR AS R AR ] 2013 4EARJZ L3R
485 i TR AL ) B 0 SR R B, 2014 A E A 3 B
VEWLE BN G I 2R, 11 2015—2016 R IG &
I W S A 3 N 2 e T S BRI A . IR IR+
FAK” FEBRAR, 2013 EARJZE L o 1 B BE I
AU RG N RasER, Hod s e S R 2 g
RO 2014 SEARJZE 135 £k 40 1 I R e AP 4 o
B RERICES, PEiER S RE s

K, AR ARE R AN 9.7%F1 12.8%; 2015 4F
3 FloE AHERE N ARZ L A S I BTN B, AR
i B VR S A B KT 3G K 2016 AE R A N AR JZ
TR R, MLELE . REFD BRI 116%A
102%.  “IHR+RKRHEK” BT, 2014 FHZ L
L 4 10 Tt VRE R S A 3 D R A 2015 FARE
TIEE S EWART N, J R BUERE T 2R B
WK, BEERERE e AR S, o BRI RE(L, 2016
FEAR 2 - S 0 418 I R S A ) 4 R e A .l
HKFEBAE AT, 2013 4F e AURE L P ARZ g by
AN, W % BN AR R
2014 FAREDER T 0 S EA TR, md. mEd
VLR £y BEAEIEAN 2 2015 4E 3 MU HER R ZE
T EL A S R K AR, HLBE S W AR
Ry URE BB, 2016 4F, 3 FUEAEME N RZE
TR B SCRIUNERE R, e B Eh o
High.

M2, TS 4 a WG A NN E TR A /INIE B
s, Hrp AR KB (D) FA/NERZE 3
SRR/, HUGR “HIKHRAKHEK” FEBAR S (O,
i KA T AN ERE I E R K (A) .
AT 5, o AR S N B RN . Rk, E
b 2 7K YR AR 76 A2 P M [X AT 35 35 e o A A K R Y A
3, R K BEIRARNT AN FE 2L OB, AT e A K+
IR+ K HEERE N, TR PR UR X, Wl
BRI IR IR EBE AR

3 it it
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Optimization of well-canal irrigation mode considering salt accumulation
and winter wheat yield and quality

Qiao Dongmei, Han Yang, Qi Xuebin™, Huang Zhongdong, Li Ping, Liang Zhijie
(1. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China; 2. Agricultural Water Soil
Environmental Field Research Station of Xinxiang, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China; 3. Key Laboratory
of High-efficient and Safe Utilization of Agriculture Water Resources, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China)

Abstract: Huang-Huai-Hai Plain is one of the most important agricultural development zones in China. A large number of
saline water resources in shallow underground layer are important available resources for agricultural production. It is of great
practical significance for the sustainable development of agriculture in Huang-Huai-Hai region to study the efficient irrigation
mode of well-canal irrigation area. In order to explore the suitable irrigation mode of surface water and groundwater in
well-canal irrigation area, the effects of different irrigation proportion (0, 33%, 67%, 100%) and different irrigation quota (600,
900, 1 200 m’/hm®) on the winter wheat yield, quality and dynamic change characteristics of salinity in root soil of winter
wheat from 2013 to 2016 were studied on the scale of field plots. The results showed that: 1) The effect of different irrigation
quotas on winter wheat yield under pure channel irrigation mode was greater than that under pure well water irrigation mode.
Winter wheat yield under high quota pure channel irrigation (The irrigation quota was 1 200 m’/hm* and the proportion of
canal and well irrigation was 100%) was the highest, the yield of winter wheat under this irrigation treatment was
9 195 kg/hm?. 2) Higher irrigation quota was beneficial to the increase of bulk density, wet gluten and stable time of winter
wheat, but had no obvious effect on protein content. Well water was beneficial to the increase of protein content, wet gluten
and stabilization time, and to the decrease of weakening degree. In the case of relatively sufficient surface water resources and
the pursuit of maximum yield, high-quota pure channel irrigation mode was suggested; in the case of insufficient surface water
resources, medium-quota and high-quota “well water, canal water, canal water” irrigation mode was to be selected; In these 2
cases, winter wheat mainly was well to make biscuits, pastries and the other agricultural by-products. In the case of shortage of
surface water resources and no pursuit of maximum yield, medium-quota pure well water or “canal water, well water, well
water” irrigation mode was to be selected. In this case, the production of winter wheat should mainly make steamed bread,
noodles and the other traditional staple food products. 3) The soil salinity of winter wheat root layer increased slightly after 4
years of irrigation. The soil salinity increment of winter wheat root layer under pure channel water irrigation mode was the
smallest, followed by irrigation mode “well water, channel water, channel water”, and the soil salinity increment of winter
wheat root layer under pure well water irrigation mode was the largest. For those areas with relatively sufficient surface water
aiming at maximizing yield, high quota pure channel irrigation mode could be selected. In areas with insufficient surface water
resources, the irrigation mode “high quota well water, canal water, canal water” could be selected. In the area of water shortage,
the irrigation mode of well water + canal water + canal water with medium quota can be selected. It is of great practical
significance for the sustainable development of agriculture in Huang-Huai-Hai region to carry out well-canal combined
irrigation area food security production and efficient irrigation mode based on soil environmental security.

Keywords: irrigation; groundwater; salinity; winter wheat; percentage of channel and well water; yield; quality



