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Abstract: The objectives were to investigate the response of yield grain nitrogen accumulation rate
water use efficiency ( WUE) and nitrogen partial factor productivity ( PFPN) of spring maize to irrigation
and nitrogen and explore a comprehensive method for evaluating these indexes. The plot experiments
were conducted with two factors of irrigation and nitrogen. There were three irrigation levels ( WO. 6:
0.6K ET,; W0.8: 0.8K,ET, and W1.0: K _ET, K, was the crop coefficients ET, was the potential
reference crops evapotranspiration) and four nitrogen levels ( N150: 150 kg/hm®; N225: 225 kg/hm’;
N300: 300 kg/hm” and N375: 375 kg/hm’) . The results showed that the interaction of irrigation and
nitrogen application had extremely significant effects on yield WUE and PFPN and significant effects on
shoot biomass and grain nitrogen accumulation amount. Under the same irrigation levels the shoot
biomass yield and WUE were increased at first and then decreased with the increase of nitrogen
application rate. The average correlation coefficient of the principal component analysis membership
function analysis grey relational grade analysis and the TOPSIS model based on combination weighting
was 0. 465 ~0.787 which had a strong correlation. The combined evaluation model based on overall
difference showed that WO. 8N300 had the highest score. Further comprehensive analysis considering
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the uneven distribution of annual rainfall in Ningxia the results suggested that when the sum of irrigation

amount and effective rainfall was 544 mm and nitrogen application rate was 260 kg/hm’ the evaluations

of comprehensive index could reach the maximum. The research provided a guidance for scientific

management of water and nitrogen application for spring maize under the local drip fertigated condition in

sandy soil area in Ningxia.
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Microsoft Excel 2016
. .TOPSIS Mathematica 9. 0
; SPSS 20.0 WI1.0
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1 N N N
Tab.1 Effects of different water and nitrogen treatments on aboveground dry biomass yield grain nitrogen
accumulation water use efficiency and nitrogen partial factor productivity
/ / / /
/(kg+hm?)  (kgehm?) (kgehm %) (kg'm ) (kgekg™')
N150 20 133f 11 607 63. 80¢ 2. 57¢tkf 77.38"
W6 N225 255911 12 832¢d° 79. 13¢d 2. 79bed 57.03%
N300 20 484°F 11468 73.01% 2,514 38. 228
N375 21 282¢F 10 293" 75. 68¢def 2.21¢# 27. 44"
N150 22 608°¢ 12 720% 69. 49 2. 64bede 84.79*
Wo.8 N225 27 167> 14 166 84. 46" 2.90" 62.95%
N300 28 504 16 387¢ 92.30% 3.34¢ 54.62¢
N375 26745 14 428" 92. 56 2. 84" 38.47¢
N150 26 960° 10 350" 70. 34" 1.81" 68.99°
Wio N225 29 603* 13 725¢ 90. 06" 2.44°% 61.00"
N300 29 339 15 744 95.29° 2. 85% 52.47°
N375 22257 13 016°* 80. 49 2.29% 34.70#
57.75* 44,98 ™ 21.62* 68.20 39.13*
ANOVA F 23,88 24. 86 21. 64™ 28.56 1.32
x 10. 80" 6. 85 3.40" 7.25% 5.85%

(P<0.05) * (P<0.05) ** (P <0.01) .
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N150 2. 2 3 Spearman
Tab.3 Spearman correlation coefficients between single
4 indicators of spring maize
( 3
n=12) -
E 0. 681
( wu ) ! 0.790™  0.839™
WUE  PFPN ; 0.351  0.837™  0.562
o 0. 126 0.013 -0.366 0. 064
WUE
. 2.3
TOPSIS
2
( 4 4
Tab.2 Optimal combination of water and nitrogen 4
under different targets for optimization ’
Kendall ( 5,
5 3
0.465 ~0.787 o
/mm 350 364 325 325 4
/(kg*hm~2) 285 297 270 150
4
Tab.4 Results of different evaluation models
TOPSIS
WO0. 6N150 -0.225 8 39.58 8 0. 145 9 0. 589 4 0. 445 8
WO0. 6N225 0.112 7 51.50 7 0. 162 7 0.499 7 0. 666 7
W0. 6N300 -0.595 10 28.27 10 0.143 10 0.210 11 -0.033 10
WO0. 6N375 -1.070 12 15.97 12 0.130 12 0. 108 12 -0.436 12
WO0. 8§N150 0. 155 6 53.04 6 0. 161 8 0.674 1 0.791 6
WO0. 8N225 0.532 3 65.58 3 0. 187 4 0. 624 2 1. 061 3
WO0. 8N300 1.203 1 84. 47 1 0. 250 1 0. 621 3 1.569 1
WO. 8N375 0.369 4 61.43 4 0.193 3 0. 401 9 0. 827 4
WI1. ON150 -0.970 11 23.54 11 0. 131 11 0. 467 8 -0. 145 11
W1. 0N225 0. 186 5 59.85 5 0.178 5 0. 556 6 0.792 5
W1. ON300 0. 765 2 75.27 2 0.228 2 0. 559 5 1.227 2
W1. 0N375 -0. 462 9 35.43 9 0. 165 6 0. 240 10 0. 105 9
5
Tab.5 Correlation coefficients of evaluation values of each evaluation model
TOPSIS
0. 848 0.515 0.787
0. 848 0.515 0.787
0. 848 0. 848 0.364 0. 686
TOPSIS 0.515 0.515 0. 364 0. 465
4 o 4
0. 841,
WO0. 8N300. WI1.0N300. WO0.8N225. WO. 8N375. 2.4
W1.0N225. WO0.8N150. WO0.6N225. WO.6N150. Mathematica
W1. 0N375. W0. 6N300. W1.0N150. WO. 6N375; 9.0
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