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1§ F. BRI ALK B R B A K RER R B s, AR REEIER AR T 2016 A1 2017 GEAETH R
Y KRR FE DX AR B0 3 I R R RN X3, BL “SE K 3357 NiRIEARL, WHE 4 MEKKT (Dos: 75%ET.. Dgo:
90%ET,~ Dygs: 105%ETcs Dygo: 120%ET,, ET, AT KTKE) Fl 4 4 N-P,0s-K,0 HfifIE7KF: 2016 44 60-30-30 kg/hm®
(Fgo)~ 120-60-60 kg/hm? (F50)+ 180-90-90 kg/hm? (Fgo)« 240-120-120 kg/hm?* (F,49), 2017 £E4 150-70-70 kg/hm? (Fs0)+
225-110-110 kg/hm* (Fpys)< 300-150-150 kg/hm? (Fage) 375-180-180 kg/hm?® (Fip5), LA 1 ANFEMHEK (120%ET,) AL
XTI (CKO, 317 ANMbEE. #F R RIKACHE R Bk bR 250 P THIARYESL (leaf area index, LAD. Hb_EiT49
JRREF R RN, o HAKIERI AR . 2 a IG5 H R KR AL 2 S R o0 TRk . 250, LAT 4B
AR E BRI, KAt 0 SR S8R TRk A 35 TR s K R it JIE B X oK B BT
VI B 2 a FEARES RN RITA T E 5, EARIEREEER 2016 4, WEZKEAIHEAL ST B84 5 BRARA B35
SO, Hirh DyyoF g0 A BN R B3R ARk, O 12 691 kg/hm?, 78 = IEAR S (0 2017 46, BE REK BT &g,
T5%ET, F1 105%ET, AL 11 b 39050 RANEA JeI 050N a3, DogFsee AFL NAFRLHL B340 RSO,
N 14 912 kg/hm?s FEARAERR L K] 2016 4F, /KL B X 5 K= AT W34 50, D oFou0 K0HE P B85, O 14 400 kg/hm?,
THAE S AEBE IR 2017 4E, DogFag AL R KBl E, A 16 884 kg/hm?; 2 a k5645 F R W HE /K B AN AL Bt 47 2Kk 2
I R R B b i A 7= A A S 2 e o B3R TR B R K 43 R AR B KB ) 95% N B S X MR L/K I H T &,
AT KATIE, HEFERE K BAE 323~446 mm. N-P,05-K,0 JfifEE7E 210-104-104~325-163-163 kg/hm?. % 78 45 Tkt 5
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TR T 25 8T 3 B /K S L A R 6 2 A K 5 it AR T R
B EOK R ER ORI RN T R, —E A ENIER
HAEA, HUENERRL. XIFEECRA 88 ot 2 5 b
BN R, TR R R AR 2R R A I it e Y
Inkass, fE KA E EIEMMEAHE. Sui PR
TLE A R b DRSS i R ROK 7 R B I ) A g A
MR, FEAN TR KR IR R . DA
T2 KR PP AE B — [ R 7K BRI it 0 RN B K IR P R 4%
PR BG P2 308, I P R R K 4 R R ok T3k i
KRG . BT T EHHRE X EEY R R &S RN
Tiffy 52 38 L I 35 R K E K BB A B R e b, A S0
AR A SRR, DR EORAEK R KR
FIHBCE N E R, TR RBERILK M & EKTK
TR R W A BE O M R R K S
it R AR B — A A B (A FE VA0 4 R AR S FF
1 #MRIEAE
1.1 RIEXER

R T 2016 12017 4F 4—9 ALETE MR A B X R
BT BAE N KRB AR AT, 12 AR50 S A T R A
i [E D E L (36°50'N, 105°60'E) , kb b it
FRREEHEAREX, Z4-FH50HE 8.6 'C, ZHEFHHIE
¥ 3024h, KHEM 120~218d. ZETHEKE
272.6 mm, K E 2 325 mm. WX 1N EE 1,
TIEARE N 1.43 glom?, HI[AIRFKE N 20.25% (& &K
), &% 0.65 g/kg, AP 8.10 mg/kg, 4M 0.77 g/kg,
M 21.65 mg/kg, HAEH 170.00 mg/kg, pH 1H 7.83,
HUR KR 40 m DL B REGIX 2016 F1 2017 4E £ KAEFH
W (4—9 H) NFERES A 142 #1283 mm (B 1),
PRI X T K AR AH BIUSCER AT 20 d 2245 1A 280 B RN 0 il
100 1 190 mm.
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20164F K4 & Rainfall in 2016 140
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Fig.l Multi-year average potential reference crops
evapotranspiration (ETy) and rainfall during spring maize growth
stage in year of 2016 and 2017

1.2 Rt

AR I e R R TR IE E. N & P,0s | K0
EEBIRECH 1.0 £ 0.5 1 1.0, AEEHE FE B X I AH 3 AL
BRE R, TN D P05 L KO M 1.0 1 0.5 £ 0.5,

RGBT ERE K BRI B 2 MK, DUEIEE N EIX,
HEKENEIX . RS 4 MK (N-P,0s-K,0) 5 2016
FEREMRIEELEE KT, 2 3N: Fg (60-30-30 kg/hm®)
Fiao (120-60-60 kg/hm?) . Figy (180-90-90 kg/hm?®) Al Fay
(240-120-120 kg/hm®) o HF 2016 4E 77 5 it i 1 e A Ak 2
N Fogo W0FE, PR3 sCbrr= ik, Fik 2017 fF1EEEA
A T EAEACT, A AR K (N-P,05-K,0) :
Fiso (150-70-70 kg/lhm?®) . Fps (225-110-110 kg/hm®)
F300 (300-150-150 kg/hm®) 1 Fy5 (375-180-180 kg/hm?) -
WRIEAVEY 57K E (crop transpiration, ET,) , # 4 K
BEIKF: Dos (75%ET,) « Doy (90%ET,) « Dygs (105%ET,) «
Diyg (120%ET.) « PAFRZr#EK (D) HIEHESE XS iR
(CK) . ET, 540 2.

ET, =K, -ET, (1
A H BTy 2R HE FAO-56 Penman Monteith (FPM)115 (1]
WIGX 2001 —2015 FHAKEKFBEEED AR EEE
(B D, KRATKREY RS, RIEEYEE B E,
BIABCA 0.7, $HAT-BEREL 1.2, FLE-EIEL 0.6,
T X B TR AE oy 1 s AR K,
IR IAA TFUGHE K, 55 A i R A HE 7K A B P Y
KIEIARAERZER, A 2) tHEREX 0~100 cm
IR KAEKE, A 286 mm. I0_Ei%HX K EE K EE
X, T REURTETAERIEE . Rk, @iEKEEEA 12 d,
I8 P T K HIAE CDANENAEMIAR X 3R AT &
WA 26 VTR I REREAT & TR0 H WAUE) o iffk K&
HHEAX AN

H:Zn:IOQhI. (2)

Ao B O EIERKE, mm; 0,858 i )2 IR RIS K,
%s: h NER i EEIEIEE, cm; n NIRRT E K ERS
HERF, #20em N—)Z, 52, BT 2017 FHEEK
FEFh G LIRS KRR, #ET 1 RGEHK, BEEEE
T 2248 mm; FAh, ZF 8 AMARBENEER, M 7.
8 19 YR K I 5 2 FE R K AT o (HEE /K Bk /b H e
AERLE B R, TIREIERIZIE 2 HF K EER AT
FIXUEBLAH TR R AR Rl Rk, Dos AbEEHE
KN 20 mm 72 A7, oA AL F 4 He ) 32 . 2016 SE 4112017
FHEEREFTNEKEMEKHLE 1.
1.3 HiERE

BERFB T KSR “ 25T 3357, M R B
miff. 2016 4F 4 H 10 H#EFr, 2016 49 H 16 HYEK,
160 d; 2017 44 H 12 H#EF, 2017 49 H 18 HIX
3, 160 do FORRH G EATRER (FEAT BRI N
70 cm, AT EKEIFE N 40 cm) HM—46gER 1 H] 2 4T
F R 7 2, T E A AR BEAE AT FOK R E] . TR
WkAIEEN 30 cm, WSkUiE 2.5 L/h, Wk TAEE T
0.1 MPa, T KHRFE Y 20 cm, FHEZEEE Y 90 900 #i/hm’.
NARIERE K S5 HEAE R 511, R R RS R4k O (U0, 4
INXKA27.5m, TN 6.6m, NXEAA 181.5 m*, /)
XBEHLIX ZHHEF, FEAALEE 3 IRE S .
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Table 1 Irrigation schedule of treatments for spring maize
KU 2016 % 2017 4F
Irrigation sk [ SEFRE/K & Actual irrigation amount/mm K F 1 SEFRE/K & Actual irrigation amount/mm
times Irrigation date Dis Doo Dios Diso Irrigation date Dis Doo Dios Dizo
1 — — — — — 05-10 22.48 22.48 22.48 22.48
2 06-01 33.04 41.30 49.56 57.82 05-25 34.70 45.17 53.50 62.41
3 06-19 35.74 44.68 53.56 62.49 06-12 36.14 48.18 57.06 66.57
4 07-03 35.32 44.68 53.51 62.34 06-27 56.24 71.68 84.89 99.04
5 07-17 56.10 70.65 84.68 98.70 07-12 50.09 61.65 73.01 85.17
6 07-29 5091 63.38 76.36 89.87 07-24 52.31 64.39 76.25 88.96
7 08-10 58.70 73.25 87.79 102.34 08-03 23.13 30.93 36.63 42.74
8 08-21 2597 32.73 38.96 45.19 08-15 23.50 31.38 37.17 43.37
9 09-01 27.01 33.77 40.52 47.27 08-27 17.79 21.90 25.94 30.26
St Total 322.79 404.44 484.94 566.02 316.38 397.79 466.93 541.00

VE: Dsss Dogs Digs A1 Ding 735378 75%ETe 90%ETe 105%ET, Al 120%ET(ET, AEWIFE K E), KA.
Note: D7s, Do, D1gs and Dy represent 75%ET,, 90%ET., 105%ET. and 120%ET,, respectively (ET.is crop evapotranspiration), the same as below.

FEK 2 a IR KL — AL e e 7 =X, e
BHEH KRR (N-46.4%) | BEIR—42 (N-12%. P,05-61%)
FIFREEH (K 0-52%) (BPNRESHD - 2016 FHA
AEE WAL 7 U, RN 1 R, R 2 Ik k4
W12 Wk, EZREA 2 IR, RRUCMEAE B A e R LA o)
SN 10%. 5 30%. 223 30%. HESE ] 30%:;
2017 SFEAEFIILHEAC 8 W, /BN 1 k. K
W2 Wk, g2 3 R, RESRMH 2 R, RROCHEACE (5 R
JE B () EEAS 23 T N B 10% - 4515 30%. 2231 35%,
ESIA 25%.

1.4 MEMBMAZE
1.4.1 HMA RN E

TEA ORI 22 B A 0 5 pk v ZOMAI AR AR 4L
BASNXERUE BV 5 Bk, FEbR RO e 22
., HB RGeS, BraM A KEMRKEE, HH
MR R, MRS (leaf area index, LAD) 524
;_cﬁm'lg]i'\j

k
LAL=Y(0.751,b,/f) (3)

j=1

K kA EG oM KRS, ems b NI R K
TEME, em; fONERR FHIERL, cm’s
1.4.2 WEFRTFHREREL ZZ09NE

TEAR T K BUCART TREORE , /N X R AR P Y
faRR 5 K, MEEIEESH B E, KBRS G &
BEE, ENMAELE 105 CAF 0.5h, 75 CRHEEE
B, KHETFRPEREIF T E SRR F TR,
R R E YR (kg/hm?)

T2 T KWK J5 04T 7= 8 e oA il B 2 e 5 1k B/
DX (R AH AT 2 2% 35 E Al P 1 1R 4 47 0K, R 10 BE,
KT JE e A B L AT RLEORN TR A K, Rl g s
R R AR R, RATERESKERN 14%0) KL
s o
1.4.3 KAl A RE. BIRAKF) R 2EBZICFHR L = T

TKOFIFRER (water use efficiency, WUE) THELA Ay

WUE =Y/ET (4)

A WUE ARG FIHRCR, kgm’s Y /7 &E, kg/hm’;
ET N/EWIFE/KE, mm; #EAR K.

ET=P +U+I-D—-R—-AW (5)
b p o NERPERNE, mm; UJyHLR/KAMERE, mm; /
NEEKE, mm; D AREBFE, mm; R NEHE,
mm; AW RG] AR 56 R R K o 1 AR L
(mm) , A HIRERA: EHFFKRKETAUGRE, 78
AN AECE, BRI 04 27.5 F1 55 em 3 M B 4
HURE, & 20cm (0~20. >20~40. >40~60. >60~80.
>80~100 cm) HU 1 K, RAHMETIENE L3k, B
SEEHEAE NN X IS KR (%) o R X 3
H, R KEGEER, WRAESL, AFMHAN 1m R
IKAABWAK, HFEEREEERE, U. R D W2
BEANTE. AT (5 faifb A

ET=P +1-AW (6)
HEE AR R O 51 A 0B
IWUE=Y/I YD)

X IWUE N #EBE KR H 2% Cirrigation water use
efficiency) , kg/m’.

FEAH A= 7= F7 T A P

PFP=Y/F, (8)

A PFP NAEEMRA: =) (partial factor productivity of
fertilizer), kg/kgs Fr AFTHi N P,05 K,0 HIE &, kg/hm®s

HI Microsoft Excel 2013 BEAT %45 422 ; F] SPSS 18.0
et o A R B s #EAT 7 %2 73 Hrs H Origin 9.0 %t
PRI

2 HZRES

2.1 FEKIELIEMHE KE KB

£ 2 N2 a WA FIKIEALEE X KR Z2ALR
LAI s, 550K, HKEXNREA LAL R EERY
MR (P<0.01) , X 2SR FLE R 23 (P<0.05) ;
MEAE X =38 s 52 (P<0.01) 5 W HIZZ BEAEH
Rk A RS MR (P<0.01) , XPZEFAT LAT f52
MR (P>0.05) o HI5R 2 A%, Dsss Do Al Dygs
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KIKFF, 2016 4F Fg MEHEEHEZEET Fip AH
(P<0.05) , 2017 4F Fyso AR B ECT Faos AFE (P<0.05) ;
D20 HEKIKT R, 2016 4F5 Fip ALFEAHLEL, Feo AbHEA B2
PR (P<0.05) , 2017 4F Fos AHLEEACT Fyps A0HE
(P<0.05) o FUHL 2 a 50 &-A0BE 220 2 (A1) 22 S 1 vl

2016 FFARIG A —HEAE AR, B DyjoFso A3 ZOMHAE 2.2 1
T DooFeo Al DyosFeo Z0FE (P<0.05) , HAAFRETE B EM
E5 (P>0.05) 5 2017 FERIR[F —HEAEACTH, R DigsFan
AHR A B ZE KT DygoFa 03 (P<0.05) , HApAb#EYy
TRFEEZER (P>0.05) .

2 2016 F0 2017 FE/KBAIEXM HE K%K S . ZHAAMMERERF G

Table 2 Effects of water and fertilizer treatments on plant height, stem diameter and leaf area index of spring maize in year of 2016 and

2016 4 2017 4
ok RAT = wmede ok JEURKT B TR
I‘I'll fj:lon Fertllii/z;tlon heiPl}?P/t:m Stem diameter/mm Leaf area index  Irrigation level Fertllii/z;tlon Plant height/cm Stem diameter/mm Leaf area index
g

Feo 200gh 21.81abed 3.83cd Fiso 270g 25.36cde 4.20de

Fi20 215ef 21.40bcd 3.60de Faos 290bc 27.80abed 5.64a

brs Fiso 226d 22.99abc 4.87ab brs Fi00 292bc 27.25bede 5.59ab

Faso 221de 24.31ab 4.91ab Fs75 290bc 29.89ab 5.65a

Feo 195ghi 18.99d 3.60de Fiso 274fg 25.54cde 3.80e

Deo Fi20 191hi 20.95¢cd 3.50de Deo Faos 283cdef 24.71de 4.43de
Fiso 219de 23.97abc 4.50bc F300 291bc 27.20bcde 5.19abc
Faso 227d 22.76abc 4.75ab Fs75 288bcd 28.81abc 5.19abc

Feo 1881 19.14d 2.95ef Fiso 242h 24.39de 3.74e

Dugs Fi20 205fg 22.99abc 3.34de Duos Faos 277efg 26.98bcde 4.76cd
Fiso 240c 23.01abc 4.96ab F300 295b 24.87de 4.79¢cd

Faso 244c¢ 22.79abc 5.12ab Fs75 307a 28.75abc 5.62ab

Feo 237¢ 23.0labc 3.59de Fis0 278defg 25.85cde 4.27de

Diso Fizo 256b 24.04abc 4.86ab Diso Fos 286bcde 26.02cde 5.51ab
Fiso 277a 24.69a 5.25ab F300 294bc 29.05abc 4.90bcd

Faso 261b 22.79abc 5.40a F7s 313a 31.29a 5.82a

CK 177j 18.79d 2.39f CK 1871 23.62¢ 3.99¢

ANOVA Fi% F H F value of ANOVA
#E/K/KF Irrigation level 97.31%* 3.92% 7.26%* 12.11%* 3.80% 7.31%*
Jiti ALK T Fertilization level 257.32%* 13.82%* 50.89%* 343.65%* 12.34%* 31.74%*
TEAK KT TEAE KT
Irrigation level 8.25%* 1.64 222 10.13** 1.04 1.69

xFertilization level

¥ FAIARIZERFRREENER (P<0.05) , *FHRIEFEZEKT (P<0.05) , **FRikFIHEZEKT (P<0.01) , CK NRSHEK (120%ET) JEHEAL

#H, TH.

Note: Different letters in the same column indicate significant difference (P<<0.05), * means significant(P<<0.05), **means much significant(P<<0.01), CK was the fully

irrigated (120%ET.) without fertilizer application, the same as below.

LAI J2& & ARV BV AR AR B S, fl— 8
LRI EER . 2881 A AW & T B S S DA 5%,
SHEYI R A BRI A B P2, |\ 2 7k, Ds
HEIKIKF R, 2016 4 Figo A0F) LAI B2 5T Fip ALFE
(P<0.05), 2017 4E F 50 AP R ZK T Fops A7 (P<0.05) ;
Dyo FEAKKETR, 2016 4F Figo £ Fago MR ST Fo 4t
FE(P<0.05),2017 4 Faps A FE EZAK T Fao A FE(P<0.05);
Dyos #EZKIKFE T, 2016 4 Figg F Fago A0 E =T Fiyp
WHE (P<0.05) , 2017 4F Fps MHEEET Fis AbH
(P<0.05) , HEZFLT Faps L (P<0.05) 5 Dy HEIKIK
PR, 2016 4F Foo AP EL Fipo A0 FA 2 25 1 B K (P<0.05),
2017 4F Foos MFRL R ZE 5T Fiso LB (P<0.05)

MARE R, AT GE A B 3R FOKPR R A LAL (1)
K. 2a I8, Dys 5 Do HEKKFT, Hk i b e I &
3SR B NS T A28, TMATE Dios 5 Do #EZKIK
I 7 =1 = R TR L I S E s D BT e ¥ dig -

MBS FHFEEKALTE R, 2017 FERIFRE . A LAI
e T 2016 45, X ATREZN 2016 4[N & A
WAL SR, AR SO Rz IXFE KK AEK. 2 a
REG LAT 55 KAE 2354 5.40(2016 4F) F1 5.82(2017 45),
FEXT . B AR R 3 5319 DyagFaao AEEEFN DygoFs7s A0 EE, L [F]
— MRS R B LAL B %R, (HEE 5T 2016 F
F 120 SO FE (D 50F 120 AL FR R AT 2017 £ F 50 40 HH (P<0.05)
IS S5 RS M m A ToKRI AR R, 8 B 2 3
LAL Fifkems, (4R EAs—efREE, HRef LAI
TR
2.2 A[EKBEAIENT & E K EETHR RIRAY M
b0 ] DR B E A KIS, AR R
TR R B 2B, K 2 WA, 5 CK AbEE
FREL, it AR AE B 2 Hb 3R = ORI BT R A .
2016 £F DyosFaqo ALFE N Hh 38 T90 5 RAR B AE A K, 18
# 26 513 kg/hm’, 5 DysFay Al DogF g0 AEEEAH L 23 $2 5 T
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16.74%%1 16.88% (P<0.05) , 5 DyyoF 50 F1 DyooFas AEFETE
BEZER (P>0.05) 5 2017 4F DggFs7s AbEE Tt E3T49
i EREAERCOR, 55 31 165 kg/hm?, 5 DysFygon DigsFaoos
F DypoFans AFRAHEL AT IR T 7.63% 7.92%F1 14.65%
(P<0.05) .

g 350001 BXXZE Stem M " Leaf I F74i Grain

m

30 000 - [J45M- Bract [ % Axis

=

=

<

@

3

g

=]

5 25000 -

o

=1

=

o

20 000

)

>

(=]

2

e 15000

=

Bk

= 10 000

2

B 5000

o

- 0

Ab¥E Treatment

a.2016 4
a. In 2016

“"E 35000 -

=)

)

< 30000

s

g

=}

£ 25000

-

g

=}

ED 20000

2

(=]

]

< 15000

Eﬁ 10 000

?.;3'

;: 5000

L;\ 0 QB2 X

ISUF.25 3007 379 7 150" 225 300F375 F|50F225F300F375
D75 D‘)() DIOS D120
KbEE Treatment

b.2017 4
b. In2017
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ZREE (P<0.05) .

Note: Different letters indicate total aboveground biomass among fertilization
treatments is significantly different under the same irrigation level (P<0.05).

B2 2016 %2017 % R R K esk 2ot A 2R L3 F 47 R
RENE M
Fig.2 Effects of different water and fertilizer treatments on
aboveground biomass of spring maize in year of 2016 and 2017

SRFE R, 2016 ML T R Ak 2
H Figon Fago ST Foon Fioo A0, {H 2017 Pl it
=R O O 155 R/ == 82 e op ) D =R RN A =]
% (D90F375}H:I D120F375 %}Elgﬁyl\) o %E*}ﬁ%&/ﬁ\;ﬁﬂﬁigﬂ
T SR B AERRLH, 2016 4F DyyoF g0 S0 R
Rt B3 TR Bk, N 12 691 kg/hm?, (53 -
HFY S R EM LGN 48.35%, 5 DiyFa M
DiosFaso bFI L B EMZE R (P>0.05) ; 2017 4F DooFao0
AR BRI R RO, A 14 912 kg/hm?, (5L 1

ETY R e R BB 51.61%, AHELT DogFsys A0EE
NHPFFRL T YR BN T 14.99% (P<0.05) , S5/
IS EARE I E A K T 10.00% (P<0.05) .
Ut BAR =y BRI K 1B FRAR E TN B R, A
S E) TR IR R, SRR &S 1
ELBk /N, FRARVEYD = . D, A BE AR BE A R % $2
AEYI RN,

2.3 AFRIKABGIENEERFERFEMREZHIZN

HR 3 A, iR AE S R R
AN [ ) R 7K B R i JES 56 T KA P 7= S L B A R
R ARFAREE R, 2a R85 REY, EKEXS™
N FL R R Z R R T e R s e X
B MAHF B R ER A RE RN (P<0.01) , #EKE
WHATRLECR = 8 B 3 52 (P<0.01) , /KARMIAZ BAE
FAXS P R R A R T (2016 47K & At e
B AR ERAN)  (P<0.01) , X EfA &
FRH (P<0.05)

RARE R, TE 2016 FARNEAR:E KT RIAH [F] #E K 7K ~F
FAFTN, A KR 5 o it A 5 PR 38 0 3 00, 1 24
2017 AFAH R 3G A AR 5, KR )7 R o i L 34 o
S GG IR/ o LA Dog M1 Dyos BEZKIKF A M, 2016 4F,
TERHFTRE KK P25 AE R s Fogo ALFR 7 8 ARG F g0 40T
TRFEER (P>005) , HEZEETHAMALE (P<0.05) ,
MAE 2017 SEAHFIRER AT R, Fago ALFRAFHRL - 5 2 3 1
THABATE (P<0.05) o 535, 2016 5, DygsF 50 LEFEAE
FEEJT A E W B A, ZAFEE N-P,05-K,0 i It &
kb 60-30-30 kg/hm?, /K ER/D 82 mm (ISR, 13
BB B DygoFago AEFE 7 B (14 400 kg/hm?) ol 3% 2%
5t (P>0.05) o {H 2017 SEAH 38 e I8 & )5, DooFan
PP R, N 16 884 kg/hm?®, JH 3 e T Hfdab ¥R
(P<0.05) , & D7sFso0n DigsFaoo Al DigoFso0 AL RS A2 5
T 11.00%-. 7.32%F1 13.85% (P<0.05) .

2.4 AK[EKBEALIERTZE E K WUE. IWUE X PFP AYSZMR

MK 4 WA, BEKELERFEKE (ET) ZRME
R, 5F 5 ET IEAHC. T 2017 ZERE & KT 2016
M, IERK 2017 4F ET il T 2016 4F. 2 a 50 B
KX ET A S EH (P<0.05) , {HFEHE HEKE N,
F M AEALEA ) ET G2 (P>0.05) .

R 4 051, 2016 4 Dos #EKIKT R, Fig AHE
WUE {3 5T Fioo Fl Fago 403 (P<0.05) 5 Doy #EK K
T Fou A HEH) WUE B2 5T Fig A HE (P<0.05) , Djpse
Digo #EKIKP R, Figo XA WUE EEET Fo A0H
(P<0.05) , 5 FpbFLREZES (P>0.05) 5 2017 4F
M FREAKIKT T, F300 AP B EE T Fops AEEEA Fyy5 40
H (D5 Al Dygg HEKIK TR 5 Faoo ZLFEfK) WUE 5 Fyps b
HEREER) . BEER, HEKEAEE S FE R
ZHAER A WUE A IWUE %4 &3t im (P<0.05)
1E 2016 AEARNEAL B KT FAH R HE K KF- 264~ WUE
A TWUE 257 fta ItS & 384 I i 86 - (D5 A1 Dgg #EZKALER
WUE Bg4F) 5 1124 2017 SFAHM B3 it & /5, WUE
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I it I P48 o S 38 = ek /)

REAMm A 7= 77 (PFP) S I it 24 1 4 33 Tt 77 43 /K
Fk Rt F B 25 A SN B FR bR o ZEAH R B KK P
PFP 5t it FH B S b ARGk, JHE K B A it AT &
LRI HAER AT PFP G20 (P<0.01) .
2016 4 DyyoFa40 5 DigsFigo " ELEEZESF (P>0.05) ,
{H PFP #1323 {K T DyosFig0 0 EE (P<0.05) 5 2017 /=&

15 1 A3 (Do F00 VAN B F) PFP 4 28.14 kg/kg, 55 D7sFans
F Dy gsFaps 40 BTG i 35 1 75 57 (P>0.05).2016 4= Dy o5F 150
4bPET PFP {H 5 D75Fa40~ DooFaso~ DiosFaso A Di20F240
AEFALE, iR E T 57.28%. 46.02%- 31.89%Al
27.77% (P<0.05) ; 2017 % DggF300 £ ¥ ) PFP {H 5
D75F300‘ D105F300 *D D120F300 QEE)FH Hﬁ’ 63\%” ?/%%T
11.00%- 7.32%7%1 13.88% (P<0.05) .

£z 3 2016 #0 2017 EFREKBAIEIEFEEKZERTEMWREZNF I

Table 3 Effects of different water and fertilizer treatments on yield and yield components of spring maize in year of 2016 and 2017

2016 4F 2017 4
WK oy e RN RRK BRER .. K .o mk omm o gem mee TR0
K e Ear Kernel Bald ear hundred- IKF e Ear Ear Kernel Bald ear .
" . Fertilization Ear length .. . " . Fertilization . hundred-  Yield/
Irrigation lovel Jem diameter number length grain (kghm?) Irrigation level length diameter number length . (kg-hm?)
g grain g
level /mm perrow /cm  weight/g level /em /mm  per row /em weight/g
Feo 15.87hi 47.92abc 28.00g 2.67bc  25.29f 8 700i Fiso 15.03i 48.61d 31.83gh 2.18bcdef 28.26g 9 868g
D Fizo 16.10ghi 53.18ab 33.5cdef 2.41c  29.88cde 9 450h D Faos 15.80h 50.83c 32.50fg 2.80abcd 35.45b 13 324ef
7 Fiso 17.38efg 51.27ab 35.75abc 2.37¢  30.98abc 11250fg Fio  17.60cd 53.93a 38.00bcd 0.95g  36.49a 15210bc
Faso 17.63ef 52.07ab 36.75ab 1.99d  33.05a 11 700ef Fi7s 18.13bc 53.67a 37.00cde 1.9ef  3524b 12 376f
Feo 16.25ghi S1.11ab 27.38g 2.60c  28.06e 9 900h Fiso 18.42ab 50.42cd 34.66ef 3.05ab  31.58de 13 930de
Doy Fizo 17.00efgh 51.43ab 32.25def 1.50efgh 30.51bcd 10 650g Do Faos 16.32fgh 51.37bc 34.66ef 1.88ef  33.79c¢ 14 760bcd
Fiso 18.25cde 54.77a 31.38ef 1.85de 28.17e 12 300de Fi00 18.68ab 53.15ab 39.5ab  0.93g  37.04a 16 884a
Faso 18.13cde 51.43ab 32.25def 1.50efgh 30.51bcd 12 600cd Fi7s 19.07a 54.18a 41.00a 1.28fg  32.40d 15 060bcd
Feo 16.38fgh 46.18bc 30.75f 2.98b 28.58de 11 100fg Fiso 16.13gh 50.62cd 30.00h  1.95def 30.71e 12 400f
Duos Fizo 18.00de 51.11ab 32.13def 1.45gh 31.43abc 13 050bc Duos Faos 14.18] 45.83¢ 32.16fgh 2.lcdef 29.41f 13 500ef
Fiso 19.25bed 50.64ab 33.87cde 1.56efg 29.66cde 13 800a Fi00 17.60cd 53.80a 36.16de 3.03ab  32.48d 15733b
Faso 19.38bc  48.72abc 35.00abcd 1.18h  29.45cde 13 950a Fi7s 19.17a 53.11ab 40.83a  0.83g  34.65bc 14 420cde
Feo 15.00i 47.6labc 26.25gh 2.32¢  2791e 11400f Fiso 16.72efg 50.03cd 32.33fgh 2.21bcde 30.65¢ 12 530f
Do Fizo 18.25¢cde 50.00abc 33.75cde 1.81def 30.76bcd 13 650ab Do Faos 18.50ab 51.99abc 39.16abc 1.38efg  32.19d 13 470ef
Fiso 21.25a 45.86bc 36.75a 1.93d 32.27ab 14 250a Fi00 17.32de 51.41bc 33.33fg 2.85abc  30.88¢ 14 830bcd
Faso 19.75b 52.87ab 34bcde 1.47fgh 30.61bcd 14 400a Fi7s 16.92def 51.27bc 37.83bcd  0.96g  31.49de 13 350ef
CK 13.50g 42.77c  24.00h 348a 22.72g  6300j CK 1243k 41.21f 24.33i 325a 2471h  6213h
ANOVA K3 F {H F value of ANOVA
&7J.<7J(¥ 0.68 1.06 10.81%* 15.79%* 1.48 9.13** 43.81*%*% 3.04 14.93** 0.60 7.94%*  48.19%*
Irrigation level
FE.HE.ZK%Z 83.45%%  3.66*%  65.55%* 126.17** 56.89%* 376.41** 168,;87* 83.50%* 99.67** 14.91** 170.81%* 173.54**
Fertilization level
FEK ARt AL K
Irrigation level 4.88** 0.85 3.84%*  6.49%*% 536** 2.55% 26.28%*% 7.22%* 10.19%* 8.94** 3648**  335%

xFertilization level

F4 2016 12017 EXREKEELEI K S FIAYE (WUE) | EHKFIAHE OWUE) RERMRE~F (PFP) #I%2M
Table 4 Effects of different water and fertilizer treatments on water use efficiency, irrigation water use efficiency and partial factor
productivity in year of 2016 and 2017

2016 4 2017 4
HEAOKT E‘EHF*% FERRL WUE IWUE PFP KA E‘EHF*% FERRE g wue PEP
lrrlleg\e]l‘t;lon F enllei]zealtlon Evapotjilrrllrslfnratlon (kg m'3) (kg m'3) J(kg'k g-l) lrrllegjéllon F ertllelvz;tlon Evapotfrll‘l;lplratlon (kg m'3) J(ke: m'3) J(kg'k g-l)
Feo 438¢g 1.95gh 2.69¢f 72.50¢ Fiso 561e 1.76h 3.12fg 34.03¢
b Fi20 445¢ 1.99fgh 2.92¢d 39.37f b Faos 591de 225de  4.21b 29.94d
» Fiso 473f 2.56a 3.48a 31.25gh » F300 589de 2.60ab  48la 25.35f
Fauo 481ef 2.42b 3.62a 24.37j Fs7s 591de 2.09%f  39lc 16.84h
Feo 508de 1.92gh 2.45gh 82.50b Fiso 608d 229¢cd  3.50de 48.03a
b Fi20 515d 2.01fgh 2.63f 4437¢ b Faos 652bc 226de  3.71cd 33.17¢
%0 Fiso 528¢cd 2.25cd 3.04bc 34.17g %0 Fi00 627cd 2.69a 424b  28.14de
Fauo 545¢ 2.48ab 3.11b 26.25ij Fs7s 614d 245bc  3.79¢ 20.49g
Feo 582b 1.88h 2.2%h 92.50a Fiso 670b 1.85gh  2.66hi 42.76b
b Fi20 584b 2.21de 2.69¢f 54.37d b Faos 660bc 2.04f  2.89gh 30.34d
105 Fiso 588b 2.36bc 2.84de 38.33f 105 Fi00 681b 229cd  337ef  26.22ef
Fauo 591b 2.39b 2.88cd 29.06hi Fs7s 679b 2.12def  3.09g 19.62g
Feo 669a 1.68i 2.01i 95.00a Fiso 721a 1.74h 2.32j 43.20b
Dino Fi20 673a 2.03fg 2.41gh 56.87d D Faos 748a 1.80gh  2.49i 30.27d
Fiso 678a 2.11ef 2.52fg 39.58f F300 758a 1.95fg  2.74hi 24.71F
Fauo 681a 2.11ef 2.54fg 30.00h Fs7s 741a 1.80gh  2.47ij 18.16gh
CK 680a 0.93j 1.11j CK 750a 0.85i 1.16k
ANOVA #5;: F A4 F value of ANOVA
KA 451% 15.30%* 6.07* 8.97%* 3.87% 55.97%%  17.72%%  46.10%*
Irrigation level
AL KT 0.6 13.29%%  10.65%%  417.22%* 237 4731%%  69.35%%  20.50%*
Fertilization level
HEZK K<t Al K ST
Irrigation level 2.75 6.95%* 4.75% 12.67%* 1.07 535%%  g46** 8.10%*

xFertilization level
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2.5 HEFHEEKRFEFWUE BIKIEERAEML

F & 2 a R FIE K B RIS, B 2 a 50
S RIATE T 2 RLEE K& WUE #l PFP &
HA R, DIEKEMBEEAALE, TR IRE,
12 H Mathematica 9.0 XTEHEIEAT A4, ZRWE S
. 4ol Bl KA, #EKEN 446 mm, Al
(N-P,05-K,0) A 325-163-163 kg/hm?; 4 WUE i& 3|
KA, HEKEAN 349 mm, MEEE (N-P,Os-K,0) N
297-149-149 kg/hm?®; 4 PFP AR AN, HEKEN
541 mm, MEfEE (N-P,0s-K,0) 7y 60-30-30 kg/hm?; W]
D, A ) K it AR 2% A4, AR ME [F] B3 /2 77 /2 . WUE
Al PFP ¥k B KA. BB el =& Rk KE
95%-+ 90%- 85% 1 80% 1 BAF X [H] Jyn] 42 32 Xt =2 [A]
B REAT AL AR B R IR, B A DX [A) (9386 0, 7= & F0 WUE
BT 8B I B 5 X S & W 8 0, B T PFP 57~ &A1 WUE
AR 2, [£15 PFP 51 KAH 95%- 90%-+ 85%F1 80%

1 E S X (8] 5 7= 8 A WUE 185 X (a5 70 8 & X, #
kB RAAGDX A, Ak 45 4 KKk = &= F1 WUE,
AFFEBLEE == 5K AR, Hopmh &= &5 WUE [
Ak, T2 B WUE 2 5E S K 95% B 15
DX 18] P9 BT o SR O K A A B, 45 SR B 3 B
YHEKEAE 323~460 mm, JtfifE (N-P,0s-K,0) 7E
210-104-104~412-205-205 kg/hm® It} , 77 & Al WUE ¥
RE [FI I IA 2 B KA 95%Lh o SR #E /K =AE 446~
460 mm, Jii It & (N-P,05-K,0) #£ 325-163-163 ~
412-205-205 kg/hm’ i, 7= & A WUE B4R f [F i ik £
AR 95%LL b, Hf R 2 TNREEH . DR KTE
F 55 K WUE (17 95% 4y B A X 18], 315 7K 45 AL H br
ERRALIX (A . BEKEAE 323~446 mm, JiifL &
(N-P,05-K,0)7E 210-104-104~325-163-163 kg/hm*. It
i}, PFP (22.81~33.74 kg/kg) , %14 PFP &% KIH K
30%.

x5 KBBESEERFE. KOFBAMRFMELRESDRIEYIXR

Table 5 Regression equations between water and fertilizer inputs and spring maize yield, water use efficiency and partial factor productivity

A 2 [EYEpsyEd

z F K AbEEZH 4 Combination of treatment for max z

. . . R
Dependent variable Regression equation x/mm y/(kghm™) Zmax
P8 Yield/(kghm?)  2=.11917.525+72.999x-0.0615*+32.143y-0.028 102xy-0.015 041>  0.76** 446 325-163-163 14 850
;J;g;%iﬁg ”ffg 2=-0.645+0.009 985x-0.000 011x*+0.004 474y-0.000 004xy-0.000 003y> 0.56** 349 297-149-149 243
AEEHGE )1 2=34.974+0.247x-0.000 16x>-0.211y-0.000 17x)+0.000 23)° 0.94* 541 60-30-30 87.54

PFP/(kg'kg")

VE: xRy o BIARERHE K AT N-P,Os-K,0 Jifi A o

Note: x and y represent amount of irrigation water and N-P,05-K,O fertilizer application rate, respectively.

& C oz '.0 >, & / A
no S N
I5 & 10 000 LA o =
52 50004 LS & a

= 00 e 0 N Y

3 LR s

= 'O'i

a. e b. KSR 2
a. Yield b. Water use efficiency

. JERMR A7)
c. Partial factor productivity of fertilizer PFP

E: B EMHSARR 2 a SHE, BT XIE0 AAER 8. WUE SR 95% 01 ELAS X FIARARMR A 77 715 KAE 80% 1) B AF X ).
Note: The circular dotted points in the figure represent the 2-yr measured values, and the shadow regions represent 95% confidence interval of maximal yield and WUE
and 80% confidence interval of maximal partial factor productivity of fertilizer, respectively.

B3 R K AR AR A ) 5K i 6 % B
Fig.3 Relationships between yield, water use efficiency and partial factor productivity of fertilizer and irrigation amount and fertilizer
application rate

3 it it
3.1 AEIKEBHEMEEREK. th FEHBETFHREF
e

bR R ISR R A, T RE B )
7K R, 38 B A 7K A MOX 1 A B 2B A AT 3
BAT B3 M IER & 2R, B IERMIE R £ 22 AR
“HERT, WTERIE AR KRR 2016 4F
75%ET.~105%ET, 1 2017 4F 75%ET.~90%ET, # /KK

SR, Rk v i A P 3G e RS T TR, T AE
2016 £ 120%ET, Al 2017 £E 105%ET, #E/KK V-, #e
I it A 388 o S BN 9 s 2 a I A R e AR AR EE R

[ 2016 4F DyygFo A0EE ZEAAE T35 51T DogFeo A1 DygsF300 20
FEF 2017 G DygsF300 AFEZRHAE B Z KT DypoFago AL, H
AT T2 22 57 o AH RV K AL EE R, 2017 4F IRk 1
ZOHLLAL 850 38T 1 AR & 5 T 2016 4,
XATREAE KA 2016 P& N E A EALES BER /N, ANRER 2K
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Huli 2 Z X KA K . 2 a 58 2016 4F DyyoFou 40
FEHI 2017 4F DyyoFsrs 407 LAI B K, IEEEET 2016
EE Froo A0 (DypoF 100 ALFRFR AN F1 2017 4E Fiso A0HE, i
B LAT R 1 A 2 i e A 2 P 389 00 1 428 14 36 7 . 2016
fﬁiﬁ%ﬂP, D105F180 %}EE(]*%*EF%L? D120F24o AL[\IE%EK
EEZE R (P>0.05) , (HEZE 5T DygFaso #0HE (P<0.05),
2017 R, DogFsg0 A0 R AFFRE P~ 8 5 35 T o 4k
B (P<0.05) o X540 SO B AT
90%ET, ~ 100%ET,. # 7K 7K. 180-90-90(N-P,05-K,0)
kg/hm? B KPR 722 B 5 i » 5842 422501180 kg/hm? it 4
BT ERMME . 2. LALES KPS ISARME, X
RS R, KB OEIRE . IR b R
MM E FEARIA Ko BWFFEH, 90%ET, #E7K KAl
300-150-150 (N-P,05-K,0) JifEAKF N~ e m, 2
PR LAL FHh b3589 0 52 AR & A0 5 B 5 K AE

2017 SERIGA DyyoFaps ACFRARE SEENE &K, DgoFsrs
WELR M BT R R ERS R K, WREST
DooF300 #EFH (P<0.05) , 1H DgoFsg0 AL T AR T4 5 B
5 BT e BRI LB AR LT DggFays b3
THAFRL TR BRI T 14.99% (P<0.05) , S5t
EERTA T AR R E ARSI N T 10.00% (P<0.05)
BB K AR AR B B AR 2 3 04 FOK bk = A LAL (E 45
AKAEARR N i 22 R RE 2 i/ N FERL T R, PRI 35T
Yo, 1S B> DigoFars AAEEI 2K AE AN LAT{H
BAEHK, HEEEFEILT DyFsm A (P<0.05) .
B, TEREREIL 251 R, HE K B A it A ) B EL S

Wi E L E e,
3.2 AREIKBBMHEFEEK WUE. PFP BYSZME & 4Lk
BEELE

AR PR PR e A FE K S 0F R, 18 it R B
BERE TR FIHBER: Alkaisi S5 50Kk I
KEMEE EX WUE ¥H B MR, A Rhass
AL EE R, 7E 2017 SRR E R #EAKKE TR,
WUE {5 Fifi i AE & 3% o 56 39 00 5 s/, 24 e AR &
(N-P,05-K,0)i5 #| 300-150-150 kg/hm® I, WUE & 3%
KAE, Bz IR 2 T 15 KK, DigoFae AL EE
WUE {H A%, 7E 2a RIH, DogFa AbHE (2017 ) 1)
FeE A, WUE 3B 3E T DiygFa AEEAT DiyoFa7s
AEEE (P<0.05), 15 BH I8 . 1) 9 7K & A i AR = BE 49 in WUE,
IEEAE R K AEACEE, TEF] “ DUIETEAK” IRCER

T HEAEE A G R AEE 24 2 5PV I 44 P01 4 4
PFP 4 M 525 52 (P<0.01) , #E[E—#EKAKF T,
it N B PR 38 0 PFP 22 R R (P<0.05) o ABFRE RS
Z*E'TU\’ E 2016 iﬁ%ﬂ‘fﬂqﬂ D105F60 AL[\IEE(] PFP 5 D120F60
WHEEEMEZER (P>005) , HEZHS T Hiadm
(P<0.05) 5 2017 FRIGALHEF, DogF 5o £0FE T (1) PFP &
FHE T HAIE (P<0.05) , HEHEERTHETE
B (P<0.05) , MGESR S HARRUL, % KKT-FjitE
AEAKCF A G HF A EE

ARSI T S0, #FEF] PFP i KME

80%H 15 X ] 5= &M WUE LHEE Xk, 481ttt
X [] 2> 5 8™ 5 A WUE KR8/, #2587~ &2 WUE
P REAE B AT, AW, WUE 53K &
FAEE 2 AIIOC R, FREHR A 95% MBS X ) ] 4
e, FRE X (A P = o AR sk B, 15 K R AR
323~446 mm, N-P,0s-K,O i It & 7E 210-104-104~
325-163-163 kg/hm” B, {1 AL X /5] 743 £ ) PFP 7 22.81~
33.74 kg/kg, FPEA WUE YR8 2 i KAE T 95%LA L.
ARARFET 2 a R R, 2 aEWEEREKR, A
[F A4 IS5 22 7 ] R A 10 45 SR S A Ak IX ]
AL, A 25 SR 75 8k — 20 1 H ARG BRI

4 2 it

AW FA R RE AL B R 7 B R B AR K 77
B ROKER R, 45 5K .

1) HEK SR SR FOR MR 20, TR R4
A R E RN M 7E 2016 AL E KT T,
VEOK B A RSN TR RARA BN, b
DyooF 150 S EAFFRLTH) i B K 12 691 kg/hm®, 7E 2017
SRR KT R, B K R AR = 3G 0, M b
TR R SN JE N (DegFaps
D5oF37s EHEBRAN) 5 DggFsg0 ALFE FFFRL T 100 B AN B i
KN 14 912 kg/hm?,

2) TEMRAERAEERT 2016 4F, HE/K A AR & )28 H.
| FDO R K= B W 52, T 7E s AR REFE 1Y) 2017 4F,
AR K7 R I K Rt I 8 o 2 B 2 486 k)
fa s, HE K R IR B R ORI o R R . EBEK
3 FH 80 R0 M 2B 7= 0 #6 2 2 FN AR 2 2 R RS
BT HETK R KRB ABE R A 77 217K
AR HE T 22, 2 pE IXIA) 7 2 o ARt ek 34 15 H E K
7E 323~446 mm, N-P,05-K,0 JHifilL&E7E 210-104-104~
325-163-163 kg/hm® i, Fif§ £ PFP & 22.81 ~
33.74 kg/kg, =B AR F R B e ik 25 KA 1 95%
PAE, DM@ s p AR X A, izt s R T EAEE
K33 it IO L F R B R

(& £ x #
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Effects of irrigation and fertilization levels on grain yield and
water-fertilizer use efficiency of drip-fertigation spring maize in Ningxia

Zhang Fucang’, Yan Fulai!, Fan Xingke?, Li Guodong’, Liu Xiang®, Lu Junsheng®, Wang Ying’, Ma Weiqing?
(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas of Ministry of Education, Northwest A&F
University, Yangling 712100, China; 2. Institute of Soil and Water Conservation, Northwest A&F University, Yangling 712100, China)

Abstract: To explore the effects of different drip irrigation and fertilization levels on spring maize yield as well as water-
fertilizer use efficiency, a 2-yr field experiment was carried out in the Water-saving Science and Technology District of
Ningxia in 2016 to 2017. The spring maize variety of “Xianyu 335” was planted. There were 4 irrigation levels (75%ET,,
90%ET,., 105%ET, and 120%ET,., where ET. is the crop evapotranspiration) and 4 N-P,0s-K,O fertilization levels including
60-30-30 kg/hm’, 120-60-60 kg/hm’, 180-90-90 kg/hm’, 240-120-120 kg/hm” in 2016, and 150-70-70 kg/hm’, 225-110-110
kg/hm?, 300-150-150 kg/hm?, 375-180-180 kg/hm” in 2017. A control treatment with fully irrigated (120%ET,) with no
fertilization was also set up. There were 17 treatments in total. The plant height, stem diameter, leaf area index (LAI),
aboveground biomass and grain yield of spring maize were measured. The water use efficiency (WUE), irrigation water use
efficiency (IWUE) and partial factor productivity of fertilizer (PFP) were also calculated. The 2-yr results showed that the
single factor of irrigation and fertilization had significant or extremely significant effects on the plant height, stem diameter
and LAI Irrigation and fertilization had a significant coupling effect on the plant height of spring maize. The effects of
irrigation and fertilization on the aboveground biomass at maturity varied with the fertilizer gradients. With low fertilizer
application rate in 2016, the irrigation and fertilization treatments had significant effects on the aboveground biomass, with the
maximum of 12 691 kg/hm? in the treatment of irrigation 120%ET, and N-P,05-K,0 application rate of 180-90-90 kg/hm®.
With the high fertilizer application rate in 2017, the aboveground biomass of 75%ET.and 105%ET. were first increased and
then decreased with the increase in the irrigation amount and fertilizer application rate, reaching the maximum of 14 912
kg/hm® in the treatment of 90%ET, and N-P,05-K,0 application rate of 300-150-150 kg/hm”. Irrigation and fertilization had a
significant effect on the grain yield of spring maize in 2016, with the maximum of 14 400 kg/hm” in the treatment of 120%ET,
and N-P,05-K,0 application rate of 240-120-120 kg/hm”. The grain yield in 2017 reached the maximum of 16 884 kg/hm’ in
the treatment of 90%ET, and N-P,0s-K,O application rate of 300-150-150 kg/hm®. In 2016, the WUE and IWUE were the
highest in the treatment of 75%ET, and N-P,05-K,0 application rate of 180-90-90 kg/hm2 but the PFP was the highest in the
treatment of 120%ET, and N-P,05-K,O application rate of 60-90-90 kg/hmz. In 2017, the IWUE were the highest in the
treatment of 75%ET, and N-P,0Os-K,O application rate of 300-150-150 kg/hm2 but the PFP was the highest in the treatment of
90%ET, and N-P,05-K,O application rate of 150-70-70 kg/hm’. By multiple regression, the treatments of irrigation and
fertilizer application rate were different when the maximal yield, WUE and PFP were obtained. When the irrigation amount
was 323-446 mm and the N-P,0s-K,O application rate was between 210-104-104 kg/hm2 and 325-163-163 kg/hm?, the yield
and WUE could reach 95% confidence interval of maximal yield and maximal WUE while the PFP under the this combined
treatment was only about 30% of maximal PFP. The results could provide guidance to field irrigation and fertilizer application
in the field in Ningxia.

Keywords: irrigation; fertilizers; evapotranpiration; spring maize; yield; water use efficiency; partial factor productivity of
fertilizer



