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Effects of nitrogen fertilizer application stage on the grain yield
and quality and nitrogen use efficiency of foxtail millet

QIN Na', ZHU Cancan', DAl Shutao', SONG Yinghui', WANG Chunyi', LI Junxia'* , PING Xishuan?*
(1. Cereal Crops Institute, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China;
2. Henan Agricultural Technology Extension Central Station, Zhengzhou 450002, China)

Abstract In order to explore the influence of nitrogen application stage on foxtail millet yield, quality and nitrogen use
efficiency, an experiment was consecutively carried out for two years in 2020 and 2021 in Xinxiang City, Henan
Province. Five different millet cultivars with different genotypes (“Jigu 20”, ‘Zhonggu 5’, ‘Jigu 31”7, ‘Yugu 18’ and
“Yugu 28”) were used as tested materials. Four nitrogen fertilizer application stages (urea) were designed as follows:
To(no nitrogen fertilizer application), T, (nitrogen fertilizer application at sowing stage), T, (nitrogen fertilizer
application at shooting stage) and Ts (nitrogen fertilizer application at flowering stage). The yield, quality traits and
nitrogen use efficiency of foxtail millet were measured. The results showed that: The yield of the five millet cultivars

from high to low was T;>T, >T, >T, under four different nitrogen fertilizer application stages. The peak viscosity, hot
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paste viscosity and pasting temperature from high to low was T, >T, >T, >T; under four different treatments. Under
nitrogen fertilizer application at shooting stage (T,) , the fat, fiber and nitrogen use efficiency of millet were significantly
higher than those of Ty and T,, while there were no significant difference compared with T;. Under nitrogen fertilizer
application of shooting stage (T;), the protein, amylose, ash, carbohydrate and eating amino acid content were
significantly higher than those of T, , Ty and T,. Among them, the performance of ‘Yugu 28’ was the most outstanding.
Correlation analysis showed that the correlation coefficients between biomass, spike weight, thousand grain weight and
nutrition and eating quality of nitrogen fertilizer application of shooting stage (T,) were significantly higher than nitrogen
fertilizer application at flowering stage (T;) and sowing stage (T;). In summary, the coordination of yield and quality
under nitrogen fertilizer application at shooting stage (T,) and flowering stage (T;). The nitrogen fertilizer application

at shooting stage (T,) was the best nitrogen application timing for both taking account of quality, yield and nitrogen use

2023 4F 55 28 &

efficiency.
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Hi 3 36 3 (34, 55° N 113, 36° E) #E47 , iZ i 56 o
Je A AERXTBREM RS, WA A HEE &
KB, R B ] By &N - AR AR
B, T 20204F 6 H 10 H¥EFL.9 H 16 HIK
352021 4F 6 H 13 HHEF,9 H 15 HUREK. ¥ 2
IR eI T 2012 4 FF 4R A9 RUIE AKOF K 3 5 7
P, B A SR ARG AL 15, 9 g/kg.
AR 18. 2 mg/kg AR 7. 51 mg/kg. 2
29.5 mg/kg AN 185. 0 mg/kg, K% 4 Aab
L 43 & T ORI 20 S X IET, G Rl B 2200

T, (335 Wit %0 . Ty CIF 48 1t 20 . it AR B 2
375 kg/hm’ (BHX AN N IRE A RAE R 175 kg/hm®) ,
FEAAREL 3 R A K S RN X AL 16 m® (5
3.2m,K 5.0 m), IR AHMALX AL, %
FRRAE 3% Fh 4% BE o0 60 J7 KR /hm? . #& Rl &0 K
o SRR P A M R Y RO AR 1 0NE 43 1 LA
B A =it A, 95 He R R T AR B TS R 2
AT 12 50 J0 [ 349 JC ™ i o R R . At T ) 4 L )
WA F A7 T A 0 A R) A B, R A
WSCAR B FIURT L
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Table 1 Millet cultivars used in this study

BB EH W/ kU

Material Growth period Origin
%4 18 Yugu 18 88 2 BA T RO B2 B
B4 28 Yugu 28 89 T 1 48 ARl B 27 BE R AR T 50 7
4 5% Zhonggu 5 91 o ARl B 2 B A B A B S
A 31 Jigu 31 88 WAL R ARBE 2 BE 4% T W58
T4 20 Jigu 20 93 LR 48 AR B2 e A 0 B 52 e

1.3 MELRRFE
1.3.1 &FFZ=fMxBEF

25 HE R U G RS S W AT R SR 3 R
SLICRE , LHL 30 R HEAT 5 B, OF- 0 A 45 Ak B A
I KRR AR A AR TR,
1.3.2 A FR%AFERSR

HR A5 v A8 N R M 0 ) AR Ml R AN 58 & A S5 it ) A
HECGB 290582 A28 L RAEW A 1R 8 1 B I o
PO EE AR SR B S ES BT T
(201D Jr ik #H AT . KA & i S R A
(GB/T 22510 &%y, 225 Je B 7™ i IR 43 & it 0 DU
SEON K AL A S E B AR i (ASTM
E1758)" 5% W A €335 vk E A7 00 a2, 9 &R L 4 &
BRI TN R & 4 B 2 BBONY /T 56 45 W0 kR &R
BETR W 5 Ak B 5 kS HEAT N G ELEE UE Ry A A R
FHUR 343 B A (i B FOSS 23 7D #4752
1.3.3 Db REBHFHERE

K RVA I 2 4 (3 K F| W Newport
Scientific AT M RVA FE4FAF(E , B> 55 8 5
Tl B/IN K RE 5 (80 HD3. 0 g, A ddH, O 25. 0 mL,
50 °C 1.5 min, 15 C/min J}FiR & 93 C. {f #¥F

2.5 min,15 ‘C/min R ZE 50 C. £ FF 1. 5 min,
160 r/min €& PP 2= WK .
1.3.4 REHNME

Z M Moll % I ik F A FE R ECR , Giti A/
XAF 7 - AR XA 7 ) /A .
1.4 HiEE

A Microsoft Excel 2007 A1 SPSS 19. 0 #£47
o BRI g it oy B, R BB KR 2R 22
(DM-RD #1780 48 22 5 W 3 0 b, 22 5% W & KF
J 5%,

2 HRE5SH

2.1 HERPNSEFFEREMKEZHNEIE

HH 2% 2 A] AL, B it 2B B 1 JE 3R, 5 A4S O[] R [
RUZS - i FORT R o 52 0 S 3 i R #A it U 3
TR 0128 3R BB IR AL, B 187 kR ™
IR RN, T T, ATy 43 9 & %k B8 (T, ) 34 n
15.2% . 18. 2060 24. 4% “TF 4% 207 . 4F 5 57/
CEIA 31TRYBG MR E s AR 287 U IR B KL T
T, 1Ty 43 90 8% BECT ) B m 23, 1%, 24. 9% Fi
29.9%.
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5.6%.16.7%F18.3%.30. 8% 1 9.5%; ‘#A 317 ] 2% 5 i

x2 AEARENPLESFHUNTERFEMHERNETL
Table 2 Grain yield and yield components changes of millet under

different nitrogen fertilizer application stages

. e M/ cm . ﬁ%i/g THR.E/g F‘“i/:
. Treatment Plant Biomass Spike Thousand (kg/hm?)
height weight grains weight Yield

T, 129.6 b 28.3 a 13.5 a 2.42 a 4113.7 a

WA 20 T, 134.4 ab 34.5 b 15.8 b 2.43 a 4648.2 b
Jigu 20 T, 128.4 b 34.9 b 16.4 b 2.54 b 4 952.5 b
T, 137.9 a 43.2 ¢ 17.9 ¢ 2.57 b 5256.8 b

T, 122.7 a 24.9 a 13.4 a 2.24 a 3910.3 a

R 5 T, 127.8 ab 29.9 a 14.3 a 2.32 ab 4 773.2 a
Zhonggu 5 T, 127. 4 ab 30.3 a 16.8 ab 2.39 ab 4 840.0 b
T, 134.0 b 37.3 b 19.4 b 2.52 b 4923.5b

T, 119.9 a 23.9 a 12.1a 2.42 a 2818.1a

A 31 T, 131.7 a 34.1b 16.4 b 2.34 a 3385.2b
Jigu 31 T, 128.2 a 29.9 a 14.6 a 2.35a 3410.3 b
T, 134.4 b 34.9 b 17.0 b 2.42 b 3614.5b

T, 120.5 a 20.5 a 11.6 a 2.46 a 3935.3a

BAy 18 T, 128.7 ab 26.9 a 14.3 a 2.59 a 4531.8 b
Yugu 18 T, 125.1 ab 26.4 a 14.1 a 2.65 b 4652.6 b
T, 133.7 b 34.8 b 18.7 b 2.67 b 4894.3 b

T, 132.4 a 33.1a 15.6 a 2.52 a 3814.4 a

B4 28 T, 147.4 b 35.2a 17.5 b 2.66 a 4694.0b
Yugu 28 T, 142.5 ab 34.2 a 18.2 b 2.73 b 4764.8 b
T, 148.3 b 44.8 b 20.4 ¢ 2.76 b 4 956.6 b

 « [ B B A 5] 5 43 ) 2 [R]— b Bl R [ A 29 ] 25 57 B 3% (P<<0. 05) Ml F R R R 2 F A B 3% (P>0.05),
T,

Note: Within the same column. different letters indicate significant difference ( P <C0. 05) among different

treatments of the same variety, respectively, While the same letters represent no significant difference (P>

0.05). The same below.

2.2 MERNPEXNAFEFRRNZME S AR BN . 5T, A LG A Rt G 39 2 fE 8
HiZ 3 Al RUIL X A T8 B EBEVE Ry K SIS R RS B LR TE A K ) BROK AL A W)
o3 FBR KA 10 B 52 WV BE R, ) i s AN G 2T 4k iy e IR R A A A AR A — B B it S Y
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Table 3 Nutritional quality index of millet under different

nitrogen fertilizer application stages g/100 g
s Fof fib 3 HERT HEEWER K EY JIg Wi JRE B 41 4
Cultivar Treatment Protein Amylose Carbon Fat Fiber
T, 10.3 a 6.4 a 75.8 a 3.1b 10.1 a

TEAT 20 T, 10.7 a 7.5 b 76.4 ab 3.3a 10.0 a
Jigu 20 T, 10.4 a 7.6 b 76. 8 ab 3.4 a 10.4 b
T; 11.1b 8.7¢ 77.3 b 3.2 a 10.3 b

T, 9.2a 6.5 a 75.5 a 3.1a 8.9 a

ha 5 T, 9.5 a 7.4 b 76.4 b 3.0a 9.4 b
Zhonggu 5 T, 10.3 b 7.6 b 76.3 b 3.3b 10.1 ¢
T; 10.4 b 8.6 ¢ 77.6 ¢ 3.2 b 9.5b

T, 10.0 a 6.2 a 75.1b 2.3 a 8.4 a

LA 31 T, 10.6 a 7.4b 77.5a 2.4 a 8.6b
Jigu 31 T, 10.7 ab 7.3 b 77.6 a 2.6b 9.2 ¢
T, 11.0 b 8.5¢ 78.4 ¢ 2.5b 8.8b

T, 11.6 a 6.5 a 77.3 ab 2.5a 9.4 a

B4 18 T 12.2 b 7.5 ab 76.8 a 2.6a 9.3a
Yugu 18 T, 12.3 b 7.6 ab 77.2 ab 2.7b 9.6 b
T 12.9 ¢ 8.6 b 77.7 b 2.6b 9.5 b

T, 11.9 a 7.2 a 75.1 a 3.0 a 9.9 a
B4 28 T, 12.2 a 8.3 b 76.3 b 3.2b 10.2 ab
Yugu 28 T, 12.6 a 8.5b 77.1b 3.5¢ 10.6 b
T 13.5 b 9.5 ¢ 78.7 ¢ 3.3b 10.5 b

FER ST S BRAG L AE T, A0 Rk, T, A BRF %
JNG 5 ANFEP AL R L4 AN R IR, S s
55 T EAMREY T ERI, R 9.9 g/100 g, ‘BH
28 B, 12.6 /100 g, ‘B2 4% 187K 12.3 g/100 g,
CTEAR 207 FICBLAS 317 MIE AT #0R 10.6 g/100 g,
2.3 MENPNEFRESMRMNTIE

P22 4 AT, B i R A A R A T e IR 1Y
ANK TN R A R R T R T e R b
5 T, ML, T, AbBEF 25 45 F b Fh & ok s R 1R 22 1k
MREREST T, M T, 3, Hrph B4 28 HE
M2 AT SR R TR 2 IR % et 76 S [R] it 280 s 4 4 3R
¥k B
2.4 MEREANAETFRMIEN RVA FEENZIE

FHe 5 AT J0, £ SR A S Rl OT, A BB 06 26
JE T T T, AT, Ak B 0 6 ) 2

RT3 Ath 3 N Ab B, B it 280 I ) AR R, PR R R
R0 T B 1 2 338 DA L b BE AR 317 R Ak UL B B it
U 4 1) S SR AR Ak R B H /N, TR AR 207 MR AR 5
SRR AR, A 287 AR 187 AR Ak e i
&,
2.5 MERPNSEFRHRENARNZNE
A1 AT, 5 A 3 DR AR Rl YRR ORI ROR
i it I S AR 4R S e T R RRAR T R . TS
it 2 (To) 45 b P AR R s, BF 4% 207
H5 5T VA 3 B 18T VR 287 41 S R
65.8.79.6.51.2.115. 6 Fl 164. 7 g/g, £ Wi A
(T & i A &R A FE B AR, 40 52 220 9,39, 4,
20.6.54.8 fil 76.8 g/g. T,.T, Fl T3 /i &L
IR L B 287 AR FIH AL 5 A b A b s
SR 31 AR MR R
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x4 FTRAEEHFETFEKEERSE

Table 4 Edible amino acids content of millet under different

nitrogen fertilizer application stages g/100 g
st i b P NRAR BRAR KNER
Cultivar Treatment Alanine Glutamic acid Phenylalanine

T, 0.82 a 1.69 a 0.65a

A 20 T1 0.87b 1.75 a 0.69 ab

Jigu 20 T, 0.85 ab 1.80 b 0.71 ab
T, 0.90 ¢ 1.86 b 0.73 b
T, 0.73 a 1.48 a 0.67 a
ha 5 e T, 0.73 a 1.64 b 0.65a
Zhonggu 5 T, 0.81b 1.66 b 0.72 b
T, 0.81b 1.69 ¢ 0.72b
T, 0.77 a 1.62 a 0.65 a
LA 31 T 0.88 b 1.84 b 0.67 a
Jigu 31 T, 0.89 b 1.86 b 0.68 a
T, 0.90 b 1.88 ¢ 0.70 b
T, 0.94 a 1.64 a 0.69 a

B4 18 T, 0. 96 ab 1.69 a 0.72 ab
Yugu 18 T, 0.96 ab 1.74 ab 0.75 b
T, 0.99b 1.97 b 0.75b
T, 0.98 a 2.00 a 0.76 b
B4 28 T, 0.99 a 2.20 b 0.73 a
Yugu 28 T, 1.01 b 2.26 b 0.74 a
T, 1.02 b 2.44 ¢ 0.77 b

x5 FAREENPLETEFRME RVA EHIEE

5 RVA characteristic values of millet cultivars under different nitrogen fertilizer application stage
it A fib 3 UG {1 7 8 PO T TH 9l AL IR
Cultivar Treatment PKV HPV SBV PaT
T, 2 547 ¢ 1721 ¢ 152 a 92.5 b
A 20 T, 2412 b 1654 c 289 b 85.2 a
Jigu 20 T, 2 086 a 1455 b 306 b 85.1b
T 1 867 a 1201 a 315 b 83.2 a
T, 2 6357 ¢ 2198 ¢ 295 a 93.7 a
s S T1 2322 b 2032 b 496 b 89.2 b
Zhonggu 5 T, 2187 b 1894 b 547 b 86.4 c
T, 2032 a 1563 a 552 b 82.1¢
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it b P U {1 0 PR TH Wl LKA
Cultivar Treatment PKV HPV SBV PaT

T, 2 839 ¢ 2 365 d 367 a 92.4 ¢

A 31 T1 2 657 c 1964 ¢ 526 b 90.5 b
Jigu 31 T, 2423 b 1630 b 578 b 88.2 b
T, 2210 a 1451 a 632 ¢ 86.1 a

T, 2951 ¢ 2 466 ¢ 489 a 90.7 ¢

B4 18 T, 2 857 ¢ 2231b 598 b 88.6 b
Yugu 18 T, 2632 b 1854 a 602 b 86.3 b
T, 2062 a 1732 a 655 b 85.1a

T, 2 875 ¢ 2569 d 512 a 88.5 ¢

B4 28 T, 2 650 ¢ 2352 ¢ 699 a 85.2 b
Yugu 28 T, 2 410 b 2130 b 675 b 83.1b
T, 2154 a 2010 a 720 b 82.3 a

200 -

180

,_.

N

(=]
T

80
60 -
40
20

REFRE/(ge)
N use efficiency
g

T, ¥R A Nitrogen fertilizer

application at sowing stage
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Fig. 1 Nitrogen use efficiency of millet cultivars under different nitrogen application stages
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Table 6 Correlation coefficients of millet yield and grain quality under nitrogen fertilizer application at sowing stage (T,)

T ki H
% he 307\ = s TN e =N = Eﬂi%i
i H Reli HEEWER WEmR AR E SN AW Suik Thousand
i pike
Item Fat Amylose Alanine  Glutamate Phenylalanine Biomass i grains
weight
weight
M Protein 0. 142 0.223 0.956" 0.868™ 0.802™ 0.102 0.152 0.404"
A Wi Fat 0.041 0.113 0.102 0.253 0.521 0.124 0.355"
EAEVER Amylose 0.052 0.112 0. 145 0.21 0.314" 0.228"
WE R Alanine —0.754" —0.852" 0.054 0. 184 0.142
B E R Glutamate —0.524" 0. 024 0.109 0.214
KW R Phenylalanine 0.087 0.098 0.174
A ¥R Biomass 0.807™ 0.754"
i E Spike weight 0.852™

TR e 53 HIFR R AR S Mk B (P<<0. 05) AR 5 (P<<0. 0D, Fl,
Note: * and ** represent significant correlation (P<C0. 05) and extremely significant correlation (P<C0. 01) in the table. The same

below.

KT BTHER(L)EFFESRRNEXREY

Table 7 Correlation coefficients of millet yield and grain quality under nitrogen fertilizer application at shooting stage (T,)

THE
b SR I S HA —hh /= TR =% %‘i@i -
i H B EBEER  NAR B H&AIR KN AR Y Spik Thousand
pike
Item Fat Amylose  Alanine  Glutamate Phenylalanine Biomass o grains
weight
weight
HH T Protein 0. 254 0.325 0.921" 0.885" 0.862" 0.452" 0.422" 0.564"
fE Wi Fat 0.187  0.152 0.545" 0.135 0.521 0.451" 0.419°
B ER Amylose 0. 094 0.224 0. 056 0.487" 0.579" 0.146
WA Alanine —0.726" —0.621" 0.107 0.356" 0.431°
BEM Glutamate —0.517" 0.091 0.492" 0.516"
KK R Phenylalanine 0.076 0.463" 0.492"
4 )& Biomass 0.871" 0.882"
PR E Spike weight 0.914™
3 @ FHPT i A S T B A RO R R T
, TE

R E = K A P A Rl e A T

3.1 EAMHXEFENRNE i &7 2 AR ORI RR R
ERFAh FIEH LA TR B8 7Y R a4 s 2, g g
SEARE 2 — . XP A T AN R T B AE g0 KRR as L R R TR e T
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Table 8 Correlation coefficients of millet yield and grain quality under nitrogen fertilizer application at flowering stage (T;)

T ki H
B s 302 A J= oy N T Erey =N = EF‘*’%E
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A ¥R Biomass 0.849™ 0.906""
BT Spike weight 0.896 "
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