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Effects of water, nitrogen and phosphorus coupling on starch paste
properties of winter wheat
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Abstract A field experiment was conducted under rain-shelter conditions in Luoyang (Henan Province) during the 2009—2010
and 2010—2011 cropping seasons by using “Luohan 2” winter wheat cultivar. The objective of the experiment was to evaluate the
effects of irrigation and nitrogen/phosphorus fertilization on grain quality of winter wheat in the semiarid region of West Henan
Province. The experiment was a factorial combination of 5 irrigation, nitrogen and phosphorus application rates, each in 3 replicas.
The effects of water, nitrogen and phosphorus application rates and interactions on starch paste parameters of winter wheat were
determined. The results showed that the application of nitrogen and phosphorus fertilizers had significant effects on starch paste
properties of winter wheat (P==0.05 or P=0.01). Main starch viscosity parameters (peak viscosity, initial viscosity and final vis-
cosity) increased significantly as nitrogen application increased from 0 kg-hm 2 to 105 kg-hm'z’ and after peaking at 105 kg-hm™>
decreased with nitrogen application rate. Starch viscosity parameters reached the highest values at phosphorus application rate of
168 kg-hm ™. Irrigation had no significant effect on starch paste properties. However, irrigation and nitrogen interactions signifi-
cantly influenced some starch paste properties. Overall, combined treatments of nitrogen, phosphorus and water at NyosP16sW175
—i.e., 105 kg(N)-hm 2, 168 kg(P,0s)-hm ™ and 217.5 mm irrigation — produced the best starch quality. Statistical analysis indi-
cated a significant positive correlation between starch paste properties and grain yield in the 2009—2010 cropping season and not
in the 2010—2011 crop season. This suggested that there existed the possibility for improvement of both grain yield and starch

paste quality in the region.
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Table 1 Monthly average rainfall in Luoyang City from 1971 to 1999

Month
1 2 3 4 5 6 7 8 9 10 11 12 Annual average
Rainfall (mm) 62 104 278 392 501 603 131.1 96.6 763 42,6 235 69 571.5
Monthly rainfall proportion in annual rainfall (%) 1.08 1.82 486 686 8.77 1055 2294 1690 1335 745 411 121 —
F2 RAEBLEARIT
Table 2 Design of experimental treatments
Treatment

Factor 1 2 3 4 5 6 7 8 9 10 11 12
Irrigation quantity (mm) 217.5 217.5 153.5 282 153.5 282 308.5 127 217.5 217.5 217.5 217.5

N application rate (kg-hm?) 105 105 31 31 179 179 105 105 210 0 105 105

P application rate (kg'hmfz) 168 0 126 126 126 126 42 42 42 42 84 42
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Table 3  Variance analysis of effects of different irrigation and fertilization treatments on starch pasting parameters (¥ value)

Year Source Pasting time  Pasting temperature ~ Peak viscosity = Trough viscosity ~Final viscosity =~ Break down Setback
Year 2236 26.14” 10217 17157 510" 437 3.85
2010 Irrigation quantity 0.71 0.49 0.40 0.36 0.96 2.19 1.84
N application rate 2.09 2.16 438" 647" 434" 0.48 1.77
P application rate 0.44 1.34 2.93% 455" 2.54 0.54 0.33
. - o 0.46 0.25 0.94 1.02 0.70 0.31 0.14
Irrigation quantityxN application rate
2011 Irrigation quantity 0.99 1.49 1.17 1.72 0.24 2.52 2.10
N application 0.75 2.40 530" 6.96" 238 3.12" 0.67
P application 0.58 0.96 0.97 0.60 0.74 8.57" 1.90
. o . 2.58 1.38 2.28 0.22 2.57 15.16”" 569"
Irrigation quantityxN application rate
* ks
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SH{E Parameter value (BU)

5% 1%

* and ** indicate significant difference at 5% and 1% levels, respectively.
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Fig. 1 Effect of N application (a) and P application (b) on starch pasting parameters of wheat
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Table 4 Effects of interaction of water and fertilizer on starch pasting parameters of wheat
Year Treatment Pasting time Pasting tem- Peak viscosity ~ Trough viscosity Final viscosity Break down Setback
(min) perature ('C) (BU) (BU) (BU) (BU) (BU)
2010 NysPi6sW2i75  1.68+0.03b 61.62+0.22¢ 919.50+39.45a 761.83+34.93a 1 251.67+23a 155.83+5.20a 474.50+£21.03a
NiosPoWa175  1.704£0.03ab  61.75+0.31abc  900.50+45.36ab ~ 757.17+31.53ab 1 239.00+42.40ab 141.16+£14.98abcd  468.50+21.10a
N3 P126Wisss  1.75+£0.02a 62.41+0.22a 796.33+47.17bc  656.83+39.14c 1 125.17£60.35abc  137.33+£8.64abcd ~ 455.83+20.94a
N31P12gWaso  1.714£0.02ab  62.05+0.22abc  753.83+41.14cd  627.33+33.98¢c 1 099.83+£52.91cd 124.17£10.63bcd ~ 459.67+19.04a
Ni79P126Wis3s  1.75+£0.02a 62.38+0.27ab 792.334£31.79bc  667.67+25.77bc 1 111.83£46.25bcd  122.50+8.95bcd 431.50+£21.52a
Ni79P126Waga  1.74+0.01ab  62.23+0.14abc  814.50+34.95abc  693.33+32.90abc 1 153.67+49.14abc  119.17+5.95¢cd 448.33+16.28a
NiosPs2Wiess  1.70£0.02ab  61.98+0.19abc  819.17+37.74abc  705.67+26.15abc 1209.50+42.57abc  111.83+12.62d 490.17+16.37a
NiosP&aWia7  1.714£0.02ab  62.02+0.21abc  798.33+17.68bc  670.17+13.96bc 1 122.67+24.01abc  125.50+4.65bcd 439.50+11.97a
N210P52W2175  1.68+0.01ab  61.65+0.21bc 819.00+20.10abc  673.17+15.97abc 1 128.50+24.95abc  144.17+5.44abc 442.33£11.96a
NoPsxWai7s  1.75£0.02a 62.42+0.21a 686.83+24.41d 544.83+25.72d 989.33+41.80d 139.83+10.10abcd  433.00+17.53a
NiosPsaWa7s  1.71£0.02ab  62.20+0.19abc  791.00+15.02bc ~ 636.33+£12.47c 1 110.33£17.83bcd  152.50+3.82ab 460.67+8.76a
NiosPs2Wa175  1.714£0.0l1ab  61.93+0.13abc  853.75+21.66abc  706.75+12.53abc 1 206.25425.26abc  145.50+9.60abc 486.75+13.34a
2011 NjsPiesWaoi7s  1.76£0.0lab  62.45+0.15abc  900.83+26.61a 755.00+£32.22ab 1 202.50+24.89ab 143.00+8.87abc 434.00+14.33abc
NiosPoWay7s  1.76+0.01ab  62.63+£0.19ab  844.17+14.14a 746.67£9.19ab 1 152.67+8.99ab 90.83+5.11f 390.33+15.56bc
N31P126Wis3s  1.76£0.02ab  62.58+0.20abc  845.17+9.93a 738.00+£5.73ab 1 134.00+30.43ab 103.00£10.52ef 381.33+£33.57¢
N31P126Wasa 1.71+0.02b 62.12+0.13¢ 856.50+47.46a 704.33+£39.66b 1 198.50+67.72ab 149.50+10.52ab 479.00+£28.71a
Ni79P126Wisss  1.75+£0.02ab  62.43+0.20abc ~ 911.67+54.57a 773.67+49.90ab 1 238.00+53.27a 136.00+£8.58abcd  451.33+10.21ab
Ni79P126Wago  1.75+0ab 62.3+0.07bc 836.33+25.16a 715.50+£18.85ab 1 177.33+26.17ab 118.67+7.86¢cde 450.00+8.00abc
NiosPs2Wiess  1.75+0ab 62.55+0.03abc  843.67+13.66a 739.67+12.41ab 1 184.00+15.19ab 100.67+8.47ef 430.67+13.98abc
NiosP2Wip7  1.76£0.01ab  62.55+0.11abc ~ 870.33+23.95a 742.50+27.33ab 1207.67+34.18ab 125.00+8.49bcde  457.16+15.14ab
N210P£2Wa17s  1.75+0ab 62.33+0.06bc  862.33%11.11a 707.83+£5.00ab 1 188.50+5.17ab 152.67+7.37a 467.33+£3.62a
NoP&2,Way7s 1.78+0.03a 62.87+0.20a 746.00+15.89b 611.00+12.67¢ 1 092.33+68.17b 132.33+4.54abcd ~ 448.33+43.58abc
NiosPsaWa175s  1.74+0.01ab  62.30+0.14bc 884.33+30.09a 743.83+£22.90ab 1217.17+31.83ab 138.33+£9.26abcd ~ 459.17+9.28ab
NiosP42Wai75  1.75+0ab 62.534+0.03abc  912.00+40.42a 795.00+45.64a  1235.75+46.72a 113.50+5.85def 435.00+4.53abc
N (kg-hm™), P (kg-hm™), W (mm), ; +

; 5%
kg-hm™; W means irrigation during growth season, the subscript is irrigation amount, and the unit is mm. Data in the table are means + standard error.
Different small letters in the same column mean significant difference at 5% level.

N, P in treatments’ codes mean N, P fertilization, their subscripts are the rates, and the unit is

x5 NEERMMUSEITA S E REHIEHN S ERHEXED R
Table 5 Correlation analysis between wheat pasting properties and grain yield, starch content

Year Item Pasting time Pasting temperature Peak viscosity Trough viscosity Final viscosity Break down Setback
2010 Yield -0.23 -0.21 0.21 0.25" 032" -0.05 035"

Amylose content 0.06 0.07 -0.14 —-0.11 —-0.02 —-0.18 0.16

Amylopectin content ~ —0.11 -0.07 0.03 0.02 -0.01 0.02 -0.08

Total starch content -0.07 —-0.02 —-0.11 —-0.08 —-0.03 —-0.16 0.06

2011 Yield —-0.18 —-0.11 -0.14 -0.10 —-0.04 —-0.13 0.07
Amylose content -0.13 —0.07 -0.12 -0.20 0.10 0.20 0.38™

Amylopectin content 0.21 0.14 -0.17 -0.07 -0.19 -031"  -023

Total starch content 0.20 0.13 —0.26 —0.17 —0.18 —0.28" —0.10

* k%

5% 1% * and ** show significant correlation at 5% and 1% levels, respectively.
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