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Effects of nitrogen application rate on seed yield and its quality parameters
of Brassica napus L.
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Abstract;: To explore the effect of different nitrogen (N) application (0 kg/hm*, 120 kg/hm” | 240 kg/hm’ , and 360
kg/hm*) on yield and quality parameters of Brassica napus L. NZ1818 and QY10, field experiments were conducted in Nan-
jing, Yangzhou and Taizhou from 2014 to 2016. The results showed that nitrogen fertilizer had significant influence on oil con-
tent, protein content, seed yield and oil yield of hybrid rape, and had no significant influence on oleic acid, erucic acid con-
tents. For poly-unsaturated fatty acid and glucosinolate contents, the significance differed among various varieties and plant
sites. The response of seed yield and oil yield to nitrogen application was in accordance with one-dimensional two-time equa-
tion. The seed yield, oil yield and protein content were very significantly positively correlated with nitrogen application rate,

and poly-unsaturated fatty acid content was significantly positively correlated with nitrogen application rate. There was a very

significant negative correlation between oil content and
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showed the yield-increasing efficiency decreased with the increase of nitrogen application, and the performance was consistent

among varieties. The seed yield of Brassica napus rapeseed increased by 11.94 kg, 11.35 kg and 12.36 kg, respectively, for

per kilogram nitrogen application in Nanjing, Yangzhou and Taizhou. The optimum nitrogen application rate for NZ1818 was
300-310 kg/hm* in Nanjing, 300-320 kg/hm’ in Yangzhou, 270-300 kg/hm’ in Taizhou, and for QY10 was 315-335
kg/hm*, 295-315 kg/hm’, 300-310 kg/hm*, while the maximum yield and high quality were obtained.
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Table 1 The physical-chemical properties of the soil collected from experimental field

AU A 2AEE BRASHE AMEEE R R

FE B R PHEL T (k) (mghke) (mgke))  (mg/ke)
2014-2015  FEHT(31°61'N,119°20'E) =W+ 7.06 18.47 1.26 60.93 25.34 118.90
M (32°63'N,119°73'E) Sp 7.12 23.52 1.65 101.50 24.95 95.94

Z&M (32°3'N, 120°00'E) W+ 6.29 28.20 2.17 140.15 37.94 127.49

2015-2016  F§ L (31°0'N,119°19'E) e+ 6.91 20.79 1.29 63.39 38.14 107.20
%M (32°4'N,119°78'E) H# 7.26 29.11 1.50 96.43 40.30 100.30

ZEM (32°8'N, 120°01'E) W+ 6.15 27.80 2.65 157.53 44.25 135.00
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Fig.1 Effect of nitrogen application rate on rapeseed yield in different test sites
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Fig.2 Effect of nitrogen application rate on rapeseed oil yield in different test sites
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Table 2 Variance onalysis of yield characters and quality characters in rapeseed

S ik i i e Frmm o RE i &R
s Ry R NI TR & R i
faEE(N) o o ns ns ns ns sk sk
K (L) ok #k ns ns ns ns * #
AR (V) ok ok ok * ok # sk sk
AEFE(Y) *% ok ns ns * ns *% sk
NxL * sk * * * * % %
NxV ns * # * * ns ns ns
NxY H% *k ns ns ns * ns ns
LxV ns ns ns ns ® ns ns ns
LxY * ns ns ns ns * ns ns
VxY sk *k ns ns ns ns ns ns
NXLxV ns ns ns ns ns ns ns ns
NXLXY Hk e ns ns ns ns ns ns
NxVxY ns ns ns ns ns ns ns ns
LxVXY ns ns ns ns ns ns ns ns
NXLXV xY ns ns ns ns ns * ns ns
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0.09 pmol/g, FFEL M AZEI 25T 2% 1818 2 4FF
Whit & MK R 21,32 wmol/g 22. 56 wmol/ g Fl
21. 80 pmol/g, Z&{J 10 5 2 4F-F- R4 1 & KK
25.09 pmol/g 25.35 }Lmol/gﬂl 24.27 pmol/g, Y
[ o 22 S ARG B . KK it Rk R )
TE A RRCN 2. 72% , ik S 16 1. 89% , i Fif
]2 8. 84% . b M lE] AR 5 5 22 S 0K, it AU A B
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Table 3 Logistic equation among nitrogen appication rate, seed yield and oil yield
5 o i YO RERER AINER TR
KPR B [ap TH 1818 Y=-0.026 7x2+16.302 Ox+1 442.700 0 0.999 1* 305.28 3931.04
Z 10 5 Y=-0.021 9x%+14.500 Ox+1 238.600 0 0.993 7** 331.05 3 638.71
L7001 T 7% 1818 Y=-0.021 4x*+13.624 0x+1 508.500 0 0.994 7** 318.32 3 676.88
Z 105 Y=-0.020 3x*+12.807 Ox+1 495.000 0 0.993 8** 315.44 3514.94
ZEM T 7% 1818 Y=-0.025 1x*+14.890 Ox+1 594.100 0 0.990 9** 296.61 3 802.39
Zi 105 Y=-0.021 6x*+13.203 Ox+1 618.800 0 0.991 8** 305.63 3 636.38
TR 2 T4 1818 Y=-0.010 3x*+6.252 9x+661.550 0 0.996 8 ** 303.54 1 610.55
Zi 105 Y=-0.009 4x>+5.992 3x+561.090 0 0.998 1** 318.74 1516.08
M T 4% 1818 Y=-0.009 6x°+5.804 9x+680.810 0 0.986 2" 302.34 1 558.33
Zi 105 Y=-0.007 7x*+4.551 8x+529.200 0 0.983 0" 295.57 1201.89
eS| T 1818 Y=-0.012 2x*+6.616 8x+733.780 0 0.994 6** 271.18 1 630.95
Zih 105 Y=-0.007 7x*+4.633 0x+535.380 0 0.986 0" 300.84 1 232.69
* FRIBF 0.05 BFAKF; 7 FoRikH 0.01 BFEAKTF, VAR REIR, « UEER R
F4 RIEEAENHEIFENSRSENZN
Table 4 Effect of nitrogen application rate on the content of fatty acid of rapeseed
2014-2015 4FJ&F 2015-2016 4
JE R Hh g i
[2p M M FEIfH 2 M M SFEMH
IR (%) T4 1818 NO 0.50+0.03a 0.43+0.02a 0.54+0.02a 0.49a 0.56+0.02a 0.52+0.03a 0.55+0.06a 0.54a
NI120 0.55+0.05a 0.45+0.03a 0.48+0.04a 0.49a 0.51+0.04a 0.48+0.04a 0.47+0.04a 0.49a
N240 0.49+0.03a 0.48+0.03a 0.47+0.03a 0.48a 0.50+0.03a 0.48+0.03a 0.50+0.05a 0.49a
N360 0.49+0.02a 0.46+0.02a 0.48+0.03a 0.48a 0.51+0.05a 0.50+0.05a 0.49+0.04a 0.50a
Zf 105 NO 0.50+0.06a 0.44+0.03a 0.45+0.04a 0.46a 0.44+0.03a 0.48+0.03a 0.47+0.02a 0.46a
NI120 0.49+0.04a 0.40+0.04a 0.43+0.05a 0.44a 0.52+0.05a 0.53+0.03a 0.45+0.03a 0.50a
N240 0.45+0.05a 0.42+0.03a 0.43+0.05a 0.43a 0.53+0.05a 0.51+0.04a 0.46+0.03a 0.50a
N360 0.43+0.04a 0.46+0.05a 0.44+0.02a 0.44a 0.47+0.04a 0.56+0.05a 0.45+0.03a 0.49a
TR (%) T4 1818 NO 67.36+0.56a  66.65+0.46a  66.79+0.85a  66.93a  66.94+1.02a  65.72+0.74a  66.27+0.78a  66.3la
NI120 67.17+0.37a  6643+x090a  66.14+0.60a  66.58a  66.38+0.80a  65.09+0.65a  65.34x£0.5la  65.60a
N240 67.03+045a  66.15+0.64a  65.70+048a  66.29a  65.74+0.73a  64.92+1.15a  65.20£034a  65.29a
N360 67.06£0.39a  6542+09la  65.80+0.59a  66.09a  65.76x0.54a  65.00+0.98a  65.11+0.35a  65.29a
Zi 105 NO 65.93+1.0la  64.67£0.65a  63.57+0.53a  64.72a  62.76x047a  62.78+0.90a  62.28+0.66a  62.6la
NI120 65.02+0.89a  64.45+0.62a  63.15+045a  64.2la  6246+0.32a  62.02+0.67a  62.07+0.40a  62.18a
N240 64.60+042a  63.71x0.52a  62.94+0.62a  63.77a  62.30+0.29a  62.10+0.42a  61.60+0.51a  62.00a
N360 64.59£0.50a  63.88+0.54a  62.72+0.66a  63.73a  62.17+0.35a  61.58+0.81a  61.73+043a  61.83a
Z AR T4 1818 NO 24.66£0.61a  25.67+0.43b  2526+0.35b  2520a  25.27+0.38b  26.65+0.58a  25.97+043b  25.96a
iEAC) NI120 24.80+0.71a  25.82+020b  26.00+0.49a  25.54a  25.89+0.71ab 27.32+0.6la  26.98+0.22a  26.73a
N240 25.00+0.65a  26.04x0.49b  26.54+0.71a  25.88a  2641+1.22a  27.53+0.48a  27.06£0.45a  27.00a
N360 25.11£048a  26.82+0.90a  2636+0.56a  26.10a  26.54x1.09a  27.42+030a  27.22+0.5la  27.06a
#1055 NO 25.87£0.78b  27.52+047b  2847+045b  27.29a  29.33x0.23a  29.64+0.44b  29.82+0.35a  29.06a
NI120 26.90+048a  27.90+0.50b  28.88+0.40ab 27.89a  29.63+0.30a  30.30+0.25a  30.05£0.28a  29.99a
N240 27.52+0.55a  28.58+0.5la  29.15+0.39a  2842a  29.59+0.34a  30.32+0.36a  30.61+0.49a  30.17a
N360 27.57£0.62a  28.33+0.42ab  29.33+0.42a  284la  29.89+042a  30.89+0.45a  30.46+042a  304la

NO . N120 N240 N360 : i & 43517 0 kg/hm? 120 kg/hm? 240 kg/hm? 360 kg/hm?, FHRIFRHATEREAR R E
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Table 5 Effects of nitrogen application rate on oil content, glucosinolate content and protein content of rapeseed

2014-2015 4F &

2015-2016 4FJF

R gE| i puse]
2 M M R iEl 2B M M FHME
Wiraa T4 1818 NO 22.02+121a  22.84+1.50a  21.39+0.80a  22.08a  22.45+1.32a  23.48+0.86a  23.28+0.32a  23.07a
(pmol/g) N120 21.46+0.83ab  21.97x134a  20.60+0.66a  21.34a  22.23+1.13a  23.46x0.8la  23.07+0.56a  22.92a
N240 20.51+0.85b  21.67+0.65a  2040+0.72a  20.87a  21.27+0.71a  23.04+0.75a  23.00£0.69a  22.44a
N360 20.45+046b  21.29+0.77a  20.29+0.80a  20.70a  21.15+0.80a  22.72+0.72a  22.31+0.35a  22.06a
#1055 NO 25.69+1.23a  24.35+0.8la  24.30x1.14a  24.78a  26.67+1.30a  28.32+1.55a  27.69+127a  27.56a
NI120 2536+1.18a  24.16+0.85a  24.25x125a  24.59a  2541+145ab 27.69+1.30ab 27.02+1.20ab  26.71ab
N240 25.02+0.95a  23.84+0.76a  22.94+0.87ab 23.94a  23.80+0.99b  26.50+1.34b  26.04+0.86b  25.45b
N360 24.36+0.65a  22.62+1.05b  22.09+095b  23.02a  23.97+1.05b  26.32+1.42b  24.82+096b  25.04b
TR (%) T4 1818 NO 4820£0.50a  46.52+044a  46.71+0.59a  47.14a  47.44+1.00a  46.14+0.59a  45.76+0.8la  46.45a
N120 46.96+£0.63b  45.68+0.54b  46.07+0.23b  4624b  46.12£0.25b  4530+0.50b  45.25+0.27b  45.56b
N240 45.53+0.34c  44.93+024c  44.94+0.70c  45.14c  44.49+034c  44.64+047c  4424+0.19c  44.46¢
N360 44.68+£0.53c  44.49+0.36c  43.85+0.92d  44.34d  43.53+0.62c  43.93+0.67c  43.40+0.55d  43.62d
Z 105 NO 45.39+0.65a  43.99+049a  43.83+0.38a  444la  4459+0.29a  43.75+047a  42.72+05la  43.69a
N120 4397+£0.58b  43.16+0.22b  43.44+0.14ab  43.52b  42.95:0.61b  43.26+0.43ab 42.41+023a  42.87b
N240 422240.13¢c  42.48+0.65c  4248+040b  4239c  41.64+030c  42.25+048b  41.68+0.42b  41.86¢c
N360 4191+£0.60d  41.45+1.09d  41.28+0.67c  41.55d  40.39£0.29¢  40.41+1.05¢c  40.55+0.89c  40.45cd
(=) T4 1818 NO 221+1.32¢  24.162046b  23.54+032c  23.30c  23.48+0.20b  25.31+0.49b  24.35+1.08b  24.42b
7#(%) N120 22.94+0.31c  24.28+0.30b  24.01+0.70b ~ 23.74b  24.23+0.63b  2543+0.40b  25.63+0.42ab  25.06ab
N240 24.02+0.77b  24.87+0.43ab  25.58+024a  24.82a  25.05+0.32a  25.98+0.42a  26.07+024a  25.70a
N360 24.75+0.80a  25.40+0.84a  2531+0.5la  25.16a  25.53+0.13a  26.00+0.39a  25.88+0.30a  25.80a
Z{ 10 5 NO 22.06+0.94bc  24.69+1.01b  24.22+0.32c  23.66c  23.50+0.23d  25.49+0.54b  24.44+0.18c  24.48bc
NI120 23.53+0.79b  24.87+0.82b  24.890+034c  24.43b  24.68+0.72c  25.66+0.56b  25.35+0.36b  25.23b
N240 25.08+0.59a  25.95+0.59a  25.61+023b  25.55ab  25.64+0.18b  26.63+0.68a  26.11+0.23ab  26.13a
N360 25.68+0.62a  25.71+0.6la  26.30+0.39a  2590a  26.31+0.3la  26.09+0.40ab 26.95+026a  26.45a

247 3 AN 00 25 AL R I, Bt i 1S
KPR SR T B, A B[R] 2K A & 57K, R
R RIRI B3R 5) . T ZEE R R, i
Rt A FRRIAR PR 2R PR B 2 5 M AR B A
3 ZEIKOF R it R EAEXT SRR A A
FI 5 K (£ 2) . NO N120 ,N240 Fi1 N360 4hH 2
A 3 AN T4 1818 PR 5 v R 43 i R 46.97%
45.90% 44. 80%F11 43. 98% , Jifii & Ab B Lt A it 28 %o B
IR 2. 28% 4. 62% F1 6. 37% 3 ZEAK 10 B Fp ks 25
TR B H 4. 05% (43, 20% (42, 12% F1 41. 00% , Jife
S B LR it S BE 43 B F [ 1.93% 4. 38% il
6.92%, TR, TR N R, A

1 kg A, R TR0, 11%~0. 14% . /5L M
AZEMI A 2 AR IR 25 R R B, 5t 00 A 1
N360 ZbFH T2 4% 1818 & i #43 % FF 3.91.2. 21,
2.36 A ZEE 10 B4 % 4.20 3. 34 2. 17
AN o ST it 2R P e 7, 7 AN [ 3K
fir Ao ] LA J3E ) e B — B0, ¥ b i 3 R A G 1
50 N AIZE M T 4 1818 2 AR BT3B 3 i
45.74% . 45.20% F1 45.03%, Z& {10 5 4> % K
43.01% 42. 47%F1 42. 30% , B 5% 55 0% 1o T4 M RN 28
Ao it RO BRI i A S RO 2. 98% , i
RiE]R 0. 84% , BRI A 4. 53% , VLIRS & i 5
FLEER A ARV PO i AR BRI 2 1 R Y 5
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Wil 280 F 14 0, T SRR T e G
P Rb IR 25 SR B B E K- (R 5) . r T
SEIL IR i U P ORIAR B PR 20 A T
SR XA B A 8 2 AKF 33X i 2R xR S AR
XoF 2 P R B RSk B B K (R 2 ) . NO,
N120 N240 F1 N360 LbH 2 4F 3 457 7% 1818 % [k
B AR 23, 84% 24, 40% . 25. 26% il 25. 48% ,
Jit A B B AN it S 0T JE 43 S N 2. 35% 5. 96% FlI
6. 88% ; Z& )i 10 B4 4 24. 07% 24. 83% 25. 84%
1 26. 17%, Jiti & Ak B A Jits 0 % B8 43 51 38 Jin
3.06% .7.35% Fil 8. 72% ., Bt & =380, B &
MR N R T 4 1818 (1 28 o 3 B MK VK- 3 44
T 1.57% 0. 57% F1 1. 49% , Z& )i, 10 BS54 vk 14
N 2.37% .0.73% f 1. 54% . 454806 1 kg &, B A
R B S B 0. 03% ~ 0. 12% . 75 115 25 %o it
SRR P I 7 A R B 2 LA OGS R AT )
P—3. it AL FR AR R R S A R RN
3.43% X S50 R 2. 42% , AR FR R R 1.35% , i
BB 10 2 2 IR BE A8 A R R s K, ik
L, AN 3 BN
2.3 FRIBAE5HERRERHEXME

ZEAAT 2 4F 3 3 A A B M RO it A o
#6 TMAESHEREEROELRS

AR, 2 SRR it 2 S R & B TG, 5 2
ARG T R TF R & 8 IEAH ¢, ¥R 1K 31 2. 3% K
o WA IR B OHOC, ST S R
FORR, 5 8 H T R R IR OG, TR 1818
ZEE 10 SR —5, BEMERERA AW (£
6) o # i PR E] AR AL AT 45 2R R I, 16 A
T PR 55 22 AN AR RITIR I 1R L 4 1 5 o 2
PR 2 G, 59T IR & 2 TR ¢ (L T % 1818
ARG IR B R E K, 5 8 iR IEA O (b %
L 10 S RAH ISR IR B 25K ), SR & 5 B 2
IS, T2% 1818 Z AU FINE IR & i 5T IR (R
FUBS i R B ARG A0 10 S5 2 A AR R &
G EA RS L IR, 5T & B A
RIBFN R FARE . ZAMAIRITR &85 &R0
AR (HRZ AL 10 SR A PR B B EKF) , 5
B S 0 A SC . JFIR 5 -5 & I R B 3 R
K, HEABE RGNS (R 520 10 A
RBLR K)o SRS H S RIS, 5E
FBE B A, M SR SEARSERE
FARTE . A ah SR BIAH G R 77 2% 1818 FIZEAL
10 A —2, WA VERR LW AT 2257

Table 6 Correlation coefficient between nitrogen application rate and quality parameters of rapeseed

PEAR MR T S G U i BHaR  BARAR

Jiti A -0.058 2 0.113 4 0.163 2 -0.787 2*** -0.238 1* 0.673 3
IR A i -0.088 6 -0.970 6™ -0.215 4 0.273 3* 0.2336* -0.450 8 ***
Z ARG TR & 0.147 3 -0.914 4 0.169 1 -0.270 8 -0.264 1~ 0.458 8 ***
IFR 0.114 1 -0.329 8** 0.301 6** 0.476 2 0.192 6 -0.308 2**
Erim -0.781 4 *** 0.205 5 -0.190 1 0.2420* 0.174 4 ~0.648 4
B & -0.319 6™ 0.308 3** -0.346 2™ -0.155 3 0.305 5* -0.364 6™
HHRE & 0.556 2"  -0.2850* 0.271 2" -0.085 8 -0.739 9 -0.575 6

2 NN T IR 1818, 47 L ASAZRAL 10, ™ FRIBH] 0. 05 K-, ™ FoRisH] 0. 01 BFEAKF-, ™ FRBF 0. 001 BF K-,

2.4 FhiE i X i SEHE & R BE 7 RIS M

ANt AT, B A A M FZE R A G T S R
B4 5 M 1 370.41 kg/hm® |1 546.50 kg/hm’ il
1 641.11 kg/hm® , g 5Uik i A BAL T HAl 5 X 5+
HF e IR — 80, A S SRl e ) B
PESU M IERI = M U 240 ke/hm’ B, jE 5T
P oM A 2 O 3K R B K R R 3 726.75 kg/hm’

3 608.08 kg/hm’ 13 736.49 kg/hm’, F§ 5t 5 7 &
IR &, - SR Hb ) XA (4 R RN, T
i AUIE P AR b s I T 25 5 AR
SEAE L RS 120 keg/hm’ 80, M9 5 7 M A28 M it
RLUT A 1818 SP-EIE =84 I35 g 44. 49% (35. 20%
1 35.26% , Z s 10 553511 2Ky 46. 11% . 34. 85% Fil
32.23% 477 3R B R By , 1 M R MR A
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o R RN E ZUIE X BRI = P 4478 S R4
N 9. 12% s Tl AL B2 0 3. 40% , W AR T AN
AN

34

3.1 FEEmEXHI R R MK I

553 SRR R BT A OC 1) 48 A 35 2 AR T IR 4
SRR B RE RS R RS Rk
(A3 B i B A R B SRR R R e e, (H it A B
X HA AT W S G S G x5 il AR R 1 R
PR32 Wi 5 B AR I8 2 KT, 60 At RN 22 AN T AR D5 TR
S B B DR A BE 3 25 B O ) A7 25 57, AT B AE
3 F b A AR R B J 2 KO, X R RN R B i 1 5
W il 2 Ak T W) 25 S S o B SEUNE , 7 E g o
PR FNBR T 25 & T R, 2R 11 0T 2 S b8, 5y B AIK
(R P=IEE n, A R B AT ZE L B A . Ahmad
SNSRI SRR TR 4H A 2 h S R R bR s e, (B TE
— R A2 AR B Y X S AR 4 S —
B, ERRERAE s T AT LUHAT 8 5l
WF9 SR 9 Sl bR 9T % B, 5 A it 280 0] 1
AH L R A R TR R S 3, 5 AR R A R AN
25 T A HE R S LAl 2% 8 5 FI il 24
8 S AMEHAM R R G A Y — 2, X nlHeZH
TR R PR AR — B 0 A SR AR
MG IZ5E A 225 . R RN , kPR A R
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i, [ S FRUAFASE B 5 e B0 A X 9 /0 L2 % 2 B 1) 559
TS 1 B A A
32 MEBRSHMESTRABEARNER

RS RO+ A AL S R IR,
pH B Pk . 47 M s 0 o A HLS AR
FrEIE Y, pH AE R 550 . 28N R A Sk
+ AT AR & R, pH oSS RRYE, S
BEn . R, AU A0 ) K R e R
% it A s B IS 37 ORI T . 1
HH - SRR AL 7 ARG, ZORE A 3 = R R el 2%
JEHIR A AR LG 3 e o€t . 7Eik
B Pk &I, i A R, R B
AR R E R R B ik, WAL BE 1 B0, 45 £ ki
HORURE T S K, PR R . MR S -
AR AL A & i e H BT R, 4T &k

HIPE AR R SRR A R B 2 I SETT AR )T,
TR Z IR R, X T AL AN F, 1 BOFF AL
ol /b, Hob T - e b %, (R RE 1 55, 38 43Tk
B2, 5 R o S BOMBCRRL TR B, S AL
B, 77 o B SR PR T A 3 a5, 28 Ml o -
AR, B K P A, g o b O 2, AT+
MRAR, AN, X AL 2F A A — & W52 ) 5
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1 YB AL, DA
33 mEAEAMERSNEERRERE
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AR AT 7 B AL AN AR R . Pl
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