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1 MR575E

1.1 RIS X5
REE T 2015.2016 4 5—10 H 7E P 5 i) X XU 0 A (107°18°E, 40°41°'N, ¥4k 1 041~1 043 m)
HEAT o M JE i T RORRE R, 2 E R PR /K B 140 mm i AT, AFSF 35 XUH 2.5~3.4 m/s, S B KA
H 18~40 m/s, 7&K F 2 032~3 179 mm, ¥ 6.8 C, BRIRZE K, LA N 130 d A4, F ) H IR
(M543 229.9 ho TIEFALMER W 1 FTm, 2015552016 4F Tk A B HARF N 2 &SRB 1 TR .
F 1 X R AL R

LA R/ (g em™) LR/ % R/ % AR/ % HHURE/ % pH1{A
1.39 0.09 0.07 1.60 1.20 7.6
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H it H 1t
B1 2015F.2016 F 2 RAFMEME R UER B2 20154 .20165F =R AF R AREBAE

1.2 X3t

PRI E 3 MR T 2, B - TR KR (1) L B K IERE (HD i R KT (DD, BN B3 AN R . i
SR/ AR Y 180 m* (K 25 m, 58 7.2 m) o bAh, M N 7K 55 B 7K R HE 25 2 e K kAT E ML , B
UCHE K KR EAT 11, B CE BN 150 mmee 2 a 3006 HOVE M € 4145 9 450 mm ;20154 T 6 H 23 H .7 /1 14
H .8 5 HFFAT#EME, 2016 FFET-6 H 27 H 7 H 16 H .8 7 3 HBEATHEBE. Hh TR REM IR 5K it 4], i &
WEIK T BR J9-30 kPa, SA R HE K N BB BEAT HERE , BEOCHE /K E BN 22.5 mme. 52 [ RS2 IR, 2 a RO VE (A HERE 2
WA E2) o FEBAK KT T 2.

%2 EBAKKRA mg/L
KU Ca* Mg* Na'+K* Cl SO.* CO” HCOs pH1E
K 70.1 72.9 150.0 159.5 216.1 0 396.6 8.00
HK 70.1 79.0 375 106.4 264.2 0 183.1 8.76

BERIE N TES2 6 57, Horp REAN/NIX 6 8, SR 1R 2 47 R 7 20, B 98 1.2 m, BREE A 25 em, ATHE R
60 cm , P %5 4 66 000 #k/hm?* . 1EPAE B BN 2015452016 55195 H 7 H—10 H 8 H , &4 132 d.

FIT AT A FERAE S b s 250 e 3 I , 56 Ja i R — 4 450 kg/hm?, 5 52 4 I 337.545 kg/hm?, 38 JIE 2 FH PR 2= (&
R 46.4%) o BEEACFRAESR T IIB L 1 I, CEREZK AR T2 , E/K Ja A s Tk, it FH B4 750 kg/hm's
T E B RN (R AHRCTT AT b 5 S AR A 1R, T S e B KR AR, Bt S o 375 kg/hm?.

1.3 B RITEGZE
1.3.1 MRAGAR R T &

FRHE T KA R ALK 1, 23500 T3 00 WSS B A= B AR B, BERR 15 d 0 B AR 1, JEE 10k .+
B KR 2105 COMSE , I E IR FE N 100 em. 45 H 3 H FELL,0~40 cm -2 N, & 10 em B
Ff,40~100 cm )2 W55 20 em BURE , AH [RIR FEEX 3 AMRE, B2 8 B /KR U AR 3518
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TARA B FEFR I E « FOK B HAZEBEAN /N X 3 bR A AH U I AE R, FRAERR D, FEREN AR B AT R
ML I & T ARAE AN E B I 2 0 BT (AccuPARLP-80) HEAT IR ; 1 T EEAN/NX W E. 6 i, B2l
FERFAS/INX )5 3 R S IR A AR AR 15 4%, BEAT HURE , 29 o0l I i K A AT R, A J5 AL 5 kL
J B R R AT KR, PR T N B RS KR 14% AR P R TR R WA 7 d 5.2 d
1, B
1.3.2 ®Jedm £ 7= 71 K5 F) R 2%

IR RCEE (WUE) AR N

WUE=Y/ET, (D
A YN E KRR B (kg/hm®) s ET A B KA B K E (mm) . HA AEWFKEEDHHREARXNA:
ET=AS+M+P+K-C-D, 2

AT AS AR B -3 i K AR B (mm) s M P K C D 43 5 RIS BN FRRE /K & (mm) A 2% T & (mm)
R K AMNE B (mm) B R AR E (mm) MR 22 e . BEREH R AR I & 28, H R /K445 & 74.37 mm Al
34.56 mm'", Y EE B UCIE K B B /IN s AN e AR LR AR IR AR 2808 , B C.D M 0.

B A 7= 1 (NPEPY" IR A N«

BN A= 71 (NPFP)=Jit B AL B 5/ (3)

A RN B 4R KRR & (kg/hm?) 5 it &= F8 oK A & 1 2R & & (kg/hm?) .
1.3.3 #IELE

K H Excel 2013 B 34T 28 b 3, spss22.0 X i 3 25 48 14T 23 #1 , K FH LSD BR 215 Duncan # &% 2212
AT 2 7 B E TR

2 BRE5SH

2.1 NRIEERKIREZRIHEDE KR
2.1.1 REEBKR AT X3 2K AF ARG R
K13 92015 42016 AN A AL BT FoK 44 & bR moef B, ] 3 (AN [F] 7 BER R TE P<<0.05 R 57+
REFR, I 2 a8 734, 2015 FEAN [FERE 5 3 N K BERE (D 5 (DXL, 22 7 B3, A
) K YR BEEFE (HL DD A3 FOK A A PR s 350 AN SB35 5 6 17 0, e RT3 B AR B bR v A 22 A /N HL AL B PR =R
29.00 cm,J 4b3 4 32.03 cm, B D ARER 53511/ 13.59% , AT BE R N FOKRTERE A AT AT — IORKIBHE , T2 135
BRI . SRR HE AR E AR B A ZE K, D AR PR 361.2 em JH AR 15 351.8 em J AP A 336.4 cm,
D AbFR TAL TR 7.4%, TR PR HAL PR TR 4.6% . 2016 FEANEEL 7 R D AL FE 5 J A B oKk 44 B Wikk i 2
2 AN FE KR S F T HAR RS T AL FORMRm 22 AR o BT B I, D AL Bk 35 23
T HATALFE, B4 B IRk D AT P AT 55 17.7%  H A TR T b B 3% R EME 2 . X E R
AT D A B R i 78 R K AR KK 2, T H AR A B R IHEE 7K, AN [E] K YR I A 45 T KPR s SR S
SO 350 [ HEBITR: b

. N b b

400wy KmERE (HD - bpa 2 300 :i?ﬁﬁg E}{)) - ; I

350 1 mi TOKEERE (D 2 250 | Di’&?%@%;& (D)

300 F o#h ROKEE (D)
g 250 | g 200
Eg 200 t bba %ﬁ 150 | a

156 100 | -

100 |

50  bb2 50 oo

0 1 1 L 0 _-—I 1 1 1 1 -
T WA RbEEMA R A A BT R ERET R
EE M E=p.!
(a) 2015 4F (b) 2016 4F

H3 201552016 F R AT EA AT HHZOTIL

B4 52015.20164F F K24 B WA FEACTEZEH AT . W& 4 PR, 2 ailkih 45 R0, REIFEW 7T
(HEVE 5, TR E R T (P<0.05) ; NENVEB/KFEAFHH D ERALE . 2015 FEHITAAFEFID



ARERS KT H AL, J AR BEAN D AbHE TG 2 3 72 5 s JR1T BRI AR D 408 > 7 4b 2 >H A2, H AR D Ab R
JALFR T 5.2% , B H AL FE 157 9.3%  FLAAAFN B R N D AL 3 >H A PR > T 4038, D AT HLJ A B 2 (8]
FEI 22 S, AR FERT H AR FE G 3 22 7 5 2016 4F 1 B D AbEE > T Ab 3 >H AR B, fK I 7.28.6.84.6.49 mm,
IR AR R 2 D AL H AN ERD T AbHE ) 22 5 B 3 HACEE AN J AR B B T B 2 .

35 . HEBETT: WEKERE (B @ FKERE (D BOE R, BIAKEEE (D) @b KRB (D
oih FKE#E (D) 35 ¢ nitﬂ;mir%ﬁi% (D)
30 |+ ¢ b a a 30 | bb pba b a
ab ? b D b b b pba
25
g 20
=
e 15
10 Fpypa
5 ;i%‘
] 0 L L L L L
T WOH O bR @R Ry T PO WA BERW Al
AEH M EH W
(a) 2015 4F (b) 2016 4F

B4 2015.2016 4 £ & 4 £ F MR A £ 409 TAL
Bl 5 5 oK A A B IS [ AR AR RO LG o An ] S BT, 2015 12016 4F K A AR & I T AR 4
(LADSZHEWB T A 3 o A RIVERE 75 20 (R ) T oK A B ) LAIEAF AR R 22 57 (P<<0.05)
N TR 7K YRR VEE CHCIRT 7K IR 1 S /K IV K LAT 2 R VEAN R . 20154F 5 2016 4F, TR 42 W LAT Hh
KR AL B (D AR B D B K T B VAT K R FE CH AR B D) AN T 7K B VEE AR BE (O AR ERD , HLA7E 3R 1 Ik B K &
o 2015 SEIRTHID AL FRE HL T AL FE 43 1) 151 61.98% ,41.24% , H AL R4 T AL HE 15 14.69% 32016 FF-45 15 1 D Ak
BRETH T AL TR 53 53] 1 40.96% , 37.85% » H AL FRAS J 4b FE 55 6.84% .
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(a) 2015 4F (b) 20164

A5 BREEF AR LT @R R T

212 X ERFHRREENR 0

K6 42015 4E 2016 SEAN R AL FE R T i A S5t Eb o BB 6 P, 2015 4R 1 2016 4F T oK 42 & T
R BTNy R . ANFEER T X EE D T EREE TN TR R e ENER
(P<<0.05), JLHAE 2015 4F FE S AN sl B0 1 1 7= B 38 00, 5 S50 T 7K E A 38 (D A3 ) 5 3 V] /K ek 2 Ak
T CH AL ) AT 7K B JEE A 3 (O AL B AT 51 13% 1% 18% 16%.. 2016 £EHEH WA 23l , D Ab ¥4 H A1
T AT 539 15 H 39%56%55%48% T8I 2 a B ELHE 43 B < L, AH [R)HERE 77 2 A [R)E R K VR 26 1 (1 &
KFYRRAREAREES . TYRGREEY AR EELS R, SEY S EYFITEIRAE H 2% U1
55 1M 7K ARFR 55 2 R 1V 4 B FH PR A P ) 32 2 DR 7, i /b 1 22 IR IR E /K 7 30 R A KR T R AT
(7K AR B, 3t AL R 26 N T AN R B K T I AL B R IR . HR T Ak B R /K VR A [R5 H
VTR K R R A — B0, Xt AT A A 3 R HR T AR HETE B 2 S i R R AL



[ A a [ st ;
30 © mgKEERE (HD m KR (HD

T s | mTokmEE (D L30T mibFAREE () a
= o KR (D < 25 o FKEE (D) b b
S0 S0t a b
g 15 F ® 15 | b€
1 = a
=1 Tt bb
s L il
0 | 0 Lmm=r— L L 1 |
WA W RhAEED WESR A HHA AT A EERm R
GSN= ] LEM
(a)2015 (1)2016 4

H6 2015F.2016 F AR AT FHhRmEGEL

2.2 NEIEER KRR RIHER KRBT AR
2.2.1 RRVEBKIR BT X3RS = & KA 2070k

F392015.2016 FAFREME 77 20T K= 8 oK R REE . 3 3 ml i, AN [R) e 7 =X CEE E i
WD T FOK 8 BK o R 0 22 7 W3 (P<<0.05) 5 AR K YR BEE FE R 7K R JE b T 7K R D 22 e AN (B
o 201542016 4 N /KT EAL T (D AER ) H 1 28 FIRRAT £ 2 25 1y T BT /K BEE RE AL 3 (H AR 38D At
JKIEEEALFE (T AR . 2015 4F [ KL BB % 2 57,2016 SE D AL B (kL e K T HACFEA T Ab 3. T DA
HFY RN BB, SEH2 MK FERRIE SN T HM I L. LR 2 M EKZR 78,2015
HE.2016 4 D A TR H AT A FRAR O IN 8% 10% 4 15%15% . 40, 2 MK T AL BRFE K B350 At i » 7
A4 604 1626 mm. D Ak P T oK 7K 73 R R0 2 m T I A H AR BE, B0 H AT Ak BE5E 5 36.7% 44.4%
57.6%-+66.7%(P<<0.05) . T KZTF =& LEIN T KRKFB M ELEER, mERERS ST KE G
PV S B AN AR B IR OC, T B 3K oy S 5% 40 R R O R ) F2 IR R o B R AR N T PR I R v
IKE S BRIy, HREZK IS TR TR B A AR AR K o3 B SOR R o et o7 X e e i 2
B2 K P R AN K 2 R 80 X T AR B A A T e A R B . B AR ST K B R K R e T
iy 7R R PR AR AL A2 5 I 1] P I oK &5 T oK AR R SR 52 T, 3K - A B ] 7 B JRE R T 7K e E 7 R Y 3
PEZE S 1) R B A

%3 2015.2016F I Bli# Bk 77 X T 2K =& AR A A & E
WE R HERM BEAT HR BRERE  FRSRGemD  dousm oo VOB

mm (kg-m™)
2015 0.87b 15.67+0.82b  44.00+0.89a 37.94+2.75a 15087.65+630.29b 0.60+0.04a 562.24b  2.64+0.11b

BT K EETEE (HD
2016  0.85b  16.13+1.00ab 43.47+1.03ab  34.03+5.17b 14150.29+1408.64b  0.55+0.10a  591.15b  2.38+0.24b
- 2015  0.86c  16.00£0.36b  46.67+1.37a 37.67+0.94a 14866.47+620.85b 0.56£0.07a  603.76a  2.50+0.10b
- 2016  0.84b  15.33+0.46b  44.13+2.57a  34.99+3.02b 14158.35+1991.72b  0.46£0.07a  626.25a  2.25+0.32b
. 2015  1.00a  18.00£0.58a  43.33+1.97b 38.10+2.39a 16359.65+700.33a 0.42£0.02b  453.15¢  3.61+0.15a

R /K #E (D)

2016  1.00a 17.11£0.63a  40.22+1.58b 35.78+4.16a 16321.75+1914.36a  0.39+0.07b  433.18c  3.75+0.44a
VE [FBEUS MR 7 BER R 22 F AN B35 (P>0.05) s A [A 7 REa b o) RR 2 7 .35 (P<0.05) . T,

222 TRRVEBK IR R T X3t BRI £ 7 7 8970
RERLWAEY) ==Y i EE R o R, 78 B9 A2 7= S0 B b i o d i 1 i U IER I = E == . i
FATEH,2015 49,2016 4F H F1 J b B0 A= 7 J73% A B B 2 57, {2 D b BB R 42 i 7 BB R A= 7= 7
2015 S5 H A T AL FEHE 51 117%120%,2016 E5 H AN J AL FLH 57 131%1131%.
%4 2015.2016 F R # i H X T fRIethE = 7

sl A 557 B/ (kg-hm®) At FH B/ (kg - hm™®) IR 7
2015 15 087.65 750 20.12b
] 7K B (FD
2016 14 150.29 750 18.87b
2015 14 866.47 750 18.82b
R K EERE (D
2016 14 158.35 750 18.88b
2015 16 359.65 375 43.63a
R KR HE(D)
2016 16 321.75 375 43.52a




3 4% iR

FORAEARIEFESZ 7K 73 6 RE VR R IR B A5 22 B R 2 i s 0, bk 43 R SE A oK AR K
Rz . Em AT T I8 A O — P K RE L e, (5T T35 8, W 110 7K 43 ) FH R LA, T 1
YK R R 8 R SED A KR B i FE S DA OG0 J5 Ty v /b & A 7 =Q T e g A AR
K IREUKIEFI R . DA R R IREER /N 14.4% , /K59 FI R 1 51 35.4%07 s 2 9o SR
FLARW T HE EOKIE 7 6.53% » T 7K 1.1% , 7K 53 T FH KR 2 151 26.9% o 38 i 1 R 77 XS B E A Kl 2
R 4 T R [ 0 5 T RN 23 e A2 38 s E /K 0 R BRI — AN B B R AR . T /> & = A
VEBE 7 2 AT DA KRR BT 7 7K 403 BUAR S , ek T 2% K, AR AR S A AR TE T T A B TR ok
FEE AR R FH RS o TRV, 8T 15 VB AF T B BOEAS 2 DRI (7K OK 22 38 R 28R » 9 7E 4 v A% S & 1 [
B 98/ W P K B, I EUO ROR AR KR AL T R AP /K AR ST o AT T, 30 5 5o B A [R) R 7 =% oK AR
AP K™= B (1) 5 R I, E I 5 KO0 KR e T AR R T AR BRI sE e 5 S AL . SRR 5
TR A IR R T RERBEAEREEESR . BRI FREEEN G, NE
KI5 R A AR A o S (R A L A ol i P AR B2 A o (R A P B AR I BT s VR 2 o /K e
77 8% ~15% , B Hb T 7K IR E I 7 10% ~15% 5 5 18 HE 7K 20 1) FH 2803643 1) A5 8 ] 7 ek A T 7K BEE JE 7K
I3 R 2 R AR 155 36.7%~57.6%F1 44.4% ~66.7%(P<0.05) , FE ] 7K BEEHE 7K 43 ) FH 25 5 4 iy 7K e 8 ) 1) 42
11 5.6%~17.3%. FNET 75 FCHG H T 35k VR A U] KB JEE AN S K R EE SR = (R PR B AR 4 R R
AT 1% R B 8.

F K BRI RIS R IR R R E R A AR SR AR . RIE R EH AR 5 R, 3
oH A AL R IUAE 3 B ) 33K 23 2 A 0 3B A AT A R AL 9 R ) REMR A A A R A REA
FIFH o JET VR VB SR FH 2 it 280 B 7t A, A6 4 438 (it RNV E ) 75 SCAE I TR R 2 i) I [R]85, V2 3 s/ 1 000
TE T AL I TR FIR 280 . Tk SR AR B, 7EAL D7 SR AR R, R TT R e AR ER e i
BURRZ — T T A B FH 2 e 7 =X 0 5O B R e S KR, TR i R R
FAEMI A BRI S E. AWF 7T B R 0 AL B R A BUIE O A 72 7 S 25 K T e VEE AL T, B 3 8 Adb B
B TR 7K I R R b K P R ZRURE i 2E 7 43 B i 11 7%~ 131%120%~ 131%(P<<0.05) . A[FIKJ§ &1
NEERE , B AR HL T 7K H Na+K & (150 mg/L) izt /& T 37 /K H Na™+K & (37.5 mg/L) , BF 55 3R BRI B 16
752 g/L LR FKFEBE , SHEY A 457~ AR TR, AR /K B 55 3 T] 7K ek 9E 78 7K 201 2R A &
K= IR EVEZ o AT H AP SR 7138 B AT DX TR R 3 R KO0 R IR AL, AR 72 5 1% 7
RERBA 8. 45 LR, B2 H i B T B X R K 7z —.

4 25 i

DIET 2T 2IX, MR Re % K4 8 (BT 5 K 2 5 B BAR 3E KPR = 220 7 I 2B K KT
AR P ERI KA R KBS = 8% ~15%- 10%~15%(P<<0.05) .

2DV HE T8 K BEURIR B, B S AR K 20 R FH R, ST K B JRE R R K B VEE R 5 T 54.3%449.4%
(P<<0.05), H RIS HERE 7 sCREAE FOKRA KB I A A #h 78K 43

ITET5 5 2 5 X 6 0 2 IR 0 R IR R DA e TR AR K 3 = . i HE AL EE T I
A PR A T KB FEE AT R KRR B 117%~131%120%~131%(P<<0.05) . [, o EVEE 77 0 iE &
TIEREX FRAEK . RIS SR AR 3 KK FEIRAS 2 19 R, SAie] 0 X AR AT R4 % e B85 LAt

S -
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Effects of Different Water Sources and Irrigation Methods on
Growth and Water-fertilizer Use Efficiency of Maize

DING Yanhong', QU Zhongyi'", LI Changjian®, SUN Guanfang’, ZHANG Dongliang', FEN Zhihong®
(1. College of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China;
2. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China;
3. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China;
4. Institute of Water in Wulateqiangi Inner Mongolia, Bayannur 015000, China)

Abstract:[Objective] Water quality and irrigation methods affect plant growth, and the purpose of this paper is,
by taking Hetao Irrigation District as an example, to examine water-fertilizer use efficiency as well as the growth
of maize irrigated with different methods and waters.[Method] We investigated two waters: groundwater and sur-
face water diched from the Yellow River. The experiments included groundwater furrow irrigation (J), surface wa-
ter furrow irrigation (H), and groundwater drip irrigation (D). During the experiments, we measured water and
fertilizer use efficiency and the growth of the maize. [Result] Drip irrigation significantly improved fertilizer use
efficiency and the yield of the maize. Compared with J and H, drip irrigation increased the corn yield by 8%~
15% and 10%~15% (P<<0.05), and the water use efficiency by 36.7%~57.6% and 44.4%~66.7% (P<<0.05) re-
spectively. The water use efficiency of J and H was essentially the same. The partial productivity of the nitrogen
fertilizer under drip irrigation increased by 117%~131% and 120%~131% (P<<0.05) respectively compared to
that under J and H. [Conclusion] Drip irrigation can improve water use efficiency, thereby the growth and yield
of maize, and is thus the most efficient method for maize irrigation in this region.

Key words: irrigation area; irrigation methods; maize; water and fertilizer use efficiency
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