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PR BB m S s E ny s 1457,
BTN, B oL, RIERS SRR
ML 11.3g/kg, 4A 0.6g/kg, A A 12.82mg/kg,
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18 F . IR 19.0em, FESRUR AR Sy
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Fig.1 Effects of N fertilization on
dry matter accumulation in sorghum
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Table 1 Effects of N fertilization on grain
yield and harvest index of sorghum

1600 -
1400 + a

1200 - e
1000 - < wm HE FORR kPR (/) R
b . . L
[ Treatment 1000-grain  Grains number  Grain yield Harvest
600 :‘: weight (g)  per panicle (g/pot) index (%)

>

IS
(=
S

NO  16.82+0.28¢ 113.12+3.08c  5.70+0.11c  27.57+0.59¢
NI 21.98+0.32b 354.41+11.18b 23.35+0.47b 45.50+0.43a
N2 22.60+2.04b 448.99+25.52a 29.60+0.79b 47.42+0.70a
N3 22.23+135b 545.10437.34a 34.21+0.81a 49.51+0.78a
N4 28.80+0.46a 366.50+13.95b 31.64+1.11b 44.57+0.0la
N5 23.76+0.43b 296.60+9.54b  21.12+0.54b 42.25+1.17b

AIRVNG FRFERABRIAILE 0.05 KP4 BE . T

Different small letters indicate significant difference among treatments at
0.05 level. The same below
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Different lowercase letters indicate significant difference at 0.05 level, the ij‘é‘ Eﬁ ﬁﬂj}jﬂ 1, %E 7[5} *j$ ﬁ: /ﬂ\ ﬁ o }}‘@ ’ﬁﬁm%ﬁ l][ﬁ 7{5}
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Table 2 Effects of N fertilization on quality of grain yield of sorghum

. VEH Starch H 11§ Protein

T N = =) e A (=) =)

i Tammic  amp PR WTR@H) g, PR R @)

Treatment (g/kg) Content Production per Total production Content Production per Total production

grain (mg) (g/pot) grain (mg) (g/pot)

NO 16.5+0.1a 69.6+0.4b 11.8+0.2d 4.0+0.1¢ 6.3+0.1d 1.2+0.0e 0.4+0.0¢e
N1 15.3+0.4ab 73.7+0.2a 16.2+0.2b 17.2+0.4b 6.2+0.2d 1.4+0.0de 1.4+0.0d
N2 15.24+0.9ab 71.3+0.1b 14.5+0.7cd 21.1+£0.6a 8.0+0.1c 1.6+0.1d 2.4+0.1c
N3 14.2+0.8ab 67.6+0.6¢ 14.4+1.2cd 23.1+0.7a 11.7+0.1b 2.5+0.2¢ 4.0£0.1a
N4 12.940.1b 67.0+0.7¢ 19.3+0.4a 21.240.7a 12.840.2a 3.7+0.1a 4.0+0.1a
N5 14.5+0.2ab 66.4+0.2¢ 15.8+0.3¢ 14.0+0.3¢ 13.2+0.3a 3.1+0.1b 2.8+0.1b

22 HEREXMNSREZMBLELIE. RRENE. &%  JEFPL

IER A AR
R . o e *®3 HMEENMHHEPESERSENZMN

YRR SR E, PSR Table 3  Effects of N fertilization on N&'—N
3z 5% R0 R R FH S e 2 e SRR P i X Ry concentration in leaf sheaths mg/kg
FEAEII AR = S AR AS R i (3R 3) ot 3 B HE T
i’éfﬁ , Fﬁﬁfﬁ /ﬁ i ij][] n _[‘iléj ‘:F‘ﬁ% 7§ /)fl‘ /E\ % i 7][1 : ﬁlﬁ Treatment  Flag leaf stage Anthesis stage  Grain filling stage
N L b . [N ,. NO 46.3+4.7 27.5+6.1 56.3+8.8b
BEINSNO . N1 N2 WP RS R Ik AT 225, N1 34,540 sz 25.0+2 oz 29.6+1.3b
0y 34.5~63.2mg/kg; Y I HINO, N1, N2 FI N3 N2 63.2+29 8¢ 36.8+1.0¢ 30.3+0.7b
IS A S ERAREESR, TEN29.6~ N3 1903.3£322.0bc  756.3+62.7b 45.9+3.7b
56.3mg/kg, N4 FI N5 [RH AR & 857 Ek 2800.0 N4 2878.54656.2ab  3772.6£602.7a  2800.0+271.4a

1 6804.4mg/kg, VLI ET b2 S B B A A5 N5 4197.4+828.52  434324310.5a  6804.4+119.6a
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2% 4 AT, il 20 I 2 ) R A B e B 2R
e R & (P<0.05), BhiGE S InZE
M S RGN, NS 2Rt A A R NO 1Y 3 4,
NO 5 NI b P e 22 5 A i 3% 5 NS fEFE P &S 22
NO % 1.5 4%, N2, N3, N4 FlI N5 4bFH %48 F 4

R A, A ZEM TR R S RS L
X ACRR A2 S B G, WACGIRIE NOL N1, N2 I N3
AbFEZE R (B RERRAIG, AT N4 B NS S
4351k 8.71 il 12.10g/kg; NO, N1 F1 N2 % ¥ Fil
LS AS R AN B (P<<0.05), N3 AbHEFT

x4 HEAEXNZBEFRSENM

Table 4 Effects of N fertilization on N concentration in different parts of sorghum g/kg
sl TEAE) Anthesis stage 3R] Harvest stage
Treatment 22 Shoot {7 Panicle 22 Shoot Fki Grain F#0s Inflorenscence
NO 5.35+0.10d 10.40+0.43¢ 3.59+0.07d 10.93£0.21¢ 4.17+0.25¢
N1 6.92+0.18d 12.30+0.11b 3.73+0.16d 9.87+0.25¢ 3.41+£0.07¢
N2 9.36+0.13¢ 14.53+0.27a 4.22+0.11d 12.854+0.13¢ 3.80+0.35¢
N3 13.98+0.77b 15.93+0.74a 5.32+0.22¢ 18.75+0.21b 5.51+0.05b
N4 15.33+0.31ab 15.30+0.64a 8.71+0.25b 20.40+0.30ab 6.11+0.24ab
N5 16.05+0.31a 15.20+0.41a 12.10+0.47a 21.13+0.50a 6.86+0.20a

BRI R B B> (P<<0.05),

i &3 A, e AR B RS I, R R
SRURBAN, N3 N4 AR A REUR R R,
N5 AhH i 25 T R N3 ACBRRER A AR SR
HOR R N2 T N4 4R BE, NO Ab BRI, Y3k AT N4
FIN3 A2 DB HERE R, HICOH N5 FIN2; it
RALFR G52 T 20 RS ARRR R A K B
i, FOPXATRLI AR R, NO AR R
TN 63.3g/45, N3 Fl N4 LbPEAFR A R R E
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Fig.3 Effects of N fertilization on nitrogen
accumulation in different positions

SrA R 641.1 Fi1 645.2g/%%, N1, N2, N3, N4 F1 N5
FERL R R R BB 430 )& NO 9 3.6, 6.0, 10.1,
10.2 F1 7.1 /5.,

R IR — 85k B AEI SR A 3
WS, o5 — R MR N E SR B 2B F a8 B ER B .

Hi 6 5 A1, NO (Y & 4% iz R i ik, N3 Al
N4 1) % 35 & fx &, 35 470~490mg/7%; NO F1 N5
WE TR EH I AR SRR TP A REELA R
50%, HAMANIEA 67%~76% ; Jiti A1 b 50 |
BRWENAZEZE, NO NS WA Z %A
g 40%~44%, N3 W5zt m, ik 76% fifi.

®5 EREMNZM ARSI

Table 5 Effects of N fertilization on N
translocation from leaf and stem to grain

s Haa N b B
N HD § v s
A T SR TR oA
AbE (mg/%%) . .
. Proportion of N N translocation
Treatment N translocation .
(mg/pot) translocation to rate of source-
&P grain (%) sink (%)
NO 31.59+0.62¢ 49.89+0.58b 39.70+0.76¢
N1 155.09+11.96b 67.48+5.47ab 63.33+1.22b
N2 272.55+11.74b 71.60+1.67a 70.40+0.49ab
N3 490.11+32.08a 76.45+4.79a 76.76+0.86a
N4 470.19+44.33a 72.54+5.30a 61.09+1.93ab
N5 235.29432.22b 52.16£5.18b 44.12+4.86¢

H 2 6 T, iU I R T /IR AL
2, AR, AR SR FA R AR IR
R ERE (P<0.05), N1, N2 Fil N3 ZUH HBCR
£ 40%~50%, 1fil N5 [ 2R HRCRAC R 12% 2247
it R R S AR AR, N R, Hakoh
N2 1IN0, N5 4bPRAREmA ™ S Bk,
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Table 6 Effects of N fertilization on N utilization efficiency U] D SRR | 6 RO S e e
R MV R X7V 7 IRK7

FM IR A1 RV I ES e e A L el
Mk N utilization ~ Partial productivity ~ Physiological N ﬁ’%‘j&/}g{‘/ﬁ\i ( Iz] 5 )’ 3 ﬁﬁﬂﬁﬂi@%fﬂtﬂﬂf¥ﬁﬁﬁ7p§ﬁ

Treatment . o . . .
efficiency (%) of N fertilizer (g/g) use efficiency (g/g) gﬁyg 27.0~35.4mg/kg Hﬁ*ﬁ*‘}/i*ﬁ@iﬁ% = ylﬁﬁ:ﬁi
NO - 49.2+1.1 - . e et A L S
N1 49.5+0.7a 70.0+0 8: 81.4+1.1a /H;H A T"b/h;q $HY%§§%H+¥ﬁﬁﬁ§%é\§j\j 1903, 756 *H
N2 45.8+1 4a 57.3+0.4b 59.7+0.5b 4omg/kg IR FITERY & B o
N3 40.8+0.8b 39.6+2.1d 40.0+0.7¢ - "
o FPRLF7fE Grainyield a JEF) 7”& Starch yield
e e
.5+0. 440, 440.9¢ {\a 2 90 - L] Flag leaf stage 190 o
N o o
1Y S B a7l Sl . e /5 175 <
23 HEHRERR S RRRFRIEM TR KR 22 Foere—ee——o | =5
N YA el A — Chadl 1%V T g
MAFARL™ o JE R FE A & i 25 A St 14s E@E
> s e A LY ; 2 ¥ =4
s R (E4) nJLIEN, EZEhasEh ® s 30»; * ’m:‘ {30 & &
N . - N PR o
0.6%~0.7% ByERy i, ZEM R EE N 1.2% % E15r AA A 1157 §
g 5 oL = | | ]

FeAT, KPR RIER PR . T2 %0 1500 3500 s500 7500
ﬁ%ﬂﬂ 0.4% H#*&i*ﬁﬁh\/ﬁ\iﬁi% , 0.6%~0.7% HTJ' 90 - 1E3] Anthesis stage 190

a2 g
e 75+ 175 =
& &) 8 . =
o FPRIf= iR Grain yield a JE3=iE Starch yield B2 60| = Sl 60 gﬂ §
o FPRIJER & B Grain starch content H 'a 4 A = S
- il It
=80 163 Anthesis stage _80 530l T, oo s l30% 5
S o 17 o @
& 70 b J S .2 - 5
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S s0t 150 ¢t £ S o x 1 o
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B T IR s
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L0} 110 8 22— ooo co | 1§
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B3 50 {504 g 0 0
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5= 5 30 I 'S . i 10 HS SRS A S =
R g %0 [ . * 1 2 iE g NO;-N concentration in leaf sheath (mg/kg)
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Fig.5 Response of grain starch content, grain yield
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Fig.4 The response of grain starch content, grain yield e A A S e et A
and starch yield to the nitrogen content of shoot B OFPRITER S AR S A Th el A R

RT HHTE. ENESEMEHNTE (V) SEHESE (1) BXE

Table 7 Relationship between grain yield, starch content and starch yield with N concentration in shoots

= H ] Growth stage $8F5 Index i 1 [ 2 Regression equation YesE 24U Coefficient of determination (R?) P
163 Anthesis KPRLr= y=-63.33x+152.12x— 55.35 0.849 0.000
FRIER i y=24.06x-86.42x™+91.78x+42.27 0.854 0.000
TER T i »=-46.49x+109.81x — 39.60 0.838 0.000
A3 Harvest KPR y=229.77x"— 643.40x™+548.42x — 109.09 0.652 0.000
FREm i y=—21.46x"+63.69x" — 62.44x+87.00 0.626 0.000

JERY y=154.57x"—430.78x*+364.46x — 71.14 0.585 0.000
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BIRBOCR, BB E /K (P=0.000 ) ; FFRIER)
SHESR . A I RS A S

BEMEIHEER (P=0.000), ¥R & MyER =&
5 3 AN RS A S B E R B R BIK,

R FHTE. EMAETMEMNTE (V) SHEESESE () HXE

Table 8 Relationship between grain yield, starch content and starch yield with NO;-N concentration in leaf sheaths

' M Growth stage F8F5 Index i 13 i1 2 Regression equation T 251 Coefficient of determination (R%) P
K171 Booting Kk »=9.88x"" 0.211 0.024
MR & e y=—1.21E-10x+1.41E-6x>— 0.005x+71.78 0.724 0.000
TERY A y=7.49%"" 0.166 0.048
FEH Anthesis FeRir= b y=11.00x"" 0.197 0.030
FRTER &R y=75.03"" 0.720 0.000
TERY y=8.25x"" 0.153 0.058
W] Filling FERLF= 1 (y) y=17.27x"" 0.021 0.494
FRBER S (y)  y=73.88"" 0.523 0.000
TERFRE (y) y=12.76x"" 0.010 0.640

3 HE

3.1 MREMNEREK. FESRRNZIE

ROEHP A KL TR REEFICER, AN
SRR R A R AR 0.60g/kg 4 FH
T I 307 6 i 1 BT SPAD {H 5 Tt &L 0.05g/kg,
AT AR, A ARSI T A
i 0.10, 0.20 A1 0.40g/kg Zb B A=Y, SHIAM
WFFE 4 A —20 P, B U e S AR B Rk
BB THRLEE ;. A HiRiB SR B 2R3 M i A 45
R ] DU B ECIRGL P, S A RES A 540
14y 2424 IR IPT3 Fi CYP7354 353k 2, 40
i3 4 ZR A Ao T 4 AR A Tt 14) 3 SR 1T 2 5
FERITE B B AT 93 & BRAE ZUIR B0 45 - A 25
TEXRREY], PO, HAEEEL 3 SmHE N4 A
N5 ZbFRH-S A A A S R, T A 1 N3
PRSI S R A FIA G, EHERKINERY
NO. NI F1N2 ZbBH A &5, B6RH 4T 10 Ak
ISR SR (>2000mg/ke )t 2 FFARK
RIS 91 L e VA

VERY . BT R S R R R Y L
. SUARIIFGTEE R —3, BUEEREE T AR e
S U HZARRIE NO b BAFRIVE R & BB AR T
N1, XATRESEH TASRIS A5 T a5 ok B
WA, IR EA M= TSI SRR
BITERY &, (HIER) ™ f SRR R AR 5 i
M AEN . CAaRRM, Kika ., Zbka
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Effects of Nitrogen Fertilization on Yield, Quality
and Nitrogen Utilization Efficiency of Sorghum

Cao Xiaoyan', Wu Ailian®, Wang Jinsong®, Dong Erwei®, Jiao Xiaoyan®

('College of Bioengineering, Shanxi University, Taiyuan 030006, Shanxi, China; College of Resources and Environment,
Shanxi Agricultural University (Shanxi Academy of Agricultural Sciences), Taiyuan 030031, Shanxi, China)

Abstract  To establish the nitrogen management practice for grain sorghum, a pot experiment was conducted
to investigate the effects of nitrogen application rate on its growth, grain yield and quality, N accumulation and
translocation. Less fertile air-dried soil was selected with six nitrogen levels, 0 (NO), 0.05 (N1), 0.1 (N2), 0.2 (N3),
0.4 (N4), and 0.6 (N5) g/kg. The results showed that dry matter accumulation, leaf SPAD value, grain yield, number
of grains per panicle, and harvest index under N3 treatment were significantly higher than those under NO and N5
treatments. The starch content in N3 treatment was lower than that in N1 treatment, but the starch yield of N3 was the
highest. With the increase of nitrogen fertilization, the grain tannin content decreased and protein content increased,
and the total protein output was the highest in N3 and N4. High NO;-N concentration of leaf sheath was induced by
high N fertilization intensity. It is worthy of mentioning that NO;-N concentration of leaf sheath of N3 treatment was
significantly higher than those of NO, N1, and N2 at flag leaf and anthesis stages. However, there was a similar value
of NO;-N concentration of leaf sheath for these four treatments at filling stage. N3 treatment induced the highest
percentage of N translocation from shoot to grain, which was 76.76%. In conclusion, appropriate nitrogen fertilization
was beneficial to the growth and yield of sorghum, and increased NO,-N accumulation in leaf sheath at the early stage
of growth, which could coordinate the relationship between grain yield and functional components and obtain higher
total starch and protein yield.

Key words Sorghum; N fertilization rate; Grain yield; Starch content and yield; N use efficiency; N translocation



