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Effects of Nitrogen Fertilizer Application and Cultivation Density on

the Yield and Popping Quality of Popcorn
YANG Kun', LUO Yao’, ZHU Rong—yi', TANG Zheng—hao', BAI Kang—jie', FENG Yu',
ZHAO Guang-wu', WANG Xiao—min'
(1. College of Advanced Agricultural Sciences, Zhejiang Agriculture and Forestry University, Hangzhou 311300;
2. Yiwu Yahe Agricultural Development Co., Lid., Yiwu 322000, China)

Abstract: This study introduced five popcorn varieties, namely Shenbao No.3, Shenbao No.16, Sidabao No.2,
Jiadie270 and Jiaqiul05, and conducted variety comparison experiments in Zhejiang Province to further explore the
effects of nitrogen fertilizer application and planting density on the yield and popping quality of popcorn. The results
showed that the yield of Jiadie270 and Sidabao No.2 increased by 30.8% and 26.0% respectively compared to the
control variety(Shenbao No.3). This was mainly attributed to their significant advantages in traits such as ear row
number, thousand—grain weight, ear diameter, and leaf area index. Compared with Sidabao No.2, the popping expan-
sion rate and popping rate of Jiadie270 increased by 16.1% and 3.2% respectively, while the small popping rate and
dead—kernel rate decreased by 40.2% and 40.0% respectively. In addition, when the nitrogen fertilizer application
rate was 195 kg/ha and the planting density was 67 500 plants/ha, the yield and popping quality(popping expansion
rate)of Jiadie270 increased by 1.5%-23.1% and 1.4%-34.8%, respectively, compared to other treatments. The ear
weight increased by 1.0%—-19.6%, and the peroxidase increased by 17.4%-47.9% compared to other treatments. To
sum up, Jiadie270 has better yield and popping quality.
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Table 1 ~ General information of popcorn variety
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Name Variety type Growth period Source
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Fig.1 Yield of different popcorn varieties
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Fig.2  Ear photo of different popcorn varieties
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Table 2 Ear characteristics of different popcorn varieties

wn A AT (o) TR () TEATEL TTRIEL 1K (cm) FEAH (cm) FERK (cm)
Variety Ear weight ~ 1000-kernel weight Kernel row number Kernel number per row  Ear length Ear diameter  Ear barren tip length
W35 103.6£1.8 ¢ 138.0+1.5b 14.8+0.5 he 42.8x1.4a 18.60.2 a 3.1x0.1 ¢ 1.8+0.1 a
w165 105.1£3.8 ¢ 152.742.3 a 144+1.0¢ 36.4+1.0 b 16.9+0.7 b 3.2+0.1¢ 1.5+0.1 b
HrikiE25  124.844.0b 155.7£1.9 a 17.2+0.8 b 39.8+1.2 ab 16.7£0.4 b 3.7£0.1 b 1.120.0 ¢
FE8 270 139.4£3.5a 142318 b 21.2+0.8 a 39.6=1.2 ab 16.8+0.3 b 4.120.1 a 1.420.1b
1HEk 105 95.9+3.2 ¢ 141.7£2.3 b 14.8+£1.2 be 38.2+0.7 b 17.5£0.3 ab 32+0.0c¢ 1.4+0.1 be
T R R bR 2
Note: Date are mean+SD in table above
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Fig.3 SPAD value and leaf area index of different popcorn varieties in different stages
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Table 3 Popping quality of different popcorn varieties

mhf 725 PRAEA (%) JRAEIT T (s) /IMEF (%) FERIR (%) IR (/100 g) K FARB(mI/100 g)
Variety Popping expansion rate  Popping rate  Popped time Small popping rate Dead-kernel rate Air volume Water volume
i35 14.1£04 ¢ 93.7¢03b  35.1x09b 6.2+0.4 b 6.3+0.3 b 116.7+x1.8 b 176.7+2.4 a
k165 16.4+0.2 a 94.0£0.5 ab  38.2+0.2 a 9.0+0.3 a 6.0+0.5 be 126.04£2.0 a 182.7+1.8 a
Wikt 2= 14.3+0.3 be 92.0+1.0 ¢ 38.6+0.7 a 9.7+0.2 a 8.0x1.0a 122.7£1.3 a 180.742.4 a
fE8% 270 16.6+0.5 a 95.2+0.3a  30.2+0.2 ¢ 5.8+0.2 b 4.8+0.3 ¢ 122.0+1.2 ab 178.7£0.7 a
{3k 105 15.6+0.4 ab 93.2£0.3 be  30.2+1.0 ¢ 5.2+0.4 b 6.8+0.3 ab 124.0£1.2 a 180.0£2.3 a
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Fig.4 Correlation between yields and popping quality of popcorn
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Table 4 Comparison of yield difference with different treatments

AALAL i 5%RFEAKT  1%RFHAKT AL B i 5%RFKT 1% RFEKT
Nitrogen (kg/hm’) 5% level of 1% level of Densities (kg/hm’) 5% level of 1% level of
fertilizers Yield significance significance Yield significance significance

N9 43524 ¢ B D35 45228 b A

N11 45453 be AB D40 4641.2 ab A

N13 4 846.1 a A D45 4 690.8 a A

NI15 47919 ab A D50 4 680.9 a A

N T RTINS R R EAERS 5 270 77 6
[ 5 L X 16 A4~ A [ b 3 1 7= i HEA T 43 BT (7 5)
AR 270 1A ) 2UIE FH S R A 2 L A 26 F R 7
AW 2SRRI 195 kg/hm®  FiiE 2% &
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cd

4500

7eit (kg/hm?) Yield
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N9 N9 N9
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L I 135 keg/hm® PR 52 500 BR/hm® 5%
PR P2k, F14 079.1 kg/hm’,

abc abed
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Fig.5 The yield of Jiadie270 with different treatments
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Table 5 Ear characteristics of Jiadie270 with different treatments

FUIBAbEE AL R (g) TR AL TR FEK (em) HKL (cm)
Nitrogen fertilizers Densities Ear weight Kernel row number Kernel number per row Ear length Ear diameter

N9 D35 1182+37e 16.7+0.7b 373+ 1.2de 153+02a 38+0.1a
D40 126.8+1.8d 16.7+13b 373 0.6 de 163+03a 39+0.1a

D45 130.1£0.7d 17.3 0.7 ab 370+ 1.0e 159+05a 39+0.0a

D50 130.3+3.5d 193+0.7a 39.3 0.7 bed 16.1£04a 37+0.1a

N11 D35 129.2+244d 193+0.7a 383+ 1.3 cde 164+£0.6a 39+0.1a
D40 1328+ 1.5cd 193+0.7a 39.0+1.0cd 16.0+£0.5a 38+0.1a

D45 134.1 + 1.5 be 193+0.7a 39.7 + 1.3 bed 16.0+03a 39+0.1a

D50 134.2 + 2.4 be 18.7 0.7 ab 39.0+1.0cd 159+04a 38+0.1a

N13 D35 139.7 £2.6 ab 193+0.7a 40.0 + 1.0 bed 157+04a 39+0.1a
D40 139.3+£22ab 193+0.7a 40.3 £ 1.0 be 16.1£0.6a 40+03a

D45 1414+1.7a 193+0.7a 413 £0.6 ab 163+0.7a 41+02a

D50 140.7+33a 18.7+0.7 ab 41.7+0.7 a 16.1£02a 40+0.1a

N15 D35 140.2 £ 0.9 ab 18.7 £ 0.7 ab 40.7 £ 0.3 abe 159+03a 39+00a
D40 1403 +2.1a 18.7£0.7 ab 40.7 £ 0.3 abe 16.1 +0.6a 40+02a

D45 139.4 +2.0 ab 193+0.7a 39.0 + 1.0 bed 160+02a 39+02a

D50 139.0 £ 0.7 abe 193+0.7a 40.0 £ 1.0 bed 16.1£05a 41+0.1a
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Table 6 Dry matter accumulation of Jiadie270 with different treatments

gy AL HATH(g) g (2) JREAH (2) ek 5% (%)
Nitrogen fertilizers Densities Elongating stage Tasseling stage Ripening stage Harvest index
N9 D35 19.1+1.0¢g 2252+ 119 473.6+44 j 574 +1.6ab
D40 20.6 + 0.8 fg 2722 +24 f 559.5+12.6 h 52.7+0.8cd

D45 24.1 1.9 de 302.0+9.2 «od 641350 f 463 + 1.6 ef

D50 25.8 + 1.1 bed 3280+6.5 b 716.5+17.9 be 41.5+26¢g

N11 D35 20.3+0.3fg 2454+09 h 5047 1.1 i 589+19a
D40 20.6 + 1.8 fg 258.8+29 g 587.1+10.0¢g 51.9+24cd

D45 24.3 0.7 cde 308579 ¢ 660.2 = 19.8 ef 463 +22ef

D50 29.8+1.8a 335.8+88 b 7354 +142b 41.5+04¢g

N13 D35 20.7+0.9 fg 2329+2.7 jj 527.5+93 i 59.6+2.1a
D40 272+02b 3314+1.7 b 6104 +12.0¢g 514+18cd
D45 20.8 0.6 fg 353.8+0.6 a 691.2 £ 10.7 cd 48.5+2.7 de

D50 26.8 + 1.4 be 2924 +0.1 de 768.9 £ 189 a 429+ 13 fg

N15 D35 20309 fg 239.1+0.9 hi 525.0+£2.7 i 61.5+1.6a
D40 222 +02ef 281.4+3.1 ef 608.6+84 ¢ 53.3+2.0bc

D45 254+ 1.3 bed 289.1+13 e 677.1 £ 16.1 de 46.4 + 0.7 ef

D50 24.0 £ 0.8 de 329.8+59 b 765.6+4.1 a 413=x21g
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Table 7 Popping quality of Jiadie270 with different treatments

AL ab 3 AL A AL N AR T (s) FRAER (%) IINEFE (%) HERLAE(%)
Nitrogen Densities Popping expansion Popped time Popping rate Small popping rate Dead—kernel rate
fertilizers times
N9 D35 15.5+0.1 gh 18.0+0.6a 98.7+0.3 ab 4.7+0.8 cde 1.3+£03cd
D40 152+02h 185+09a 97.3 £ 0.3 bed 6.7 0.9 be 2.7 +0.3 abe
D45 169 +0.1 fg 183+15a 98.3 + 0.3 abe 6.7 0.9 be 1.7 0.3 bed
D50 16.2 +0.2 fgh 17.5 0.1 ab 97.3 £ 0.3 bed 4.7+0.3 cde 2.7 +0.3 abed
N11 D35 16.6 + 0.4 fgh 152+0.2cd 98.0 + 0.5 abc 4.7+0.3 cde 2.0 +0.5 bed
D40 174 £0.5 ef 173+ 1.4 ab 96.7 + 1.4 cd 6.7 + 1.5 be 33+ 1.4ab
D45 18.4 0.4 de 17.4+£0.3 ab 99.0+0.0a 37x18e 1.0£0.0cd
D50 19.4 £ 1.1 cde 182+04a 97.3 £ 0.6 bed 53+12cd 2.7+0.6 abe
N13 D35 18.9 £ 0.5 bed 180+03a 953+0.8e 53+03cd 33+03ab
D40 20.2 0.6 ab 17.1 £ 1.5 ab 97.3 £ 0.8 bed 53+03cd 2.7 +0.8 abe
D45 20.5+0.7 a 144+0.24d 98.7 +0.3 ab 5.0+0.0cd 2.3 +0.3 bed
D50 18.9 + 0.8 bed 16.4 0.8 be 96.3 + 1.4 cde 5.7 0.6 bed 2.0+ 0.5 bed
N15 D35 16.4 + 0.1 fgh 142+034d 99.3+03a 7.7+1.2ab 0.7+0.34d
D40 20.0 0.5 abe 17.3 0.7 ab 95.7 0.8 de 83+1.6a 43+08a
D45 17.4 + 1.4 ef 16.4 + 0.6 be 97.7 0.7 be 4.3 +0.8 de 2.3 +0.7 bed
D50 16.6 £ 0.8 fg 173+ 1.3 ab 98.7+0.3 ab 7.3 0.8 abe 1.3+£03cd
210 RIEAENHEZEMRREAMEMEE  K33.3%.
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Table 8 Antioxidant enzymes and MDA content of Jiadie270 with different nitrogen fertilizers

AJLAL B SOD(U/g) POD[U/(g+min)] CAT[mg/(g+min)] MDA (pmol/g)
Nitrogen fertilizers Superoxide dismutase Peroxidase Catalase MDA content
N9 214.7d 97.5b 43.6a 34a
N11 3823 b 929b 41.7 a 32b
N13 4144 a 107.3 a 34.0b 3.0b
N15 286.8 ¢ 94.6 b 33.0b 27¢
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Table 9 Antioxidant enzymes and MDA content of Jiadie270 with different densities

w5 REAL I SOD(U/g) POD[U/(g*min)] CAT[mg/(g*min)] MDA (pmol/g)
Densities Superoxide dismutase Peroxidase Catalase MDA content
D35 2473 b 96.9 be 38.6b 25¢
D40 4852 a 93.8¢ 448 a 2.8 be
D45 330.2 ab 1019 a 40.3 ab 3.1la
D50 1855b 99.7 ab 28.6 ¢ 3.0 ab

FEE 270 7E AN [R] ZUIE FH 2 MR 25 T HAL 4
AT TS PR AT MDA & A7 1 35 25 (3R 10). SOD i
TEPETERIE & 195 kg/hm®  FhAE S 52 500 Fk/hm?
Ab B fiz & 5 POD il i PE7E BUIE 195 kg/hm? %5 &

60 000 #h/hm’ &b BN 7 = ; CAT J 7% M 78 AN
135 kg/hm® %% B 67 500 #f/hm® Zb B £ 55 ; MDA 75
i AN 135 kg/hm® %5 & 52 500 #1175 000 #k/hm’
APEF fefi o
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Table 10 Antioxidant enzymes and MDA content of Jiadie270 with different treatments

A EREAb SOD(U/g) POD[U/(g+min)] CAT[mg/(g*min)] MDA (pumol/g)
Nitrogen fertilizers Densities Superoxide dismutase Peroxidase Catalase MDA content
N9 D35 409.1 = 18.8 bed 84.7+0.6 g 34.6 + 5.2 defg 2.0+0.1]
D40 529.7+5.7 ab 96.7+1.6 cdef 438+7.6cd 47+0.1a
D45 1562+ 1.6 def 104.1 0.8 be 673+4.8a 35+0.1d
D50 172.9 £ 12.2 def 104.5 3.7 be 28.7 6.1 fgh 20£02]
N11 D35 2283 +54 cdef 965+ 1.7 cdef 49.9 + 1.4 bhe 23+0.11i
D40 431.1+5.7 abed 913+1.4 efg 57.9+3.1ab 46+0.1a
D45 1554 5.1 def 88.5+2.7 fg 33.0 + 3.0 efgh 37+0.1c¢
D50 514.8 +0.8 ab 953+2.4 def 26.1 3.5 gh 4.0£0.1 b
N13 D35 588.2+49 a 1004 +3.2 bed 444+ 04 cd 29+0.1f
D40 474.6 + 8.8 abc 1032+ 1.7 bed 38.8+2.3 de 3.1+02e
D45 3203+82 cod 1244+103a 237+4.1h 3.1+01e
D50 2757+ 159 cd 101.4 2.0 bed 29.0 + 1.4 efgh 27+02¢g
N15 D35 173.2 £ 18.8 def 1059+8.7 b 257 +7.5gh 25+0.1h
D40 506.0 3.3 ab 84.1+72 g 38.6 £ 4.5 de 25+0.1h
D45 1114273 ef 90.6 £ 1.5 efg 37.3 +7.7 def 25+0.1h
D50 357.1 0.8 bed 97.6+0.1 cde 30.5 + 0.8 efgh 32+00e
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