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O OE.[80] FRERAHERKERL ARG REARET. [FE] kB (B) foF R AN KER (W) 24
A X Ok K 1% %6 RF (300 kg/hm?, N1); @4 & A #h42 K BEiL H ; CREA 4k & (300 kg/hm?, N1).

A 25% (225 kglhhm?, N2). & £ 50% (150 kg/hm?, N3) F=7R4& £ (NO) 432, MR RE AL E £ K fhig sz
BRI ERB T TUWRARREERRERRE S, FHEETUARREE. AFHBEAHEHE, Rl AR EHE
FoArresi, (452 ]) 36 8& H 300 kg/hm? By, W i K4 X4k F B AKX~ Ef 72 RN T RREEF)
% 5.46%74 3.23%, REEMRE A AIEA B F AR EG 7.79%F 26.69%, W # KB KT, 2R 25%4 4T+ >
. HEAEREEFMENRAETREE S EAAEARELIEZF, LREA AT EIRSG 25.54%, HA 50%
R RIEA L ) REB T AL, [£538]) A% R QHIARERF LT T AH BE LR RILERE, ¥R
# Bl & 3541 42 225~300 kg/hm? 214 .
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AP S h K RS B 1, B T R 4 T
TR AU FH 2 ot S 89 o S 489 o 5 A, 52 %
VEE VIR T L AR A AR 2R A K ) KRR A P M 1 A
KALHER IR R B K, Sl iR R AT B
BRI BRAR R IIWOK MRS, W EMII A KK
B DA H AL SRR T R, TovE AR A L ik
KREEKHE . IREBIRER. KBS EZE. Ttk
ZEEMERR . T RTRE . OSSR KRB R T —
FEPE R &, 7EFT/K I [FIR BE S 3 s fE W= R A &R
FIFH 26 (R R BER R IR A E M, R TR,
HESR TAEE 70, REFER: e 53598, XK
JRESRE™, feRe e, A At 2R EE
TERSMR, DABEEJE AN VA VE R 2 () M TH] L 2 R 2
(K T 5o

LN 0 X8 3 i DOV 9 o BILAE 22 1 Bl /K it
5 IR RE A B, W43 00715 7K 31.11%F1 10.44%,
WEIK )5  FE R 31.1% A0 13.5%, P&t 11.7%A1
5.5%. B % H a5 KB AR & — P Y (K BoR
BIRCATR THIPME R RS, JH T T
WIPRES, (HiZH AR A H A M e b B, B
AR DL BAE SR IE o« [HOLAR PR 1) S 1 R ] A SCAE
AN FEIR AL b, PRI IR A Sl KR 2 it
FEN E T8 SOKER SR R, g
TR M X B K AR 2 N E oK E
o RO S L E IR KA

1 R57REE

1.1 iR [RIE

IR K HEBE 2 IR CTOTER T i 1) [ s 2
KRS, W 1 PR AR IRIERA — e I A
HilE), EERPRESERNEYIS I ERIAZER, @
b by B A 5| dp s ZE R IR N A1 B, FESLRHEY
VER, A0 IR /K RLTE ZE 1R e AR i ie, BRI/
A, MBI KT ) B E R E NI SR8,
LK AE K N ) SR8 38 5] o0 AT, EWE/KAE K H
P9 AR SE OB I RO B R RS — e, 4R
T VEBKAE K R ) B A3 51 B, 1 40 EE A
K $eEm TR FIHBE.

1.2 RIe#Ht

AR T 2019 AEAE L AR A8 Ze 2 i O AL R
MR EEA Y A 5 [ 5K L A S s AT, A k)
N EL 958, ARG K RS, R X BRI AT K
B 2 SR X, AP R4F/K & 687.7 mm, 4T3
KR 12.8 C, FEREAIR 422 C, BAKAIR-23.7 C,
FEHRACYE L, #EN 0~20cm 14, pH (A
6.81, HHLFE 11.84 g/kg. 4% & 0.79 g/kg. BlfiE
A 89.43 mo/kg. AR 58.11 mg/kg. H AL E
116.65 mg/kg»

1K 2-HKE W 3-IREeHl; 4-BF3E; 5-3h 704
6-7E 5] 4 TR, 8-ZEIR; O-FHZE; 10-ZGfEMEE; 112404 W iR
Bl RAaFHEKERRAE
Fig.1 Automatic pipe channel-control irrigation system
1.3 It

IR HBEALIX 4 it, NXHAR 1.8 mX 120
m=216 m?, & 12 [ S5 KB 461 T LA AL A
XTHEZE (W-NO), B AR RAMAGRE (W-ND, JHA
25% (W-N2), JR% 50% (W-N3), BERELME TFiXE
KRERALG % (B-ND, BN EST 3 . & .
BRARZM I FH R (F N 46%). RS (& P,Os
12%). SALH (& K0 60%), 7% Fif e it & it 20 B )
40%F1 P,0s Ko0 % 120 kg/hm?, T KB\ [ #1774
B, %5 63 000 Kk/hm?, 4TER 53 cm, FkER
30 cm, HoAt T A it [ — M e . 2019 42 6 H 16
H#EF, 10 H 3 HUSGR, 4= & HAN S &4 246.5 mm,
IR E B K ERE /K EN 188.3 mm, BV SE
KA 269.0 mm, BEKTER AR 1, BER VS LK 2.

A1 AERAFHMRERERERES

Table 1 The amount of irrigation water and the total amount of irrigation water of summer maize

mm

% FhIY] Sowing stage

KB\ V12 #E ) Filling stage /K & Total amount

AL FE Treatments
U B8 K R Automatic pipe channel-control irrigation 46.9
T8 Border irrigation 67.0

78.8 62.6 188.3

112.6 89.4 269.0
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Fig.2 Precipitation in summer corn growing period
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AR ALK 4 #k, BURARHL 35043, $R75 #1350
Ay FERRARAT, MR 1SR ek A SRR S A s 25
B, LA BRI R A R s 2R, FPRL.
My, 105 CAY, 80 CHTHMEFE, ME TR
B, WHER 2 5t 0.25 mm fL4267, KAPLK
TERIENE & A& .
142 EBEAEHKE
TEEAKRKENMEFHA, &k 5 d kA TDR
P 5E /NX 200 60, 100 m 4k 0~100 cm f#) -3 &K
2, BN AT S I .
1.4.3 M 7
AN FE 43 ) B EE R B 0~40. 40~80. 80~
120 m [ H e KA S B, AN B T AA
1.8 mX4m=7.2 m?, &I 10 HREA R FME I E B
ITENHER, SRR TR, R BN 4
R FKBGRIRL, AT 2R RS KE R 12.5%
Fedr, WE e A R R
15 TR, AEMESRE
BE A AR R T 7722 I SCR[17-19] -
REMER (kg/hm?>) =FYHE (kg/hm?) x5
BE (%), (D
REBGKIEE (NHI, %) =FRAZHERE
(kglhm?) HEMRE RN AR (kg/hm?), (2)
FAwA =11 (NPFP, kglkg) =i & X =&
(kg/hm®) [iti% & (kg/hm?), (3
FHEFHZ (NUE, %) = %X b0 s 40
B (kg/hm®) -ANiEg X s R (kghm®) /

H %7K & Daily precipitation/mm

-

RN
NIPRSIISIEN
F

M E (kg/hm®) x100%. @)
1.6 BIREGITS5 5

% H Microsoft Excel #3154k, F SPSS
Statistics 25 AT 4T

2 ERESH

21 EERTFYIRME

L2 NAFEFNE KT R, Bk 2
AIAT, W-NO ARFEZEFE, mh iy PR A R
T HAR A EE , AHEE T W-NO A3 W-N1 Zb3E
W-N2 AbFEAT W-N3 Ab 34 ot R AT o AR R =
SN 14.22%. 13.32%F11 7.65%, ZEFF TR
B0 hn 10.53%. 10.33%7F1 6.50%, T4
REES RN 21.00%. 18.41%F1 10.14%, W-N1
ARFE . W-N2 AbFEFT W-N3 AbFE 5 SRR T4 A7
SR I 25.03%. 18.51%F1 11.13%, ZEFFT-4)
AR B I 11.03%. 9.91%F1 3.5%, M T4
JFURR BB A N 43.15%, 24.22%F1 13.97%, FFkE
TYIFAL RE RN 28.61%. 22.06%F1 14.50%.
5 B KB, W KB N1, N2, N3 it
BRI AT DLAE AT RLAE S T4 o v 1) 40 T B 451
W-N1 ZbEEFT B-N1 AbHEZEFF. A T4 F R
. W-N2 Zb3AT B-N1 AbBE R T-4 5 2R 234
TREER,
22 FEETYRREE

R 3 NANFEIALE TR R, HER 3]
a1, ARG R T E RIS TR R, MK
T B #EARE, W KA EART E KRG T
IR EIAA 2R, WEEKEECR, N1 &K TFRIfeE T
YRR R E R T NO. N2, N3 &K, B
BRENRAD, CETYRRAZH BRI, HERT
W-NO 4L 7, W-N1. W-N2 Al W-N3 & B4 5 T4
FHE B A 30.32%. 21.04%711 12.83%.
23 REMRSHE

T A NI S TR B R R MR i,
4 ATH, W-NO AbERLE SR HAAN 58 2O ) 257 i
FAFRREH BT HMMAAR. B-N1 L., W-N1
AEFE, W-N2 A FRHIERIZEAT . A AR R E LR
EEER. W KRBT, T NO A3, N1,
N2. N3 W EFREFRsE IS 4.6%. 20%-.
9.5%, N1. N2 ¥t E RS ERARZHRELE
EMZER, N2 A EFRBEERARLIEER, NO &
HAERE R T AR BRI E AR ERAER
B ia SR I DR R B v AR AR EE, W-NL &b
FEAT B-N1 AbHR A S 72 88 B A X REFE IR
HARKERLEENZER.
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22 FRAAFHMEERTHRARE

Table2 Dry matter accumulation of summer maize at different growth stages

A H E b3 ZXFT Stalk - F Leaf F¥Hi Grain
Growthstage Treatments T kg Y =Y)ipiidaa T F/kg ¥=Yrigiidaa T i F/kg Rap=Yiigdaa

W-NO 3417.93c 56.48 2001.01d 34.39 - -
W-N1 3777.85ab 56.90 2421.21ab 34.02 - -

VT W-N2 3770.88ab 55.65 2 369.33b 35.17 - -
W-N3 3640.02b 56.50 2 203.95¢ 34.21 - -
B-N1 3837.99a 57.02 2528.03a 33.75 - -
W-NO 5 157.80b 28.34 2 190.28c 12.03 9172.52d 50.39
W-N1 5726.84a 25.17 3135.49a 13.78 11 797.08a 51.84

R6 W-N2 5669.16a 26.28 2720.68b 12.61 11 195.65b 51.90
W-N3 5 338.68b 26.39 2 496.25b 12.34 10 502.76¢ 51.93
B-N1 5 782.69a 26.23 3044.15a 13.81 11 186.57b 50.75

E AFRNGFRFRORERIL 5% RE KT, T,
Note The represent significantly difference at 0.05 level, same as below.

k3 ARAREFLE THhRMEE
Table3 Dry matter accumulation after anthesis of different treatments

ViS: ] "L H I Growth stage AR R ST o R
Treatments Sl E A e ADMA/(kg hm?) Proportion in total dry weight/%

W-NO 5984.39d 18 201.48e 12 217.09d 67.12¢c

W-N1 6 835.64ab 22 756.83a 15921.19a 69.96a

W-N2 6 781.75b 21569.69c 14 787.94b 68.56b

W-N3 6 442.43c 20226.73d 13784.30c 68.15b

B-N1 7034.78a 22 042.48b 15 007.70b 68.08b

R4 FEEERBE REQF P o4

Table4 Transport of nitrogen from vegetative organs to grains after tasseling

HiE NAA/ (kg hm™2) FEEUY NAA/(kg hm™2)
4t Treatments NT/(kg hm™®) NTR/% GCR/%
Exii o Evii g
W-NO 40.61c 47.37c 28.20d 22.40d 37.38¢c 42.47a 30.85a
W-N1 51.28a 65.28a 40.09 37.36a 39.11b 33.56d 21.27¢
W-N2 51.13a 63.69a 37.83b 32.12b 44.87a 39.06b 26.65b
W-N3 46.03b 56.97b 33.44c 28.62c 40.94b 39.75b 27.62b
B-N1 52.28a 64.47a 37.93b 35.55a 43.28ab 37.05¢ 25.61b

25 RIEARE., hE P RF MR
Table5 NUE. NPFP and NHI

Ak AEMHRE PR AR R FUIER 2 BB 77 EELE i3
Treatments TNAA/(kg hm™% NUA in kernel/(kg hm™) NUE/% NPFP/(kg kg™) NHI1/%
W-NO 171.77d 121.17d - - 70.54a
W-N1 261.36a 183.91a 29.86a 39.32¢ 70.37a
W-N2 238.34b 168.39b 29,59 49.76b 70.65a
W-N3 210.29¢ 148.23¢c 25.68b 70.02a 70.49
B-N1 242.480 169.00b 2357h 37.29d 69.70a
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# 5 NENERIHZ. A= I B R UGk
5 AL, FIRE R T E EREARE AR AR
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FEM W-N3 A FR R 2E 7= 83w T HoAth b,
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W-N1 2 FIR R BB R, FREARRREE. RIEF
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REE) I 52.15%. 38.76%. 22.43%. 7£ W i
ARBECT N1 A N2 A3 ENEM A R BB E R
33T 8

B R AT FRRE R A AN TR R A2 7= B K], T
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IR P AR, WENL ARFELE 58
BTV AR R gL B-N1 AbFE Y 3.23%, P&
5 5.46%, g R S8 I -8, RERERE
BEEVEE P it A 5 X g 2 At 80006 60N 5 P34 A T vk
AT E IR R RN R = A R 3 FSORERHCE FEL T ) 2 AT
ANy, TR A KEREIL S, e
TreE, wETYRBRERR 6.1%, ARaHR
BAEEF &5 B5E 5 7.79%F1 26.69%, 455 AN
T 70 45 SR R0 AT N 90 38 B 45 28 1 sl 45 /K HE AN T
PAFT K, 10 HAT R R = 5 3G IR AR JS T4 5 1)
R A B ZHE AT LA D m Rk femr &
AEBERIFI R, ARIG 45 R KW, ZIEEH =Xt
BEKFEAHERELN, BEAIEKEBRRD>
25% AR &, FrRir &, AR AR R A
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RAEF 2T e AL i R AL 2 = 25.54%, F
5 PR A R [ Shin K E I BB AR A5, BES R e
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KR TR E S EE2EEXR, R HRETY
Jo R 2R B R SR FH 2 I i S 3 o 3 o,
B IR AT, (R 25% 5 1% 4t it U ) IR
FIFHZT0 A 22 5, e 4 rUAT REAE 808 225~300
kg/hm? 2 [i], HB N4 300 kg/hm?, 724 B 47 2%
R . A U485 S0 R B ez KR R 3
BAEHIR 2, S mEY = & 50 & E it H 2 1E
225~300 kg/hm® FHLEASEIT 300 kg/hm?, [Hk, 764
IR BN KBRS BT W] DA R 2 gk b U 1
FH o BIF 70 A U0 P e e it P 2 11903 BBl et — 2B 4D,
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4 25 18
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oI5 TP AR SRR IR ICRI T, AT 2 2 4
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Effects of Nitrogen Application on Yield, Nitrogen Uptake and Utilization by
Summer Maize under Automatically Controlled Pipe-channel Irrigation

LI Yinghao', ZHANG Zheng', ZHU Jixiang", FENG Jian',
WU Kegqing*, FENG Zhe? LIU Xianghua®, WANG Chuntang®”
(1. College of Water Conservancy and Civil Engineering, Shandong agricultural University, Taian 271018, China;
2. Qingdao Pingdu Water Conservancy Survey and Design Institute, Qingdao 266700, China;
3. Pingdu Water Conservancy Bureau Agricultural Water Branch, Qingdao 266700, China)

Abstract: [Background] Surface irrigation is the dominant irrigation method in world including China despite its
poor irrigation uniformity. Although efforts have been made in many countries to improve surface irrigation
technology, progresses are still being made. Automatic pipe-channel irrigation is an irrigation technology that not
only reduces irrigation time but also saves water. It can calculate the amount of water required in each field and
control the irrigation accuracy along the irrigation furrow to alleviate water leakage loss and improve irrigation
uniformity. In China, nitrogen fertilizers contribute 40% to 60% to the increased crop yields in China, but their use
efficiency is only 30%, far lower than the international average. Meanwhile, continuous increase in nitrogen fertilizer
application has led to detrimental impact on environment, largely due to the inappropriate combination of irrigation
and fertilization. [ Objective] The purpose of this paper is to experimentally seek an optimal nitrogen application for
maize irrigated with automatically controlled pipe-channel irrigation. [ Method] We compared border irrigation (B)
and the automatic pipe-channel irrigation (W). Nitrogen fertilizer used in the border irrigation was 300 kg/hm?, the
same as used by local farmers. In the automatically controlling pipe-channel irrigation, we compared three nitrogen
fertilizations: 300 kg/hm?® (N1), 225 kg/hm? (N2) and 150 kg/hm? (N3), with no nitrogen fertilization as the control
(NO). At the tasseling and full ripeness stages we measured the dry matter accumulation in the vegetative organs,
while after the flowering stage we measured the nitrogen accumulation, dry matter accumulation, nitrogen
translocation, and nitrogen use efficiency. [ Result] When nitrogen application was 300 kg/hm? W irrigation
increased grain yield and dry matter accumulation at mature stage by 5.46% and 3.23%, and total nitrogen
accumulation and nitrogen use efficiency by 7.79% and 26.69% respectively, compared to B irrigation. Coupled with
W irrigation, N1, N2 and N3 nitrogen application increased proportion of dry matter at mature stage compared to the
control, but did not show significant difference in grain yield, nitrogen accumulation in the grain and the plant
despite the reduced nitrogen application in N2 and N3 Reducing nitrogen application therefore increased nitrogen
use efficiency significantly by up to 25.54%. The partial productivity of nitrogen in N3 was significantly higher than
that in other treatments. [Conclusion] Coupling fertilization and automatic pipe-channel irrigation can reduce
nitrogen fertilizer application, and for the experiments we conduced, the application rate can be controlled in 225
kg/hm? to 300 kg/hm? without scarifying grain yield and quality.
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