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PR, FLILRE AL U7« 42 % 0.238 g/kg . B fift L 51.28
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5 30 d A2 T (8HR/AT) o 1306 Jr i HL A AT Ak (L AE )
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Table 1 Differences of agronomic traits among 14 rapeseed genotypes at different nitrogen supplies
1 A(210 kg/hm?) High nitrogen %70 kg/hm?) Low nitrogen Aii % No nitrogen
KL S 55 5
Agronomic traits A5 LR THE 0, kW iR
Range Average cv Range Average cv Range Average cv
o _ 125.01+ 123.33+ 118.98=+
PE7S/cm Plant height ~ 80~159 ’ 14.45 77~166 : 14.91 76~156 16.20
18.07a 18.38a 19.28a
S—5rEm /em 48.10+ 43.48+ 42.74+
23~75 25.23 23~67 25.90 15~66 31.09
First branch height i 12.14a 11.26a i 13.29a
SRR 5.52+ 4.88+
~ 481, . ~ . ~ .
Branch mumber 2~9 5.4841.50a  27.37 2~10 | bt 29.67 3~8 | 208 26.68
ﬂﬂi(%foiE/ 2065~ 4652+ o 2230~ 48T9E o 2149~ 41.23+ yo et
&/piant. 77.28 13.34ab ' 109.05 16.10a ' 67.85 12.17b 'J
Shoot dry weight
R AR A 188.03+ 209.02+ 158.63+
61~327 38.19 51~434 40.75 33~370 44.98
Silique number 71.81ab 7 85.18a ° 71.35b
FARKE/em 6.94+ 6.70+ 6.74+
5.2~9.7 14.70 4.8~9.5 16.11 5.3~9.0 13.90
Silique length 0 1.02a 7 1.08a K 0.94a
V=3 A
?T%ﬂsﬁ 11~23 15.90 18.21 6~20 13,17 23.72 9~20 14,57 18.70
Peec number 2.90a ‘ 3.12b ' 2.72ab '
per silique
T /g 4.31+ _ 4.50+ 4.49+
2.48~6.68 23.90  2.58~6.75 25.67  2.42~6.77 26.78
Thousand seed weight 1.03a y 1.15a 1.20a
FPRL 5/ (g/plant) 2.43~ 9.35+ 8.59+ 6.09+ _
49.20  2.16~23.52 53.64  0.66~16.50 53.69
Seed yield 20.93 4.60a 4.61a K 3.27b K

AR REFIR A — PR AR R R A A BEAEAE i 35 25 55 (P<<0.05) . Note: Different letters represent the significant difference among differ-

ent nitrogen treatments of each trait at 0.05 level.
22 AEHEZFGTHESERRILFARE
HER

RACARE 7= 71 (PFPN) M AL AR 4 540% (AEN)
SEVPEAG AN A FH SRR AL 8% 25 1 2 /A% O b, 7T
DL AN [a] £ B2 fifp Al 28 77 vp 3o RUIE A8 B RCR:
A 14 A4S JE R AR S e B B AR AU 2E 7= )
H 4.39~17.48 kg/kg, ¥I{H HF 9.89 kg/kg; TEMR A A
R, ERE R A 7= 128 13.03~50.61 kg/kg, BI{E N
27.28 kg/kgo ARA AT BACAR A 7 1 19 X (E A7
TR K, Em AR TR 275/ fERmASKEFT
96021 il 21 % iy EE A 26 7 T8, 430 R 16.95
£516.42 kg/kg, 2012-9354 1] 20,964 ,2011-6200
914 22 i 821 . B4 3 331 54 7 AN 3k K Y Y LB D
AP R, L1045 10-1061,12-P24 ] f# 8104 |
Z& i 55 5l 3 PR AR 11 RUNE O A 7 MG . TEARAR
2, 10-1061 B PFPN ik 2 50.61 kg/kg, i & &
T HAMHL A E PFPN, 96021 .2012-9354 964 ¥4
i 331119 20,9 £ 22 . Z& i 55 L HORL10 5 Hiih
821 MWy AN A 21 7 Iy F v, 9Pl 21.,2011-6200., ) 2

8104 F1 12-P24 () BN A A& 7 J1 A%, ¥IME 2 17.07
kg/kg(F2),

5 RNCAR A 7 T 2, BB AR 27 ORAE N [
PRI ] AR AR B 25 5. TER AT
Fofr 1) G0N AR 2 350 1) A i R — 2.91~9.50 kg/kg, ¥
By 3.44 kg/kg; FEAR A S&AE T, A3 5t A iy Z AR
SERCRI AR I8l — 13.72~43.92 kg/kg, 4 1H Jy 7.93
kg/kg. HEMARAE I —80ARE KM T EZAR 2
ROCF AR R SR, Y sy, R S AR T
2.301% . TERALMET ,96021 93 21 S ANEAR 2
BOREE Y A 9.50 5 8.56 kg/kg, 2011-6200.,
964 .2012-9354 ,10-1061,12-P24 94 22 ) #8104 ,
X105 B 331 A ANEAR2ARCR TR, 22l 545
JI3H 20 i 821 1 AUIE A 4 B A AIG , B %59 5
5 1 205 M B AR SRR k. EARAE A
T 10-1061 1 AEN #¢5 , 4 43.29 kg/kg, i3 5 T H:
At SRR AEN, 964 ,96021 ,2012-9354 ,12-P24 |
¥4 331, )% 8104 .2011-6200 9 4% 22 . AL 105 1
RAEAR 2 ROR R o, 283 55 il 821 )19 20 37
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P, B 5 S AR A e e, e &R
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519024 0.85 55 0.83, Btk i 3 IE ARG, b 13+ i
It 5 RO SR — o3 B AR AR R B AR DG o R
P SRR AR S B ARG R B
0.75F10.74, Hk J& 5 55 — 70 BUR A3 BOBUR 8 IE
K. MARKES TR E A RECR 0.70, 5 —4
e 55 A A PR i A DG R B 1R 0.73 110,56,
NERSPIE 3 O s & O & Ve b B S VI T E
FHIC . TR AR S TR AR K S AR

5 UG AHOC R B 5 —0.33 F1—0.32, 1E
TRASAET b b 38T 0T i 5 AR ™ i A DG R U
K, R 0.80, HLUR 2 Ml b T 0T it 5 A SR A AH O R
Ok 0.75, Skkm o BECE—rHE i R R B E E
M. FPhi= 5 TR AR R A 0k
BRIEMG, MRKES TR E, o5k
o AR MRS TR AR RS R
By op i SEA DG . FE R ATl BT BT E
FERL = B 0 AH 56 1 520 3 I M OGO R GE
0.91, Hy A 05 3BT B R A O R BN
0.81, ki it 5 M AL AHC R ECH 0.76, Hi B3
TR FPRL A A S R B AR K S
TRIE RS R SR EGE S TR (PR
AR S TR AR R RS R
o0 SR () 359 2 A [ B 1 TEAH G
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Table 2 PFPN and AEN of 14 rapeseed genotypes at different nitrogen supplies kg/kg
#4210 kg/hm? ) High nitrogen fIK#(70 kg/hm” ) Low nitrogen
FUEMR 7)) PFPN FALACAROR AEN FUMAR )1 PEPN FNBACFAIAR AEN
HER Y T NS FEME eSSk SFHIE HEPR Y T
Genotypes Average Genotypes Average Genotypes Average Genotypes Average
Z4911 55 Qinyou 5 4.39¢ Z&iM 55 Qinyou 5 —2.91d il 21 Huyou 21 13.03b il 21 Huyou 21 —13.72¢
J 788104 Guangde 8104  6.37c  JI[iH120 Chuanyou 20 —0.77cd 2011-6200 15.35b  JI[i# 20 Chuanyou 20 —5.06 be
12-P24 6.42c "1l 821 Zhongyou 821  0.44bcd ) 28104 Guangde 8104 18.76b  H1iH 821 Zhongyou 821 ~ —4.11 be
10-1061 7.10c #4591 331 Qianyou 331 1.25abed 12-P24 21.15b Z&ih 5% Qinyou 5 0.57 be
o o 5 o
:\ﬁl;Sh?ang 10 8.13¢ Zh:;:fht(;rz o obabed Zhj:gff ;21 21558 Zh::,:fhﬁ; 10 233 be
¥491 331 Qianyou 331 8.95bc G:a‘:fdilgfoll 2.00 abed Zh:r’?gxzhitri 10 22.04ab 922 9 Bao 22 2.85 be
i 821 Zhongyou 821 9.00be 914 229 Bao 22 2.09abed M5 Qinyou5  22.47ab 2011-6200 4.95 be
9% 22 9 Bao 22 9.70abc 12-P24 3.48 abed 94# 22 9 Bao 22 25.67ab ] {88104 Guangde 8104 5.65 be
2011-6200 10.26abc 10-1061 4.87 abed  JI[§M 20 Chuanyou 20  31.76ab  #47H 331 Qianyou 331 9.80 be
964 10.44abc 2012-9354 5.06 abed #4311 331 Qianyou 331 32.91ab 12-P24 12.33 be
JII3H 20 Chuanyou 20 11.49abc 964 6.24 abc 964 33.50ab 2012-9354 13.99b
2012-9354 12.29abc 2011-6200 6.80 abc 2012-9354 35.69ab 96021 16.67b
96021 16.42ab P19 21 Huyou 21 8.56ab 96021 37.42ab 964 20.91ab
719 21 Huyou 21 17.48a 96021 9.50a 10-1061 50.61a 10-1061 43.92a
¥I{H Average 9.89 ¥IH Average 3.44 ¥I{H Average 27.28 ¥I{H Average 7.93

E : B RINE 7 BE R FAC IR AR 7 T R A 2 AR AEAS [l i R )35 21 35 25 53 (P<C0.05) . Note: The different lower letters repre-
sent significant difference among different rapeseed genotypes in PFPN or AEN(P<Z0.05).
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Fig. 1 The correlation among all agronomic traits of 14 rapeseed genotypes under varied nitrogen treatments
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Table 3 Differences in agronomic traits among rapeseeds with different nitrogen efficiency under three nitrogen levels

MK/ SRR . oL . - fK Hb, =356
(kg/hm?) Nitrogen efficiency P/ em = /cm pE AR THTg  RAREER BE/em Thiht/g
N level types o FBH BN SN oW SNPS SL SDW

MU DLEG 120.00a 45.76a 5.43ab  175.70a  3.80b 15.94a 6.51b 39.70b
AR AN HNEG 131.89a 55.60a 6.89a  214.33a  4.83ab 17.8a 7.82a 54.24a
A {RARAR LNEG 124.83a 48.50a 4.11b  145.56a  5.00a 15.50a 6.93ab 42.72ab
%8 DHEG 129.17a 47.64a 5.56ab  214.6la  4.50ab 15.00a 7.14ab 54.79a
WU DLEG 118.96a 42.87a 5.46ab  203.33a  4.00b 13.22ab 6.25a 43.72a
AR HNEG 123.89a 39.67a 6.67a  174.50a  4.32b 10.67b 7.24a 42.8a
" AR LNEG 135.33a 46.67a 4.44b  205.6la  5.75a 15.71a 6.96a 57.94a
AR DHEG 123.61a 44.72a 5.56ab  236.53a  4.73ab 13.33ab 6.97a 54.82a
WL DLEG 118.19a 46.11a 4.8lab  166.96a  3.82b 15.00a 6.42a 40.59
FARRON HNEG 122.17a 36.61a 5.78a  164.22a  4.86ab 14.17a 7.08a 41.95a
' LA RO LNEG 115.06a 39.06a 4.06b  109.89a  5.64a 12.67a 6.72a 35.69a
X E R DHEG 118.19a 42.58a 4.94ab  167.72a  4.75ab 15.08a 7.07a 44.60a

¥ Note: DLEG: Dual lowly-efficient genotypes; HNEG: High nitrogen-efficient genotypes; LNEG: Low nitrogen-efficient genotypes ;

5: Dual highly-efficient genotypes ; A~ [i] 54 32 7 [a] — MR AE A 6] (9 AR A AU 2 (0] A I 35 22 .05)s Note: The difterent let-
DHEG : Dual highly-effici AT R 7 ) — MR A AN [ B R AR 2 R 2 ] 7 88 35 28 5 (P<<0.05) . Note: The different |

ters represent the significant difference (P <Z 0.05) between different nitrogen efficiency types in same agronomic trait.
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Effects of nitrogen application rate on agronomic traits of
Brassica napus L. and screening of nitrogen-efficient genotypes

REN Lulu, LI Shuang, ZHANG Hao, WANG Dandan,
WANG Chuang, SHI Lei, XU Fangsen, DING Guangda

College of Resources and Environment/ Microelement Research Center/ Key Laboratory of Arable Land
Conservation (Middle and Lower Reaches of Yangtze River) , Ministry of Agriculture and Rural Affairs,
Huazhong Agricultural University, Wuhan 430070, China

Abstract A Field experiment was conducted on 14 genotypes of Brassica napus 1.. with gradient ni-
trogen treatments including nitrogen fertilizer application rates of high nitrogen 210 kg/hm?, low nitrogen
70 kg/hm?*, and no nitrogen application 0 kg/hm? to screen nitrogen-efficient varieties of B. napus to reduce
the dependence on nitrogen fertilizer and promote the green production. Agronomic traits, seed yield, and
nitrogen efficiency related indexes including partial factor productivity of nitrogen (PFPN) and agronomic
efficiency of nitrogen (AEN) were measured. The nitrogen efficiency was comprehensively evaluated based
on correlation analysis of agronomic traits and classification of nitrogen efficiency types. The results showed
that there were more significant differences in the response of different genotypes of B. napus L. to nitrogen
under the low nitrogen treatment, with significant differentiation in nitrogen efficiency related indexes. The
mean value of PFPN and AEN reached 2.75 times and 2.30 times higher than that under the high nitrogen
treatment, respectively. The dual highly-efficient genotypes of B.napus L.. with significantly higher seed
yield than the average yield of all genotypes tested at corresponding nitrogen rate under the high and low ni-
trogen treatments were screened. PFPN and AEN were stable and excellent, maintaining high levels under
the high and low nitrogen treatments (PFPN=12 kg/kg, AEN =5 kg/kg under the high nitrogen treat-
ment; PFPN=30 kg/kg, AEN=10 kg/kg under the low nitrogen treatment). The low nitrogen-efficient
genotypes achieved a PFPN of 50.61 kg/kg and an AEN of 43.92 kg/kg under the low nitrogen treatment.
The high nitrogen-efficient genotypes performed prominently only under the high nitrogen treatment. Nitro-
gen application regulated correlations among agronomic traits, with enhanced the positive correlations be-
tween aboveground dry weight, number of siliques, and seed yield under nitrogen application. The propor-
tion of dual highly-efficient genotypes was 28.57% , with stable accumulation of biomass. The low nitro-
gen-efficient genotypes adapted to the low nitrogen treatment by exhibiting high thousand-seed weight and
seeds per silique. It is indicated that dual highly-efficient and low nitrogen-efficient varieties of B. napus L.
can provide valuable germplasm for the genetic improvement of nitrogen use efficiency and the development
of cultivation strategies to reduce fertilizer and improve efficiency in B. napus L..

Keywords Brassica napus 1.. ; nitrogen use efficiency ; partial factor productivity of nitrogen (PF-
PN) ; agronomic efficiency of nitrogen (AEN) ; agronomic traits ; genotype screening ; reduction of fertiliz-

er and improvement of efficiency
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