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Effects of Irrigation and Nitrogen Interaction on Water and Fertilizer
Use Efficiency and Economic Benefits of Winter Wheat

CONG Xin' ZHANG Lizhi® XU Zhenghe' PANG Guibin' FENG Yanming' ZHAO Dengliang'
(1. School of Water Conservancy and Environment, University of Jinan, Ji’ nan 250022, China
2. Water Resources Research Institute of Shandong Province, Ji’ nan 250014, China)

Abstract: To find out the optimized water and fertilizer management, field experiments were conducted to
investigate the coupling effects of different amounts of water and fertilizers on water consumption, dry
matter accumulation on the ground, wheat yield, water use efficiency, nitrogen partial fertilizer
productivity as well as economic benefits. Experiments included three levels of irrigation, i.e. 60% ET,
(11, 300.0 mm), 75% ET, (12, 370.0 mm) and ET, (13, 495.0 mm), and three levels of nitrogen,
i.e. 180.0 kg/hm*(N1), 255.0 kg/hm’ (N2) and 330. 0 kg/hm”(N3). The irrigation had a significant
effect on the water consumption, and water consumption was increased with the increase of irrigation
quota. Only appropriate water and fertilizer ratio can obtain higher dry matter accumulation on the
ground, yield and economic benefits, and excessive water and fertilizer input would not increase
sustainable output and income. Yield, water use efficiency, nitrogen partial fertilizer productivity and
economic benefits had significant correlation with water and fertilizer. The quadratic regression equations
of each index and water and fertilizer were established and the corresponding water and fertilizer amount
of the maximum value of each index was 410.0 mm, 260.0 kg/hm*, 370.0 mm, 260.0 kg/hm’,
410.0 mm, 180.0 kg/hm*, 400. 0 mm, 250. 0 kg/hm’ | respectively. By regression and spatial analysis,
it was concluded that the yield, water use efficiency and economic benefits reached no less than 95% of

their maximum values simultaneously when the irrigation quantity was 359. 8 ~428.9 mm (72. 6% ET, ~
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87.5% ET,) and the nitrogen application was 225.4 ~280.9 kg/hm’, which can provide a scientific

basis for irrigation and fertilization optimization in study area and other regions with similar environments.

Key words: winter wheat; water and nitrogen interaction; water consumption; yield; water and fertilizer

utilization efficiency; economic benefits

0 3|

INFEAE R B OO B AR, H ™ R RN A B
X i ) 0 MR A 2 A AT T AR . TR R A
S /N A2 K R T R 7 05 9 T A R 0 B
TR FEAR A A R e R PR AR S K OIE S
PR B VR R 5 K IR R RE B R B AR
7 T L 3 A AR T A0 SRR 20 0 A 2 G, B
eI B, 2 2 1 E IR ) B I
SR DRk T TR A R i S S B T R 5 4
fy e

BF5E %38 i KRB 5E T KRB % F IR
i KRR PR 5 20 Rk 2 2O, R R B ik
GRC LL T AR AR R M X RS T K R A X
A INFZ IR S5 52T B 3 900 m’*/hm® i %
B 270 kg/hm® J& HAR I 5% 18 F & /N 77 ik e 5 10
KR 2 R 5 R W4 A e T L IX R SR
I 7K R4 /N T 0 BRI 77 B A, 5
SO N 210 kg/hm® B & /32 AT DL A
5 0 A A R A R AR A A T b S Ak
I — Al R T 4% /N 2 R T S B, 9 7 0 2 20%
(Ul 5 Wt 6 192 kg/hm® ) T & /N 22 K R 2% %
B 5 A A T A ) R A A K R 56 AT S T UK
i RN A /N 28 TR R B S L, 2 S 5 SR
£ WO 1 R A 10% ~ 20% (95 i T
180 kg/hm®) I % bt 2 B IR K U0 20% AR AUA £ 1
JR A& /N2 R BV R T4 T AN EE RS

FRBEE HXAS BIHE RR AT T KA T S
1t , 76 SRR SR 2 A M A3 F A K B 2
HREHMENLE bR, ETRNEE” &%
2 2 BR324 R Wl E K MRS B 22 R A AL O BT 5E
BRI Z A SCHF YA () HE I G R R Xk 4/
A KA R ACE B R AR 7 3 R B R385 1
S AR R AL 7 oK 2 ) AR R U R A
3 V28 556 300 25 ok 98 IR MGG R R R R B, DA N
() 22 T H bR g SR 38 ik 25 ) 43 B 5 S i L A 9 I
R S, DUk B e K I E

1 #MBE5FE

1.1 #SHREHER
2018—2019 4FAE 11 7R 4 B T I IX 1 R 4

il

JHE W 6 PG il (36°34 "N, 116°50°E) F1| /K IE & T
WM AT o B T T T 10 AR T8 2k A 38 e AL B
FE . WX R S S min dy a5 PO ol B
UEHY A B Guh WE — K, AR R i 654. 7 mm, &
ZE W RN 2 E R 62% , W TE AR R
1399. 70 mm , 4E5E 35 7R 14. 3°C (2008—2018 4F)
RN RS RWE 1R, A58 B
Mol s+, FIEATEAE 1.40 ~1.67 g/em’ Z ], AL
BREETE 48.7% ~54.2% Z [A) . FiAH ] BE Sy & /N A~
HERAFEPIRG o BB T p K 58
2.0.3.33 1.2 m,jth N T HEHCH BT B, 2018 4
FEADHT, 25N A PE BT A 3, 0 ~20 cm
B2 L35 5 & & A LB & HE 10. 89 g/kg, 4
AR 1. 07 g/kg, RS & Lt 22. 26 mg/kg, &
R0 TR L 83. 98 mg/kg,

0r m—rw
|- RiEeR

[}
()

v
L

| b

(=]

10-11 11-1112-11 01-11 02-11 03-11 04-11 05-11
H

B e X &/ A BIRE B AR R R
Fig.1 Daily rainfall and temperature during winter

wheat growing season
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Tab.1 Irrigation for each stage of winter wheat

growing seasons mm
AT
fib 7 WA REF-HTH MR T
(10 H16H) 3AISH) (4H12H) (5HS5H)
1 35 90 75 0
2 35 90 75 70
13 35 90 150 120
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TR oK 2B W A /N7 A A T B K R AR
ko 11 100 em P AYAFR B KR IF 4 5 4 ok o
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Fig.2 Effect of different water and fertilizer treatments

on water consumption of winter wheat
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Tab.2 E, and ET, under different nitrogen and

irrigation treatments

A PAT—ImEE AR R

g E,/ ET,/ E,/ ET,/ E,/ ET,/
% (mm-d™') % (mm-d™') % (mm-d")

N1 42.51"  1.10" 30.50% 3.93' 26.99° 2.56°

11 N2 43.10°  1.13° 32.01° 4.17° 24.89 2.39°

N3 44.27* 1.14* 31.50° 4.03" 24.23% 2.28°

N1 39.22° 1.12" 28.14" 3.97' 32.64° 3.40°

2 N2 38.10% 1.12" 28.90° 4.20° 33.00" 3.54"

N3 39.00° 1.14* 29.15° 4.23° 31.85" 3.40"

N1 34.80" 1.10" 32.21" 506" 32.99* 3.81°

13 N2 35027 1.13* 32,98 5.30° 31.98" 3.79°

N3 35.60° 1.15* 32.50* 5.18*" 31.90" 3.75°
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Tab.3 Composition of water consumption from different water sources under different nitrogen and irrigation treatments
P AW D
PG - - - -
BiE/mm L 5]/ % B /mm e/ % S /mm L)/ % B E/mm e/ %
N1 100.0 27.74 200.0 55.50 62.49 17.34 -2.1 -0.58
11 N2 100.0 27.43 200.0 54. 85 66. 49 18.24 -1.9 -0.53
N3 100. 0 27.93 200.0 55. 86 59.93 16. 74 -1.9 -0.53
N1 100.0 25.33 270.0 68. 38 44.33 11.23 -19.5 -4.94
12 N2 100.0 24. 60 270.0 66. 43 47.37 11. 65 -10.9 -2.68
N3 100.0 24. 62 270.0 66. 50 47.37 11.67 -11.3 -2.78
N1 100.0 22.77 395.0 89.93 2.34 0.53 -58.1 -13.23
13 N2 100.0 22.25 395.0 87.91 6.23 1.39 -51.9 -11.55
N3 100.0 22.40 395.0 88.50 5.92 1.33 -54.6 -12.23
30000 30000 - 30000 -
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Fig.3 Dynamic accumulation of dry matter in winter wheat under different irrigation and nitrogen applications
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W%, 12 F NI 5 N3 Lb i 25 5 R 8 2 T th K
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BEEZR. 3AMAEKET, 2 &85 DE
T AP AS AL T 5 13 4h B A 45 AR 22 R AR
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A 0 00 A
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T[] 25 VR TR T 45 it SR Ak L A it 2R A 4 o e 44
TG FEAK, N2 Ab B 7= & fe i, e N1 55 N3 Ab 34y
M 3.6% . 2.3% (11), 14.8% . 9.3% (12),
12. 1% 8. 6% (13) , iX i W] 7 it 55 it 280 4k O A 02 —
T IO A O 2ok i SRR T 2 3 A D 5 E A
Wi 2 /R, 12 Ry =i I F =m0 R
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Tab.4 Yield component factors of winter wheat as affected by irrigation and nitrogen
b3 E,/(?%-m'z) Se/Hi k,/cm Tky/g Y/(kg-hm‘z)
N1 (384 +4.1)¢ (31.3+£0.3)¢ (6.34+0.05)" (51.12 £0.03) ¢ (6450.07 £121.93)¢
I N2 (392 £2.3) (32.2+0.6)° (6.47 £0.02)° (52.75+0.04)° (6 684.88 £20.70)
N3 (385 +4.5)1 (31.9 £0.4) (6.42 £0.03)° (52.52 £0.04)¢ (6537.08 £78.80) ¢
N1 (400 £5.2)° (33.5+0.4)" (7.04 £0.03)"° (53.15 £0.05)" (7276.02 £317.48)"
2 N2 (432 £12.1)° (35.2£0.2)*° (7.27 £0.02)*° (54.75 +0.03)" (8351.29 £336.73)"
N3 (421 +4.9)" (34.0+1.4)" (7.09 £0.04)" (52.66 £0.01)° (7 640. 55 £214.68)"
N1 (396 £6.3) (32.4+£0.4)° (6.58 +0.04)" (52.35+0.05)° (6829.72 +40.27)
3 N2 (412 £4.3)" (34.4+0.2)° (6.98 +0.04)° (52.81 £0.17)° (7657.79 £199.10)"
N3 (400 £2.5)°¢ (33.5+0.4)" (6.95+0.02)° (52.10 20.09)" (7 052.36 £99.22)°
I 68.762 81.431** 1039.718 ** 924.707 ** 87.44 ™
75 R U N 25.516 " 31.137* 130. 369 ** 739. 892 ** 32.306
IxN 4.43* 1.873 24. 684 ** 232,739 ** 3.993
Weox FRWEM2E5 (P <0.05), #x KRB FMHEZER(P<0.01),
~ 30 .. YR 37 5 3k
= 1{1 ONI EN2 EN3 2.4 ZFFWE
5 XN L e R A A B A S U sR, 0B T A Ab Y 22
£ 5oL b o , o
R I LS Teakat (£5) 0 RS ATLIE t 12N2 4b 3122 3 4
) . RO [ETIONN YA =
N RS B R RN N3 i 35 4 0w
= L — . -
B 10 2073.09.1856.13 7o/hm’ , KR E AR T 5
35 13 Y3545 915 3 316. 10 .2 150. 7 55/hm’>, 33 B 12N2
0 11 B 13 JK B Lt AT DL N PR A B i H 4l 25, I3N3
pisi! o

P4 R[] 3 5 0 R i T 4 /22 K a3 R R
Fig.4 WUE for winter wheat under different

irrigation and nitrogen application conditions
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Fig.5 NPFP for winter wheat under different irrigation

and nitrogen application conditions
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Tab.5 Economic benefit analysis of winter wheat as affected by irrigation and nitrogen JC/hm*
pie] K 2% kL 2% HoAl e A SR A 7R R VR AR
N1 1 000. 00 2524.50 6 500. 00 10 024. 50 14 190. 16 4165. 66
11 N2 1 000. 00 2 817.00 6 500. 00 10 317. 00 14 706. 74 4389.74
N3 1 000. 00 3109. 50 6 500. 00 10 609. 50 14 381. 57 3772.07
N1 1350. 00 2524.50 6 500. 00 10 374. 50 16 007. 25 5632.75
12 N2 1350. 00 2 817.00 6 500. 00 10 667. 00 18 372. 84 7705. 84
N3 1350. 00 3109.50 6 500. 00 10 959. 50 16 809. 21 5849.71
N1 1975.00 2 524.50 6 500. 00 10 999. 50 15 025.39 4025. 89
13 N2 1975.00 2 817.00 6 500. 00 11292.00 16 847. 14 5555. 14
N3 1975.00 3109.50 6 500. 00 11 584.50 15515.19 3930. 69
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Fig.6  Relationships of yield, WUE, NPFP and E, with irrigation amounts and N fertilizer application rates

RE B8 T 2% 8 bR 7K B EAE T 221k .

H1 45 8 AR 15 7K UM 1 57 19 — o8 ik el I 07
BT B N 4% 98 b B KA T R A K AL B
(% 6) .Y . WUE NPFP i E, ik 3 I K AH I 79 % %
1 F i & & 43 9 A 410.0 mm, 260.0 kg/hm®,

150 300

KRN 5/ 22 7 B Ko F R AR RUIE D A 7 0 A28 B AR I SR &R

370. 0 mm ,260. 0 kg/hm*,410. 0 mm ,180. 0 kg/hm”,
400. 0 mm ,250. 0 kg/hm*, [ 3 6 W] L& 14, NPFP
SIS AR, NS B e T B A WUE 25 485K
B de A, WM 1 B s KB & 2D I, T 1 55
WY Wi KRS EpyEfife. dtn] DUE A4 7

x6 RAFEASAARERBEEFNNEFUHEREBENERENERE
Tab.6 Maximum yield, WUE, NPFP, E, and their corresponding irrigation and N fertilizer application rates

- T =y, KA TR/ A = 71/ ey,
T/ mm A
(kg+hm %) (kg-hm ) (kg+hm ?+mm ") (kg-kg™") (76 +hm~?)
410.0 260.0 8355.94 19.71 32.28 7 496. 57
370.0 260.0 8 160. 72 20.01 31.50 7267.08
410.0 180.0 7 632. 85 18.37 41.25 6217.77
400.0 250.0 8325.21 19. 82 33.32 7517.96
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