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Effects of Nitrogen Topdressing and Planting Density on Starch Granule
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Abstract : In order to determine the optimum nitrogen topdressing amount and planting density for im-
proving the starch quality and yield of weak gluten wheat, a weak gluten wheat variety Yangmai 15
was used as material, with four nitrogen topdressing levels(37.8, 43.2, 48. 6, and 54.0 kg « hm 7,
namely N1, N2, N3, and N4) and three density levels(1. 8X10°%, 2.4 X 10%, and 3. 0X10° plants *
hm™*, namely D1, D2, and D3). The effects of different nitrogen topdressing amounts and planting
density on starch particle size distribution, gelatinization characteristics, protein components, grain

enzyme activity and yield of wheat were characterized. The results showed that with the decreasing ni-
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trogen topdressing, the volume and surface area percentage of B-type(<{10 pm) starch granules in
wheat grains increased first and then decreased, the volume and surface area percentage of A-type(>
10 pum) starch granules decreased first and then increased. After reducing the amount of topdressing
nitrogen, the contents of wet gluten and protein, sedimentation value, albumin, globulin, glutenin,
and gliadin content of wheat showed a downward trend, and the starch content showed an overall up-
ward trend. The viscosity parameters such as SS activity, ADGPase activity, grain yield, starch peak
viscosity and final viscosity of wheat increased first and then decreased, and the viscosity parameters
such as SS activity, ADGPase activity, grain yield, and peak viscosity at N3 level were the highest.
With the increase of planting density, the volume and surface area percentage of B-type starch gran-
ules showed an upward trend, and the volume and surface area percentage of A-type starch granules
showed a downward trend. After increasing the planting density, the contents of albumin, globulin,
glutenin, and gliadin initially decreased and then increased, and the highest content of each protein
component was at D3 level. The viscosity parameters such as peak viscosity, trough viscosity, and fi-
nal viscosity of wheat starch increased with the increase of density. Increasing planting density re-
duced wet gluten content, protein content, and sedimentation value, but increased grain starch con-
tent, SS activity, and ADGPase activity, thereby promoting grain yield. Under the conditions of this
experiment, proper nitrgen supplementation and densification could improve grain yield and process-
ing quality of wheat gluten wheat by increasing the proportion of B-type starch gains, starch viscosity
parametes, SS activity and ADGPase activity.

Keywords: Weak gluten wheat; Nitrogen topdressing amount; Planting density; Quality; Yield
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Table 1 Volume distribution of wheat starch granules under different nitrogen topdressing and planting density treatments %

o 2 B A TERIRLRIAE Diameter of starch granule
Planting Nitrogen
density topdressing 0.1~2.8 um 2.8~10 pm <10 pm >10 pm 10~22 pm >22 pm
D1 N4 10.56+0. 071 21.884+0. 06 32.45+0.11g 67.554+0.11b  40.4240.12a 27.1340.10c
N3 10. 99+0. 04d 23.6740.09g 34.66+0.12e 65.3440.12d 38.8940. 06¢ 26.4540. 13e
N2 10. 74+0. 05e 23.99£0.06f 34.7340.1le  65.2740.11d 38.4440.03d  26.83+0.08d
N1 10.06+£0.10g  21.85+0.14)  31.91+0.24h  68.09+0.24a  40.56+0.14a  27.53=+0.38b
D2 N4 11.12+0. 06¢ 23.384+0.11h  34.50+0.13e  65.5040.13d 37.3340.05f 28.1740.09a
N3 10.99+0. 11d 24,.2240.05e 35.2140.13d 64.7940. 13e 37.3340. 111 27.4640.06b
N2 11.38+0.07b 25.1940.07d  36.57+0. l4c 63.4340. 14f 37.3740.05ef  26.07+0.091
N1 11.20%+0. 03¢ 24.047+0.06ef 35.2540.08d 64.7540.08e 37.6340.01le 27.1340.09c
D3 N4 11.19+0. 04c 22.8140.09i 34,0040, 11f 66.0040. 11c 39.58+0.04b 26.43740.08e
N3 12.34+0.07a 26.81+0.30a 39.1540.37a 60.854+0.37h  34.7740.32h  26.08=+0.07f
N2 12.46+0.05a 25.76+0.06b 38.2240.12b  61.78+0.12g 35.3040.04g  26.48+0.11e
N1 11.35+0.01b  25.45+0.13c  36.80+0.12¢ 63.2040. 12 38.3240.15d  24.88+0.19¢g
""""" Ffi D 802.08°°  1034.81°%  1225.10°°  1225.43°°  939.08"°  107.84°°
F value
N 169.56 " " 647.31" " 534.38" " 534.49" " 471.85" " 43.73" "
DXN 72.99" " 116.04 " " 107.10" 107.12" 166.25" 64.49"

D: A % B N AUE NX D A% EAE, FIEUEE WARR/NE FERR A AE 0,05 K P EX2FEE, » . P<<0.05; % x ;P<
0.01, T,
D:Planting density; N: Nitrogen fertilizer; N>XD: Nitrogen-density interaction. Different lowercase letters after the values in the

same columns indicate significant differences among the treatments at 0. 05 level. * ; P<C0.05; % % . P<(0.01. The same in tables 2—7.
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Table 2 Surface area distribution of wheat starch granules under different nitrogen topdressing and planting density treatments %

Tt 2% B SR8 TEM BRI F2 Diameter of starch granule
Planting Nitrogen
density topdressing  0.1~2.8 pm 2.8~10 pm <10 pm >10 pm 10~22 pm =22 pm
D1 N4 52.01240.08bc  27.6040.11e 79.6140. 12¢ 20.3940. 12¢ 14.45-+0. 15d 5.944+0. 05¢
N3 52.10240.07bc  28.33740.04bc 80.43+0.03c 19.57+0.03g  14.36-0.06d 5.224+0.03gh
N2 52.25+0.16b 28.3740.04b  80.6240.12¢ 19.38+0.12g 13.937+0.08e 5.45+0. 04f
N1 51.9540. 02¢ 27.937+0.03d 79.8840.05d 20.1240. 05f 14.34+0. 02d 5.78+0. 03de
D2 N4 50. 7740. 06f 26.74-+0.02h 77.51£0.06h 22.4940.06b 16.36+£0. 04a 6.13+0.04b
N3 51.5940.27d 28.184+0. 12¢ 79.77+0.15de 20.234+0.15ef 14.33+0.11d 5.89+0.05¢c
N2 51.06=+0. 16e 27.9940.05d  79.0540.11fg 20.95+0.11lcd 15.06=+0.07c 5.89+0. 0ded
N1 50.83+0.16ef  26.3340.04g 77.1740.18i 22.83740.18a 16.51+0. 05a 6.32+0.13a
D3 N4 51.85+0.04cd 27.06740.04a 78.91+0.08g 21.0940. 08¢ 15.34+0. 05b 5.75+0.03e
N3 53.51740.09a 28.9340.17b  82.44740.22a 17.56+0. 221 12.40+£0. 19g 5.1740. 04h
N2 53.67240.09a 28.4140.03f 82.0840.07b 17.924+0.07h  12.63=+0.02f 5.294+0.04g
N1 51.88=+0.09¢ 27.4040. 101 79.28=+0.09f 20.72240.09d 15.01+£0. 04c 5.71+0.05e
""""" F D 842770 214130 907.84°  016.74°°  8O7.37 ¢ 265.22°°
F value
N 81.26" " 478.58" " 638.48" " 644,74 674.61" " 152.34" "

DXN 29,71 45.00" " 83.80" " 84.62" " 155.37" " 7.99""




.« 496 - # K F W

#
IS
l

EE

x3 ARERENHETELETINEENHNBENSH

Table 3 Number distribution of wheat starch granules under different nitrogen topdressing and planting density treatments %
hHE % B SER -0 JE M BRI 42 Diameter of starch granule
Planting Nitrogen
density topdressing  0.1~2.8 ym 2.8~10 pm <10 pm >10 pm 10~22 pm >22 pm
D1 N4 97.51£0.01lcde 2.3640.01bc  99.8740. 00bc 0.13740.00a 0.1240.00b 0.012£0. 00c
N3 97.527+0. 03cd 2.36+0.03bc  99.87+0.00abc 0.13740.00b 0.12740.00b 0.012£0. 00c
N2 97.58+0.02b 2.30+0.02de 99.88+0.00ab 0.1240.00b 0.117£0.00c 0.01=+0. 00c
N1 97.51£0.01lcde 2.3640.01bc  99.87=40. 00bc 0.13740.00b 0.127+0.00b 0.01=£0. 00c
D2 N4 97.4640. 00f 2.40+0.00ab  99.86+0.00cd 0.1440. 00c 0.132£0. 00a 0.012£0. 00bc
N3 97.5440.02¢ 2.35+0.02bc  99.89+0.00a 0.11240.00c 0.10=£0. 00d 0.01£0. 00c
N2 97.48+0. 01ef 2.41+0.01a 99. 8940. 00a 0.1140. 00c 0.104+0. 00d 0.01+0. 00c
N1 97.61+0.01b 2.26+0.01e 99. 87+0. 00bc 0. 13740. 00c 0.124+0.00b 0.01+0. 00c
D3 N4 97.4940.06def 2.36740.06bc  99.8540.00d 0. 1540. 00d 0.13740. 00a 0.02-+0. 00a
N3 97.59-+0.02b 2.29+0.02de  99.88-+0.00ab 0.1240.00d 0.11£0. 00c 0.01£0. 00c
N2 97.7140.01a 2.15+0.01f 99. 86+0. 00cd 0.1440. 00e 0.124+0.00b 0.02-+0. 00a
N1 97.53740. 03¢ 2.33+0.02cd  99.86+0.00bed 0.1440. 00e 0.124+0.00b 0.02-+0. 00ab
F 18 D 25,4577 25.837 " 6.417 " 125.977~ 36.357 7 29.86"
F value
N 30.00" " 14.61" " 8.01"~ 157.50" 100. 13"~ 6.11°~
DXN 27.68" 21.00" " 2.08° " 40.89" 21.68" 7 4.02* "
x4 FEAERENHMETELEBTINERESHNER
Table 4 Differences of wheat viscosity parameters under different nitrogen topdressing and planting density treatments cp
PN o K 43 B R mEE EIHE
density topdressing eak viscosity Trough Viscosity Final viscosity Breakdown viscosity Setback viscosity
D1 N4 1051.67+58.12ab  738.67426.96ab 1 377.33+68.84b 313. 00432, 57abc 638. 67 +46. 35a
N3 1104.33441.71ab 759, 33454, 79ab 1499.00+46.68ab 345.00423. 42a 739. 67432, 25a
N2 854.33+10.78cd  631.67+3. 40cd 1 187.33+63.73¢ 222.67+8.18bc 555. 67460. 68a
N1 812.33+47.93d 608. 674 36.01d 1 161.33+35.52¢ 203.67+11.95¢ 552.67431.05a
D2 N4 1 080.334111.89ab 751. 00413, 49ab 1433.33+70.38ab 329.334102. 58ab 682.33469. 54a
N3 1121.67443. 44ab  761.67413. 72ab 1518.33193.67ab 360. 00454, 94a 756.674186. 83a
N2 1039.67+£81.18ab  741.67+8.01ab 1442.33+26.55ab  298.00+73. 82abc 700. 67429. 96a
N1 976.33460. 64bc  694.67+19.19bc 1 363.67+73.86b 281.67441. 80abc 669. 00455, 14a
D3 N4 1093.33+47.13ab  779.004+72.45ab 1 508.00480.51ab 314. 33446. 20abc 729.00+142. 89a
N3 1148.33+181.74a  789.334105.53a 1 548.67499.50a 359.004109. 11a 759. 334+159. 85a
N2 1052.67+£17.15ab  760.33417.82ab 1 479.33467.93ab 292, 334 28. 94abhc 719.00469. 34a
N1 989. 334 14.64bc  721.67+7.93ab 1 404.67+64.58ab 267.67+22, 22abc 683.004+72.17a
P D 58300 165t .59 L 242
F value
N 9.04" " 6.84" " 7.68" 3.91" 1.63
DXN 0.93 1. 08 1.29 0. 25 0.28
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Table 5 Differences of protein components in wheat grain under different nitrogen topdressing and planting density treatments %

o L 8 2

Planting Nitrogen fiaich e, e ifateh Glmgi%ﬁiadm
ensity topdressing
D1 N4 1.2440.05ab 1.42+0.09ab 3.5470.08a 5.26-£0.04b 1.494+0.02b
N3 1.2140. 09abed 1.2940. 02cde 3.06+0. 01lcdef 5.174+0. 10bc 1.6940. 04a
N2 1. 18+0. 03bcde 1.2640. 00cdef 3.1640. 02bc 5.13740. 00cd 1.624+0.01a
N1 1.16=40. 03cde 1.204+0. Odef 3.11£0. 06cde 5.04-0.02d 1.62+0. 04a
D2 N4 1. 2340. 04abc 1.314+0.07cd 3.147+0.17cd 4.71£0.07e 1.5040. 06b
N3 1. 1440, 09def 1.27+0. 0lcdef 2.99-0. 12def 4,540,051 1.524+0.07b
N2 1.1340. 05ef 1.18+0.08f 2.974+0.09ef 4.45+0.07f 1.50+0. 06b
N1 1.0740. 05f 1.1840.01f 2.91+0.07f 4.31£0.09g 1.4840.05b
D3 N4 1.2640.12a 1.4740.06a 3.60+0.05a 5.51+0.06a 1.53+0.04b
N3 1.254+0. 04ab 1.3440.05¢ 3.32+0.00b 5.47+0.07a 1.6540.02a
N2 1.2140. 04abed 1 3.32£0.02b 5.432£0.05a 1.63+0.01a
N1 1.1940. 06abcde 1. 3.12+0. 02cde 5.227+0.01bc 1.6740.01a
""" Ff# D lo.84**  13.62°°  37.84**  459.47°°  18.31°%
F value N 8.86" " 26.56" * 25.38" * 7.60" "
DXN 0. 60 1. 46 2.16 1. 25 2.31

6 TRERENMHEZELETINEFEREMREZERNESR

Table 6 Differences of wheat yield and its components under different nitrogen topdressing and planting density treatments

density topdressing Spike number/( X 10* « hm™?) Spike grain number 1 000-grain weight/g Yield/(kg « hm™?)
D1 N4 522.67413. 20f 51.53+1.83a 43.9641. 43ac 9 173.874431. 87efg
N3 518. 67426, 40fg 51.0344. 24ab 44,4241, 14ab 8 622.934+163. 67fgh
N2 516. 00421, 42{g 50.4742. 31ab 43.76+1. 18bed 8 396.53+129. 65gh
N1 496. 00+40. 92fg 50.7343. 16ab 42.3740. 46¢cd 7 912.674601. 34h
D2 N4 600. 00414, 24ef 44,6340, 52cd 45.1340. 37ab 9 726.934269. 40cde
N3 569. 334 16. 76def 46.9040. 99bed 45.8340.98a 10 188. 934374, 50bc
N2 556. 00417, 28cde 51.1740. 87a 41.8841.26d 9 324.804494. 63def
N1 553. 334 14. 73bed 47.70+1. 16abed 43.2440. 15bed 8 113.20+362. 50h
D3 N4 657.33423. 17bc 43.7740.31d 43.9740. 64abc 9 992. 674235. 33bed
N3 628.00+8. 64ab 48. 534 1. 80abc 45,0041, 47ab 11 372.404330. 32a
N2 622.67426. 40ab 45,6741, 82cd 44, 5740. 59ab 10 549.474502.51b
N1 598.6719.43a 45,5740.59cd 44,0940. 7abe 9 379.734316. 44def
777777 F@g D s7.65°%  1zs4ttL43 oaadsr
F value N 4.50" 1.77 5.26* 18. 65" *
DXN 0. 40 1. 89 2.35 2.91" "
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Table 7 Differences of wheat grain quality traits under different nitrogen topdressing and planting density treatments

il %

P]lanljng Nilroggn Wet glu?grgﬂjc}z‘;nem/% Proteiflﬁc%ﬁznt/% Sediment‘{:‘;ilgfn{%alue/mll Wet glutﬁ/ﬁjment/%
density topdressing
D1 N4 27.4341.11a 13.40+0. 29a 29.7340.85a 66.7740.19¢
N3 26.237+0.42b 12.5340. 21bc 28.7740.42ab 67.20740. 37de
N2 25.43740. 21bc 12.0340. 37cd 27.9340.60b 67.4740. 82cde
N1 24,7041, 07cde 11.13%0. 2lefg 24.7740.59cde 67.70=£0. 43bed
D2 N4 26.5040. 86ab 13.1740. 29ab 28.9040. 78ab 67.8040. 08bed
N3 26.174+0.33b 12.17+0. 61cd 25.474+1.08¢c 67.6740.05bcd
N2 24.7740. 25cde 11.5340. 21def 24.7740. 66cde 67.8340. 45abed
N1 24.0740.17e 10. 7740. 481g 24,4341, 23cde 68. 1340. 33abc
D3 N4 25.3340. 26bed 12.77+£0. 37abc 25.234+0.57cd 68.0340. 33abc
N3 24.9040. 14cde 12.1740. 52cd 24.40740. 83cde 68.1740. 41abc
N2 24.2040.41de 11.63+0. 12de 23.57+1.19de 68.33+0.42ab
N1 23.8340.17e 10. 6740. 26¢g 23.2740.82¢ 68.57+0.17a
orm b oot .52 38937 % 154277
F value N 18. 09 39.38 21.76 3.16
DXN 0. 66 0.18 2.92 0.38
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