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SORLIDHIVE AR S, IR BEAR Y 4R B> HESSRE  A= E TN &G S USRI R B AR NG, BB R TIR
B HOKREMYECE I, SRR IR, QIQ ALREN e AL EAE T Z R T HMAAES S5, HS QQQ 4
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Effects of Irrigation Patterns of Multi Water Sources on Maize Growth and Water and Salt

Accumulation in Saline Soil in Hetao Irrigation Area

PAN Chunyang', YANG Shuqing'”, ZHANG Wanfeng', HAN Tiankai'

(1 College of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China; 2 The
Management Center of Hulunbuir Housing Security, Hulunbuir, Inner Mongolia 021000, China)

Abstract: In order to find the optimal irrigation pattern and reasonably and effectively utilize the water resources of Hetao
Irrigation Area, joint irrigation patterns with two kinds of water sources, well water (groun dwater) and canal water (surface water)
was adopted to study their effects and mechanism on the growth of corn and water and salt accumulation in soil. Nine different
irrigation patterns were designed, which included: well-well-well(JJJ), well-well-canal(JJQ), well-canal-well(JQJ), canal-well-
well(QJJ), well-canal-canal(JQQ), canal-canal-well(QQJ), canal-well-canal(QJQ), canal-canal-canal(QQQ), and CK (no irrigation
and fertilization). The results showed that with increase of well irrigation time, the inhibition became more obvious to the plant
height and stem diameter of corn, and the inhibition degree was in an order of the jointing stage > filling stage > heading stage.
Salt accumulation happened under all treatments but with different degrees during the growth period of corn. Salt was
accumulated more in the tilling layer than in the deep layer. Soil salt accumulation became more evident with the increase of well
irrigation times. The change of soil salt content in the tillage layer was lower under QJQ treatment than under other well irrigation
treatments, and was near to QQQ treatment. Canal irrigation at the jointing stage could effectively wash soil salt. Well irrigated
twice or more decreased water use efficiency by 25.77%-31.61% than those of well irrigated one time and irrigation without well
water. Water use efficiency of QJQ treatment was higher than those of other treatments with well irrigation. QQQ treatment had
the highest harvest index and nitrogen fertilizer partial productivity, followed by QJQ treatment, while JJJ treatment was the
lowest, and no significant difference was found in harvest index and nitrogen fertilizer partial productivity between QQQ and

QJQ treatments. Comprehensive analysis the dynamics of water and salt in soil and crop index and so on, QJQ treatment is
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recommended as the optimal multi-water irrigation scheme for local maize in the study area.

Key words: Multi-source; Irrigation pattern; Corn; Salt accumulation; Water use efficiency
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S AR P A 3 HEE (TR KK AR
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Table 1 Experimental design scheme

SRR RERNET —OKCGRTTED  TUKAGMRESD  =UKGERED
1 B iR I I
QR PiR! PiRt R
QI R e R FHE
Qll Wk N FE FE
JQQ FHE IR I
QQl Wi IR R I
QIQ Wi IR I R

QQQ E# R R R
CK - - - -

1.3 MEmMBRFE
131 EHEEKERAR S I3 BIAE B KRG T

AVEFUHE/KHT | J5 im0 Bl 7E FHTRLBCEAY: , 0 439855
KR TR, WAETRER 100 ecm, H50°8 52,
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R FHRET VAN 2 38 5K, (T 3 3 0 7 -
KB 125 BAME S RME, Hrp RIER S
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BOREAC . BEUM . BEATH. ATRIECSEE bR . L. BEK
FHUEAR R ROE , W0 3 W, BUSME ; XSk i SR s ik
TrFReE, TR KRR A RERL R, I\ KR
BEHLEL 3 ANEE, HAEE 100 %7, 45 HFREIFECE
BPRO R i o WSO8 BOZ 48 TR T et A b [
T 2 U
1.4 EIESH

TRIGHHEFR FH Excel & SPSS 20.0 BEfFALBR /M7

2 HEREHSWH

2.1 SIKFEEREXX ERERKAZ N

R e RN ZE R A 1 R OR AR BDIR O ABARABIR S ™
HEETAEAR, B R R MR A KRS A RS
br, ZEHUNZEAR AR E FIsE T BRI P EIR A
ABFFERT TR AR A ZE R R F oK AT,
XA FRARAE A B N A A T, AT 45
WAL X 2 M
2,11 Z K UERE RS O K bR & 152 R FH
2 AIHL, AL BAR R 7R AR B I AR A FOR AR
AT o AR TE BOREBEA W 3 th RB/NHE A
QQQ>QIQ>QQJI>IQQ>QII>IIQ>IQI>III>CK., #i

L R VER . U QQQ AbH i
fr, HKCOH QIQ AbEE, HWAFE LR EXER. £
KRR EAS AR B W CK AR HRAR, Rk R 707 Ab#,
WA K A3 Tolh 38 FNER 23 B SR Sl A ik A 4 o 3401 10
WK, 13T, JIQ. JQT Fl JQQ AbHAYHE = 73
WA CK AbFRE 54.99% . 74.35%. 56.66% Fil
75.63%; HEMEKE, QII. QQJ. QIQ F1 QQQ
AT )85 CK AR FE S 105.19%.102.02% . 104.90%
1 108.12%, #CT7H] QIQ AbIR Y1244 K A fe
P, 4 5.802 emvd; AR QQQ Ab AR EF- 1414
K, 4915 em/d, HkH QIQ 4bFE,
h4.701 em/d; FESRIH BRI, HEOKES A, MEI
WK S A K AL BE JIT . JIQ. JQJ F1 QIT Ab 3
B CK AbFRAY5IE 26.82%. 40.78%. 30.73% F
49.72% ; HEME— R H K FASHEBE /K 1 AL B QQQ.
QJQ.QQJ 1 JQQ AbH 473 [ AbFH 43 1] 175 90.89%
88.83%. 86.03% I 74.30%., WM, HEMEHK
BRI, X KAk i s VR FH B 2, HLAER
IR, X R OR AR S A B R (P<0.05),
F B R Ry — B A AR 1R AR R A TR, e
Ja R ERAER AR, e imEAK. 255,
FE— 7K IR S /K T LA Sub e SR AR AR N e
W ERMAERIT T R AarSEat

T2 FELEBERKSIZHEMEAEHESTHL

Table 2 Dynamics of maize plant heights and stem diameters under different treatments

A3 Hi i L GEE | il 19 TR A
Pemi(em)  ZEM(em)  HEm(em) ZEf(em)  #REi(em)  ZEHl(em)  Hm(em)  ZEM(em)  BES(em)  ZEf(cm)
1 41.4 ab 1.310b 134.45 ¢ 1.695 ¢ 167.0 e 1.896 d 211.0e 1.926 ¢ 227.0d 2.011f
1JQ 36.8 ¢ 1.512a 151.25b 2202 ¢ 224.5d 2.228 ¢ 245.5cd 2.321d 2523 cd 2.552 de
JQJ 32.4d 1.300 b 13590 ¢ 1.987d 218.0d 2.212¢ 223.0 de 2.323d 234.0d 2410 e
QJlJ 42.1 ab 1.532a 178.00 a 2.445b 251.5¢ 2.512b 253.0c 2.602 ¢ 268.4 ¢ 2.760 cd
JQQ 438 a 1.501 a 152.36 b 2.429b 271.0 ¢ 2.576 b 292.1b 2.692 be 312.1b 2.801 be
QQJ 41.2 ab 1.423 ab 17525 a 2.493 ab 298.0b 2.69 ab 307.5b 2.726 be 319.0 ab 2.869 be
QJQ 38.5 be 1.452 a 177.75 a 2.655a 319.0 ab 2.698 ab 331.0a 2.880 ab 3333 ab 3.005 ab
QQQ 42.7 a 1.412 ab 180.55 a 2.676 a 328.0a 2.890 a 333.0a 2.956 a 338.5a 3.108 a
CK 29.4d 1.320b 86.75d 1.432¢ 137.5f 1.700 d 172.0 £ 1.812¢ 179.5 ¢ 1.804 £

T R RGNS F AR R R B M 22 538 P<0.05 B#F K-, TR,

2,12 ZKIEHEE AR 0 oK 2SR 5 i S
2ATLAE Y, 22K R HE A O R OK 2R R v ) 5%
Wil 5 AFARL R 35, 7 T 3O 45 Ak BB X 5 KL %) 2 i) R AR —
2, AW, 103, 1IQ. JQI H JQQ Ak B LA 43 il
s AL PR 18.37% . 53.77%. 38.75% Fil 69.62%:;

QJJ. QQJ. QJQ 1 QQQ 4 Jl#as FAbHHEy 70.74%
74.09% . 85.40% Fll 86.87%, HEMEH /KGN T E K
ZEMUA K hE] QQQ Il QQJ Ab BHZEH - Koy 1 K
Fetk, 4394 0.073 mm/d F1 0.065 mm/d; HEH
Ja 2B AN GE 5 I A5 Ak 3 2% 7 35 (P<0.05),
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Fig. 1 Dynamics of soil moistures in profiles under different treatments

AR RSB P oK EA 225, 0~
20 cm + )2 JQU Ab 3+ HEV- 3 S K R, YO 11Q
AT, QQQ AbFEFAK; 20 ~ 40 cm +JZ JIT AbFE 35
SRS KRR, HRCOh TIQ AbHE, QIQ AbFH A ;

40 ~ 60 cm 12 JJJ AbFE P Sk E RO, HIK
9 JIQ AbEE, QIQ AbFEEAK; 60 ~ 80 cm 1) QIQ
AFE T EoK R RO, HIRCH QII AR, 1IQ 4k
FRIRAR; 80 ~ 100 cm +2J2 QQQ Ab B 3115 K
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£ 0 ~ 60 cm 1 J2 HHEPIEKEER, XEdH TR
FHAKHE S , £ 0 B Fib A+ 85 S0 iR BT I
B, RALBRW, SRR SOKEE T T RE,
FEAR T LK, R s 5 R HOK s AN B %2
], FHOREXBUKRES R, 500K b
J5, B KA AR, [RIE i B Y 2
PEA ¢ SIS SRR H - B oK AR L 25 7 R
[l TUOKVEWE, A4 + 2K e s KRR,
AR /IN 3R T I A 2R 28 R R 53K
WAL EIMEH], Iz 4% 600 8 F e e, &
ABISTMRBE A A S), B R BT R R X
WGIZ 7K R 10 % B ) 46 4 2 - % IS5 7 A
)2 RS = X DR (EL7/ LY s DA Ep 3 & Sibop=A 0 8
2.3 ZKEEBREXX TEMHERES ZRRNE N

KT E R SR BB IR RAE
Wi b Ant, TR )2 N RS, O
FEH

AS =8, -8, “)
Kb AS HAEF BN RSB (g/kg); S
FORET IR LR (g/ke)s S) Fnwiin LRI

(g/kg)o AS>0 VLIIAF I - HE/E, AS<0 Bl
LRl RN

AL BORTR] + 2 F KA E W p oy AR Ak an 3k
3PN, WEITLIEL, 0 ~20cm )2, 540
HAEF AR AFERI G, 2FVERE K LS HE I
UK 1 b B 458 o A8 AR BE Y R 40.23% ~
54.63%, i QII AbFEAERFREEAR T JQT. JIQ Ak,
JIJ REERRRGR AR FE IR B A s AW R K L) R TR
—RIFIK AL IR 7 AR AR BB R 16.83% ~
36.80%; Hi QQQ AbHFHER R E Fc Al h 16.83%, BE
T QIQ 4b¥, 5 QQJ. JQQ MbHEFE A, 1E
20 ~40 cm 12, QQQ AFEFIEERE AL, 5 QJIQ
Wb PR 2E AN, H I AR T H AL B ; 7F 40 ~ 60 cm
HJ2, AFRUERR I K LR R G VK K Ak B - 4
TR B AR B S K . QITL JIQ. JQT. 11T,
S39R 34.02% . 35.90%. 39.38%. 43.92%, QJJ FlI
JIQ Ab3 2z RARXTEL /1N A FRVEWE K DL S E T —
R FF K B A B A S RRER R R PR AR 3 A YR 1 QQQ.
QJQ. JQQ. QQJ, 4rull 25.63%. 27.96% .
13.87%.9.68%, QQJ 1 JQQ 4b Hf 2 S5 FH X #5 /)
fE 60 ~ 100 cm )32, &AbHE 3 /38 LR IR
F20~60cm + /=,

x3 FRELETHLIRESHE

Table 3  Soil salt contents under different treatments

QJJ JQQ QQJ QJQ QQQ CK

T ZHE (cm) iH 17 11Q
0~20 WItEE 5 (g/kg) 1.479 1.080
HEEFMALE gk 2.287 1.551

Ak (g/kg) 0.808 0.471

AR (%) 54.63 43.63

20 ~ 40 WREL S (g/kg) 1.262 1.038
EEWRE (kg 2.113 1.514

bt (g/kg) 0.851 0.475
AL (%) 67.43 45.80

40 ~ 60 WG ER 53 (g/kg) 1.325 0.853
HEBEWARE(gke)  1.906 1.143
Ak (g/kg) 0.582 0.290
LR (%) 43.92 34.02
60 ~ 100 WItEE 5 (g/kg) 2.529 2.299
HEHFMARLE N (gke) 3342 3.034
Ak (g/kg) 0.814 0.735
AL (%) 32.18 31.95

1.024 1.178 1.017 0.962 1.108 1.278 1.144
1.493 1.652 1.392 1.332 1.350 1.493 1.476
0.469 0.474 0.374 0.371 0.241 0.215 0.332
45.83 40.23 36.80 38.52 21.79 16.83 28.98
0.896 1.008 1.256 1.100 0.999 1.204 1.126
1.461 1.286 1.511 1.353 1.148 1.356 1.455
0.565 0.277 0.255 0.253 0.149 0.152 0.329
63.06 27.492
1.033 1.072 0.859 1.024 1.074 1.352 1.313
1.440 1.457 1.080 1.310 1.223 1.483 1.531
0.407 0.385 0.220 0.286 0.149 0.131 0.218
39.38 35.90 25.63 27.96 13.87 9.68 16.58
2.532 2.492 2.839 3.285 2.477 2.811 2.131
3.084 3.088 3.289 3.501 2.798 3.090 2.351
0.552 0.596 0.450 0.216 0.321 0.279 0.220
21.79 2391 15.83 6.59 12.97 9.91 10.34

20.322 22.96 14.91 12.59 29.22

TEAEE W, ZK IRHE BT S 2 B T AT
R R RERBG , Horb i K E LAY Ak BB ER £ 7™
H, CKACBHREFERBIG: . Ui WAE 2 i e B /K R

WAL, X LR AR RO BT . ORI AR
EEAAE 0 ~ 40 em BHHE, Wiz LR AT, 45
AbBEEL 73 FEAE /B YCH : QQQ. QJQ. JQQ.
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CK. QQJ. QIJ. IJQ. JQI. JIJ Ab#, 7AAkiE Rl Ry
14.77% ~ 60.52%; 0 ~ 100 cm +JZ A [F AL BiER 43 SR
HM/DERAKK R QQQ. QJIQ. QQJ. CK. JQQ.
QJJ. JQJ. JIQ. 11J 4b¥E, AALYEFE N 11.68% ~
46.32%. VLA ZREBRERTIRZ, FEHREF N1
HoK 78 kS8 ek 3R R, BRI & A
— BT, JKBEB B N, ek sy B A
R o AT AT AR K S SRR A A 4 AR R R 2
KT 25 F 138 . QIQ AbHi Y + 48 73 4k
WAEFKRSEZHRTHMIIESSWLM, HYS
QQQ AbFEZE RN TEREB I KRB R I E LT
PN R K A B Eh R B L™ o5 IR A5 1 e
VFRIAEOLR ,  EiSCE FVE IR — ORI 7K 1 7K U5 T A
A, AR W BRI K, SRR T L3 e A
PIX K o TR 3R, SORT DAk e 38 2 A R i b
ATFRLE R, [FIRHA A 4 — UK, 25 1, 1
T R QIQ A BV F KA R
2.4 ZIKBEEREREXKBIKIEIRHIZ M

R 4 FIH T ZKIEHE R FOR AR MR
CEIREA SRR | A TECRIA TRLE) RIS FR 55
T S0 TR FEIFARIRGEA T 43 TR, K S 3
DRI 18 BLAE FORFEFPER AT Bk, B4 | O
Z00 1] FORFEAY RN, FEME A TR SRR AR S AR 4
] QQQ AbH Yy 22 5 13k . EIKF-( P<0.05) . HorjE
WE— WK BT K 5 W R S DA K 22 =
35 (P<0.05), FEMEFE R S LA F AL BN K | S
REML . RRATEL ., AR 4 A7 b R R R R
JE /MR 90 QIT. JIQ. JQT A1 JIT, HEME—IK
FEIR BASTE IR FH: 7K Ak 3 52 M B B vhy /N 38 R 4303 ok
QQQ. QJQ. QQJ F1 JQQ, Hit ] LAFE H #5117k
WEH: AKX EORFRA A IE S e e K, LR K
B, A AR I AN KRR A AU S 52 /N 5
22 K VG HEBE 7 2CRE KT 4 BB FNA TR R R ) S
(P<0.05) , MHEHAIEATEHCOC R Z 257 . QQQ b3
WO T8 B e, FE TR R K LA b AR Ak B A AR 4
HYE5 QQQ AbBE2: S 3% (P<0.05), QIQ A3k
BT QQQ 43, J3il& T QQI 1 JQQ Ak
H4.41% F14.93%, HESFARE . HKS 5EHR
F 25 Ak BRSO AR B0 T QQQ Ab BRI AR H8 BAlk, #
PRI HE R I AR BOE I, F RO B0/
— KRR IR K, FIRE - IR S FEA TR BE, =K
YK AT PRAIE T K HE AR X B R A AR, &
KR SERESR AR AL T LA, PRAIE BRI IR X 5 3k
AR AR

R4 FRELEXERWIRIEREF 0

Table 4 Maize harvest indexes under different treatments

AR FERK(em)  FEMl(em) EATEC  fTRER UEEK
1 15.07 ¢ 4.02a 14.43a 26.00c 0.174d
JJQ  16.55cde 4.10a 1580a 27.43bc  0.194 be
1QJ 15.64 de 4.03a 15.00a 2930b  0.190cd
QJJ 16.71 cd 4.12a 15.12a 32.00ab  0.196 bc
JQQ  17.35bc 4.14 a 15.50a 32.06ab 0.203 abc
QQJ  17.48 bc 4.26a 1588a 32.35a  0.204 abc
QJQ 18.74 ab 432a 1589a 34.05a 0.213ab

QQQ 19.05a 433 a 16.20a 34.79a 0.216a
CK 1491 ¢ 3.99a 1432a 233d 0.169 e

2.5 SIKEEBEX KD FAREREREE

Yawal:ob-A

Bl 2 Ry Z2 K UETE RS T A K 43 R AR
BLER IR FHRCR AR %6 7K 53 B W SR
W, ZKEHEBRA T, QQQ AbFEK 43 HI HIRAR
B, HUOH QIQ AbEH, WiAbBHE G % % (P>
0.05); BlEA HEBEH /K BRI, 7K 43R HRCR SR
S, HEBE W R S A HK IR — R AN
IKEIK AR RIS 25.77% ~ 31.61%; e
WL oK BB QI AbFEAK 3 I PR R, 43
SEE J3Q . JQT F1 JIT AbBEES 3.35% . 11.11% Fi1 13.40%,
FEE— UK AL QIQ ALK /R FHACR fie i
31 QQJT A1 JQQ AbFHES 18.28% £119.07%, QQQ.
QJQ. QQJ. JQQ. QJJ. JIQ. JQJ A1 JIJ b LS
FIALBEE 111.15% . 110.64% . 78.08% . 76.90% . 67.36% .
61.93%. 50.62% F1 47.59%., 7=HE I RhAAHAY 322 J5E [
JEREE K B, IR A L, AL
HRIX 3R AR &R, FORMIBOK 7352 ) — e Al Xt
FRIK G FI RS MR

H R 3 AT LA ), 22 /K U5 IR AR X0 UM g Iz i
FIFHA — &R, A BT B 2R A= 1 24 53
F(P<0.05); AR 5K o R RCEARRL,
T T IR B DA 7Kk Ak B %) SRR AR A 77 T AR AR R R
25 ~30 kg/kg; Hirp QIT AbHEIE A = ek, S
A JIQ. JQI Al JII ARFEE 4.20%. 13.14% F
20.12% o HEWE— UK B AN TE 7K b R R SR A= 7= 1 AR
FEIEFE . 32 ~ 40 kg/kg, Hid QQQ Ab B &AL M A
AR, e QIQ. QQJ AT IQQ ARFE RS 0.57% .
21.00% F1 21.47%. ;@A X S50 =22 s R R 220K
PV WA ) 1 R 40 AR B N R oK A K i AN [
BT 1 % 2R B R AR P P A s, Horh QIQ &b B
54 RK(QQQ)LHL TG B 35 25 53, Al B Y Hh i) i
KA
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Fig. 2 Water use efficiency under different treatments
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Fig. 3 Partial productivity of nitrogen fertilizer under different treatments
3 RS T — U S ANHE I K 18 2K 7K 43 R T 803 0
Zale

)i i %6 T KA K AR AR A4 M T 0 . Bl 2 T I
IRUELRIBE I, X F KM = B4R I &, HAEK
TIHERE K, X F KPR A L R (P<0.05), A
[F) A5 T SR TR /KX R R A B B A B Pl /N B RAR
YRR . VESRI . R . AR — KBRS K T A
BRI RR AR, MR IR AR T RS

DTEAF BN, Z/KEHEBA T 2 TR
[ B O R R G2, e G K VIR ) A BB R
e, HHERRRERTHZE, St Amrsras R
— 0 KRB N, HIERER AR B
R (QIQ)Ib By + 1R /3 A b L AE F KB Z LTI
S5 AE, H5EERQQQ)AN 2= 4%
ANe BEBCRA QIQ AbFHFEMERIA, FE— KBS
K, BEWT LA AR K A B 3K, ST L ke A - 45
KA R X RS EIR K R HEMAC AR 9T T A 45
w—5,

TEREAKEE — LT, SR EE AL,
Gy B BRI AN A R, 7 MR, KSR RCR
AL HES SRR, VEEPR K L K

D 25.77% ~ 31.61%; QIQ ALIHAK 73 FI AL i T
HES 511 A A 5 38 55 o AT S E5ORT ZEUIE D A
A1, BRI QQQ AR m, Hikh QIQ 4b
B, QDR IS, H QQQ 5 QIQ 4
PRI 3 25 57 (P<0.05). Z5 Bk, fE2% A4
FAahR . IR | K2 F SRR R R A
7RI A SRR L, T X QIQ EIEAR S,
WEAT A F 30 AT RESR R, 30 0] 5 25— IR b 3K 5%
U5, O IE A 2 M B A

S 3k
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