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Effects of Planting Density and Nitrogen Application Rate on the Starch Granule Size Distribution and Pasting Properties of Summer
Maize
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Abstract Taking Zhengdan 958 ,a control variety in the national regional test of normal maize in Huang-Huai-Hai Region,as the experimental
material ,two planting density levels of 67 500 and 82 500 plants/hm” and three nitrogen application rates of 0,180, and 270 kg/hm” were set
to study the effect of planting density and nitrogen application rate on the starch granule size distribution and pasting properties of summer

(1.Institute of Cereals and Oil Crops, Yantai Academy of Agricultural Sciences,

maize.The results showed that the starch granule size distribution was significantly affected by the single factor and interactions of plant density
and nitrogen rate ,and nitrogen rate was the major factor that change the granule size distribution. With the increase of nitrogen application rate,
the starch granule volume ratio of < 3.5 wm and 3.5-7.4 pm decreased, and the starch granule volume ratio of > 7.4 pum increased;as the
amount of nitrogen fertilizer increases, grain yield, grain weight, total starch content, amylopectin content,as well as the peak viscosity, trough
viscosity , final viscosity ,breakdown and setback value of corn starch increased;on the contrary,the amylose content,amylose/branched ratio,
peak time and gelatinization temperature of corn starch decreased.The effect of planting density and nitrogen application rate on the volume dis-
tribution of starch grains was opposite.In this study ,under the condition of planting density of 82 500 plants/hm’ and nitrogen fertilizer rate of
270 kg/hm” ,the ratio of large starch was higher,which resulted in better gelatinization properties and starch composition,and the grain yield
could be taken into account.
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Table 1 Effects of planting density and nitrogen application on starch grain volume distribution of maize

At WAR PR i H 9 Proportion // %

Planting Nitrogen Mean Median

density rate diameter diameter Hif£<3.5 pm % 3.5~7.4 um Hif2>7.4 um

Fk/hm? kg/hm’ pm pwm

D, N, 12.28+0.04 d 15.80+0.02 be 9.37+0.02 b 7.01+0.10 b 83.62+0.10 ¢
Niso 12.56+0.06 ¢ 16.14+0.04 abc 9.05+0.02 d 6.51£0.07 ¢ 84.44+0.09 b
N,y 12.84+0.03 a 16.54£0.04 a 8.90+0.05 e 6.24+0.01 d 84.86+0.08 a

D, N, 11.92+0.05 e 15.61+0.06 ¢ 9.84+0.04 a 7.18+0.16 a 82.98+0.19 d
Niso 12.51+0.05 ¢ 16.09+0.52 abc 9.15+0.05 ¢ 6.62+0.06¢ 84.23+0.02 b
N,y 12.75+£0.01 b 16.36+0.24 ab 9.07+0.01 d 6.51+£0.01¢ 84.43+0.02 b

FRAE % Planting density (D) 71.0"" 1.7 14327 21.8" 81.0""

Jiti & H& Nitrogen rate (N) 4145 15.2° 343.8" " 114.5"" 289.6" "

Pl 25 5 it S 2 Planting 253" 0.2 31.0"" 1.3 6.8"

densityx Nitrogen rate( DXN)

T R PR A bR s 17— 51 PR R NG F RSN [RI AR B E]7E 0.05 7KF- 22 53k 3 F (B AP = L+ 43130 AL BRIIAE 0.05 F10.01 7K

Note ;: The data in the table are the mean + standard error; different lowercase letters in the same column indicate that the difference between the different treat-
ments is significant at the 0.05 level ;in the F value, * and # = indicate that the treatments are significantly different at the 0.05 and 0.01 level respec-

tively
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Table 2 Effects of planting density and nitrogen application rate on starch pasting properties of summer maize

. e i WA g N g ™ E'g}g-tk N P yH BE
A IR BRI e BERE S men gt WL
: - ea roug inal . asting
Planting Nitrogen viscosil viscosily Breakdown viscosily Setback Peak time temperature
density rate RVU Y RVU RVU RVU RVU min P <
D, N, 242.3+1.7 e 123.5+1.2 ¢ 118.8+29 ¢  209.9+0.7 d 86.4+0.4 ¢ 4.15+£0.05 b 76.52+0.18 a
Nigo 263.3£1.2 ¢ 135.7+0.8 ¢ 127.6£0.8 b 226.5x14 ¢ 90.8+0.6 a 4.04+0.05 d 75.60+0.22 b
Ny 312319 a 165.8+0.7 a 146.5+1.7a  254.1x0.8 a 88.3+x0.4 b 3.94+0.06 d 74.75+0.15 d
D, N, 224.1x1.4 f 114.2+1.2 f 109.9+0.9 d 199.4+1.4 85.2+0.2 ¢ 4.24+0.05 a 76.74+0.21 d
Nigo 246.2+2.7 d 126.8+0.3 d 119.4£3.0 ¢ 207.1+09 e 80.3+0.6 d 4.13+0.02 b 75.40+0.20 be
N,y 297.6+0.9 b 153.6x1.7 b 144.0£2.2 a  242.2x1.6b 88.6+0.3 b 4.07+0.06 ¢ 75.08+0.10 cd
FhAE %5 Planting density (D) 492.0"" 576.1" " 68.9"" 897.6" " 751" 20.7" " 14
Jiti%( & Nitrogen rate (N) 3204.1°° 3270.0" " 5474 31143 18.0"" 239" 127.1""
T X% Planting 1.9 6.3" 6.8 350" 61.3"" 0.2 3.2

densityxNitrogen rate DXN
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Note ; The data in the table are the mean + standard error;different lowercase letters in the same column indicate that the difference beween the different treat-
ments is significant at the 0.05 level ;in the F value, * and * # indicate that the treatments are significantly different at the 0.05 and 0.01 level respec-
tively
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Table 3 Effects of planting density and nitrogen rate on the grain yield and starch component content of summer maize

vk 25 it e g BT SMUEM AR M SR SCHEVE H/XI

Planting Nitrogen Yii Grain Total starch Amylose By Ratio of

density rate ke h P weight content content Amylopectin amylose to

Fk/hm? kg/hm’ g/hm mg % % content // % amylopectin

D, N, 7374.1£197.4d 300.0+6.2 b 68.0+1.2 ¢ 31.2+1.3 b 68.8+1.3 b 0.45+0.03 b
Nigo 8992.5+186.6 b  318.7+1.6 a 70.4+0.5 ab 28.6+0.9 ¢ 71.4+0.9 a 0.40+0.02 ¢
Ny 9 080.2+153.3 b 3224+1.6 a 71.2+0.6 a 27.7+1.0 ¢ 72.3+1.0 a 0.38+0.02 ¢

D, Ny 7984.5+152.4 ¢ 273.3+2.0d 67.4+0.6 ¢ 33712 a 66.3+1.2 ¢ 0.51+0.03 a
Nigo 9943.4+89.9 b 286.6+0.7 ¢ 68.6+£0.4 be 30.6£0.3 b 69.4+0.3 b 0.44+0.01 b
Ny 10 215.6+492.2 a  289.7+2.1 ¢ 70.3+0.9 ab 28.4+0.7 ¢ 71.6+0.7 a 0.40+0.01 ¢

FhHEZEJE Planting density (D) 528.3"" 6218.2"" 20.0"" 21.0°" 28.4"" 23.7""

Jifi &4 Nitrogen rate (N) 103257 954.5"" 473" 4707 63.4"" 52.9°"

Fiivhfi 2 B it et Planting 24.6"" 24.6"" 2.1 2.1 2.8 2.5

densityX Nitrogen rate( DXN)
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V2
Note : The data in the table are the mean + standard error;different lowercase letters in the same column indicate that the difference between the different treat-
ments is significant at the 0.05 level ;in the F value, * and # * indicate that the treatments are significantly different at the 0.05 and 0.01 level respec-

tively
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Table 4 Correlation analysis between starch granule volume distribution and pasting properties, grain weight,and starch components
— v oo e e B o CHEE /X
wppen L B e B W w0 omE o mak ST Bl R
Starch granule ol - Break- e Pasting B Grain Total oI T Amylo- amylose to
Peak Trough Final Setback Peak Yield . Amylose .
type L L@ down Lo . tempe- weight starch pectin amylo-
Viscosity  viscosity viscosity time § content .
rature content content pectin
/NS Small -0.817"" -0.813"" -0.813"" -0.790" " -0.305 0.834"" 0.885"" -0.613"" -0.749"" -0.839"" 0.909" " -0.925"" 0.914" "
%l Medium -0.861"" —0.876"" -0.831"" -0.847"" -0.305 0.880"" 0.897"" -0.672"" -0.696"" -0.894"" 0.885"" -0.891"" 0.890" "
KA Large 0.855"" 0.863"" 0.838°" 0.835"" 0.308 -0.869"" -0.907"" 0.658"" 0.733"" 0.881""-0.919"" 0.925"" -0.922""

Tz Al S35IFIRTE 0.05 F10.01 KP225 B35

Note: # and * * indicate significant differences at 0.05 and 0.01 levels respectively
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