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Evaluation and Identification of Nitrogen Efficiency of Brassica
napus L. at Overwintering and Maturity Stages

ZHU Jiarong, DAI Wenjun, LI Hao, QIAN Fang, GUAN Wenjie, XUE Yujun, XU Kun, LI Lixia,
ZHOU Xiangchun,ZHOU Fanglin, GENG Rudan, CAI Guangqin, CHEN Biyun, WU Xiaoming, YAN Guixin
(Oil Crops Research Institute, Chinese Academy of Agricultural Sciences/Key Laboratory of Biology and Genetic Improvement

of Oil Crops, Ministry of Agriculture and Rural Affairs , Wuhan 430062)

Abstract: Nitrogen is essential for the growth and development of plants. In rapeseed, higher nitrogen input
increases the accumulation of biomass at vegetative growth stage, and results in elevation on seed yield and
protein content, but decrease on oil content at maturity stage. Oil is the target product of rapeseed. Thus, it is of
great significance to explore nitrogen-efficient varieties with higher oil production when reducing nitrogen
application. In this study, biomass and oil yield were used as indicators to evaluate the nitrogen efficiency of
overwintering and mature stages, followed by analyzing the relationship between traits in different periods. The
comprehensive evaluation model of nitrogen efficiency at overwintering stage was established through the
variation analysis, principal component analysis and membership function analysis of each biomass index under
different nitrogen level at overwintering stage. The plant biomass and the fresh biomass were extracted as the

comprehensive evaluation indices of nitrogen efficiency at overwintering stage. Three high-efficiency
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germplasms under high nitrogen condition, seven low-efficiency germplasms under both nitrogen conditions,
two high-efficiency germplasms under low nitrogen condition and six high-efficiency germplasms under both
nitrogen conditions were identified. At the mature stage, four high-efficiency germplasms under high nitrogen
condition, six low-efficiency germplasms under both nitrogen conditions, three high-efficiency germplasms
under low nitrogen condition and four high-efficiency germplasms under both nitrogen conditions were identified
by oil yield as nitrogen efficiency index. Gained from the results of the two periods, two high-efficiency
germplasms (Jie 65 and Zhongshuang 11) under high nitrogen condition in the two periods, one high-efficiency
germplasm (6024-1) under both nitrogen conditions, one high-efficiency germplasm (Soviet rapeseed) under
low nitrogen condition, three low-efficiency germplasms (Xingxuan 2, Reaina II and Gisora) under both
nitrogen conditions were identified. No correlation was detected for the traits between overwintering and maturity

stage under different nitrogen treatments. These results provide insights to understand nitrogen use efficiency and

further identify the key regulatory genes in rapeseed.

Key words: rapeseed;nitrogen fertilizer; nitrogen efficiency ; biomass;oil production
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Table 1 Germplasm and number of tested rapeseed
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Table 3 Correlation analysis of biomass indices at overwintering stage of rapeseed under different nitrogen levels

Auban i
Kr e BEERC TR s weRm wFEE MK L
Nitrogen  Indices Shc'»ot fresh Ro.ot fresh Fresh biomass ~ Shoot biomass ~ Root biomass Plant biomass  Root-shoot ratio
evels biomass biomass
A Hb I 7 1
LN Hb R fif T 0.72%*%* 1
Sy 0.99%+* 0.79%%% 1
T 0.90%#* 0.79%*% 0.92%%x* 1
R 0.63 % 0.96%#* 0.70%** 0.76%** 1
HkTE 0.88%** 0.87%%* 0.91 %% 0.99%%%* 0.86%%* 1
R 0.087 0.59%#x* 0.16 0.14 0.65%** 0.28* 1
A i | fif 1
HN Hb T fif T 0.90%** 1
Pk fif [ 0,92 1
BT 0.90%#* 0.8k 0.90%** 1
R T 0.8k 0.96%#* 0.85%** 0.85%** 1
R T E 0.91%** 0.92%** 0.91%** [ 0.88%+* 1
R L 0.16 0.33* 0.17 -0.02 0.43%* 0.035 1

R RIS AS L IR AR AR AL 5% 190 ,0.1% AKFARNE R 5 T )
*, x| Fkkindicate significant correlation between the biomass of rapeseed in the overwintering period at the 5%, 1%, 0.1% level, respectively;

The same as below

R4 HRELRREREETRERRITRESE

Table 4 Coefficient and cumulative contribution rate of indices at overwintering stage of rapeseed

Hatr N HN
Indices ERH RS2 e 73 EH2
Principal component 1~ Principal component 2 Principal component 1~ Principal component 2

Hb I #¢ 7 Shoot fresh biomass -0.919 0.297 0.963 -0.127
M fif 72 Root fresh biomass -0.964 -0.211 0.980 -0.093
BARREE T Fresh biomass -0.947 0.233 0.967 -0.125
b | E Shoot biomass -0.950 0.264 0.965 0.237
#bF T2 Root biomass -0.932 -0.290 0.956 -0.132
Bk TE Plant biomass -0.978 0.128 0.972 0.203
5 b Root-shoot ratio -0.455 -0.870 -0.035 -0.996
$HAE{H Numerical value 5.607 1.114 5.615 1.148
Ti#k3 (% ) Contribution rate 80.09 15.92 80.21 16.41
Bk (%) 80.09 96.01 80.21 96.61

Cumulative contribution rate
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Table 5 Comprehensive evaluation of nitrogen efficiency at overwintering stage of rapeseed under different nitrogen levels

5 LA LN A HN
7
Number Dfif HE4, Dt HE4;
D-value Rank D-value Rank
1 0.88 2 0 18
2 0.39 10 0.32 10
3 0.48 8 0.47 5
4 0.07 17 0.21 14
5 0 18 0.40 9
6 0.29 13 1 1
7 0.23 14 0.29 11
8 0.65 5 0.98 2
9 0.81 3 0.44 6
10 0.62 6 0.51 3
11 0.22 15 0.20 15
12 0.34 11 0.03 17
13 0.12 16 0.29 12
14 0.29 12 0.07 16
15 0.65 4 0.26 13
16 0.93 1 0.48 4
17 0.44 9 0.42 7
18 0.52 7 0.41 8
RAEHIE 0.44 0.38
Average of nitrogen efficiency
AR ¢ ‘8 T2
é 038
3
5
% 2 0.6
B 5 s , 16
ﬁ@e 118 .
> 047 o
En 0 13 027 &4 06 15 08 1.0 iz 14 16
E] 4° 1 .
“ . . 02
1412
MifEs . 1 VAR
TRAEEER

Nitrogen efficiency under LN
B FORIEAES IR N R R S, 7138 15 DMIREURIS BUKF R BRCE R EIEA T4 R, 432 4 A DX, X1 4 R RBCR L R [F)
Numbers represent germplasm numbers corresponding to each respective quadrant as shown in table 1; The outcomes were partitioned into four
regions, corresponding to four types of nitrogen efficiency; The same as below
E1 HSEHEZHAAEENELERY S

Fig.1 Classification of different nitrogen efficiency types at overwintering stage of rapeseed
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Table 6 Differences in yield, oil content and oil yield of rapeseed at maturity stage under different nitrogen levels
g Fi (g)Yield iz (g/100g) Oil content 7l (g)Oil yield
Number R B BKR) A IBE RR OMKER(%) HE R R KR 4
LN HN Growth rate Rank LN HN Growth rate  Rank LN HN Growth rate  Rank
1 3.53 13.77 290.08 2 42.41 38.30 -9.69 14 1.54 5.29 243.51 2
3 6.32 15.02 137.66 5 39.84 36.86 -7.48 13 2.52 5.58 121.43 6
4 7.38 10.89 47.56 11 34.44 33.95 -1.42 4 2.56 3.69 44.14 11
5 6.79 10.25 50.96 10 35.12 33.42 -4.84 7 2.39 3.51 46.86 10
6 4.48 10.12 125.89 6 37.12 36.49 -1.70 5 1.67 3.75 124.55 5
7 4.18 7.15 71.05 8 3391 31.84 -6.10 9 1.45 2.30 58.62 9
8 5.69 8.33 46.40 12 36.59 34.20 -6.53 11 2.08 2.90 39.42 13
9 5.22 4.19 -19.73 16 30.11 29.49 -2.06 6 1.60 1.22 -23.75 17
10 3.35 5.66 68.96 9 38.53 35.94 -6.72 12 1.29 2.05 58.91 8
11 4.15 4.04 -2.65 17 33.66 31.96 -5.05 8 1.40 1.29 -7.86 16
12 5.67 7.97 40.56 14 38.65 34.82 -9.91 15 2.19 2.76 26.03 14
13 2.95 7.89 167.46 4 29.03 31.58 8.78 2 0.86 2.47 187.21 3
14 7.73 11.09 43.47 13 36.82 34.51 -6.27 10 2.85 3.99 40.00 12
15 7.55 9.23 22.25 15 36.31 32.49 -10.52 16 2.76 2.99 8.33 15
16 4.57 8.87 94.09 7 32.62 32.73 0.34 3 1.51 291 92.72 7
17 4.14 11.41 175.60 3 40.75 35.78 -12.20 17 1.71 4.11 140.35 4
18 3.08 16.05 421.10 1 31.30 34.48 10.16 1 0.98 5.55 466.33 1
P 5.10 9.52 104.75 35.72 34.05 -4.19 1.84 3.32 98.05
Average
brifEZE SD 1.55 33 108.12 3.62 2.17 6.00 0.59 1.28 114.41
A5 R E (%) 30 35 103 10 6 -143 32 39 117
crv

18 (BRI S BRINAT 17 (3 %54 , Bridger (45 2) AR EI I 1

During the mature phase of 18 germplasms, 17 data were actually measured, Bridger (No. 2) no seeds were obtained at maturity

PGS L = AR o 17 bR SRR sE M S E SRR 44y, 7 AP AT T A3

IR, R IAIFSERT L 5 A 4 234 %R
RORFEAR—H(FRT) o W THI R 5 s =2 12
o, T 2 T B, PRI, AN ) EUIE K T 45468
Bo R R AR A R 25 (R 6) .
SRICHRARIE L AR PR AN R s AR, E
THSRAR 7 B F bR AR AR , i i i R 2y
MZRE B, I, AFSEA S LUl A 1 pn o
W A AR R . DU I AR

5 G142 FIIT 655 BARKA HL 6 43, 43 0 )11l 92-
005, Reaina I1,Gisora, %1% 5 H XL 9 51 88-2; Ik
RESRL305 , 23 42 24729-1 JRBEHEEFI D19-5;
XU K46y, 43 52 T8 I 2 4560241, Aao I
T3N22-1(&12) o XIAS[R ZACE M B B MR 53
TR, o A s SO B 7 i i S R T
BNy S I R = QAR O R = g p S )
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Table 7 Classification of nitrogen efficiency at overwintering and mature stage of rapeseed
- Nitrogen efﬁcienC).I in overwintering Yield nitrogen efﬁ?iency in maturity Oil yield nitrogen efﬁciency in
Number period period maturity period
IR A IR A IR A
LN HN LN HN LN HN
1 [ ik ik [ A [
2 Ak Ak / / / /
3 [ [ [ [ [ [
4 sk sk AL AL AL AL
5 sk AL AL AL [EE S
6 sk AL sk AL sk TR
7 sk sk sk sk sk {1858
8 AL AL AL Rk L {1958
9 AL AL L sk {1858 sk
10 AL AL sk Rk {14 sk
11 sk sk 5 Rk {1 IRk
12 sk sk AL kAL HRL sk
13 sk sk 5 kAL kAL {15’
14 sk 5 AL AL AL AL
15 AL (5 AL (5 AL (e
16 AL [ (5 (5e (5'e R
17 i3 AL (58 AL {58 AL
18 AL AL i3 AL {58 L
RIIAI A
/ indicates that no values were recorded
—— ] 23 HERMEEL SRR RN ER A
RPN, 4
: VR R S A 5 L O 0B EH N T 2%
I AR RIRAR 2 003 2 5T 65 T X115 R RO R
Z 1445 : 6024-1 3 WU K 3 445 : 2406 — 5 | Reaina 11l
%é Giﬁr‘a;ﬁ&ﬁ%§ﬁ$j*q’%{\:ﬁﬂ%fﬂﬂ%(%ﬂo =
ﬂ?? g . R ALY Dﬁﬁu‘ﬁ B SRS, B i AR
K2 2 B st 10 P ARGE RN B, U] AT LA 2 M G BT i
e 1° HR AL S A
g St SR N IR ) A i, B ek P
z . it (HRA RN RERZ BRI R . AR
T 3 (P& 3) Al AFE HY Il A 0955 sl 7 14
AR Z ] AR I OG R FEA — B AR A R il A 1)
— — Ay (b b \iﬂﬂ:EiE \$1°5‘k?¥i \ﬂﬁ‘LJF‘E i
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Nitogen N P Z OO R AR R R R e
B2 R KA 4 AT B S A R A TR

Fig.2 Classification of different nitrogen efficiency types

at rapeseed maturity stage
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Fig.3 Correlation analysis of nitrogen efficiency indices between overwintering period and mature period of rapeseed
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