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Optimal Irrigation and Nitrogen Management Model under Drip Fertigation
System Based on Spatial Analysis of Spring Maize in Sandy Soil Area in Ningxia
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Abstract: Aiming to investigate the effects of different combinations of irrigation and nitrogen on shoot
biomass yield total nitrogen accumulation and water and nitrogen use efficiency of drip fertigated
spring maize in sandy soil area in Ningxia. The multivariate regression analysis method was used to obtain
the best combination of irrigation and nitrogen for maximum production and the spatial analysis method
was further used to comprehensively evaluate the yield grain nitrogen accumulation and water and
nitrogen use efficiency to seek a high—yield and low-water fertigation system for the closest acceptable
production of multiple targets. The plot experiments were conducted with two factors of irrigation and
nitrogen. There were three irrigation levels ( W0. 6: 0. 6K _ET,; W0.8: 0.8K ET, and W1.0: 1.0K_ET, K,
was crop coefficients ET, was 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 there was a high fitting degree of shoot biomass for spring maize with Logistic function and the
W1. 0 irrigation treatment delayed the starting point of the rapid accumulation period of shoot biomass.
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The single factor of irrigation and nitrogen application had significant or extremely significant effects on
the yield plant nitrogen accumulation and water use efficiency ( WUE)  and irrigation amount had
significant effect on nitrogen partial factor productivity ( PFPN) . Both irrigation and nitrogen application
amounts had significant or extremely significant effects on yield plant nitrogen accumulation and WUE
while irrigation amount had extremely marked effects on PFPN and irrigation and nitrogen had a notable
coupling effect on the nitrogen harvest index. Under the same irrigation levels the shoot biomass yield
plant nitrogen accumulation ( except for WO. 8 treatment) and WUE were increased at first and then
decreased with the increase of the nitrogen application rate. Through the multivariate regression analysis
and the spatial analysis methods considering the uneven distribution of annual rainfall in Ningxia the
results suggested that when the sum of irrigation amount and effective rainfall was 506 ~ 576 mm and
nitrogen application rate was 230 ~335 kg/hm” the yield WUE and grain nitrogen accumulation could
reach more than 95% of the maximum yield the PFPN under this combined treatment was about 80% of
the maximum value at the same time. 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.

Key words: spring maize; sandy soil area; drip fertigation; water and nitrogen; spatial analysis
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Fig.1 Multi-year average potential reference crops
evapotranspiration during spring maize growth stage
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Tab.1 Irrigation and fertilization schedule of

treatments for spring maize

/mm
Wwo.6 W0.8 WI.O /mm /%

0430 1 20.0 20.0 20.0

0540 14.2

0521 5.0

0601 2 22.4 29.9 37.7 20
0641 3 21.4 28.5 35.7

0620 39.4

0626 4 37.5 50.0 62.5 30
0701 34.0

0706 5 36.0 48.0 60. 1

0740 10.0

0747 6 36.5 48.1 61.0 30
0749 6.6

0720 11.0

0723 16.0

0729 7 24.6 29.2 41.0

08-08 8 28.8 38.4 48.0 20
0818 9 14.0 18.6 23.3

0849 9.8

0821 17.0

0828 10 12.0 15.9 19.9

0830 7.4

08-31 8.2

09-01 14.0

0925 12.0

253.2  326.6 409.2 204.6 100

1.3
1.3.1
51.70.85.113.160 d
3

105°C 0.5h 75C
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2 Logistic
Tab.2 Fitting result of aboveground dry biomass and growing time by Logistic function
1 /d 1, /d to/d  Vyl(kgrhm™2)  Gy/d R P
WO0. 6N150 81.98 128. 19 105. 08 319.39 46. 21 Y =20916.66/(1 +399.27¢ ~*%7) 0. 995 0.001
WO. 6N225 79.09 117.83 98. 46 473.37 38.74 Y =25983.21/(1 +808. 61¢ ~ 8 0.999 <0.001
W0.6N300  79.73 117. 90 98. 82 383.45 38.17 Y'=20742.19/( 1 +914. 42¢ = %) 0.999  <0.001
WO0. 6N375 80. 96 122. 11 101. 54 373.63 41. 16 Y =21790.84/( 1 +664. 04e ~0-00%) 0.999 <0.001
WO0. 8N150 79.21 117.38 98. 29 423.18 38.17 Y=22891.59/(1 +881.97e ~*%") 0.999 <0.001
WO0. 8N225 80. 10 118. 28 99. 19 509. 69 38.17 Y =27571.16/( 1 +938. 34e ) 0.999 <0.001
WO0. 8N300 78. 19 118. 10 98. 14 511.19 39.91 Y=28910.09/( 1 +650. 24e ~0-0) 0.998 <0.001
WO0. 8N375 81.73 127. 15 104. 44 429.39 45.41 Y =27634.89/( 1 +427.29¢ ~- 038 0.993 0.002
W1. ON150 89. 17 138. 87 114. 02 415. 64 49.70 Y=29274.00/( 1 +421. 16e ~*5) 0.991 0. 003
W1. 0N225 83.90 129. 31 106. 61 481. 54 45.41 Y'=30990.65/( 1 +484. 57¢ %08 0.997 <0.001
W1. ON300 83. 64 116.99 100. 32 627.93 33.34 Y =29 666.12/( 1 +2765. 39¢ %) 0. 996 0.001
W1. ON375 83.29 130. 33 106. 81 350.95 47.04 Y =23394.15/( 1 +395. 98¢ ~0%") 0. 995 0. 001
b to Vy Gy
2 Logistic

Fig.2 Effects of different water and nitrogen treatments on aboveground dry biomass and fitting results by Logistic function
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Tab.3 Effects of different water and nitrogen treatments on spring maize yield and its components

/em /mm /em /g /( kgehm ~2)
N150 17.96° 50. 45% 1. 94 32. 66% 11 607°
) N225 17. 56 50. 70°% 2. 14" 32. 864 12 832¢e
Wo.6 N300 19. 30 49. 74 2.62° 33,93 11 468
N375 18. 844 48. 62° 2.44% 32.52¢ 10 293¢
N150 19. 8b* 52.35¢ 1.24% 36. 02 12 720%
Wo.s N225 20. 66° 52.32¢ 1.90¢ 36. 59 14 166
N300 21. 14* 53.03° 0. 96¢ 37.47° 16 387°
N375 19. 96" 52.92¢ 1.20"% 34, 70% 14 428"
N150 17. 06 48. 94! 2. 22 30. 687 10 350"
) N225 18.90¢ 51. 05" 1.70% 34,224 13 725
Wi.0 N300 20. 06" 51.99 1. 50 35. 61 15 744
N375 19. 26 51. 828 1.78% 32.79% 130164
ANOVA F
216. 02 * 90.27** 127. 50 * 58. 69 ** 44,98
34.36™ 3.87" 3.09 14.50™ 24.86™
X 10. 22 8.09* 14,97 2.38 6.85™
* (P<0.05) #* (P<0.01)

4

Tab.4 Significance test of nitrogen accumulation in different organs of spring maize and N harvest index

0.35 6.57" 12. 65 * 1. 06 1.09 18.76 ™ 0. 50
3.87" 6.75* 19. 88 * 4.68" 2.71 33.18™ 1.39
x 3.28" 3.26" 3.40" 1.31 1.84 5.86* 3.437
(P<0.01); ET o
N N (P< IWUE.WUE  PFPN
0. 05) (P< (P<0.01) (P<
0.01) . 3 0.01) (P<0.05)
WO0. 6 ET
84.34 ~135.96 kg/hm’ (P>0.05) N225 IWUE N375
63. 80 ~95. 30 kg/hm’ (P<0.05); WO0.8 N375
0.69 ~0.76. WO.6 WI.0 ET (P<0.05); WI.O
N300 ET N150  N375
N225 N300 (P <0.05) N225 (P>0.05),
113.74.135. 96 kg/hm’; WO. 8 WUE WO0. 8N300 3.34 kg/m’
N300  N375 WO0. 6N225 W1. 0N300 19.71%
(P >0.05) W1. ON300 17.16% - PFPN
(P<0.05) . ( W0. 8N300)
PFPN 54.62 kg/kg  WO0.6 WI1.0
WO0.6N225  W1. 0N300
o 2.5 -WUE.PFPN
2.4
5 (ET) +
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Fig.3 Effects of different water and nitrogen treatments on nitrogen accumulation of spring maize and N harvest index

5
Tab.5 Effects of different water and nitrogen treatments on water use efficiency and nitrogen partial factor productivity
/mm /(kgrm~?) /(kgem ) /(kgkg™")
N150 450° 4. 58 2. 57¢k 77.38"
N225 458° 5.07° 2. 79" 57.03"
Wo.6 N300 457° 4, 530bed 2. 514 38. 228
N375 465°¢ 4,07 2.21¢ 27. 44"
N150 4811 3.90°% 2. 64 84.79°
N225 488 4. 340 2.90" 62.95%
Wo. 8 | ab a of
N300 489¢ 5.02 3.34 54. 62
N375 507¢ 4. 424 2.84" 38.47¢
N150 570° 2.528 1.81" 68.99°
’ N225 561" 3.34¢ 2. 44 61.00"
WiI.0 N300 551" 3. 844 2.85" 52.47"
N375 567° 3.17° 2.29% 34.70¢
ANOVA F
45. 68 33.02* 68.20* 39. 13 %
4.717 22.11% 28.56 1.32
x 2.74 6.29* 7.25% 5.85%
-WUE.PFPN PFPN. WUE
95%
6 o 6 4 (
(P<0.01) R’ WUE 95%
0. 80 o x WI1.0 60%
+ WO0. 6 + ) x  506~576 mm y 230 ~335 kg/hm’
¥ N375 N150 “WUE
Matlab 6 95% PFPN 80% .
X Y o oo 3
6 x 555mm y 285 kg/hm’
(15 888 kg/hm’); x 530 mm y
270 kg/hm’ WUE (3.19 kg/m’); «x
530 mm y  150kg/hm’  PFPN (82.21 kg/kg) ; x »
569 mm y 297 kg/hm’ % Logistic
(93. 81 kg/hm”) ? Logistic
WUE
PFPN T
3 ( WO0. 6) ( WO0. 8)
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Tab.6 Regression equations between water and nitrogen inputs and spring maize yield water use efficiency

nitrogen partial factor productivity and grain nitrogen accumulation

R P
Z, 7, = —84580.7 +346. 799x — 0. 345 3x% +28. 941y +0. 129 18xy 0. 176 4y> 0. 88 P <0.01
Z, Zy = —18.4 +0.078 6x —0. 000 081x> +0. 005 38y +0. 000 027xy —0. 000 036> 0.89 P <0.01
Zy Zy = —217.8 +1.343 8x - 0. 001 327 - 0. 494 9y +0. 000 49xy +0. 000 0815> 0.98 P <0.01
Z, Zy = —331.25 +1.218 6x 0. 001 1a® +0. 524y +0. 000 038xy —0. 000 92> 0.84 P<0.01
x + (mm) y (kg/hm?) .
4 N . . +
Fig.4 Relationships between yield water use efficiency grain nitrogen accumulation nitrogen partial
factor productivity and irrigation amount plus effective rainfall and fertilizer application rate
(WI1.0)
( WO0.8N300  WO. 8N375
o ! ) WO0. 8N300
16 387 kg/hm*> W1. ON300
. 135. 96 kg/hm’
30
‘ 240 kg/hm® 290 kg/hm’ ET
240 kg/hm’ PFPN WUE
32
(P <
0. 05) 0.69 ~
0.76 «WUE.PFPN
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