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Effects of different irrigation and nitrogen application levels on the
yield and water and nitrogen use efficiency of spring maize

MIN Di, WANG Zenghong, LI Yuannong, ZHANG Duo
(Key Laboratory of Ministry of Education for Agricultural Soil and Water Engineering in
Arid Area of Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract; In order to explore the optimal efficient combination of water and nitrogen (N) for the high-yield of
spring maize in Hexi through field experiments, the different irrigation levels (95%86,, 80%6,, and 65%86,, the 6,
was the field soil-water holding capacity, and was designated as FI, DI1, and DI2) and N application rates (0,
70, 140 kg + hm > and 210 kg + hm ™, designated as NO, N70, N140, and N210) on spring corn yield, water and
N use efficiency, and economic benefits were studied. The results showed that, both irrigation and N application in-
creased the yield of spring maize. Under FI and DI2 irrigation conditions, spring maize yield significantly increased
with increasing N application rate, the grain yield of N210 treatment was 21.8% and 18.8% higher than that of NO
treatment, respectively, but there was no significant difference between N140 and N210 treatments under DI1 irri-
gation. The average yield of DI1 was 5.5% and 8.3% higher than that of FI and DI2, respectively. Adding N fertil-
izer increased the water use efficiency of spring corn, but the amount of N should not exceed N70, otherwise the
water use efficiency would be reduced. Under the same irrigation level, the partial productivity of N fertilizer obvi-
ously decreased with increasing N application, N70, N140, and N210 treatments were 262.59, 141.52, and 97.31
kg - kg™', respectivley. Taking the yield, economic benefits and environmental factors into consideration, DI1X

N140 was recommended as the most suitable water and N combination for spring corn in Hexi region of China,
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which resulted in a yield of 23.68 t - hm™>, and the net benefit was 25 390 yuan + hm™.

Keywords ; spring maize ; irrigation; nitrogen application; grain yield; water and nitrogen use efficiency; eco-

nomic benefits
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9 HApy) , ZA P K25 & i 2 000 mm, Ay LAY
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Fig.1 Rainfall during maize growing season in 2018
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Table 1  Irrigation schedule of treatments for spring maize
o o K F1 90 B 52 HE Kt K
(E(%ﬂ(q: TR Irrigation date and actual irrigation amount Total irrigation
Irrigation level N level
04-21 06-11 06-22 07-09 07-21 08-01 08-12 amount
N210 78.8 64.0 57.5 77.9 55.6 51.6 56.8 442.2
FI N140 44.4 76.4 58.7 45.0 42.8 39.3 19.9 326.5
N70 48.8 66.8 63.4 30.9 39.9 17.3 0.0 267.1
NO 55.0 55.6 52.0 24.4 48.6 10.6 16.6 262.7
N210 60.1 49.6 36.9 53.5 61.3 0.0 43.0 304.5
DIl N140 56.9 56.8 22.4 53.4 28.8 35.9 0.0 254.3
N70 59.0 31.6 30.2 17.9 43.0 9.8 0.0 191.4
NO 46.8 30.7 37.7 49.7 0.0 7.8 0.0 172.7
N210 53.3 41.9 37.9 35.1 1.2 48.2 5.4 223.0
D2 N140 52.4 26.9 37.3 24.2 9.4 9.4 6.1 165.7
N70 55.0 24.0 31.9 14.6 18.0 10.8 0.0 154.5
NO 42.8 20.1 25.1 21.8 12.9 6.8 0.0 129.6

HEHY e A 11 HMT7 A9 H,

Note: Fertilization dates were June 11 and July 9.
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BRI B FORAE R 5~ 10 em 0B+, BEAS
ANDRC 3 AN A5 T B8 ) BB 20 em 1 AN A RA
A, TEMERE rh BT Jo I 15Kk

FEHTASS /) K & (mm) = 1 IE T A
(g em”)XTZEE (em) x HIEF KK (%) x10;

pi

B FKRFE K EE R K P, A
ET=Pr+U+1-D-R-AW
K ET AAEWFE K B (mm) s Pr A R 0% N &
(mm) ;U A T K Ab 45 & (mm) ;7 R #E K &
(mm) ;R B2 (mm) 3D 92 (mm)
AW RGN AR 5 - eIk 2 2 25 (mm) , HH
TR Db T 7K MR T, b BT HE LR T A
/N, TR E B, U R M D 32T,
B EARIK R IR
WUE = Y/ET
Ko, Y PR (kg - hm ™)
A MW A= 7™ 1 (nitrogen partial
productivity, NPFP) B3+ EA=a0F .
NPFP =Y/N
K, N A AL S (kg - hm™)
e H 8% (harvest index, HI) -
HI( %) = ¥R/ #3149 i 2R

factor
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RICHHE EL ( nitrogen harvest index , NHI) ;
NHI( % ) = KPR R bt/ AR PR I i
1.4 HEQESSH
T Excel 2010 H %6 2o o) 20 B 3,
SPSS 20.0 X &8 br it 77 22 0 5 Z R, 7 22
MR ANOVA, 2 8 LR ] Duncan (D) J5 12
K H OriginPro 8.0 #4724,
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Bl 2 K S5 A 0 A oK R
() B 25 5

H L 2 A3 AT A, T 7K R 20 2 X 7 B oK b 1S
TY i A 0 5, EAREB KT, & E
K b3 R AE 0~ 210 kg - hm™> #9070
PN Bt 2 A S I T, B K 4y SR R
Mo AR R R R, DR KT, FE
KM b FB T W s AR A LA 32 640. 3 ~
39 053.0 kg + hm™, -4 Jot dak i it 2203k 1) 34 I 34 K
%1% DI HEWE K F T A A Y5 Bl 34 947.7 ~
43 082.3 kg - hm™, Jifi & & M N70 34 i1 %] N140, 3
L EB Y R, T N140 H9 0% N210, M
BT B 2 N W TR FLRE KT AR A
T2 34 199.7 ~44 326.7 kg - hm™, 5 DI2 Ab B
AHEE, DIT A FT AL 3 A b B 3551 9 5 43 ) 5
9.2%f16.6% .

it S AR ) S5 F T, VIR K ST X - AR A 4
MISEIAETE 25 5, MU AN AT 140 kg + hm™
ff, DI AREE R A Tk E3 T i B KT

48

R -~
53 N
o
o
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O
[=%

i h/(10°kg « hm *

Aboveground dry matter

b b5 T
-
2
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P

%

o
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Jiti % i Nitrogen application rate/(kg * hm °)
DI2 DI1 OF1

TE Bl A A AR TP S (b 22, R[] - B SR AN [R] 9
WAL A 22 53 B2 (P<0.05) . T,

Note: Data points are mean and standard deviation for different irri-
gation and fertilizer treatments, different letters indicate significant differ-
ence among different irrigation treatments (P<0.05). The same below.
B2 AREEKSEERENEFEX M EBTFHRELTNT
Fig.2 Effect of different irrigation and N application levels

on aboveground dry matter of spring maize

FI 1 DI2 4b3#, H DI1>FI>DI2; ifi & & M 210 kg -
hm ], FT AL B354 i 4 2 K F DIL Al
DI2, H FI>DI1>DI2, 5 Ajiti % ( NO) #H ., N70 4b
PR 75 FOK A M b 34 o s Y WA 3.7% ~7.5%
(P<0.05) ,N140 R4 14.9% ~22.0% ( P<0.05) ,
N210 &/ 19.6% ~29.6% ( P<0.05)

22 AREEAKSHEENEEXRTZEREN

A

AN TRV ARt A X R EOK AR BRI %
Ml 3, FEAHFEB KT, FE KA R B
TE0~210 kg « hm™ [t 03 BBl P9 o it 220 2 1) 384
WERN(P<0.05) . DI2 AbFEF, R E ZRRIcE
H 70 [l 2 326.66~407.89 kg - hm™>, N70 Fl1 N140 4b
PR A A 2% AR 3% DI AT R Ny 344.82 ~448.67
kg « hm™ ;1 FI AP 4 338.32~466.91 kg - hm ™,
NO FI N70 Ab$H 2 [0] /) 25 S AN 1 2, 40 A ol 1, FI
AR FRF Y R B A AR L R B KT DIL A DI2
AbBR, 5 DI2 AHEG, DI1 FIFI AL BEAY A R B R
W 8.0% 1 5.4%

FEAR [ it Z K F T it & AN i 140 kg -
hm i, DIT AP A9 A R BRI W 2% KT DI2
AT FT Ab B i i 0B 210 kg« hm i, FIARFR R
R E B B F KT DI A DI2 AbF 5N A
(NO) #H L, N70 T4 F KA = BRI 3 /10.6%
~9.5%(P<0.05) ,N140 F (405 N 12.6% ~ 18.2%
(P<0.05) , 1 N210 T34/l 24.9% ~38.0% ( P<0.05) ,
2.3 AEEKEREAEXEEXFH=ENFN

[ — KT i B B KA 3 i 3
BN (36 2) , HEE T SO AR T AR i B i
L 1Y HE 0T R R 7 B AR T
N140 F1 N210 Zb3 2 8] JC b 25 22 5, d B 3k 2 i 2
NE 25 BT FFRL ™ 12 1) B AR R E R AR F T it A
SERPFRRL ) AR IR
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Fig.3 Effect of different irrigation and N application levels

on N accumulation of spring maize
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SR A (NO) AH G, NT0 T (R 1R
2.9%~9.6%( P<0.05) ,N140 &b FF Al 14 7= I &5 oy
12.1% ~ 15.9% (P <0.05) , 1 N210 4b P T 3% fn
12.2%~21.8% (P<0.05) , A & At 140 kg -
hm i}, DIT BT kR & 3% K F DI2 Al FI
AL P i 5 M 210 kg - hm 2, DI1 I FT 403 FF
b E R 25 B RKF D2 b3, BWE
K, DI FEWEAK TR AT R ™ & E FI AT DI2 -3 5

5.5%H18.3%.,

THE 7K 5t R K S % 7 T K A RO B R R A
ETE 3 A IS IS LNIORE Y TR ECNER VAN IUE £3 N I
AR KRR, 5 AR (NO) A H, Ab
B NT70 N140 N210 1 FEAL BRI FARL 8 53 5103 i 1
1.3% .2.6% 4.7% M 4.2% 10.9% 12.1%,, HiWji
RIETT LAGE HE 4 oK 19 AR 4G, 1Y I A oK /Y BEORE
B, A HORPRLA N | R T4 A R i

x2 AREXSHEEREXNEERIFHEHZME

Table 2 Effect of different irrigation and N application levels on grain yield of spring maize

T KO it 2R A PRI PE R/ (%103 kg - hm™2) TR ZL HRE/ g
Irrigation level N application rate Seed yield Grain number per spike 100—grain weight

N210 23.85+0.65a 672+9a 31.1+1.3a
N140 22.26+0.47b 635+8bc 30.7+0.5a
i N70 20.15+0.64de 644+9bc 27.4x1.1a
NO 19.58+0.51ef 646+9bc 26.6+0.3a
N210 23.70+0.25a 669+10a 31.1+0.2a
DIl N140 23.68+0.55a 670+19a 31.0+0.4a
N70 22.08+0.40bc 638+9hc 30.4+0.4a
NO 21.12+0.50cd 632+11bc 29.3+0.5a
N210 22.35+0.20b 638+7he 30.7+0.2a
oD N140 21.81+0.31bc 634+7bc 30.2+0.8a
N70 20.63+0.37d 633+7hc 28.6+0.8a
NO 18.82+0.29f 612+5d 27.0+0.6a

N * ok ok * ok ok * ok ok

W k% ok * % ok * ok ok

NxW * * % %

T L RIS [ /NS Ak 3 7 R () 78 T A [) b 3] 22 5 i 35 ( P<0.05) , * R P<0.05; * = R P<0.01; * # * /8 P<0.001, FA,

Note : Different small letters in the same column mean significant difference among treatments in the same irrigation ( P<0.05), * indicates P<

0.05; * * indicates P<0.01; #* * #* indicates P<0.001.

24 AREKSHEAEWNEEKFEASMAKEH

AMENm

AN [V 7K R i 2 %o 3 R K FE K B2 119 5 i) i
F(ANEE3) . R MK T, F B KRAEK R
Jiti Ui A IS i, 5N (NO) AH HE, FIL DI
FIDI2 4% it 280 Ak B FE K 43 B3 1.7% ~
50.8% .10.8% ~38.7% 1 19.2% ~31.0% ( P<0.05) .
AR U T, 3 TR FE /K i Bl E K - 1 B
M hn, 5 DI2 #HLL, DI1 Fl FI T B FE /K f 14 15 43
WK 23.9% ~53.4%F1 72.9% ~102.7% ( P<0.05) .

2 3 A3 ATT AT, AS [R] 7K ORI 20 Ak B  oK
IKIFF R 0 8.3 (P<0.05) o AN [A] AL B 7K
A3 FIFRCRTE 3.16~5.63 kg » m™, /K40 F R % i
KAALFERE DI2 FEBEKE T/ N70, AH Rt 2 K7
T, D12 ZbEE 7K 43 R R e e, AR AR TS L R 4.92
~5.63 kg » m™, [t DI1 1 FI 2B 91 Y 22.8% ~
38.5%H139.1% ~56.5%, % b, [al—Hi Z/KF T, K
3R FH 2805 B VR TR 7K T 1 4 o T R 1K R I

IKETT 38 KA 7K 43 ) FH 285023 Bt it 20 1) 344 n 2
Je JE I AR Ak R H 7E N70 AR ERF K 4 1
SR, e NOUN140 Al N210 435 & 1 0.0% ~
6.0% 13.5% ~23.3%H1 14.4% ~31.2% .,

ANTRIHE 7K it 280 22 % 7 B oK B I 2B 7= R 1
SN I 25 (P<0.05) , 7EAHRIEMEACE T, A WA=
77 2 it 280 Sk 2 s S, BT A AL 3 DL DI x
N70 4b B R 2L 72 5 e i, M 276.63 kg - ke,
55 FI.DI2 1) N70 Ab#H2: 5 W 2 | R PO Z 0] (1Y) 22 57
AN 2 N140 4 BER R A 7= R A A TR AE Ak R
A N210 AR B E AR AE R TR E R

AN E 7K it 207K 7 X AR 8 BORT T Kl
PAGECAH W5, AN [ 7K UL 38 R AR FE 2L
£ 63.8% ~73.3% , TEAH [FHE LK -7, N70 Ab BT
PR AR 48 B . B B ORI 48 B0 52.4% ~
59.6% ,DI1 Il FI 5544, 35 B K 8 WS35 4 i b it 280
ARG IR/, DI2 5T, N70 AR F oKL
A ER = o
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2.5 AREKEHEERENEEKZFUEANZE
F 4 NRRALFE T B 5K 25255307 .
DI1xN140 &b T it ss ek, Hlices o 25 390

JG + hm™, FE FI il DI2 T, 3 B K A9 a5 B it 2

SIS WG N, 76 F1ZF 5, N210 Ab B

A4 35S M 24 846 JC - hm™, Fb N140 N70 F1 NO

AEBER 430 g i 2 528 J6.6 112 JL A 6 921 JG; 7F

DI2 24T ,N210 Zb3RA -2l 45 4 22 567 I -

hm™, [t N140 N70 F1 NO &b B 43 515 576 It

2 555JCH1 5 727 G, 7E DIl 444 F ,N140 Zb 3R 3k

TR s R, 440 25 390 I - hm ™2, [ N210,

N70 F1 NO 4B 4351l /5t 418 J6.2 666 TCH1 4 186

JCo 3 FhHEME KO S5 B ¥ e 25 AH HE , DI AR B SF

Yyl as fe ok, O (E e FL A DI2 &b BR 43 548

12.5%F1 15.8% ,

Jita AR [T N210 AbBE T Bk 25 BETE /K &

A2 T B S R R A T FE N140 N70 1 NO A4b 3

T, 05 70 B E K B B B S S . 4 DA

TKFTF ¥Rk 25 A0 F, N210 Ab B9 40 5025 Bk, F

YJvpsizi o 24 128 JC - hm™* ,N140 N70 F1 NO 4b ¥
(V35025 43530k 23 233 T + hm ™ 20 490 JC -
hm™F1 18 656 JC + hm™, 5 AJiti & (NO) A kb,
N70 ,N140 F1 N210 4b 3 ()53 15 53 5 45 55 9.8% .
24.5%129.3% (F-1) .

3 9w
3.0 BEERMEBDTUEE SEERBNTH
i

AHTFERIT N e 7 R i ST v AR R Y
Az b A Bk B R AR R
AL 7 X PR A R S 4 W iz e L0y 2 AR A
1K R AR AE O N A A BRI A SRR R, K
Sy A 2 B E R A A A (L I I it P
A LA K o3 D8 B SE T o il R e HE T OK 9 A PR
FERAR R KA, TS 3SRk A3 Whaa >, 1
LA Ry, K 53 36 2 i 2R 1 1 7 28000
ZIN TR 3 6 Rt R PR3 280N, S 2 T, A FTA
DI2 KRBE b ¥4y i I 3 it S A o

*3 AREEKSHEREXNEEXRFEKENKSF AKERHFME
Table 3  Effect of different irrigation and N application levels on ET and WUE of spring maize

T WK i WUE NPFP
Irrigation level N application rate ET/mm /(kg - m™) /(kg + kg™") NHlr % Hir %
N210 662.6a 3.16f 99.60f 64.4ef 47.2h
Fl N140 582.9b 3.17f 139.48d 63.9f 47.9¢gh
N70 452.6de 3.91e 252.56b 70.3b 49.9def
NO 439.5e 3.91e 67.9¢d 50.2de
N210 535.5¢ 3.88e 98.99f 63.8f 48.3fgh
DIl N140 472.9d 4.39d 148.40¢ 66.1de 48.7elg
N70 380.8f 5.09be 276.63a 73.3a 52.4ab
NO 386.1f 4.80c 70.3b 53.0a
N210 399.1f 4.92¢ 93.34f 67.6cd 50.2cd
DI2 N140 386.1f 4.96¢ 136.67d 70.3b 51.0bed
N70 321.5¢g 5.63a 258.57b 73.3a 51.6abc
NO 304.6g 5.44ab 69.2bc 50.6cd
F4 AEEXSHEAEXNEERZFUEHFM
Table 4 Effects of different irrigation and N application levels on economic benefits of spring maize
4 Outcome/ ( Yuan « hm™2)
MK R el
Trrigation N application A Incomf,z THHE RS AR K Wk Hoih Net profit HiRd
level rate /(Yuan - hm™) Drip irrigation . Water and . /(Yuan + hm™?) Rank
Fertilizer . Harvest  Other uan = hm
system electricity
N210 46713 5500 6290 1327 750 8000 24846 3
I N140 43541 5500 5993 980 750 8000 22318 6
N70 39483 5500 5697 801 750 8000 18735 10
NO 38364 5500 5400 788 750 8000 17925 11
N210 46426 5500 6290 913 750 8000 24972 2
DIl N140 46397 5500 5993 763 750 8000 25390 1
N70 43246 5500 5697 574 750 8000 22725 4
NO 41373 5500 5400 518 750 8000 21204 8
N210 43776 5500 6290 669 750 8000 22567 5
DI2 N140 42731 5500 5993 497 750 8000 21991 7
N70 40422 5500 5697 463 750 8000 20012 9
NO 36878 5500 5400 389 750 8000 16839 12
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A5 < AN [ 9 7K RN 0K 1] PG 2 e oK K U] FH BRI 22 B 280 Y 32 ) 159

EREIN, 5 AR WS A B — 80 Wi E DI Ab
PR M A & 140 kg - hm > FFZE 210 kg + hm™>
B, b T AN T R, XU —
PHEE AT, 3 i A 25 S 3 0 4 1 oK b -
WEY R, X5 RARIEED Bu 7 R4 B
TR A R — B, MR EN 0~ 14 ke -
hm i, DI ANER R B M 1350 9 5 ROk R =
B ER T FLA DI2 AbH 5B 3 B (1 7K 43 5 Bl ]
T I FNORE R 7= A B8 0T T AR R
210 kg - hm i, Hb B384 i & FI>DI1>DI2 ( P<
0.05) , MFFRL- & B R R & FI=DI1>DI2, %
JE PR AT A K A A 1 5K 1 4 o R AR, i
P R R i, H R — S S Y
TR, TP 025, FIXN210 AR 3R T Ay B30+
Yyl FPRL i AR R L B IX
FEMW K 53 (8 77 A4 i it 2 et ) 485 g 38 K, AU
(1) 14 7 207 I 7K 3 16 0 T 448 R (L 30 3 7 A5 AN
JE TR A0 S5 U B it 4Rk B i T
FCRLBOR R T, 3 5 50T R A 5T [ B 9 25 R A
W, 5 Qi %5 Fl Fang %5 (UBFFTHH LU, AT 52
AR P T i | AR R A RO R
PR TR KT, i A B Z R AR, FE
J 5 AT RS AR T H [ HEAR T KRR FNE, S8+
HENE T3 =, U T AL AR 3G RN
3.2 FEAEMKERMNARE

ARG R VE K 5 it B AKX R K B FEIK
it KA FIRCE AR Z S A 77 7 AR FORTl
PAGEIA WA, HEKAE 2K R, B E
KFE K SRR ™ 8 8K {HL7K 43 ) FH 283 o e 1Y)
ALFIE DI2XNT0, ;= i K (W FE K &t 7 F WUE
e R A FE K B, 3355 28 SO AR ) AR A
PIBFTEEE S AR, AT LK 3 R R AE 5 £ oK
FE 2 ANEERE, WA RBUREA & A Aets
T AR i oK R IR B K H Y, [R]—
AT it UIE 7T i i A oK K a3 A IR H
it E AN BB 70 kg - hm 2 B SBOK SR
RCRBEAR T R AT Bl it U 1o 4 o ok
TR T 25 T 7K A3 FRCR S K it
K o3 R FHRCRREAL, 7T RE 2 P A K it AU i 7K
STRTHAE 3G K T VEY I FE K &, AT BOK 43 F)
FHRCRAR TS SRS 0 SO 4 | it P o 0
TR XA AL 1 TR i A= 7 A G B 35 1 58 BAE
., AEXTFR= A EE/EH, Yang 27 Xue
BRI R B, RN e A T it it 2R 4 1 0
WM B AF 5 45 1 5 2 A

3.3 GFWEmAW

FIAHIFZE 0, 18 B 19 it 60 R 7K 2 e 38 Jin 4
Y=, DL Ik B8 = I 25 a2k . TEASHIE AT
TEFCMTEIR 25T, 35 i 20 T LA RO 45 &
KIS s 76 B 7 o o B 5 i AR T,
N140 AbBRARAT Il 5 d5e e, AR SR E IR 2 1
it A RT3 5 FOR 2 T = &, 0 5
R S S R Wi WA R R S S e ) /| e o N D2
TErE R, X 5 2 /N RN T 7 I A0 /N
T 25 AT . 72T AL FE R FIXN210 40 2 )k
R A e, (E AR AR VU 25 B e 14 /2 DI XN140 4b
P B KON RTE RS = e B T 2 R KR
R, FEUNAD & 7RO A W3, R FIx
N210 b3 DI1XN140 AbFA(E RIS m ks, i 5y
FKATAE (57K 189.71 mm, 729 &AL 70 kg - hm™) |
SR K IR B B SR T, A R R RUIE S 2 2R
BElnl i,

4 % i

ARSCHIFFE I HE 5 T A R 7K AR I X VT P R
FRAEK 7 FOK BRI BRI R, 45 51 R W .

1) VE KRt 38 AT A 4 K = JE 3, 77K 43
JoiriE S5 it 20 AT A9 A oK 4y i 8 Y A8 H
it ZE XS E R AN T 3 7 AR A Y
K G35 BRI B ) R T AR oK S DI
FEWEKSE- LG FI AT DI2 SEX34 77 5.59%F1 8.3%

2) Bt SRUIE AT 4 v A KK A AR {HitE
RUK A BT 70 kg + hm™, 75 WA S BOK 43 H]
AR AR s U A 7 7 i it 20 2 1) 34 m 22 1) b %
a3 N70 N140 F1 N210 403 4 Z00E It A= 72 7 4%
N 262.59 141.52 kg - kg ' 197.31 kg - kg™'

INGAFHIE T AT MR R R e
] 0] G s [X 5 B OK il B K R4 A 4 DITXN140,
PR 23.68 t - hm ™ i§HILEE A 25 390 J6 + hm ™,

& % X k.

[1] Zhao H, Wang R Y, Ma B L, et al. Ridge—furrow with full plastic film
mulching improves water use efficiency and tuber yields of potato in a
semiarid rain-fed ecosystem [ J]. Field Crops Research, 2014, 161;
137-148.

[2] Hu Q, Pan F F, Pan X B, et al. Effects of a ridge-furrow micro-field
rainwater-harvesting system on potato yield in a semi-arid region [J].
Field Crops Research,2014, 166:92-101.

(3] ®5], B, Wmg. ERFHERKAL L B3k sl 5 ERER
BEUBESE[ 1], RAVHUAR. 2018, 49(9) : 195-204.

(4] B8RS, J4YE, 5 RILIE X RKHE A N i R A
JHER[ 1], PEARAE,2007,23(7) » 349-353.

[5] BRUMR ST, AR, 55 TR TRBHA T A S A R R
LI, FoKEI 2014, 22(3) ; 60-66.



160 T Fh i XA A5 5538 4
(6] EK#Q,%H}EEE R K il B R B 5E[T]. Al B 5 1%%\, ronomical characteristics of wheat under two different nitrogen
2007,(3) : 16-17. application conditions [ J]. Turkish Journal of Field Crops, 2012, 17

(7] SRS, SKE €, R, 55, AR FIE Z A P2 KA (1):19-23.

FRERK A RS2 [T ], T R ab X AL BF5E, 2011, 29(4) . [29] TAR% 275 B8, 45 BAER BKIERE A UIGHATE) ). TRt
137-143. XAIAHFTE,2005,23(3) : 220-24.

[8] ZhuZ L, Chen D L. Nitrogen fertilizer use in China - Contributions to [30] HERH, SR 2T, 45 IR T K EUR SO R T
food production, impacts on the environment and best management strate- S 1], HEENUE T A4, 2018, 36(8) : 750-755.
gies[J]. Nutrient Cycling in Agroecosystems, 2002, 63(2-3) ;117-127. [31] &AL ZERE AVTRE, S W PEEEHIRD S A = B TR T AR

[9] St. Luce M, Whalen J K, Ziadi N, et al. Chapter two- Nitrogen dynamics LA 1], MR SAURIEAR 2013, 19(4) ; 816-823.
and indices to predict soil nitrogen supply in humid temperate soils [32] BuLD, Liu J L, Zhu L, et al. Attainable yield achieved for plastic
[C].// Sparks D L. Advances in Agronomy, UK: Elsevier Inc., 2011; film-mulched maize in response to nitrogen deficit [ J]. European
112, 55-102. Journal of Agronomy,2014, 55.53-62.

[10] WuY, JiaZ K, Ren X L, et al. Effects of ridge and furrow rainwater [33] #FIbeldf b, Mg, 5. ARy =it A X Asi 2 5K A

harvesting system combined with irrigation on improving water use effi- %UFH&&%E@%HH[JJ. ZzﬂkTﬁi%?ﬁ,ZOls, 34(10) ; 113-123.
ciency of maize (Zea mays L.) in semi-humid area of China [J]. Agri- [34] Avmet Z=bdfe #5845 KA EAEXT 2SR E WO S
cultural Water Management 2015, 1581-9. Ao )], hEgOLARIE,2018, 51(7) . 1283-1293.

[11] FanJ L, Wu L F, Zhang F C, et al. Evaluation of drip fertigation uni- [35] DuTS, Kang SZ, Sun J S, et al. An improved water use efficiency of
formity affected by injector type, pressure difference and lateral layout cereals under temporal and spatial deficit irrigation in north China [J].
[J]. Trrigation and Drainage 2017, 66(4) ;520-529. Agricultural Water Management ,2010, 97(1) :66-74.

[12] K&, R, R A5 TG KX T SR T oK i RIK [36] A=A, sk, IR TR X FOR B R R AR & A %
NERI BRI 1], Aol T4, 2018, 34(22) ; 111-120. R[], PRI AL, 2010, (6) « 88-90.

[13] Ibrahim M M, El-Baroudy A A, Taha A M. Imrigation and fertigation [37] SRRE, RS R, 25 K EXHRTE SRR E Wl AR E AR
scheduling under drip irrigation for maize crop in sandy soil [J]. Inter- K&F%E/)E‘Zﬂﬁw 1. m}:ﬁﬁzﬁ’_};ﬂf(,mli 26(12) ; 3679-3686.
national Agrophysics,2016, 30(1) :47-55. [38] QiDL, HuTT, Song X, et al. Effect of nitrogen supply method on

[14] ARER LD FBIE. KR R I R TR KB A5 root growth and grain yield of maize under alternate partial root-zone ir-
ma[J]. Al AUsEAR, 2012, 43(9) . 72-77. rigation [ J]. Scientific Reports,2019, 9.8191.

[15] Z=9b, Z25EAc. MR sCRIFEIERT & /N AR Pt B i SR A2 [39] Fang J, Su Y Z. Effects of soils and irrigation volume on maize yield,
[J]. Fi/K3#EWE,2012,(3) : 6-9. irrigation water productivity, and nitrogen uptake [ J]. Scientific

[16] Eff, B 507, 55 ARBPEE A 0K RN Ko K Reports,2019,9(1) :7740.

ARIREMAL) ], VR, 2011, 37(7)  1249-1258. [40] ZE3CE DL A, 25 I TR K ZURE & X TR AR 2y

(171 XU, 5RAGEE OB, A5, AR KA BT FAOGAFRERIK FIRBCRAIFAL ). A2524,2015, 34(12) ; 3397-3401.
FRIHRCHIRITE[T]. BEBEHEK A4 ,2018, 37(12) : 27-34. [41] XUEAR, HERSR XIS, 5. BRI A AL B FORIEAS FE

[18] Eissa M A, Roshdy N M K. Effect of nitrogen rates on drip irrigated IR SRR ] K244, 2011, 30(3) . 60-64.
maize grown under deficit irrigation [ J]. Journal of Plant Nutrition, (2] &8, T XERF, S DR NERE RN =i Rk Ay
2019, 42(2) :127-136. FEFITBCEREZIAL) ], PERARE,2018, 51(7): 1334134,

[19] HHRR,BIHH RS, & EHKiEE Dy el EoR K A [43] FEdmonds D E, Tubana B S, Kelly J P, et al. Maize grain yield
FIFRCRT]. 4ol TAEAR 2018, 34(21) : 98-104. response to variable row nitrogen fertilization [J]. Journal of Plant Nu-

[20] Wei CC, Li FH, Yang P L, et al. Effects of irrigation water salinity on trition , 2013, 36(7) ;1013-1024.
soil properties, N,O emission and yield of spring maize under mulched [44]  UOEs, S0, PRIRT 55 it - SO B K™ AR AR
drip imigation [J]. Water,2019, 11(8) ;1548. )], REPIE TR SRR, 2012, 18(6) : 1354-1361.

(211 BKES, Shuale, XIEE 45 5 W T T KA IR 5 3k o3 B [45] MG, ZbeAe AR Ibehl, 2. BIBAIE RN AR AL A A
KIS RBOL T ]. AR HIRFAR, 2018, 49(3) : 252-260. SIRIFRCRIGEEIL) ], T7KHERE,2018, (12) : 104-108.

[22] Sui J, Wang J D, Gong S H, et al. Assessment of maize yield- [46] Zori ke &, AR, 55 ANREEMEIL KT XS LA ALK 23F)
increasing potential and optimum N level under mulched drip irrigation FRA= AT ], Al TAEFAR 2014, 30(20) ; 137-146.
in the Northeast of China [ J]. Field Crops Research,2018, 215,132-139. [47] Yang X L, Lu Y L, Tong Y A, et al. A 5-year lysimeter monitoring of

[23]  SCHE, skt R 25 KRR X T i ok =i K & nitrate leaching from wheat-maize rotation system; Comparison between
TR ], K 24,2019, 38(1) ; 49-55. optimum N fertilization and conventional farmer N fertilization[ J ]. Agri-

[24] PE. VUL XA R A RS Pt H 0K R am R S AR 5T culture Ecosystems & Environment,2015, 199; 34-42.

[D]. dbat. P EL KR, 2017. [48] Xue X R, Mai W X, Zhao Z Y, et al. Optimized nitrogen fertilizer ap-

[25] XU, B 2R, 2R EE A X v U B oKk A KA plication enhances absorption of soil nitrogen and yield of castor with
e AT ]. 7J(7’F|J$L'?I§,2014, 45(5) ; 529-536. drip irrigation under mulch film [ J]. Industrial Crops and Products,

[26] odh, 2R R 2, A5, NIt SR X rig i K S R R 2017, 95:156-162.

BRI L) ). RERVE TR SALEAR, 2017,23(5) ; 1215-1224. [49]  Z2/ VR SR, i, 45 K AU R A/ N 22 BRI AR AN

[27]  FEAC, XN, 45, TR R X w7 oK™ i 5 AR Rl LTI ]. ZZVEYA,2018, 38(9) : 1105-1111.

L AR BIRAALT . PR, 2013, 46(12) ; 2483-2491. [50] EFHW, LEFT. TRPRE T REARIFRER L NAAR R A

[28] Gevrek M N, Atasoy G D. Effect of post anthesis drought on certain ag- AR AYIEEELT]. A EYFR 2017, 37(6) « 820-827.



